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Preface 

It’s a great honor to have jointly hosted the 33rd Symposium of the European Peptide 

Society and we hope you have enjoyed this event as much as we did. The Thirty-Third European 

Peptide Symposium (33EPS) was held in Sofia, Bulgaria from August 31 to September 5, 2014. 

The symposium venue was The National Palace of Culture, located in the vibrant downtown 

Sofia and only a few minutes away from the ancient archeological sites. It is the largest 

conference center in the region and has provided all the facilities for a successful conference.  

The 33rd EPS Logo is based on a Statue of Saint Sophia by the famous Bulgarian sculptor 

Georgi Chapkanov. Saint Sophia holds a laurel wreath in one hand and gives her blessing and 

support to all. In her other hand is perched owl – the symbol of wisdom. In line with the blessing 

of knowledge and support, The Organizing Committee has made all efforts to combine and 

balance various aspects of peptide science in a broad sense and keep the tradition of the one-

lecture hall arrangement. The aim was to expose the participants, and in particular the young 

scientists, to the most inspiring aspects and the potential of the Peptide World. 

In close collaboration with the Scientific Committee, we have organized this five day event 

for you and we believe we have chosen the areas in peptide chemistry where the most important 

new developments have occurred to be presented in oral and poster sessions during the 

meeting. The exhibition at the 33rdEPS created an excellent opportunity for direct contacts 

between scientists and exhibitors, which we hope was beneficial for both parties. EPS and the 

organizers would like to sincerely thank the sponsors of this event for their significant 

contributions and support for Peptide Science.  

Special acknowledgments: We would like to further thank Merck Millipore and CEM for 

organizing two extremely successful workshops.  

In 2014, the number of participants reached 550, coming from both academia and 

industry and from 40 different countries. 

The Symposium covered the most recent, cutting-edge research over a broad range of 

topics in the area of Peptide Science, including synthetic chemistry of peptides and amino acids; 

peptide synthesis; technology and microwaves peptide synthesis; peptide mimetics, conjugates 

and peptide nucleic acids; structure and conformational studies of peptides; macromolecular 

peptide assemblies; peptide biochemistry and ribozomal peptide synthesis; peptide ligands, 

receptors and signalling; peptide therapeutics; neuropeptides, peptide hormones and 

immunological peptides; antimicrobial peptides, glycopeptides and lipopeptides; prodrugs, 

targeting and uptake with peptides; proteomics and peptide bioinformatics; nanobioscience, 

bioimaging and analytical techniques; peptide materials and catalysts.  

We are delighted by the quality of the abstracts submitted for consideration and we would 

like to thank the Scientific Committee for their assistance in attracting   speakers of the highest 

level. 

The outstanding young investigators who actively participated in the symposium will 

always be a special part, being our investment and hopes for the future of peptide science. 

Congratulations again to all award winners and participants in the many on-site events including 

Dr. Bert. L. Schram Young Investigator’s Competition (sponsored by ESCOM Foundation), the 

Young Science Mini Symposium (sponsored by ESCOM Foundation), The Dr. Bert. L. Schram 

Networking Mixer and the Travel grants (sponsored by EPS Executive Committee). 

The opening ceremony on Sunday started with the welcome address by Reni Calfin, 

Ivanka Stoineva and Lyubomir Vezenkov Chairpersons of the Symposium and with the 

introduction by Ferenc Hudecz, the Chairman of the European Peptide Society. This was 
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followed by the presentation of the Leonidas Zervas Awards, sponsored by Dr. Rao Makineni, to 

Miguel Castanho (Institute Molecular Medicine, University of Lisbon , Portugal) and Prof. Phillip 

Dawson (The Scripps Research Institute, La Jolla,USA), and the Josef Rudinger Memorial Lecture 

Award, sponsored by Polypeptide Group, to Prof. Ernest Giralt (Institute for Research in 

Biomedicine, University of Barcelona, Spain). Their lectures demonstrated the high standard and 

achievements of peptide science. 

 Nine plenary and invited lectures, as well as 80 oral presentations were given, 

concomitantly with two poster sessions with 378 poster presentations. The lively discussions 

after lectures, contributed to a scientifically very strong program. 

Following the Symposium traditions, a series of social events were scheduled to facilitate 

get-together, networking, discussions and friendship, starting with the Welcome Party on 

Sunday August 31st at the National Museum of History, the largest museum in Bulgaria, holding 

the most impressive collection of national treasures; continuing with the 2014 EPS Soccer show 

on Wednesday 3rd September, and concluding with a Gala banquet on Thursday evening, 4th 

September at the Rainbow Plaza restaurant. 

We trust that this symposium has been an excellent forum to exchange views on recent 

scientific developments, meet old friends and build new relationships. 

We would like to thank the EPS Executive Committee and members of all Committees for 

the excellent collaboration and invaluable help during preparation of the Symposium. 

Last but not least, we appreciate the incredible team from CIC led by Antonia Kercheva for 

their excellent service for making this successful symposium. 

 

Thank you for joining us. It was our pleasure and honor to organize this week full of 

science and entertainment. 

Our thanks go to all authors who delivered their manuscripts.  

 

Finally, we would like to wish good luck to Annette Beck-Sickinger, the Chairperson of the 

next meeting in Leipzig, which, we are sure everyone is looking forward to. 

 

Very soon after the completion of the 33rd EPS, we were shocked and grieved with the 

untimely death of our friend, Paul Cordopatis from the University of Patras.  Paul was the 

Secretary of the European Peptide Society and well known contributor to peptide science and 

European Peptide Symposia. We truly missed his spirited presence. 

 

Sincerely, 

Emilia Naydenova, Dancho Danalev, Tamara Pajpanova 
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Main Sponsor 

The 33rd European Peptide Symposium was made possible through the generous 

support of the following organizations: 

 

 



viii 

 

European Peptide Symposia 

    

 

Symposium      Year                      Location 

 
1st   1958   Prague, Czechoslovakia 

2nd   1959   Munich, GFR 

3rd   1960   Basel, Switzerland  

4th   1961   Moscow, Russia 

5th   1962   Oxford, UK 

6th   1963   Athens, Greece 

7th   1964   Budapest, Hungary 

8th   1966   Noordwijk, The Netherlands 

9th   1968   Orsay, France 

10th   1969   Abano Terme, Italy 

11th   1971   Vienna, Austria 

12th   1972   Reinhardsbrunn, GDR 

13th   1974   Kiriyat Anavim, Isreal 

14th   1976   Wepion, Belgium 

15th   1978   Gdansk, Poland 

16th   1980   Helsingor, Denmark 

17th   1982   Prague, Czechoslovakia 

18th   1984   Djuronaset, Sweden 

19th   1986   Porto Carras, Greece 

20th   1988   Tubingen, GFR 

21st   1990   Barcelona, Spain 

22nd   1992   Interlaken, Switzerland 

23rd   1994   Braga, Portugal 

24th   1996   Edinburgh, UK 

25th   1998   Budapest, Hungary 

26th   2000   Montpellier, France 

27th   2002   Sorrento, Italy 

28th   2004   Prague, Czech Republic 

29th   2006   Gdansk, Poland 

30th   2008   Helsinki, Finnland 

31st   2010   Copenhagen, Denmark 

32nd   2012   Athens, Greece 

33rd   2014   Sofia, Bulgaria 
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The Josef Rudinger Award 

This award was established by Ferring Pharmaceuticals in 1984, as a commemoration of 

Josef Rudinger’s role in the foundation of European Peptide Symposia and diverse 

contributions he made to peptide chemistry. There is no restriction as to nationality, age 

or position of those nominated, but they must be distinguished. The winners are listed 

below. 
 

2014    Ernest Giralt 
    University of Barcelona, Barcelona, Spain  

2012    David J. Craik 
   The University of Queensland, Australia 

2010    Stephen B. H. Kent 
    University of Chicago, USA 

2008    Horst Kessler and Manfred Mutter 
   Technical University of Munich, Germany and 

   University of Lausanne, Switzerland 
2006    Ettore Benedetti and Claudio Toniolo 

   University of Napoli "Frederico II", Italy and 

    University of Padova, Italy 

2004    Luis Moroder 
   Max-Planck-Institute fur Biochemie, Martinsried, Germany 

2002    Sándor Bajusz and Kálmán Medzihradszky 
    IVAX-Institute of Drug Research, Budapest, Hungary and  Department of Organic  

   Chemistry, Eotvos L. University, Budapest,  Hungary 

2000    Bernard P. Roques 
               INSERM, CNRS, Paris, France 

1998    Shumpei Sakakibara 
   Peptide Institute, Osaka, Japan 

1996    Ralph Hirschmann 
   University of Pennsylvania, Philadelphia, USA 

1994    Robert C. Sheppard 
   MRC, Cambridge, United Kingdom 

1992    Viktor Mutt 
   Karolinska Institute, Stockholm, Sweden 

1990    R. Bruce Merrifield 
   The Rockefeller University, New York, USA 

1988    Erich Wunsch 
   Max-Planck-Institut fur Biochemie, Munich, Germany 

1986    Robert Schwyzer 
   ETH Zurich, Switzerland 
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The Leonidas Zervas Awards 

This award was established by Bachem Inc. USA in 19984, in commemoration of 

Leonidas Zervas and the outstanding contributions he made to peptide chemistry. The 

winners are listed below. 
 

2014    Miguel Castanho and Phillip Dawson 
    University of Lisbon , Portugal and 

    The Scripps Research Institute, La Jolla,USA 

2012    Knud J. Jensen 
               University of Copenhagen, Denmark 

2010    Helma Wennemers 
               University of Basel, Switzerland 

2008    Anna Maria Papini 
   University of  Florence, Italy 

2006    Carlos Garcнa-Echeverrнa 
   Novartis Institutes for BioMedical Research, Basel, Switzerland 

2004    Helene Gras-Masse 
   Institut Pasteur de Lille, France 

2002    Thomas W. Muir 
    Rockefeller University, New York, USA 

2000    Antonello Pessi 

   Instituto di Ricerche di Biolog ica Moleculare P. Angeletti, Rome,  Italy 

1998    Annette G. Beck-Sickinger 
    ETH Zurich, Switzerland 

1996    Morten Meldal 
   Carlsberg Laboratory, Valby, Denmark 

1994    Ernest Giralt and Fernando Albericio 
   University of Barcelona, Barcelona, Spain 

1992    Gunther Jung 
   University of Tubingen, Tubingen, Germany 

1990    Michal Lebl and Jean Martinez 
   Czechoslovak  Academy of  Sciences, Prague and 

   CNRS, Montpellier, France 

1988    Alex Eberle 
    University of Basel, Basel, Switzerland 
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Young Investigators’ Awards 

Dr. Bert L. Schram Oral presentation Awards: 
 

The young investigator symposium featured 11 participants, who were 

preselected from 69 requests for oral presentations. The quality of the oral 

presentations was first rate and ranged on a variety of subjects featuring the chemical, 

biological and medicinal aspects of peptide science. The young investigators presented 

their research effectively and responded to questions in a clear and informative manner, 

which inspired further discussion. Judging the presentations was a difficult task in light 

of the excellent performance from all of the participants. The judges were relieved to be 

able to compliment the Dr. Bert L. Schram  Young Investigator Awards, which were 

generously given by ESCOM.  

Two young participants were awarded with Dr. Bert Schram certificate for the 

best oral presentation. Jean-Marie Swiecicki from University of Pierre et Marie Curie was 

awarded for the lecture entitled “Direct translocation of cell penetrating peptides 

through membranes occurs via the formation of inverted micelles” and Anna 

Kwiatkowska from Institute de Pharmacologie de Sherbrooke with the lecture entitled 

“Development of PACE 4 inhibitors as a potential treatment against prostate cancer”.  

Special thanks goes to Prof. Solange Lavielle  University of Pierre and Marie Curie, 

France, who helped to preside over the session and assist in the judging. 

 
 

Dr. Bert L. Schram Poster Awards: 
 

The poster award winners were selected by the 33
rd
 EPS local organizing committee, 

which acted as poster referees as chaired by Prof. Lyubomir Vezenkov.  

Kathtrin Thell was awarded for her best poster presentation entitled 

“Immumosupressive circular plant peptides” and Aleksandra Pekošak  from VU Medical 

Centre for her best poster presentation entitled  “Native peptides radiolabeled with 

carbon-11: novel methods to synthesize peptidic positron emission tomography tracers 

for tumour imaging”.   

 We would like to express our special thanks to Ms. Elisabeth Shcram and Dr. 

Johan Elgersma for their participation and support of young participants at the 33rd EPS. 
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33rd European Peptide Symposium 

Travel Grants 

Country Grants  

Argentina 1 

Australia 1 

Austria 3 

Belgium 4 

Brazil 3 

Canada 1 

Czech Republic 1 

Denmark 2 

France 4 

Germany 2 

Greece 1 

Holland 2 

Hungary 3 

Israel 1 

Italy 4 

Poland 5 

Portugal 1 

Spain 1 

Sweden 1 

Switzerland 1 

UK 1 
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33rd European Peptide Symposium 

 

Number of active participants 

Argentina             1 

Australia                9 

Austria              4 

Belgium            18 

Brazil                7 

Bulgaria             80 

Canada              7 

Chile            1 

China                20 

Colombia             6 

Czech Republic           3  

Israel            5 

Italy             15 

Japan               40 

Denmark             13 

Egypt               1 

Finland                1 

France                 39 

Germany              60 

Ghana               1 

Greece               25 

Hungary               11 

India              2 

Iran                      2 

Ireland                              3 

Korea South                       7 

Latvia                  5 

Netherlands               16 

New Zealand               1 

Poland              34 

Portugal                3 

Russian Federation             8 

Singapore               2 

Spain              8 

Sweden           6 

Switzerland            15 

Turkey             2 

United Arab Emirates           1 

United Kingdom             13 

United States of America 28
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Introduction 
Proteolysis is probably the most widespread mechanism of biological regulation. It is involved 
in fundamental physiological processes including cell differentiation, growth and signaling, 
apoptosis, fertilization, blood coagulation, immune response and digestion. Numerous 
pathological processes including emphysema, inflammation, cancer, neurodegenerative, 
immunological, and cardiovascular disorders are associated with uncontrolled proteolysis. 
Therefore a precise control of proteinase activity is required. One of its predominant forms is 
associated with the ubiquitous presence of protease inhibitors. Serine proteases and their 
inhibitors are perhaps the most prevalent in nature and they are also among the most widely 
studied proteins.  

Serine proteinase inhibitors that interact with cognate enzymes in a substrate-like fashion, 
named as canonical inhibitors or standard mechanism inhibitors, are small proteins or peptides 
with molecular weights varying from 1.5 to 2.1 kD, corresponding to 14 – 200 amino acid 
residues. Isolated in 1999 from the sunflower seeds by Luckett el al. [1] canonical trypsin 
inhibitor (SFTI-1) consists of 14 amino acid residues and, in addition to the circular polypeptide 
chain, contains the second cycle – the disulfide bridge formed by Cys residues. The P1-P1’ 
reactive site is located at Lys5-Ser6 (Fig. 1). To date, SFTI-1 is the smallest naturally occurring 
circular proteinase inhibitor. Despite this, it is the most potent trypsin inhibitor of the Bowman-
Birk family of inhibitors, proteolytically resistant with well defined 3D structure forming two 
anti-parallel  β-strands (Fig. 1). Due to its unusual properties, SFTI-1 has become the object of 
study for numerous groups. Most of the results obtained for SFTI-1 in the first decade of its 
study are already summarized in review papers [2, 3].  
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Results and Discussion 
Although a wild-type SFTI-1 appeared to be a specific inhibitor towards trypsin only, several 
groups have shown that modifications introduced within the reactive site, its vicinity and the 
disulfide bridge led to potent inhibitors of physiologically important enzymes including: 
chymotrypsin, human neutrophil elastase, cathepsin G, β-tryptase, proteinase K, and human 
kallikrein-related peptidase 4.  SFTI-1 was used as a lead structure to design inhibitors of two 
members of recently identified type II transmembrane serine proteases (TTSTPs) – matriptase-1 
and matriptase-2. These enzymes mostly serve to maintain basic homeostasis and cell-cell 
adhesion. The second one is also involved in the control of iron homeostasis. TTSPs were found 
in most cancer cells, including human breast and prostate cancer. Therefore they are considered 
as trypsin-like serine proteinases with pharmaceutical relevance. Structure-activity-relationship 
studies revealed that the substitution of Ile10 and Phe12 by Arg and His, respectively, 
significantly increased matriptase-1 inhibitory activity [4, 5]. Further modifications at N- and C-
termini yielded a potent inhibitor, over 270-fold more potent than monocyclic (with disulfide 
bridge only) SFTI-1 [5]. Very recently we have shown that a monosubstitution of Lys5 
(substrate specificity P1 position) by Arg increased inhibitory activity against matriptase-2 over 
10 times retaining 40% matriptase-1 inhibitory activity of wild-type SFTI-1 used as a control. 
Additional substitution of Arg2 by its enantiomer preserved matriptase-2 inhibitory activity 
abolishing affinity towards second studied TTSP.  

We also proved that SFTI-1 can be use as a starting structure to design not only inhibitors 
of serine proteinases but also 20S proteasome – a core particle of a large multi-enzymatic 
complex that is assigned to threonine proteinases. Wild-type SFTI-1 was practically inactive 
against both human and yeast 20S, whereas monocyclic one displayed moderate chymotrypsin-
like and caspase-like inhibitory activity. Interestingly, a monocyclic SFTI-1 analogue with Arg 
in position 5 and Lys in positions 7 and 8 inhibited chymotrypsin-like and caspase-like activities 
of human 20S proteasome significantly stronger, with determined values of Ki at 0.31 µM  and 
0.68 µM, respectively [6].  

Both, wild-type and monocyclic SFTI-1 were proven to be also extremely valuable 
scaffolds for molecular-grafting concept for the development of new molecular entities with 
potential therapeutic use. Chan et al. [7] replaced 4 – 10 fragment in wild-type SFTI-1 by pro-
angiogenic heptapeptide named OPN. Such SFTI-1 analogue had higher angiogenic activity and 
was more proteolytically stable than linear OPN. Similarly Zoller et al. [8] grafted into a 
binding loop of monocyclic SFTI-1 an octapeptide that specifically binds to D114 protein, 
overexpressed on endothelial and tumor cells. Resulting peptide interacted with D114, 
accumulated in the tumor and unlike linear octapeptide was stable in human serum. 

Another interesting feature of SFTI-1 is its ability to penetrate cells. Wild-type SFTI-1 
with alexa-488 attached to the ε-amino group of Lys5 internalized into human MCF-7 breast 
cancer cells [9]. Intriguingly, unlike other cell penetrating peptides, it didn’t interact with any of 
the phospholipids tested. Recently we reported that monocyclic SFTI-1 analogues conjugated 
with fluorogenic moieties (benzoxazol-5-yl)-L-alanine derivatives) at their N-termini are also 
efficiently internalized into MCF-7 cells [10]. Due to the fact that amino acid residues (Lys or 
Phe) present in substrate specificity P1 position were unmodified, these fluorescent-labeled 
SFTI-1 analogues preserve their inhibitory activity. Therefore non-cytotoxic cell permeable 
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SFTI-1 analogues conjugated with fluorogenic moieties of benzoxazoles may be applied to trace 
proteolytic enzymes in biological systems 

A serine proteinase catalyzed peptide splicing in SFTI-1 analogues was analyzed by 
Colgrave et al. [11]. They demonstrated that incubation of homodetic [Abu3,11]SFTI-1 with 
bovine β-trypsin resulted in the removal of tripeptide and the synthesis of a new peptide bond 
between Arg2 and Ser6, yielding a spliced, circular peptide composed of 11 amino acid residues. 
In parallel, we demonstrated that upon incubation of dimeric SFTI-1 analogues with the cognate 
enzyme (trypsin or/and chymotrypsin depending on P1 residue present), the fragment between 
the reactive sites was removed and a new peptide bond was synthesized yielding linear, 
disulfide bridge containing (monocyclic) SFTI-1 or [Phe5]SFTI-1 [12]. It is worth mentioning 
that such a rearrangement of the peptide chain where two non-contiguous fragments of the 
peptide are joined together was only reported in proteasome – much more complex proteinase 
[13, 14]. Based on our recent results it is reasonable to assume that the peptide splicing of SFTI-
1 analogues is insensitive to the primary structure of the insert peptide. Splicing of such 
compound(s), based on the SFTI-1 structure, in the cancer cells, might introduce, as an insert 
peptide, a drug molecule or a marker used for a diagnostic test.  
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H3C 3J7 

Introduction 
Lysine residues play important roles in downstream signaling pathways of diverse physiological 
phenomenon. For example, acylation and methylation of lysine residues of histone proteins alter 
chromatin structure and regulate gene expression [1,2]. Ubiquitination of Lys residues is a key 
step towards the degradation of proteins in the endoplasmic reticulum, which enables cells to 
maintain protein homeostasis [3]. Hydroxylation of Lys plays an important role in the formation 
and stabilization of collagen, the most abundant protein in humans [4]. In addition, Lys residues 
are also common cleavage sites for many proteases. Peptide mimics with constrained 
conformations and chemical modifications at lysine residues are thus desirable tools for 
studying the involvement of this residue in biology. In this line of view, our laboratory has 

recently reported an effective solid-phase 
synthesis of saturated aza-lysine A (Fig. 1) 
featuring alkylation of a hydrazone-protected aza-
glycine residue with 1-bromo-4-chlorobutane 
followed by displacement of the chloride with 
azide and various amines [5,6]. We have also 
described the synthesis of unsaturated triple-bond 
aza-lysine B (Fig. 1) via a route featuring the 
copper-catalyzed addition of Mannich reagents, 
so-called A3 coupling, to an aza-propargylglycine 
residue [7]. The present work describes an 
effective and robust solid-phase synthesis of the 
unsaturated E-olefin version of aza-Lys 
containing peptides C (Fig. 1). 
 
Results and Discussion 
Controlled hydrogenation of the unsaturated 
triple-bond aza-lysine B (Fig. 1) can in principle 

give access to the E- and Z-olefin analogs of aza-Lys. For example, our preliminary study on a 
model aza-lysine dipeptide indicated that the alkyne of could be selectively reduced to a Z-
alkene by employing palladium-catalyzed hydrogenation using formic acid [7]. The A3-route 
does however have limitations in requiring typically secondary amines, as well as multiple steps 
to prepare alkene analogs. Examining Growth Hormone Releasing Peptide-6 (GHRP-6, His-D-
Trp-Ala-Trp-D-Phe-Lys-NH2) analogs as ligands of the cluster of differentiation 36 receptor 

 

Fig. 2. Solid-phase synthesis of Z-olefin aza-Lys analogs of GHRP-6 5a and 5b. 

Fig. 1. Lysine and aza-lysine 
peptide analogs 
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(CD36), we became interested in inserting aza-lysine residues into this interesting and 
synthetically challenging biologically active peptide. Notably, EP80317 has been described as a 
GHRP-6 analog that contains D- and L-Lys at the 4- and 6-positions, respectively, and has 
demonstrated selectivity toward CD36. Aza-analogs have thus been targeted possessing a Z-
olefin aza-Lys residue at the 4-position of the GHRP-6 sequence. On rink amide resin, 
benzhydrylidene-azaGly-D-Phe-Lys(Boc) 1 (Scheme 1) was synthesized as previously reported 
[8]. Alkylation of resin 1 was performed with 1,4-dichloro-E-butene at room temperature using 
tetrabuthylammonium hydroxide (TBAH, 120 mol % of a 40% aqueous solution) in THF to 
provide the chloro-E-alkene resin 2. Analysis of the residue after cleavage (TFA/H2O/TES, 
95:2.5:2.5) of a resin aliquot using LC-MS [30-90% MeOH (0.1% FA) in water (0.1% FA) over 
14 min] showed completion of the alkylation after 20 min. Longer reaction times led to the 
formation of undesired side products. Resin 2 was respectively treated with piperidine and 
morpholine in DMF, at room temperature for 2h to provide the corresponding resins 3a and 3b 
with a complete conversion as ascertained by LC-MS of cleaved aliquots. The semicarbazone 
moiety was removed using a freshly made 1.5 M solution of hydroxylamine hydrochloride in 
pyridine at 60oC overnight. The resulting semicarbazides were then coupled to Fmoc-Ala by 
way of its symmetric anhydride using diisopropylcarbodiimide (DIC) to provide 
azatetrapeptides 4a and 4b, respectively [8]. Peptide elongation was then performed using 
conventional Fmoc-based solid-phase peptide synthesis (SPPS). After deprotection and cleavage 
from the resin using a freshly made solution of TFA/H2O/TES (95:2.5:2.5), the residues were 
purified using preparative HPLC [05-30% MeOH (0.1% FA) in water (0.1% FA) over 45 min] 
to give Z-olefin aza-Lys derivatives 5a and 5b in 1 and 2 % overall yields, respectively, both in 
>99% purity (Table 1).  
The preparation of GHRP-6 analogs containing E-olefin-aza-Lys at positions 4, 5 and 6 are 
currently in progress and will be reported in the near future. In addition, the impact of E-olefin-
aza-Lys GHRP-6 analogs on CD36 affinity and activity will be investigated. 
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Table 1. Yield and purities of Z-olefin aza-Lys analogs of GHRP-6 5a and 5b 

peptide crude 
puritya (%) 

puritya 
(%) 

retention 
timeb (min) yieldc (%) 

HRMS ([M+Na]+) 

(observed) (calculated) 

5a 29 >99 6.8 1 904.4925 904.4922 

5b 37 >99 6.3 2 906.4715 906.4709 

a purity assessed by RP-HPLC at 214 nm of the crude peptide eluting with MeOH containing 0.1% formic 
acid (FA) in H2O (0.1% FA); b05-50% MeOH (0.1% FA) in water (0.1% FA) over 14 min.  cYields after 
purification by RP-HPLC are based on resin loading 
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Introduction 

Neutrophils are one of leukocytes that play central roles in the innate immune system. 
When tissue injury occurs due to an infection or toxic cell debris resulting from cell damages, 
neutrophils immediately transmigrate from bloodstream into injury sites. These cells are then 
activated and phagocytose toxic cell debris and infectious microorganisms [1, 2]. It is well 
known that some of CXC chemokines such as interleukin 8 are produced at inflammatory sites 
and induce migration and activation of neutrophils [3]. However neutrophilic migration is often 
observed immediately after tissue injury occurs, it has been predicted the presence of substances 
other than these chemokines that induce initial neutrophil migration and activation.  

As the candidates, we recently isolated and identified novel neutrophil-activating 
peptides, mitocryptide-1 (MCT-1), mitocryptide-2 (MCT-2), and mitocryptide-CYC (MCT-
CYC) from healthy porcine hearts, and found that all these peptides were derived from 
mitochondrial proteins [4-7]. Among them, MCT-2 is an N-formylated amino-terminal 
fragmented peptides derived from cytochrome b, which is encoded in mitochondrial DNA 
(mtDNA), nevertheless MCT-1 and MCT-CYC are from nuclear-encoded mitochondrial 
proteins, cytochrome c oxidase subunit VIII, and cytochrome c, respectively. Moreover, MCT-2 
was indicated to be an endogenous specific ligand for the neutrophilic orphan receptor, formyl-
peptide receptor like 1 (FPRL1) [8, 9]. Since thirteen proteins including cytochrome b are 
encoded in mtDNA and synthesized in mitochondria as N-formylated forms, it is possible that 
endogenous N-formylated peptides other than MCT-2 are also produced and regulate 
physiological and/or pathophysiological functions including the innate defense system.  

In the present study, we investigated structure-activity relationships of MCT-2 on the 
activation of neutrophilic cells to elucidate the ligand recognition mechanisms of FPRL1. We 
also examined whether endogenous N-formylated peptides derived from mtDNA-encoded 
proteins other than MCT-2 can induce neutrophilic activation. 
 
Results and Discussion 

N-formylated peptides derived from mtDNA-encoded proteins and their derivatives 
including human MCT-2 (hMCT-2) were chemically synthesized using Fmoc strategy, and their 
abilities to activate HL-60 cells differentiated into neutrophilic cells were evaluated by the 
secretion of β-hexosaminidase, which is a lysosomal enzyme and an indicator for phagocytosis 
as described previously [10].  

Firstly, we examined the effects of amino acid deletions from C-terminus of hMCT-2 
on the stimulation of β-hexosaminidase release. hMCT-2 (1-14) and (1-13), which were 
removed 1 and 2 amino acid residues from the C-terminus, respectively, had the comparable 
activities as hMCT-2 itself to induce β-hexosaminidase release (EC50’s: hMCT-2, 58 nM vs. 
hMCT-2 (1-14), 62 nM; hMCT-2 (1-13), 92 nM). More consecutive removal of the C-terminal 
amino acid residues caused gradual loss of the activity, but even hMCT-2 (1-4), which was 
truncated 11 amino acid residues from the C-terminus, induced β-hexosaminidase release, 
suggesting that the Arg5-Lys6-Ile7-Asn8-Pro9-Leu10-Met11-Lys12-Leu13-Ile14 structure is 
important for the binding affinity between hMCT-2 and its receptor FPRL1, nevertheless the 
structure is not essential for the stimulation. 
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 Nextly, effects of deletion of formyl group at N-terminus of hMCT-2 on the induction 
of β-hexosaminidase release were evaluated for the importance of the N-terminal structure. The 
removal of formyl group from the N-terminus caused complete loss of the ability to stimulate β-
hexosaminidase release (Table 1). Taken together the evidence that hMCT-2 is a specific ligand  
 
for FPRL1, these results indicate that the formyl group at N-terminus of hMCT-2 was crucial for 
the activation of FPRL1. Moreover, structure-activity relationships concerning C-terminal and 
N-terminal truncations of hMCT-2 suggested that the Met1-Thr2-Pro3-Met4 sequence with N-
terminal formyl group is essential for the stimulation. 

Since hMCT-2 (1-4) having N-terminal formyl group was suggested to induce the 
activation of FPRL1 and the formyl group was required for the stimulation, unidentified 
endogenous N-formylated peptides other than hMCT-2 are also expected to activate FPRL1. 
These N-formylated peptides may be produced from N-terminus of endogenous N-formylated 
proteins by proteolysis, as hMCT-2 is cleaved from N-formylated protein cytochrome b. Only 
thirteen proteins including cytochrome b are known to be translated as N-formylated forms from 
mtDNA in mammals. To elucidate biological roles of these unidentified endogenous N-
formylated peptides produced from thirteen N-formylated proteins, we predicted these peptides 
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Fig. 1. Primary structures of predicted N-formyl peptides (A), and the activities of β-
hexosaminidase release stimulated by them at 10 μM (B). The β-hexosaminidase release 

induced by each N-formyl peptide was expressed as a percentage of the activity stimulated by 
10 μM fMLF. 

A     B 

Table 1. Amino acid sequences and the activities of hMCT-2 and [Met1]hMCT-2 

Peptide Sequence EC50 (μM) 

          1  2  3  4   5  6  7  8  9  10  11 12 13 14  15  

hMCT-2 For-M T P M R K I  N P  L  M  K  L  I   N 0.058 

[Met1]hMCT-2 For-M T P M R K I  N P  L  M  K  L  I   N >100 

Cells were stimulated by various concentrations of the peptides at 37 oC for 10 min, and the amounts 
of the released β-hexosaminidase were quantified as described previously [10]. 
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from the mtDNA-encoded protein structures and examined whether they activate neutrophilic 
cells. Namely, sequences of thirteen proteins that were encoded in human mtDNA were 
obtained from protein data base SWISS-PROT, and endogenous N-formylated peptides other 
than hMCT-2 were predicted from these sequences utilizing the information of putative 
cleavage sites of endogenous proteases including trypsin and chymotrypsin. Effects of the 
predicted peptides on the stimulation of β-hexosaminidase release were then examined in HL-60 
cells differentiated into neutrophilic cells.  

As shown in Fig. 1, seven predicted peptides derived from seven mtDNA-encoded 
proteins induced β-hexosaminidase release, nevertheless predicted peptides derived from other 
five mtDNA-encoded proteins were insoluble in physiological buffer because of their 
hydrophobicity (date not shown). Among these predicted peptides that caused neutrophilic 
activation, cytochrome c oxidase subunit I (COX1) (1-13), NADH dehydrogenase subunit 4 
(ND4) (1-20), and NADH dehydrogenase subunit 6 (ND6) (1-6) had the comparable activities 
as hMCT-2 to induce β-hexosaminidase release (EC50’s: hMCT-2, 58 nM vs. COX1 (1-13), 70 
nM; ND4 (1-20), 74 nM; ND6 (1-6), 54 nM). These results suggest that seven predicted 
peptides including COX1 (1-13), ND4 (1-20), and ND6 (1-6) shown in Fig. 1 that exhibited 
efficient activity to stimulate neutrophilic cells involve biological regulations including 
migration and activation of neutrophils. We are currently attempting to obtain specific 
monoclonal antibodies against these peptides to investigate their existence and molecular forms 
as well as their physiological and pathophysiological roles. 

In conclusion, we investigated structure-activity relationships of hMCT-2 and it was 
indicated that the Met1-Thr2-Pro3-Met4 sequence with N-terminal formyl group was essential for 
the activation of FPRL1. Moreover, the formyl group was shown to be crucial for the activation. 
In addition, unidentified endogenous N-formylated peptides were proposed to involve 
physiological and/or pathophysiological regulation including innate immunity.  
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Introduction 
Alzheimer’s disease is a chronic progressive neurodegenerative disease in which appearing of 
amyloid plaques and neurofibrillary tangles lead to loss of cholinergic neurons in basal ganglia 
in the brain and violation of cortex function. Alzheimer’s is predicted to affect 1 in 85 people 
globally by 2050. Alzheimer’s disease is due to many risk factors. It is characterized by loss of 
neuron, atrophy and degeneration in temporal and parietal lobe, parts of frontal cortex, 
cingulated gyrus and locus coeruleus. In addition, diverse pathogenetic mechanisms in neuronal 
degeneration are revealed. The disease course is divided into four stages, with progressive 
patterns of cognitive and functional impairments: a) Pre –dementi, b) Early stagge, c) Moderate 
stage, d)Advanced stage. On average, the life expenctancy  following diagnosis is 
approximately 7 years. There is no cure for Alzheimer's disease; available treatments offer 
relatively small symptomatic benefit. No medication has been clearly shown to delay or halt the 
progression of the disease. Five medications are currently used: They are acetylcholinesterase 
inhibitors (tacrine, rivastigmine, galantamine and donepezil) and memantine is an NMDA 
receptor antagonist.  
Galanthamine (GAL, figure 1) is a reversible acetylcholinesterase inhibitor, with properties to 
increase the concentration of acetylcholine in several brain structures. It is widely used for the 
treatment of different neurodegenerative disorders, including dementia of  Alzheimer's type. 
The aim of this study is to determine the influence of some of newly synthesized  Galanthamine 
esters, containing modified dipeptides holding the residue of the N-(3,4–dichlorophenyl)–D,L-
Ala in position 6: on 1) γ-secretase, acetyl- and butyrylcholine esterase activity; 2) acute toxicity 
on mice; 3) locomotor activity in mice; 4) cognitive processes in experimental model of learning 
and memory in male rats;   
Results and Discussion 
Synthesis. We have previously designed and synthesized novel galanthamine esters in position 
6 and galanthamine amides in position 11 containing di- and tri- peptides, which are N-(3,4-
dichlorophenyl)-D,L-Ala derivatives. The synthesis of new compounds was carried out 
according to [1]. We have analyzed these compounds  for their putative inhibitory effect 
towards acetylcholinesterase, butyrylcholinesterase and γ-secretase, three activities of which 
could be central to various neurodegenerative pathologies including Alzheimer's disease [2]. 

The compounds show  moderate acetylcholinesterase and γ-
secretase inhibitory activities and high butyrylcholinesterase 
inhibitory activities (2.5-133 times higher than galanthamine)  
Biological studies: The investigations of acute toxicity and  
locomotor activity of two of these compounds (6-O-N-[N-(3,4-
dichlorophenyl)]-D,L-Ala-Leu-Gly-Galanthamine and 6-O-N-[N-
(3,4-dichlorophenyl)]-D,L-Ala-Val-Gly-Galanthamine) were done 
after per oral administration of aim compounds in different doses. 
The determination of the acute toxicity was carried out by OECD-
425-FDA USA method on male mice line H, weight 20-25 g [3]. 
The results of acute toxicity are shown on table 1. Galanthamine 

 

Fig. 1 Chemical 
structure of  

galantamine (GAL) 
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express very high toxicity (LD50 = 10,2 mg/kg i.p.) on mice. The newly synthesized compounds 
are 6 time less toxic (LD50 around 60 mg/kg i.p.). The determination of the locomotor activity of 
mice was carried out in Ugo Basile Biological Research (Milan, Italy) apparatus, which give an 
account of locomotor activity of animals on the base of capacitive method [4]). After per oral 
administration on mice, the locomotor activity is increased, in comparison with control group, 
as follows: 6-O-N-[N-(3,4-dichlorophenyl)]-D,L-Ala-Leu-Gly-Galanthamine in a dose of 6 
mg/kg induced an increase of locomotion from 50 to 110 min from starting of the experiment 
(figure 2).  6-6-O-N- [N-(3,4-dichlorophenyl)]-D,L-Ala-Val-Gly-Galanthamine and   6-O-N-[N-
(3,4-dichlorophenyl)]-D,L-Ala-Leu-Gly-Galanthamine at dose 2 mg/kg did not influence the 
locomotor activity (figure 2). The observed slight increase of locomotor activity after 
application 6-O-N-[N-(3,4-dichlorophenyl)]-D,L-Ala-Leu-Gly-Galanthamine 6 mg/kg body 
weight may be due to the slight psychostimulating effect on rats like caffeine  and galanthamine 
[5].  The dynamic of learning and memory was examined by two–way avoidance learning 
method in "shuttle box" of Ugo Basile - Italy [6]. The ester 6-O-N-[N-(3,4-dichlorophenyl)]-

D,L-Ala-Leu-Gly-Galanthamine  improves the dynamics of learning and memory in dose 3 
mg/kg for the time of one to five days (figure 3). This effect is most pronounced on the 
conditioned avoidance behaviour (figure 4).  
The same results are obtained in parameter unconditional avoidances (figure 5). It can be 
considered, that the effect observed in our experiments is preferebly connected to CNS, because 
the low increase of the locomotor activity is not significant.  

 
Fig. 2 Locomotor activity after single application of newly synthesized galanthamine esters 

comprising peptide moiety 

 
Fig. 3 Latent time of escape on two way avoidance learning after application of newly 

synthesized galanthamine esters comprising peptide moiety 

Table 1. Acute toxicity studies OECD-425 LD50 mg/kg ip after 7 days of observation 

Name of compounds Results for LD50 mg/kg 
ip 

Galanthamine (GAL) 10.2 (9.1-11.4) 

6-O-N-[N-(3,4-dichlorophenyl)-D,L-Ala-Leu-Gly-Galanthamine 62.5 (55.0-71.0) 

6-O-N- [N-(3,4-dichlorophenyl)-D,L-Ala-Val-Gly-Galanthamine 59.3 (52.6-65.3) 
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Fig. 4. Number of conditional avoidances on two way avoidance test after application of newly 

synthesized galanthamine esters comprising peptide moiety 

 
Fig. 5. Number of unconditional avoidances on two way avoidance test after application of 

newly synthesized galanthamine esters comprising peptide moiety 

According to our results one of the peptide esters improves the learning and memory process in 
Rats after two way active avoidance learning. It may be due to increase an acetylholine levels, 
because it is known that brain hypoxia induced impairments of learning and memory connected 
with acetylholine levels 
Conclusions 
Our investigation reveal: 
- 6-O-N-[N-(3,4-dichlorophenyl)-D,L-Ala-Leu-Gly-Galanthamine and 6-O-N- [N-(3,4-
dichlorophenyl)-D,L-Ala-Val-Gly-Galanthamine are 6 times less toxic than galanthamin. 
- 6-O-N-[N-(3,4-dichlorophenyl)-D,L-Ala-Leu-Gly-Galanthamine (6 mg/kg) increases 
significantly locomotor activity between 50 and 110 min, but not at (2 mg/kg). 
- 6-O-N-[N-(3,4-dichlorophenyl)-D,L-Ala-Leu-Gly-Galanthamine (3 mg/kg) induces increase in 
conditional responses on day 2 with decline until day 12. At (1 mg/kg) had no effect. 
- 6-O-N-[N-(3,4-dichlorophenyl)-D,L-Ala-Val-Gly-Galanthamine (1 to 6 mg/kg) had no effect 
on locomotor activity and learning and memory during whole experiment. 
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Introduction 
Developing new methods for in vivo targeting and tracking of small molecules in live cells is 
crucial for extending the scope of a variety of biological applications such as drug discovery, 
drug targeting, medical diagnostics and tissue engineering. We have developed a new type of 
bio-compatible, non-toxic nanoparticles (NPs) suited both for synthesis of peptides on their 
surface and for live cells and in vivo applications. These new NPs can be used for novel 
generations of screening systems where a small molecule is synthesized on or conjugated to bio-
compatible and properly labeled NPs so that it can be further screened/tracked in live-cell or in 
vivo assays without toxicity risks emanating from the vehicle particle. 
 
Results and Discussion 
The nanoparticles were generated using a mixture composed of mono and di-acrylated 
Jeffamine block copolymer macromers (acryl-NH-PPO-PEO-PPO-NH2 and acryl-NH-PPO-
PEO-PPO-NH-acryl respectively) and N-iso-propyl acrylamide (NIPAAM) at different ratios. 
These mixtures have a thermo-responsive behavior: at high temperature they form well defined 
self-assemblies of sizes varying from 20 to 400 nm depending on the ratio of the monomers, 
that are polymerized in the presence of a radical initiator resulting in core-shell shaped cross-
linked nanoparticles with similar sizes as the precursor self-assemblies (see table 1).  
NPs were characterized by DLS and TEM (figure 1a) and pulse field gradient NMR (figure 1b). 

Table 1. Nanoparticle a compositions and physico-chemical characterization. 

# 

b
Block 

[mg] 

c
 Dh at 25

 o
C 

(nm±SD) 

d 
PDI±SD 

at 25 
o
C 

c 
Dh at 37

 o
C 

(nm±SD) 

d
 PDI±SD 

at 37 
o
C 

e
 ζ-potential 

(mV) 

Yield 

(%) 

1 200 389±12.7 0.12±0.03 316±2.4 0.01±0.009 -11.3±0.23 48 

2 250 320±2.1 0.26±0.01 238±10.7 0.19±0.004 -12.9±0.46 47 

3 300 200±4.6 0.12±0.01 166±4.8 0.11±0.005 -14.6±0.39 42 

4 400 93±4.3 0.12±0.01 85±1.5 0.08±0.01 -16.8±0.92 38 

5 500 58±2.3 0.21±0.01 33±10.5 0.2±0.001 -16.6±0.96 28 

6 640 23±2.9 0.25±0.01 23±2.8 0.24±0.01 -9.13±0.66 29 

a All the polymerizations performed in 10 ml H2O containing 188 mg NIPAAM, 5 mg BIS, 5 mg PVP and 5 
mg K2S2O8.  b“Block” refers to (Acr)1.1 Jeffamine 1900. c The hydrodynamic diameter (Dh) represents the 
particle size of nanoparticles as measured by DLS at 25oC and 37oC. Each value is the average number-
based values from 3-5 measurements by DLS. d Polydispersity index (PDI) represents the relative variance 
in the particle size distribution, as further described in the Malvern Zetasizer instrument manual. Each 
value is the average number values calculated from Cumulant s analysis of the 3-5 DLS-measured 
intensities autocorrelation function. e The ζ-potential is presented as mean value of five measurements ± 
standard deviation.  
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Results demonstrate that NPs are homogeneous and all the sizes are composed of different ratios 
of the starting monomers.  
Toxicity was tested in PC3 and NIH3T3 cells and in vivo in the zebra fish model (figure 2). 
Results demonstrate that the nanoparticles are devoid of any significant toxicity up to 5mg/ml 
on cell lines. Additionally, fluorescently labeled NPs were injected to single cell embryo of 

zebra fish. We observed that NPs do not mediate any in vivo toxicity. Moreover the animals 
developed normally and fluorescent nanoparticles could be observed along their body.   

Fluorescently labeled NPs were tracked in live cells using confocal microscopy (Fig. 3). The 
developed method allowed quantifying the cellular up take of the nanoparticles as related to 
their size. Results demonstrate differences of four orders of magnitude for the up-take of  23 nm 
NPs as compared to 390 nm NPs. 
Finally we have used the NPs as solid support for nanoparticle peptide synthesis (NPPS) by the 
development of a new method adapted to the use of nanoparticles [1] (figure 4).  
NPs cannot be easily filtered or precipitated without losing their physical characteristics. 
Moreover, dialysis is a long process that makes multistep synthesis long and tedious. Our NPs 

 

 

21 nm 

22 nm 

Dh: 23±2.9 

    

 
 

A B C 

 

       a            b 

Fig. 1 a). Representative DLS and TEM micrograph of dry NP’s of 23 nm. b). A and B: pulse 
field gradient NMR of 23 nm nanoparticles at 3000K. Left: ethylene oxide signal; right: methyl 
signal from isopropyl. C: plot of  ln I / I0 versus (γgδ)2 (Δ − δ / 3) for 23 nm NPs. Open circles: 

ethylene oxide; triangles: iso-propyl. 

 

Fig. 2. (A) Fluorescence and (D) bright-field channels of single cell water injected embryos at 
~65 hpf. (B) Fluorescence and (E) bright-field channels of single cell (Alexa Fluor® 488)-

labeled NPs injected embryos at ~65 hpf. (C) Fluorescence and (F) bright-field channels of yolk 
(Alexa Fluor® 488)-labeled NPs injected embryos at ~65 hpf. Scale bar: 2 mm. 
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possess both bio and chemical compatibility; these qualities rend their modification a difficult 
task due to non-aggregative behavior that prevents their precipitation. Moreover, filtration is 
impossible since they undergo extrusion or merely cross filters. This physical difficulty was 
overcome by a new approach that exploits magnetic susceptibility of materials for their easy and 
fast separation. The overall nanoparticle peptide synthesis (NPPS) process is shown in figure 4. 
The method consists of embedding appropriate NPs into a magnetic matrix (step 1), followed by 
the multistep synthesis of the desired peptides facilitated by the magnetic susceptibility of the 
magnetic matrix necessary for washings/reactions along the intermediate steps (step 2). Once 

the synthesis is complete, the matrix is treated with 5N HCl for 6 h and after appropriate 
neutralization, the NPs are then dialyzed once for removal of iron salts (step 3). 
Figure 4 discloses the synthesized peptides and their physico-chemical characterization.  
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       a                         b 

Fig. 3 a). Cellular uptake of the fluorescence-labeled NPs. b). Left panel-DIC image from 
confocal microscopy. Right panel- three orthogonal slices of a typical cell which has 
internalized NPs. The cell boundaries outlined in red, and were computed from the 

sulforhodamine B (SRB) images using the ImageJ edge detector.  The green image is from the 
fluorescein channel, and represents the emission of the fluorescein labeled NPs. The 

orthogonal slices allow us to see that the NPs are indeed internalized, and are not simply 
bound or adsorbed to the cell surface. 

                    

Fig. 4. Nanoparticle peptide synthesis (NPPS) process and synthesized peptides. 
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Introduction 
Multiple Sclerosis (MS) is an inflammatory disease of the Central Nervous System (CNS) 
characterized by a T cell infiltration within the lesion of white matter. Although the pathology 
of MS remains widely unknown, there is increasing evidence that T cells recognizing 
encephalitogenic epitopes of Myelin, such as Myelin Basic Protein MBP, Myelin 
Oligodendrocyte Glyoprotein MOG and Proteolipid Lipoprotein PLP, play a pathogenic role of 
induction of MS. The pathogenic role of autoimmune T cells recognizing encephalitogenic 
epitopes of MBP is also proven in EAE, an animal model for MS. A number of studies have 
shown that T cell responses in patients are associated with the recognition of the 83-99 
immunodominant region of MBP, 35-55 of MOG and 139-151 of PLP. T cell recognition of 
these regions of MBP has also been identified in healthy individuals at relatively lower 
frequency. Th1 cytokines released after therapeutic administration are associated with 
exacerbation of MS, however Th2 cyctokines (such as IL-4 and IL-10) have anti-inflammatory 
properties and down-regulate Th1 response.  
Current treatments of MS are based on immunosuppressive or immunomodulating therapies 
affecting the whole immune response and therefore displaying significant toxicity, especially 
when a chronic therapy is needed. Therefore, availability of effective low cost therapies and low 
toxicity is needed to both the patients and the public health systems. 
Mannan has been described before for its ability to generate immune responses in various model 
systems. Its adjuvant function results from its ability to target C-type lectins, including the 
mannose receptor on APCs Mice immunized with mannan-MUC1 protein are protected against 
a MUC1 express in tumor challenge, as well as reverse in established tumors in mice [1,2,3]. 
Either a Th1response (IL-2, IFN-γ, IL-12, TNF-and IgG2a antibodies) or Th2 response (not 
IFN-γ or IL-12, but significant amounts of IL-4, IL-10 and TGF-and IgG1 antibodies) 
depending on mode of conjugation, oxidized or reduced mannan, respectively [1-3]. Other 
cytokines (IL-5, IL-6, IL-13, IL-15, and IL-18) have also been measured with either oxidized or 
reduced mannan immunogens.  

 

 

Fig. 1. Bond cleavage in side mannose units of mannan, generation of aldehydes and 
conjugation with a peptide analogue through a linker. 
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 In addition to Th1/Th2 type responses to MUC1 in mice, similar responses have been 
demonstrated in humans [5] and monkeys [6].  

The use of mannan to further divert immune responses to Th2 when conjugated to myelin 
peptides constitutes a novel strategy for immunotherapy of the disease. Mannosylation of 
myelin mutated peptide analogues resulted in diversion of Th1 response to Th2. The use of 
mannan to further divert immune responses to Th2 when conjugated to MBP peptides 
constitutes a novel strategy for immunotherapy of the disease. 

In this study we present the development of Elmyelin, a promising candidate for the 
treatment of MS. More specific we present the activities related to the manufacture of drug 
substance such as the synthesis, highlighting the physicochemical parameters and analytical 
methodologies. Moreover, stability and toxicity studies were performed indicating that Elmyelin 
is stable and safe for further development. Thus, we focused on the results obtained for 
Elmyelin in order to prepare and submit a file towards the initiation of phase I clinical trials. 

 
Results and Discussion 

Elmyelin is a synthetic peptide - polysaccharide conjugate. The synthesis was based on the 
oxidation of Mannan to polyaldehyde and the conjugation to the MOG35-55 peptide analogue via 
a [LysGly]5 linker. The [LysGly]5-MOG35-55 peptide analogue (KGKGKGKGKGME  
VGWYRPPFSRVVHLYRNGL) was synthesized under microwave irradiation conditions [7] 
following the Fmoc/tBu methodology, using the standard the N,N'-diisopropyl-carbodiimide 
(DIC) and 1-hydroxybenzotriazol (HOBt) as coupling reagents. The purity of the final peptide 
was typically determined using HPLC with an appropriate analytical method for this quality 
control. The mass identification was performed using Mass Spectrometry. More other methods 
were performed for the analytical characterization of the final peptide such as: aminoacid 
analysis, peptide content, optical purity, residuals of solvents, moisture determination. The 
results demonstrated that no racemization mixtures were apparent and all the values obtained 
from these tests were according to the primary recommended specifications. Moreover an 
electrophoretic method was used for the analysis of the conjugate and the confirmation that the 
peptide analogue was quantitative conjugated with the polysaccharide mannan.  
Stability studies were performed to Elmyelin and also to the intermediate peptide analogue 
[LysGly]5-MOG35-55 peptide. It is very crucial to demostrate that the intermediate products are 
also stable in the proposed conditions. The stability protocol was designed to provide data 
concerning potency, loss of water due to liquid formulation, appearance of products (colour and 

Table 1. Conditions and stability parameters. 

Conditions  Performed tests Day 

T=0 

Day 2 Day 4 Day 7 Day 14 M 

1 

M 

2 

M 

3 

M 

6 

Y 

1 

-20°C ± 

2°C/70% RH 

 

4°C ± 2° C 

/70% RH 

 

25 °C ± 

2°C/70% RH 

Appearance X X X X X X X X X X 

PH X   X  X   X X 

Degradation 

products 

X X X X X X X X X X 

Endotoxin/ 

microbial quality 

X         X 

Loss of water X     X   X X 

Content X X X X X X X X X X 
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opacity), pH, and sterility. Also the enviromental assessment was adressed for the two 
components involved. Our aim was to provide evidence on how the quality of drug substance 
varies with the time under the influence of a variety of environmental factors such as 
temperature and humidity.  
The [LysGly]5-MOG35-55 intermediate peptide and the final product (Elmyelin) were found to be 
stable when stored for one year at -20oC/ 75% RH in closed containers.  

Elmyelin was tested in several in vitro/ex-vivo and in vivo biological assays. The results 
obtained from the in vivo biological evaluation demonstrates that Elmyelin strongly ameliorates 
the clinical symptoms of EAE when delivered in prophylactic (as a vaccine) or therapeutic 
protocols.  

The toxicity experiments were successfully performed using two different species, in 
C57/BL/6J mouse and guinea pigs. The aim of this study was to determine the toxic effects of 
Elmyelin following repeated administration every two weeks, at three dose levels. The study 
was conducted in compliance with the OECD principles of Good Laboratory Practice (GLP) 
and the toxicity results showed that in both species, no toxic effects was  apparent. These results 
allow the further development of Elmyelin and the preparation of clinical protocol. 
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Introduction 
Quinacrine – a member of family of 9-aminoacridines – failed in clinical trials, whereas it 
showed interesting properties in in-vitro assays. We had previously hypothesized that aromatic 
nucleophilic substitution at C9 could be responsible for this failure because of the transfer of 
acridine moiety from quinacrine to abundant glutathione [1,2]. Here, we describe the scale-up of 
the synthesis (Figure 1), the consequences of a such displacement on biological and biophysical 
activities, and further decomposition of the peptide conjugate.  
 
Results and Discussion 
Synthesis – Scale-up 
In order to carry out biological examination of GlutQui (3), a semi-large scale synthesis had to 
be developed. The previous small-scale synthesis [1] was based on careful HPLC purification of 
a reaction mixture. In case of scale-up, this approach would be impractical and expensive. Thus, 
we explored another way of reaction mixture separation. It was based on ionex chromatography 

 

Fig. 1. Reaction of FDA approved drug quinacrine (1) with glutathione (2) provided GlutQui (3).  
The GlutQui is quite unstable and slowly decomposes to starting glutathione (2) and 

corresponding acridone (4), which is practically insoluble in water. 
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using Zerolit G weak anion exchanger. The unreacted quinacrine (base) is almost not retained 
by the ionex. The separation of unreacted glutathione and the peptide conjugate 3 was achieved 
by different strength of acid used for elution. Acetic acid was sufficient to elute the mixture of 
the glutathione contaminated with small amount of its conjugate. Stronger acid (HCl) was then 
used for final release of the retained conjugate in more than 95% purity. The new synthesis can 
provide hundreds of milligrams of the desired peptide conjugate, which is sufficient for most of 
biological and physicochemical examinations. 
 
Prion-protein binding 
We have previously noted discrepancy [1,2] between low affinity of quinacrine to truncated 
prion protein hPrP121-230 (KD 4.6 mM) [3] and quite strong anti-prion activity of quinacrine 
in-vitro (EC50 0.3 µM) [4]. However, recently, a new paper appeared describing higher 
quinacrine affinity binding towards recombinant prion protein hPrP90-231 (KD 0.49 µM) [5] 
than the work from 2003 [3]. Interestingly, the difference of ca 30 amino acids provided totally 
different KD values. The later reported KD is much closer to the described anti-prion activity. 
Thus, we decided to use the described assay for evaluation of binding constants for quinacrine 
and GlutQui toward more accurate model – full-length His-mPrP23-231. In this assay, we 
observed that quinacrine is more than 20-times more potent binder than the GlutQui. Thus, the 
conjugation with glutathione preserves only 5% of quinacrine original binding activity and 
caused its 95% deactivation. 
 
Anti-prion activity 
The effectivity of the treatment on clearance of prion infection from the cells was studied by 
standard scrapie cell assay (SSCA) [6]. The calculated concentrations of quinacrine and of 
GlutQui causing 50% decrease of infected cell counts per 1000 cells were 0.66 µM and 18.6 
µM, respectively. The estimated 28-fold decrease of GlutQui anti-prion activity correlates well 
with the measured decrease in its binding to His-mPrP23-231. 
The ability of quinacrine and GlutQui to cure cells from prion infection was confirmed by 
western blot (Figure 2). We observed complete disappearance of signal of abnormal prion 

Fig. 2. Elimination of abnormal prion protein from RML infected CAD5 cells detected by 
western blot. RML infected CAD5 cells were treated with different concentrations of quinacrine 

(A, B, C) or GlutQui (D, E, F) for 7 days. Cells were harvested and the presence of PrPC/PrPSc 
detected by western blot. Non-infected cells (CAD5) were used as a control. A, D: samples 
without Proteinase K (PK) treatment containing both PrPC and PrPSc. B, E : samples treated 

with PK containing pathological PrPSc, C, F: actin levels as a loading control. 
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protein (PrPSc) at 2 µM concentration of quinacrine or at 50 µM concentration of GlutQui. This 
shift of healing capabilities corresponds well to the 20-fold lower affinity toward prion protein 
of GlutQui compared to quinacrine. 
 
Bioavailability 
Two factors of bioavailability were studied. The first one is binding of quinacrine and GlutQui 
towards dsDNA, because the most powerful binders are withdrawn from biological fluids by 
unspecific DNA-binding [7]. In ethidium displacement assay, GlutQui was approximately 5 
times more powerful dsDNA binder than quinacrine. 
Another factor influencing bioavailability is distribution coefficient log P between n-octanol—
water [8], where n-octanol serves as a model of biological membranes. For polyelectrolytes 
such as peptides, the better measure is log DpH 7.4, where instead of pure water, the aqueous 
physiological buffer is used with pH 7.4 [9]. Quinacrine easily penetrates to organic phase, 
whereas GlutQui conjugate is mostly located in the aqueous one, i.e. the GlutQui prefers to stay 
in aqueous phase two orders of magnitude more than the original drug. Since prions in infected 
cells are located both on the cytoplasmic membrane and intracellularly [10], the 
hydrophilization of acridine moiety decreased approximately 100-fold local concentration of the 
active drug in prion active sites. 
 
Conclusions 
Transfer of acridine moiety from quinacrine to glutathione significantly decreases 
bioavailability of acridine moiety in prion acting site. Moreover, the conjugation decreases 
directly prion protein binding and anti-prion activity ca. 20 times. With time, the conjugate 
decomposes to acridone, which is almost completely insoluble in water.  
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Introduction 
Prion diseases, such as bovine spongiform encephalopathy (cattle) and Creutzfeld-Jacob disease 
(human), are transmissible fatal neurodegenerative diseases that are caused by proteinaceous 
pathogens named prions. The infectivity and toxicity of these pathogens is attributed to the 
conversion of cellular prion protein (PrPC) into the misfolded form PrPSc. As this process occurs 
on the outer leaflet of the cell membrane, posttranslational glycosylphosphatidylinositol (GPI) 
attachment has been identified as a critical point in disease progression [1-5]. 
Mature PrPC can carry up to two N-glycans and is always GPI-anchored, but the effects of these 
posttranslational modifications (PTMs) on prion pathogenicity are not well understood. The 
main reason lies in the limited access to homogeneous posttranslationally modified PrP. To 
overcome this problem, we currently develop a semisynthetic approach [6, 7] to obtain multi-
milligram amounts of different posttranslationally modified but homogenous PrP variants. We 
are applying different biophysical and biochemical assays to characterize the pathophysiological 
behavior of these different PrP variants. 
 
Results and Discussion 
We recently reported the semisynthesis of lipidated PrP variants with a synthetic membrane 
anchor (MA), such as full length PrP (FL_PrP-MA: residues 23-231), N-terminally truncated 
PrP (T_PrP-MA: residues 90-231) and PrP missing its central hydrophobic domain (∆CR_PrP-
MA: hydrophobic residues 105-125 deleted) and their interaction with liposomes of different 
lipid composition [9]. In agreement with our previous findings for PrP with a membrane anchor 
mimic (MA) and a synthetic GPI anchor [6-8], all these PrP variants attach strongly to 
liposomes made of variable lipids, e.g. neutral (DOPC), anionic (POPG) or more complex 
mixtures mimicking neuronal membranes. Upon attachment to liposomes different effects on 
their secondary structure occur such as transition into mainly random coil structures or into β-
sheet rich conformations as well as remaining predominantly α-helical. Analysis based on CD 
spectrometry and tryptophan fluorescence suggested different binding modes depending on the 
presence of the membrane anchor and on lipid composition [9].  
Interestingly, we found that ∆CR_PrP-MA induces pore formation in lipid membranes made of 
anionic lipids. Calcein release assay, NBD fluorescence quenching assay as well as patch clamp 
experiments were applied to prove our hypothesis (Fig.1.). Our data clearly suggested pore like 
formations for membrane bound ∆CR_PrP-MA even on HEK cells [9], confirming previous 
results obtained in cellular experiments [10].   
However, the impact of additional PTMs, such as N-glycosylation as frequently found in nature, 
on PrP pathogenicity remains unclear. To analyze the biophysical and biochemical effects of N-
glycosylation in prion diseases, we develop a semisynthetic method to obtain membrane 
anchored and glycosylated PrP (Scheme 1). 
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Briefly, two PrP segments (residues 23-177 and 90-177) fused to the Mxe Intein are 
recombinantly expressed to generate protein-α-thioesters [11-13]. C-terminal peptide thioesters 
carrying up to two glycans or mimics thereof are obtained using Fmoc-based solid phase peptide 
synthesis (SPPS) [12, 13]. To overcome the requirement for an N-terminal cysteine residue in 
native chemical ligation (NCL) we have selected β (D, L)-mercapto-L-aspartic acid to achieve 
ligation and to obtain the native sequence. After ligation this amino acid can be selectively 
desulfurized giving rise to aspartic acid, which is the native amino acid at this position. Payne 
and coworkers reported the application of β (D, L)-mercapto-L-aspartic acid for ligation 
reactions with monosaccharide modified building blocks [13]. 
First chemoselective ligation reactions were already carried out to combine modified peptides 
with recombinant protein-α-thioesters. Ligations of peptide-α-thioesters with peptides 
containing N-terminal cysteine are quantitative and complete after 24 h. Moreover, recombinant 
protein-α-thioesters could be ligated quantitatively after 2 h to peptide-α-thioesters that carry an 
N-terminal cysteine. 

 

 

Fig. 1 The influence of lipidated PrP variants on membrane integrity, Calcein release assay; A: 
DOPC, B: POPG, C: NM-PG (neuronal membrane mimic with POPG) and D: NM-PS (neuronal 
membrane mimic with POPS) [9]. High amounts of released calcein point to pore formation, 

liposomes have also been analyzed by EM and no ruptured vesicles were found. 
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Once we have established the optimal ligation conditions, purified sufficient amounts of 
correctly folded PrP variants, we will start biophysical and biochemical characterization of these 
homogenously modified PrP variants to gain new insights into the effect of PTMs on PrP 
folding, stability and eventually prion pathogenicity.  
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Scheme 1. Semisynthesis of homogenous posttranslationally modified PrP variants 
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Introduction 
A general consideration of the multi-domain architecture of many human proteins indicates that 
cell penetrant cryptic sequences could mimic and/or modulate their functions. In particular, the 
sites of protein-protein interactions (PPIs) are an emerging therapeutic modality that can be 
either inhibited or stabilised by proteomimetic peptides that are intrinsically cell permeable. To 
date, a variety of cryptic CPPs, in which multiple pharmacophores for cellular penetration and 
biological activities are discontinuously organised within the primary sequence, have been 
developed with intrinsic biological activities. The term rhegnylogic can be logically applied to 
delineate this latter class of CPP from the alternative sychnologic combination of discrete 
sequences representing CPP and cargo. Moreover, we more recently introduced the term 
bioportide as a general descriptor of bioactive CPPs that are distinct from the more common 
pharmacokinetic modifiers such as the polycationic tat and penetratin sequences [1]. 

It is likely that many bioportides achieve a selective and potent biological response by 
virtue of a dominant negative mode of action. Indeed, a current focus of such studies is the 
modulation of PPIs that contribute to oncogenic transformation. It is also feasible to employ a 
variety of structural modifications to engineer cell and tissue-selectivity into bioportide design. 
Moreover, bioportides designed to mimic alpha-helical segments of proteins can be stabilised in 
an appropriate conformation that may improve cellular uptake, in vivo stability and target site 
selectivity and activity. 

Results and Discussion 
The General Utility of Bioportide Technologies 
The versatility of bioportides can be ascertained from the numerous reports which expound their 
potent and selective influence upon intracellular protein targets [2]. We commonly identify 
bioportides using a QSAR-based prediction algorithm designed to elucidate cell penetrant 
sequences within poignant signal transduction domains or entire proteins [3]. The same 
powerful tool also enables the mapping of potential polycationic CPP sequences within sites of 
PPIs [4,5]. Pertinent to this general strategy is the fact that the amino acids Arg and Lys are 
common to both cationic and amphipathic CPPs. The understanding that the interfaces of PPIs 
are also enriched with cationic amino acids, whilst many PPI interfaces also have a high affinity 
for Arg, provides a molecular explanation for the recent development of bioportides that can 
influence the biology of many human cell types.  
 We predict that bioportides and their associated technologies collectively represent a 
novel therapeutic modality that will significantly impact upon the treatment of numerous disease 
states which are characterised by dysfunctional PPIs. Additionally, bioportides are compatible 
with structural modifications and chimeric extensions that ensure site-specific delivery, whilst 
sparing healthy tissues, a feature which has proven insurmountable to many conventional 
therapeutics. We anticipate that this technology will provide an innovative approach towards the 
modulation of seemingly intractable proteins and so help realise the potential of >2000 
intracellular drug targets predicted by the recent sequencing of human genomes. 
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Leucine Rich Repeat Kinase 2 as a Molecular Template 
The Leucine-Rich Repeat Kinase 2 (LRRK2) is currently a major therapeutic target in 
Parkinson’s disease (PD). Mutations within the LRRK2 protein are associated with both 
hereditary and sporadic late-onset forms of the disease [6,7]. Thus, agents that selectively target 
LRRK2 and/or its associated proteins may offer a distinct therapeutic advantage compared with 
drugs such as L-dopa that provide only the non-specific relief of symptoms. It is likely that 
LRRK2 acts as a docking site for many other proteins that may contribute to neuronal cell death 
in PD. We have completed the synthesis and evaluation of > 40 putative CPPs, identified using 
a QSAR prediction algorithm [3], that are cryptic fragments of the human LRRK2 protein. 
Further screening has to date identified a total of 15 LRRK2-derived bioportides within defined 
structural domains of the LRRK2 protein. 
 

 

Fig. 1. Bioportides and the functional domains of LRRK2. More than 2,500 CPP sequences are 

predicted to reside within the primary 2527 AA sequence of the human LRRK2 protein. As 

indicated by the examples above (e.g. LRRK21124-1139), proteomimetic bioportides have been 

identified in five functional domains of the LRRK2 proteins and some of these overlap with 

pathologic mutations including I1122V and I1371V. Many of these CPPs and bioportides 

correspond to known helical segments of LRRK2 including the structurally characterised LRR 

domain [8]. Domains: Armadillo (ARM), ankyrin-like (ANK), leucine-rich repeat (LRR), Ras of 

complex proteins (ROC), C-terminal of ROC (COR). Figure adapted from [6,8]. 

 
Collectively, the LRRK2-derived bioportide sequences illustrated above (Fig. 1) influence 
kinase activity (Ser935 phosphorylation), the general stability of the LRRK2 protein or the ability 
of LRRK2 to sequester Nuclear factor of activated T cells (NFAT) in the cytoplasm. Moreover, 
these assays provide a robust assessment of some of the known functions of LRRK2 that may be 
influenced by point mutations that predispose PD and/or Crohn’s Disease [9]. As is common to 
many studies with bioportides, we observe that bioactivity is often a feature of those cell 
penetrant sequences that derive from α-helical domains of proteins. In the case of LRRK2 such 
bioportides include mimetics of the LRR domain, the structure of which has been recently 
determined as illustrated above [8]. 
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The Many Futures of Bioportide Technologies 
 
The study and exploitation of bioportides as cell-penetrant modulators of protein function 
clearly offers enormous potential for the development of novel diagnostics and therapeutics. 
Our own studies, together with an expanding corpus of published literature (reviewed in [2]), 
suggest that the cationic helical domains commonly observed within PPIs are potential targets 
for proteomimetic bioportides that can selectively perturb their function. In this regard 
bioportides provide an opportunity to modulate many extended intracellular target sites that are 
generally considered intractable to smaller conventional drug types. As peptides, bioportides are 
also readily amenable to a variety of structural modifications that can enhance cell targeting, in 

vivo stability and target affinity. Non-proteinogenic amino acids including α-aminoisobutyric 
acid (Aib), a known helix promoter, have also been successfully incorporated into the design of 
bioportides. A chemical staple might also be employed to stabilise a defined helical structure 
and so provide additional pharmacokinetic and pharmacodynamic advantages in some situations 
[10]. Moreover, as we uncover more details of the interactomes that underlie disease processes 
(reviewed in [11]), additional therapeutic options for bioportide technologies will doubtless 
arise. 
 
Acknowledgments 
We are grateful to the Michael J Fox Foundation, New York, for financial support for our 
ongoing studies with LRRK2. 
 
References 
1. Howl, J., Jones S. Int. J. Pept. Res. Ther. 14, 359-366 (2008). 
2. Lukanowska, M. et al. Biotechnol. J. 8, 918-930 (2013). 
3. Hällbrink, M. et al. Int. J. Pept. Res. Ther. 11, 249-259 (2005). 
4. Howl, J. et al. Cell. Mol. Life Sci. 69, 2951-2966 (2012). 
5. Jones, S. et al. Chem. & Biol. 17, 735-744 (2010). 
6. Giasson, B., Van Deerlin, V. Neurosignals 16, 99-105 (2008). 
7. Lee, B. et al. Trends Pharmacol. Sci 3, 385-373 (2012). 
8. Van Craenenbroeck, R. et al., (2012) Biochim. Biophys. Acta 1824, 450-460 (2012). 
9. Liu, Z, et al. Nat. Immunol. 12, 1063-1070 (2011) 
10. Verdine, G.L., Hillinski, G.J. Method. Enzymol. 503, 3-33 (2012). 
11. Vidal, M. et al. Cell 144, 986-998 (2011). 
 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

27 

 

Peptides labeled by 5-azoniaspiro[4.4]nonyl group for sensitive 
sequencing by electrospray tandem mass spectrometry  

 
Bartosz Setner, Magdalena Rudowska, Dominika Wojewska,  

Alicja Kluczyk, Piotr Stefanowicz, Zbigniew Szewczuk 
 Faculty of Chemistry, Wrocław University, Wrocław, 50-383, Poland,  

e-mail: zbigniew.szewczuk@chem.uni.wroc.pl 
 
Introduction 
 Electrospray ionization mass spectrometry (ESI-MS) is an important method of 
identification and study of peptides and proteins. Together with database searching they are one 
of the most powerful tools in proteomics and in the analysis of large combinatorial libraries of 
peptides. However, limited sensitivity caused by the insufficient ionization efficiency of some 
peptides is the main problem during analysis of trace amount of unknown peptides by mass 
spectrometry [1]. To overcome this issue ionization tags could be introduced into the peptide 
chain, both at the N-terminus [2] and C-terminus [3]. 
 Recently we developed an efficient method of synthesis of peptide conjugates 
containing various N,N,N-trialkylglycine moieties [Грешка! Показалецът не е дефиниран.]. 
We applied them as ionization enhancers for analysis of trace amount of peptides (10-18 mole, 
attomole) using nano-LC-ESI-MRM technique [4]. Although the procedure was useful in 
combinatorial chemistry [5], its application in de novo peptide sequencing is limited due to 
Hofmann elimination during tandem mass spectrometry experiments (ESI-MS/MS) [6]. 
 The aim of this work was to develop a new ionization enhancer which would be not 
susceptible to Hofmann elimination during ESI-MS/MS experiments. We selected the rigid 5-
azoniaspiro[4.4]nonyl scaffold, since in this moiety all bonds susceptible to cleavage via 
Hofmann elimination are otherwise covalently connected, which protects the the ionization tag 
from any neutral losses during tandem mass experiments.  
Results and Discussion 

The synthesis of the azoniaspiro[4.4]nonyl moiety is based on the reaction between  the 
N-terminal proline residue and 1,4-diiodobutane, in the presence of N,N-diisopropylethylamine 
(DIEA) in aprotic organic solvent (such as dimethylchloride, acetonitrile or N,N-
dimethylformamide) to give 5-azoniaspiro[4.4]nonyl (ASN) or 1,2-bis(bromomethyl)benzene, 
to give benzo-5-azoniaspiro[4.4]nonyl (BASN) (Fig. 1).  
To examine the usefulness of the proposed ionization enhancers in precise sequencing by 
electrospray tandem mass spectrometry, a series of model peptides conjugated with ASN or 
BSN where synthesized on solid support, utilizing the standard Fmoc strategy [7] and purified 
by RP-HPLC.  The observed increase of the ionization efficiency, provided by fixed positive 
charge of the 5-azoniaspiro group, as well as high stability of this group in ESI-MS conditions 
enables analysis and unambiguous sequencing of trace amount of peptides. 
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Figure 1. Synthesis of the benzo-5-azoniaspiro[4.4]nonyl (BASN) and 5-azoniaspiro[4.4]nonyl (ASN) 

groups. 
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The ESI-MS/MS experiments were performed on the single charged precursor ions. All 
peptide conjugates show predominant a- and b-type ion series due to the presence of the 
positive charge at the N-terminus of the peptide chain (Fig. 2). The interpretation of the 
daughter-ion spectra of derivatized model peptides is straightforward, and the amino acid 
sequence of peptides can be easily determined even for peptides containing Arg residues. The 
ESI-MS/MS fragmentation of ASN and BASN derivatized peptides does not produce the 
Hofmann elimination products, thus simplifying the fragmentation analysis. 

 

 

Figure 2. ESI-MS/MS spectrum of ASN-Asp-Val-Tyr-Thr-NH2 (parent ion at m/z 647.3) [top panel] and 

BASN-Asp-Val-Tyr-Thr-NH2 (parent ion at m/z 695.3) [bottom panel]. 
 

The 5-azoniaspiro[4.4]nonyl system, instead of Hofmann elimination products, 
generates in MS/MS experiments an abundant a2 fragment from the peptide conjugate, 
constituting a promising reporter ion in multiple reaction monitoring (MRM) analysis.  
 We developed a new class of rigid ionization enhancing tags containing 5-
azoniaspiro[4.4]nonyl group, suitable for sensitive sequencing by electrospray tandem mass 
spectrometry. It may be presumed that the application of such labeling may revolutionize 
comparative proteomics, leading to development of new biomarkers based on proteins of low 
abundance.  
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Introduction 
Since the second half of the last century the method of protein molecule fragmentation for 
subsequent determination of the complete primary structure has been used successfully. These 
studies led to the production of a huge number of fragments of a variety of proteins. However, 
over an extensive period of time these fragments were used only to define protein amino acid 
sequence (see Figure). 

In the course of time many 
publications on the 
identification of protein 
fragments in living organisms 
were published. Functional 
properties and significance of 
many of them were not known. 
It was not clear as well whether 
they were the product of natural 
degradation of proteins or the 
fragments formed during the 
analytical procedures of 
extraction. Nevertheless 
systematic study of these protein 
fragment functions commenced. 
Furthermore, artificial 
fragmentation of known proteins 
was resumed to study the 
functional properties of their 
fragments. 

Structural and functional variety of different protein possible fragments was revealed by 
computer analysis of EROP-Moscow database data [2] in this work. It has been shown by us 
that different protein fragments can participate in the regulation of the nervous, endocrine and 
immune systems, as well as some other functional properties. 
 
Results and Discussion 
Fragmentation of different polypeptide structures (proteins) in living organisms is well known. 
In most cases endogenous regulatory peptides are fragments of specialized precursors [3], and 
their formation is regulated by a number of specific biochemical processes. Such oligopeptides 
are found in many organs and tissues including the gastrointestinal tract. This indicates that they 
are not cleaved by proteases for some time, and they can thus express their physiological 
activities [4]. 

Many facts have become known confirming that in many organs and tissues of living 
organisms endogenous peptide structures are also present that are not formed from specialized 
precursors, but are natural fragments of well-known proteins. A large number of physiologically 
active fragments of hemoglobin α- and β-chains have been identified in bovine brain [5-7] and 
thymus [8], fragments of casein in cows’ milk [9, 10], and other substances. They are formed by 
cleavage of the precursor protein molecules by proteases and can also exist and function for 
some time before final breakdown. 

Along with endogenous proteins, exogenous proteins are also present in a living organism. 
They enter regularly with food. These proteins are also exposed to proteases in the 

 

Figure. Amino acid sequence of the α-chain of bovine fetal 
hemoglobin created from its fragments [1]. 
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gastrointestinal tract, resulting in their successive breakdown into smaller and smaller fragments 
down to amino acids. Until recent time they were viewed mainly as one of the sources of energy 
as well as essential and nonessential amino acids necessary for protein synthesis, as well as 
serving as precursors for many vital biomolecules. However, we assumed earlier that fragments 
of food proteins could also carry out regulatory functions [11, 12]. Our work provided a 
theoretical basis for this assumption [4].  

There are several approaches to obtaining fragments of peptide structures. The main 
experimental approaches are analytical extraction, purification, and sequencing. A powerful tool 
for protein and oligopeptide isolation is two-dimensional electrophoresis, while for primary 
structure determination it is mass-spectrometry when initial peptide structure is cleaved to 
fragments. Use of these methods together has resulted in explosive development of proteomics 
and peptidomics. 

The method of artificial fragmentation is also wide-spread; it is based on degradation of 
natural peptide structures (such as Edman chemical degradation). The use of such approach 
revealed structures of translated peptide structures oxytocin [13], bovine [Arg-8]vasopressin and 
porcine [Lys-8]vasopressin [14], as well as of bovine insulin [15]. However, in such methods 
the resulting fragments are used only for further detection of primary structure of the studied 
substances, while their functional properties are usually not studied. 

Functional properties of fragments are often studied for detection of a minimal site 
retaining physiological activity specific of the initial structure. For this purpose, chemical 
synthesis of different fragments of the same peptide structure is used. For example, many 
fragments of α-melanotropin [16] and bradykinin [17] have been synthesized. Moreover, in the 
case of bradykinin actually the whole fragmentome [11, 18] was synthesized. After synthesis, 
all of its fragments were studied in a standard test for ability to contract a strip of guinea pig 
ileum smooth muscle. It was shown that just a single fragment bradykinin (5-9) exhibited any 
noticeable activity compared to the complete bradykinin molecule. 

It should be noted that chemical synthesis is widely used for creation of numerous chemical 
analogs of natural oligopeptides to search for structures more active than the natural ones. For 
example, almost 200 bradykinin analogs have synthesized [19]. 

Fragments are also used in different theoretical analyses, in particular, in detection of 
protein homologs. For this purpose computer programs are created which can generate 
fragments of one compared structure and to reveal homology by their scanning along the amino 
acid sequence of another. The use of specially developed computer programs allows comparison 
of peptide fragments of a certain origin, such as bovine hemoglobin, with structures of known 
oligopeptides obtained from different sources. This method is used to reveal protein regions 
identical or homologous to a regulatory oligopeptide with known functions. Fragments are 
generated using these programs from dipeptide to the largest peptides. Theoretical analysis of 
experimental data can reveal new information about structure–functional properties of still 
unstudied fragments of natural peptide structures. 

Due to the presence of proteolytic enzymes within cells and in extracellular medium of a 
living organism, continuous degradation of peptide structures takes place. Four hundred 
different types of peptide bonds are cleaved with different probability, and this can result in a 
continuously changing mosaic of numerous fragments of endogenous proteins. In a limiting 
case, formation of a complete fragmentome of each of them is possible. Formation of a 
complete fragmentome is quite probable during digestion, when exogenous proteins supplied 
with food, including those exhibiting enzymic activity, are cleaved by a large totality of 
enzymes [20]. Thus, exogenous fragments, among which regulatory oligopeptides can be 
present, are added to the pool of endogenous fragments. Due to partial repetition of amino acid 
sequences inside and outside protein subunit fragments as well as in different proteins, these 
regulators can be formed in significant amounts and noticeably influence different processes of 
metabolism. In particular, detection among them of enzyme inhibitors shows that the process of 
food protein cleavage can be inhibited by proteolysis products. Besides, fragments only just 
formed in the gastrointestinal tract and exhibiting antimicrobial properties are able to take part 
in regulation of the microflora balance and so to be a component of immune regulation. Thus, 
fragmentation within an organism can result in generation of a dynamically developing pool of 
exogenous regulatory oligopeptides, functions of which can change during formation of smaller 
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and smaller fragments. Probably the existence of the endogenous–exogenous pool of regulatory 
molecules makes wider the sense and content of the hypothesis concerning a functionally 
continuous totality (continuum) of natural oligopeptides [21]. 

By the present time only a small part of the possible natural protein fragments are identified 
experimentally and even less is known about their functional properties. In particular, this 
concerns generation and functions of fragments formed in the gastrointestinal tract upon 
nutritive product cleavage by enzymes (there are not many examples similar to investigation of 
the sardine muscle fragments [22]. Detection of natural oligopeptides formed of specialized 
precursors is also far from completion. Moreover, only a single type function was studied in 
most of them, whereas they may be multifunctional. 

Accumulation of data on structure and functions will make it possible to characterize more 
completely the functional abilities of numerous, still unstudied protein fragments, to approach 
understanding their role in evolution and to use all these data in practice. Thus, recording 
functional properties of nutritive protein fragments can suggest to dieticians what food is 
preferable for patients, and to pharmacologists what peptide fragments are reasonable to use as 
drugs and food additives. Some amino acids like glycine, exhibiting sedative effect [23], 
glutamate, widely used in food industry, etc. are already used as remedies. 

Due to improvement of research methods, including computer analysis, our knowledge of 
structural and functional properties of the global fragmentome is intensively growing. This 
knowledge is still not enough for complete understanding of the regulatory role of fragments in 
living organisms. Nevertheless, already now it is possible to formulate ideas concerning 
structure–functional fragmentomics of natural peptides and other substances. 
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Introduction 
Today, the total chemical synthesis of proteins is usually performed in water by ligating 
chemoselectively short unprotected peptide segments, which can be produced in a pure form 
using SPPS and highly resolutive purification techniques such as HPLC.[1,2] Usually, the 
peptide segments are ligated using chemoselective amide bond-forming reactions, which must 
proceed in water to enable the solubilization of the unprotected peptide segments. Among these, 
the NCL reaction,[3] which involves the reaction of a C-terminal peptide thioester with an N-
terminal cysteinyl peptide, is undoubtedly the most popular chemoselective amide bond-
forming reaction for protein total synthesis.  
The chemical synthesis of proteins often requires the chemical ligation of three or more than 
three peptide segments and thus intermediate isolation or purification steps to change the 
solvent systems, to remove some reagents and to avoid the accumulation of unreacted peptide 
segments and side-products. Not surprisingly, these isolation steps often result in significant 
material losses, especially when the intermediates are poorly soluble.  
To overcome these limitations, a lot of efforts have been focused on the design of one-pot three 
peptide segments sequential assembly methods. For the assembly of more than three peptide 
segments, a potential solution is to combine the power of the solid phase approach and of the 
NCL reaction. The use of a solid phase enables to separate the growing peptide chain from the 
excess of reagents and unreacted peptide segment by simple washing steps. Moreover, the use 
of a water compatible and hydrophilic solid support can improve the solvation of the peptide 
chain by imposing its solvation properties to the peptidyl resin, a point which is important for a 
good accessibility of the reactive ends and for the efficiency of the ligation reactions. 
Up to now, the advantages of solid phase protein synthesis have been largely under-utilized due 
to the difficulty of designing a simple and efficient elongation cycle enabling the concatenation 
of unprotected peptide segments.[4] We show that the combination of selective N-terminal 
anchoring (base-labile N3-Esoc linker[5]) with the blocked thioester properties of SEAoff group 
[6,7,2,8-10] enabled the solid phase concatenation of unprotected peptide segments by N-to-C 
sequential formation of native peptide bonds.[11] The strategy is illustrated here with the 
synthesis of a 60 amino acid-long SEAoff latent peptide thioester or with the assembly of four 
peptide segments to give a 94 amino acids polypeptide.  
 
Results and Discussion 
The SEAon group –CON(CH2CH2SH)2 is a tertiary amide which rearranges spontaneously at 
neutral to mildly acidic pH into a SEA transient thioester –COSCH2CH2NHCH2CH2SH. This 
transient thioester can react with 3-mercaptopropionic acid (MPA) to give a stable MPA 
thioester –COSCH2CH2CO2H through a thiol-thioester exchange reaction.[12-14] This reaction 
proceeds efficiently in water at pH 4 and constitutes the activation step of the elongation cycle 
described later on. Another method for converting the SEAon group into an alkylthioester 
consists in trapping the SEA transient thioester with an excess of glyoxylic acid.[14] Indeed, the 
SEA transient thioester features a β-aminothiol functionality which enables the formation of a 
stable thiazolidine, thereby displacing the SEAon/SEA transient thioester equilibrium toward 
thiazolidine thioester peptide derivatives. Although this mode of activation has not yet been 
illustrated on the solid phase, the high reactivity of thiazolidine thioester peptides might be of 
interest for forming difficult junctions such as Val-Cys[14] or Pro-Cys[15] peptide bonds. 
The second important property is the ease of interconverting the SEAon group and the 
corresponding cyclic disulfide form called SEAoff by oxidation/reduction. Interestingly, the 
SEAoff group is inert in the presence of 4-mercaptophenylacetic acid (MPAA) which is used to 
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catalyze the NCL reaction, even when this aromatic thiol is used in large excess (200 mM) as it 
is usually the case to work in the best conditions in terms of kinetics.[6,7,2,8,9] Thanks to this 
property the SEAoff group acts as a latent thioester surrogate during the NCL reaction. The N-to-
C elongation cycle described in Fig. 1 consist in i) converting the SEAoff group into a MPA 
thioester by treating the SEAoff peptidyl resin with a strong disulfide bond reducing agent such 
as TCEP in the presence of MPA at pH 4, ii) washing the resin to remove the excess of MPA 
and TCEP, iii) performing the NCL reaction with the incoming SEAoff peptide segment in the 
presence of MPAA.[11] 
The method was illustrated with the synthesis of a 93 or 135 amino acids polypeptides by 
ligating sequentially four or five peptide segments respectively. The synthesis of the 94 amino 
acids polypeptide is depicted in Fig. 1. The first SEAoff segment was anchored chemoselectively 
to the solid support through its N-terminus using the copper-catalyzed or the strain-promoted 
alkyne azide cycloaddition reaction, i.e. CuAAC and SPAAC respectively. For this, the first 
SEAoff peptide segment was modified on the N-terminus with N3-Esoc handle [5], while the 
solid support was modified by a terminal alkyne or a cyclooctyne derivative. The Esoc linker 
can be cleaved with aqueous base (pH ~ 11). It is stable in the neutral or mildly acidic 
conditions used for the elongation cycle, while its lability in basic conditions is exploited for 
monitoring the elongation process or for cleaving off the target polypeptide by treatment of the 
peptidyl resin with aqueous base. The overall isolated yield of the target 94 amino acids 
polypeptide was 6.5% including the HPLC purification step. Nine chemical steps were 
performed on the solid phase, meaning an average yield per step of 74%. A similar average 
yield per step was reported for the assembly of five peptide segments. 
As illustrated in Fig. 1, the method has also been used for isolating a large SEAoff peptide 
corresponding to the first 60 amino acids, thanks to the stability of the SEAoff group in basic 
conditions. The synthesis of large peptide thioesters or thioester surrogates is a known limitation 
for accessing to large proteins using NCL reaction. The method described here is a potential 
solution to this highly challenging problem. 
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Fig. 1. Protein synthesis by N-to-C solid phase sequential ligation of unprotected peptide 
segments using NCL reaction. C-terminal N-peptidyl-perhydro-1,2,5-dithiazepine 

functionality (C-terminal bis(2-sulfanylethyl)amido group in its cyclic disulfide form) is used 
as a latent thioester surrogate. It is activated upon reduction with TCEP and exchange by an 

alkylthiol such as 3-mercaptopropionic acid. 
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In conclusion, the adaptation of NCL chemistry to the solid phase might extend considerably the 
limits of protein chemical synthesis and allow the automation of the process. We can predict 
that the solid phase protein synthesis relying on the sequential ligation of unprotected peptide 
segments will become a popular technique for accessing to large polypeptides in the near future. 
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Introduction 
Despite the many recent advances in designing folded peptides[1-5], peptide-based structures 
are far from capable of mimicking DNA’s capacity to form complex nanostructures [6,7].  
Peptides are simply not as well suited for construction of arbitrary nanostructures; they lack the 
highly efficient and selective H-bond zippering of DNA base pairs, and their driving force for 
folding and assembly is predominantly hydrophobic in nature. 
We have taken inspiration from paper origami; specifically, from cheating at origami.  Just as 
paper origami becomes easier when one “cheats” and uses an occasional application of glue, so 
does folding peptides into complex symmetric shapes become much less problematic with a few 
covalent crosslinks.    
 
Results and Discussion 
Our rigid covalent links of are two varieties. 
1. Disulfides.  Disulfide bonds and individual beta 
strands are innately flexible and unstructured.  Yet 
when used in combination, with disulfides linking the 
central non-H-bonded positions [8-10] of symmetric 
beta strands, rigid beta sheets with high fold-stability 
(e.g., Tm> 70 °C) result.  (Figure 1.) 
2. Captide Hubs.  Captide hubs are beta-capped 
hairpins attached, via amide conjugation at the N-
terminal amine, to di and tri carboxylic acids.[11]  
Beta caps are comprised of two cross-strand 
tryptophan residues plus supporting interactions; they 
provide >6 kJ/mol fold stability each, abolish end-
fraying, and yield obvious diagnostics for 
characterization via circular dichroism (exciton couplet) and NMR (far-upfield indole 
protons).[5,12]  The tryptophans of the beta cap not only enforce beta sheet structure in the 
strands (which can be any length) but also pack tightly with the small molecule hub, enforcing a 
specific geometry between chains.  The exact geometry depends on the small molecule; in 
particular, the relative orientation of its carboxylic acid moieties.  (Figure 2.) 
These two covalent strategies are orthogonal, and can be combined (via oxidation of hub-linked 
strands) to yield higher-order structures.  For example, the dominant oxidation product of 
peptide (dipicolinic acid)-(WITKCIRKWTGKK)2 is the triangular trimer of dimers.  This 
hollow structure is the best compromise between the angle requirements imposed by the  

Fig. 1 Typical structure of a disulfide-
mediated twice-capped beta-sheet 

homodimer. 

Fig. 2 Rigid Captide dimers set at different inter-chain angles, as defined by the relative 
orientations of the di-carboxylic acid hubs.  (dimers of sequence X-WIpKKWTGP, X =, from 

left to right, terephthalic acid, thiophene 2,5-diacid, isophthalic acid, glutaric acid, and 
phenanthroline 2,9-diacid.) 
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dipicolinic acid hub and the kinetic requirements of multimeric assembly.   
If the Cys residue is positioned in a hairpin loop rather than a non-H-bonded mid-strand 
position, smaller cage-like structures form via similar oxidative assembly processes.  See Figure 
3 for examples; figure 4 contains an NMR comparison between the triangle and a less-stable 
single-side control. 
Ring-like and cage-like structures are expected to have unusual and useful binding properties; 
for example, the central cavity of the beta triangle is the correct shape and size to encircle alpha 
helical peptides, fullerenes, or carbon nanotubes (depending on the nature of the interior-
directed residue 3; threonine in the discovery system.) 

The oxidative self-assembly processes required to form these multi-hub peptide structures is 
sensitive to small structural details; for example, hydrophobic residues at position 3 of the 
triangle strand (the inward-directed sidechains) result in significantly lower yields of the 
hexameric triangles. However, the capacity to bind small macromolecules is not only a potential 

 

Fig. 4 280K NMR data (as chemical shift deviations of Ha residues from expected random-coil 
values) for the hexameric “beta triangle” and a dimeric “single side” control.  The beta 

triangle is superior to the control both in terms of fold population and melting point (>100 °C 
for the hexamer vs. ~85 °C for the control.) 

 

Fig. 3 Oxidative assembly of single strands (top) or 
hairpins (bottom) linked by N-terminal captide hubs.  
(In the above example the Cys residue is mid-strand; 

in the smaller cage, it is a turn residue.) 
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application, but a route to higher-yielding syntheses.  For example, addition of tetraanionic 
tetraphenyl porphyrins to oxidizing cage structures results in significantly increased yields, and 
an ensnared porphyrin. 
Both types of covalent hubs – the disulfide-sheets and the captides – can also serve as the 
covalent cores of larger dimeric structures.  This does not require additional assembly around a 
second hub, simply a more complex peptide structure 
(beyond simple hairpins or sheet-pairs.)  Examples 
include beta-beta-alpha “winged helix bundles” and 
strand-swapped dimers of the WW domain.  (Figure 5.) 
A host of potential applications await these novel 
peptidic assemblies, including FRET ruler calibration, 
macromolecule hosts, construction of larger peptide 
polyhedra, and scaffolding for pharmocophore display or 
catalysis.  We have already made progress toward many 
of these goals, and continue to expand our repertoire of 
diverse hub-linked peptide structures.  
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Fig. 5 Examples of more complex 
hub-linked dimers.  Top: strand-
swapped WW domain.  Bottom: 

“winged” beta-beta-alpha coiled-
coil. 
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Introduction 
Antimicrobial peptides (AMPs) have multiple roles, but their first activity is bactericidal, 
through perturbation of the permeability of microbial membranes. Due to this mechanism of 
action, AMPs represent promising lead compounds against drug-resistant bacteria. In this 
communication, we present an overview of our recent studies, where we used a combined 
approach involving spectroscopic techniques and molecular dynamics (MD) simulations [1-14] 
to investigate several aspects of the interaction of different AMPs with membranes, such as 
location in the bilayer, mechanism of pore formation, and effects on lipid structure and 
dynamics. Two examples will be used to illustrate the potential of this methodology. 
 
Results and Discussion 
Trichogin GA IV (GAIV henceforth) is a member of the peptaibol family. Like alamethicin (the 
best characterized peptaibol), GAIV is acylated at the N-terminus, has an 1,2-amino alcohol at 
the C-terminus, contains several Cα-tetrasubstituted residues of α-aminoisobutyric acid (Aib) 
and is highly hydrophobic [11]. Given these similarities, it would be reasonable to assume that 
GAIV forms pores according to the “barrel-stave” model, which has been conclusively 
demonstrated for alamethicin. Indeed, depth-dependent quenching fluorescence studies 
demonstrated that (just like alamethicin) GAIV initially binds to the membrane surface, but 
inserts in the core of the bilayer above a threshold concentration. Fluorescence resonance energy 
transfer and leakage experiments showed that the inserted peptide molecules form aggregates 
that are responsible for membrane permeability [13, 14]. However, while the alamethicin helix 

 

Fig. 1. Membrane thinning caused by the insertion of trichogin GA IV moloecules in a 
transmembrane orientation, as observed in MD simulations [5]. Peptides, water and 

phosphorus atoms are reported in ribbon, stick and sphere representations, respectively. 
Lipid tails are omitted for clarity. 
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has a length comparable to the normal thickness of the hydrophobic region of a bilayer, GAIV is 
significantly shorter, and therefore it remained unclear how this peptide could reach from one 
side to the other of the membrane in a transbilayer orientation. MD simulations indicated that, 
when GAIV orients along the bilayer normal, the membrane distorts to adapt its thickness to the 
peptide length (Figure 1) [5, 10]. Neutron reflectivity data confirmed that peptide insertion in 
the membrane causes a dramatic thinning of the bilayer, and a quantitative agreement was 
observed between computational and experimental data [5]. The possibility to form pores of a 
well defined size was confirmed by electrophysiology measurements on planar membranes [3]. 
Overall, these data indicated that GAIV might be able to form barrel-stave channels, 
notwithstanding its short size, and demonstrated that lipid bilayers are able to adapt to the 
insertion of hydrophobic peptides, by dramatically varying their structure thanks to their 
intrinsic flexibility. 
 

PMAP-23 is a cationic AMP, belonging to the cathelicidin family. In this case, depth-
dependent fluorescence experiments and MD simulations showed that the peptide associates to 
the membrane by lying parallel to its surface, just below the phospholipid headgroups (Figure 2) 
[10, 12]. This and other observations are consistent with the “carpet” model of pore formation, 
where peptides accumulate on the membrane surface, causing a perturbation of its surface 
tension, with the subsequent formation of membrane defects [10]. This model has been 
proposed mainly based on biophysical studies on model membranes, but it was unknown 
whether a high membrane coverage was needed also to cause the death of real bacteria. To 
clarify this point, we determined experimental conditions that allowed the determination of both 
the degree of peptide association to E. coli cells (through fluorescence measurements) and the 
bactericidal activity of PMAP-23. Our results indicate that a complete coverage of the bacterial 
membranes is needed to cause cell death [2]. Starting from this observation, we determined 
whether membrane saturation leads to other effects in addition to pore formation. Both 
fluorescence studies and MD simulations demonstrated that PMAP-23 profoundly affects 
membrane dynamics, causing a reduction in fluidity, lateral mobility and water penetration, in 
the same concentration range that leads to pore formation. These effects might contribute 
significantly to the bactericidal activity of AMPs, by interfering with the proper function of 
membrane proteins. 

In conclusion, the experimental and computational data collected on the two representative 
AMPs presented here indicate that a combination of spectroscopic methods with simulative 
approaches can provide a wealth of information on the effects of these peptides on lipid 
membranes. These structural and dynamic insights represent an essential stepping stone towards 
the rational design of new antibiotic drugs inspired by AMPs. 

 

Fig. 2. Location of PMAP-23 in a lipid bilayer, as observed in MD simulations [1]. The same 
graphical representations of Fig. 1 have been used. 
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Introduction 
Amino acids with carbonyl group in side chain occur in biological systems.[1] The formation of 
these compounds is a result of oxidative stress.[2] Carbonylation is an irreversible 
nonenzymatic posttranslational modification that often leads to the loss of protein function, and 
is involved in numerous pathological conditions such as cancer, diabetes mellitius, 
atherosclerosis and neurodegenerative diseases.[3] Carbonyl groups may be generated directly 
(by amino acid oxidation or the R-amidation pathway) or indirectly by forming adducts with 
lipid peroxidation products or glycation and advanced glycation end-products. As a continuation 
of studies on the post-translational modifications [4,5] we have expanded research on products 
resulting from oxidative stress. Studies of such systems in vivo are extremely difficult, because 
of low concentration and structural diversity of carbonylated derivatives, therefore we have 
decided to synthesize a series of model carbonylated peptides. For this purpose we designed and 
synthesized a fully protected derivative of novel unnatural amino acid - Fmoc-Atda-OH (Fmoc 
amino(2,5,5-trimethyl-1,3-dioxolan-2-yl)acetic acid) and applied it for solid phase synthesis of 
carbonylated peptides. 
 
 
Results and Discussion 
Herein we proposed a method of synthesis of an unnatural fully protected amino acid for solid 
phase synthesis of carbonylated peptides according to standard Fmoc protocol. We performed 
the synthesis of modified amino acid (fully protected oxidized threonine) according to the 
scheme presented in Figure 1. The product was prepared by the following procedure: After 
nitrosylation reaction of ethyl acetoacetate, the reduction in the presence of zinc dust and acetic 
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Fig. 1. Scheme of synthesis of unnatural amino acid Fmoc-Atda-OH (Fmoc amino(2,5,5-
trimetyhyl-1,3-dioxolan-2-yl)acetic acid 
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acid combined with direct acetylation was performed. It allows to obtain ethyl ester of N-
acetylated 2-amino-3-ketobutyric acid. After the reduction, the protection on carbonyl group 
was introduced. As a protection of carbonyl group 2,2-dimethyl-propan-1,3-diol was used. Then 
alkaline hydrolysis (3.5 M NaOH for  48 hours) was performed. Finally the N-amino group was 
protected by Fmoc group. As a result of this procedure the desired product was obtained. The 
reaction product was purified by chromatography on a silica gel. Firstly it was washed using 
chloroform containing 3% of methanol, than the reaction product was eluted using chloroform 
containing  3% of methanol and 0.15% of acetic acid. Purity and identity of product was 
confirmed by HPLC, HR-MS and NMR.  
Pure, fully protected amino acid derivative containing carbonyl group (Fmoc-DL-Atda-OH) was 
applied in solid phase synthesis of carbonylated peptides. Peptides were prepared by manual 
solid-phase technique using standard Fmoc synthetic strategy. The peptide was cleaved from the 
resin using trifluoroacetic acid/water/triisopropylsilane (95:2.5:2.5, v/v). 
A series of synthetic peptides containing the building block (H-Thr(O)-Ala-Phe-OH, H-Thr(O)-
Ala-Ala-Ala-Phe-OH, Ac-Thr(O)-Ala-Ala-Ala-Phe-OH, H-Gly-Thr(O)-Ala-Ala-Ala-Phe-OH, 
H-Leu-Val-Asn-Glu-Val-Thr(O)-Glu-Phe-Ala-Lys-OH) were synthesized. The sequences of 
four model peptides were designed for the ease of product analysis, while one peptide was a 
tryptic fragment of human serum albumin . We examined the influence of position of unnatural 
amino acid in the peptide chain on the efficiency of the carbonyl group deprotection. The purity 
and identity of carbonylated peptides were confirmed by HPLC and MS methods. All the 
compounds’ m/z values were consistent with the calculated ones based on their chemical 
formulas. In case of application of 2,2-dimethylpropane-1,3-diol as protecting group we found 
that incorporation of carbonylated amino acid at N-terminus does not allow to remove the 
masking group even after 24 h of incubation in the cleavage mixture. After 3 h of incubation the 
carbonyl groups in modified peptides (H-Gly-Thr(O)-Ala-Ala-Ala-Phe-OH and Ac-Thr(O)-Ala-
Ala-Ala-Phe-OH) were completely deprotected. In the spectrum of crude product Ac-Thr(O)-
Ala-Ala-Ala-Phe-OH a protonated signal of carbonylated peptide is observed (Figure 2B). The 
parent ion at m/z 520.239 was subjected to MS/MS fragmentation. The fragmentation spectrum 
is dominated by series of b and y ions covering the whole sequence of peptide (Figure 2C). In 
the chromatogram of pure carbonylated peptide two signals corresponding to compounds having 
the same molecular mass are observed because racemization has occurred (Figure 2A). 
Application of this derivative allowed to obtain the carbonylated peptides with the yield of 
about 90%. 
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Fig. 2. Analytical data of product Ac-Thr(O)-Ala-Ala-Ala-Phe-OH: A – chromatogram;  
B – ESI-MS spectrum; C – ESI-MS/MS spectrum 
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The using of racemized derivative Fmoc-DL-Atda-OH in peptide synthesis seems in our opinion 
not problematic, because we have observed a relatively fast racemization of peptides containing 
the carbonylated threonine. We tested a progress of racemization in function of time for peptide 
H-Leu-Val-Asn-Glu-Val-Thr(O)-Glu-Phe-Ala-Lys-OH using HPLC. In the chromatogram of 
pure peptide two signals corresponding to two isomeric forms were observed. The fractions 
corresponding to each peaks were collected and subjected to re-analysis of purity in the same 
conditions. The obtained chromatograms showed that two isomeric form appear after less than 
30 min. HPLC analysis executed after 24h for separated signals showed the same peak area for 
individual signals. 
We successfully applied the pure Fmoc-Atda-OH for solid phase synthesis of carbonylated 
peptides. Application of designed building block in solid phase synthesis allowed to obtain pure 
standards of carbonylated peptides which may be used for quantification of oxidatively 
modified peptides. 
 
 
Acknowledgments 
This work was supported by grant UMO-2012/07/D/ST5/002324 (National Science Centre of Poland). 

 

References 
1. Madian, A.G., Regnier, F.E. J. Proteome Res. 9, 3766-3780 (2010). 
2. Madian, A.G., Diaz-Maldonado, N., Gao, Q., Regnier, F.E. J. Proteomics, 74, 2395-2416 (2011). 
3. Bollineni, R.Ch., Fedorova, M., Hoffmann, R. J. Proteomics, 74, 2351-2359 (2011).  
4. Stefanowicz, P., Kijewska, M., Kluczyk, A., Szewczuk, Z. Anal. Biochem. 400, 237-243 (2010). 
5. Kijewska, M., Stefanowicz, P., Kluczyk, A., Szewczuk, Z. Anal. Biochem. 419, 81-87 (2011). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

45 

 

Synthesis of diastereomeric building-blocks of lipoylated-Lysine 
and their use in SPPS 

 
Cedric Rentier1,2,3, Giulia Pacini1,4, Francesca Nuti1,3, Elisa Peroni1,2, 

Paolo Rovero1,4 and Anna-Maria Papini1,2,3*  
 1 French-Italian Laboratory of Peptide and Protein Chemistry & Biology University of Florence and 

University of Cergy-Pontoise, annamaria.papini@unifi.it 

 2 Laboratoire SOSCO & PeptLab@UCP, EA4505, University of Cergy-Pontoise, 5 mail Gay-Lussac, F-

95031 Cergy-Pontoise Cedex, France; 3 Department of Chemistry “Ugo Schiff”, Via della Lastruccia 13, 

University of Florence, I-50019 Sesto Fiorentino, Italy; 4 Department NeuroFarBa, Section of 

Pharmaceutical Sciences and Nutraceutics, Via Ugo Schiff 6, University of Florence, I-50019 Sesto 

Fiorentino, Italy 
 
Introduction 
Primary Biliary Cirrhosis (PBC) is an autoimmune liver disease, in which intrahepatic bile ducts 
are progressively destroyed leading to bile accumulation, cirrhosis, and liver failure in the later 
stages of the disease [1]. Antimitochondrial autoantibodies (AMA) present in > 90% patients’ 
sera are claimed to recognize a lipoylated inner domain of the E2 component of the pyruvate 
dehydrogenase complex (PDC-E2) and are relevant for the disease [2]. Nevertheless the role of 
the lipoyl moiety in antibody recognition has not been yet completely clarified. Lipoylation 
consists of a lipoic acid linked to the Lys side chain via an amide bond. The present study 
reports the first synthesis of diastereomerically pure lipoylated-Lysine building blocks and their 
introduction in relevant peptide sequences to be used as molecular probes for PBC diagnostics. 
 
Results and Discussion 
Previous work from our team demonstrated the usefulness of modified peptides as molecular 
probes to detect autoantibodies in autoimmune diseases. The proof-of-concept is an useful tool 
for Multiple Sclerosis (MS) diagnostics: an ELISA based on CSF114(Glc). This N-glucosylated 
peptide used as an antigen is a 21-mer type I’ β-turn peptide incorporating at Asn-7 a β-D-

glucopyranosyl moiety as aberrant post-translational 
modification [3]. In the case of MS but also of other 
autoimmune diseases it was demonstrated that relatively short 
synthetic peptides exposing the chemical modification as 
minimal but fundamental epitope were able to detect high 
specific and high affinity autoantibodies for diagnostics and 
follow-up. Adaptation of this concept (namely “chemical 
reverse approach” [4]) to PBC led us to synthesize lipoylated 
peptides to set up convenient diagnostic tests. In particular in 
order to investigate the role of the peptide sequence, we 
decided to compare the native peptide, i.e. PDC-E2(167-186) 
and the synthetic β-turn, i.e. CSF114, with regards to the 
minimal epitope either continuous (sequence-related), or 
discontinuous (conformation-related), recognized by serum  

 

Fig. 1. Lipoylated-lysine 
building block protected for 

Fmoc/tBu SPPS 

 

Fig. 2. Synthetic pathways to lipoylated-Lysine building-blocks 
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autoantibodies. Moreover, we wanted to investigate the role of the chirality of the lipoyl moiety 
in autoantibody recognition. Since α-lipoic acid is chiral at C-6, both (R)- and (S)-enantiomers 
can be linked to Lys in its coded (S)-configuration, although only the α-lipoic acid (R)-
enantiomer is endogenously linked in vivo [5]. 
First we obtained independently the two diastereomeric lipoylated-Lysine building-blocks 
protected for Fmoc/tBu SPPS: (S)-α-[[(9H-fluoren-9-ylmethoxy)carbonyl]amino]-ε-[5-(1,2-
dithiolan-3(R)-yl)-1-oxopentyl]-Lys-OH (Fig. 2, compound 1a) and (S)-α-[[(9H-fluoren-9-
ylmethoxy)carbonyl]amino]-ε-[5-(1,2-dithiolan-3(S)-yl)-1-oxopentyl]-Lys-OH (Fig. 2, 
compound 1b). The first strategy (Fig 2, Conditions A) uses a pentafluorophenylester as an 
intermediate, leading to compounds 1a and 1b with a total yield over 2 steps of 23 and 21%, 
respectively. The low yield was due to the poor solubility of the intermediates, probably because 
of a ring-opening polymerization mechanism of the dithiolane moiety. Optimization of the 
synthesis was performed testing several coupling reagents, i.e. HATU, Oxyma, and DMTMM-
BF4, through an in-situ preactivation of the racemic α-lipoic acid in the presence of a base and a 
stoichiometric amount of coupling reagent to obtain its activated ester (depending on the 
coupling method used), then adding the Fmoc-protected Lysine to yield, after one night, the 
desired lipoylated Lys 1c (bearing the racemic lipoyl moiety). Large variation in final yield 
from 0% to 60% (Table 1) was because of the formation of a side product coming from the 
coupling of an additional Lysine on the desired product, hampering final purification by normal-
phase chromatography. An optimal compromise was obtained by reducing the reaction time to 3 
hours, thus allowing the obtainment of compound 1c with a 53% yield. The building-blocks 1a, 
1b, and 1c were successfully introduced in different peptide sequences. Accordingly, we 
prepared lipoylated-Lys [(S,R) and (S,S)] containing peptide fragments [Lipoamide-Lys7]PDC-
E2(167-186) and [Lipoamide-Lys7]CSF114, as well as two glycosylated analogues of the same 
peptide sequences (Table 2), to investigate the possible role of an aberrant glycosylation in PBC 
as observed in other autoimmune diseases. The unmodified peptides were also synthesized as 
controls. 
The strongly hydrophobic sequence PDC-E2(167-186), being difficult to be solubilized in 
buffer solutions used for SP-ELISA, was modified at the C-terminus with a short cationic tag of 
four Lys residues [6] favorably influencing final solubility of the target peptides in the 
conditions of the immunoenzymatic assays to test PBC patients’ sera. 
 
In order to investigate later a possible antibody recognition of the synthetic lipoylated peptides 
bearing the reduced form of the lipoyl moiety vs the oxidized one, we set up a method that 
could easily allow to stabilize both forms in the solid-phase conditions of the ELISA. Reduction 
was obtained leaving lipoylated peptide overnight in the presence of 100 eq. DTT, then washing 

Table 1. Yield for 1c obtained using a one-step strategy (Scheme 1, Conditions B) 

Entry 
n° 

Coupling conditions Solvent °C Time 

Lipoylated-
Lysine 
Yield 

 

Side-
product 

Yield 
 

1 
HATU (1 eq) 
DIPEA (2 eq) 

DMF rt 16 h 60% 7% 

2 
Oxyma (1 eq) 

DIC (1 eq) 
DMF/DCM 

(1:1) 
rt 16 h 18% 7% 

3 
DMTMM-BF4 (1 eq) 

NMM (1 eq) 
CH3CN 

0°C for 2h 
then rt 

16 h not observed 
not 

observed 

4 
DMTMM-BF4 (1 eq) 

NMM (1 eq) 
DMF 

0°C for 
2h then rt 

16 h 37% 15% 

5 
HATU (1 eq) 
DIPEA (2 eq) 

DMF rt 3 h 53% < 4% 
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the excess of the reagent with Et2O. Oxidation could be simply obtained again incubating the 
lipoylated peptide in water overnight. 
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Table 2. Synthetic peptides as possible antigens. 

Peptide Rt 
(min) Gradient 

ESI-MS m/z  

Found (as 
[M+2H]2+) 

Calculated 
(as [M+H]+) 

[Lys7]CSF114 (2) 2.61a 30-60 1230.5 2459.9 

[(R)-Lipoamide-Lys7]CSF114 (3a) 1.97b 25-45 1324.6 2648.3 

[(S)-Lipoamide-Lys7]CSF114 (3b) 1.97b 25-45 1324.7 2648.3 

[Lipoamide-Lys7]CSF114 (3c) 1.97b 25-45 1324.6 2648.3 

[Asn173]PDC-E2(167-186)-KKKK (4) 2.13b 10-40 1372.0 2742.1 

[(Glc)Asn173] PDC-E2(167-186)-KKKK (5) 2.03b 10-40 1452.9 2904.2 

[(AcNHGlc)Asn173] PDC-E2(167-186)-KKKK (6) 1.87b 10-50 1473.3 2945.3 

[Lys173]PDC-E2(167-186)-KKKK (7) 2.06b 10-40 1378.8 2756.1 

[(R)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK (8a) 1.68b 20-60 1472.7 2944.5 

[(S)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK (8b) 1.68b 20-60 1472.7 2944.5 
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Introduction 
Proteasome is a multicatalytical complex that consists of a 20S catalytic core particle capped by 
two The 20S proteasome is a polyprotein with a mass of about 700 kDa, and it is one of the 
basic cellular components, accounting for approximately 1% of all proteins in the cell [1]. The 
catalytic core particle of proteasome 20S is a multiprotein entity that is directly involved in 
protein degradation. It is composed of catalytically active β-subunits with clearly defined 
specificities called chymotrypsin-like (ChT-L, β5), trypsin-like (T-L, β2) and caspase-like (C-L, 
β1), which is also named post-glutamate peptide hydrolase (PGPH). Such selectivity means that 
proteasome is able to hydrolyze almost every bond on the peptide chain. It has been reported 
that the β5 subunit inhibition causes a significant decrease in the proteolytic activity of the 
proteasome. It has been shown that in some cases the 20S proteasome could be found in non-
canonical compartments outside the cytoplasm-like cell membrane. Moreover, this multi-
protease complex is released from the cell. Dutand et al. were one of the first who detected 20S 
proteasomes in human serum [2] by applying the enzyme-linked immunosorbent assay 
technique (ELISA). Such examples of secreted 20S proteasomes are referred to as  ‘circulating’ 
or 'plasma’ proteasomes (c- or p-proteasomes). The aim of our study was to develop new 
fluorescent substrates of eukaryotic proteasome 20S that optimized on both non-prime and 
prime areas of this proteinase (according to the Schechter Bereger notation). We applied 
combinatorial chemistry techniques and selected the chymotrypsin subunit (β5) as the target of 
our study. 
. 
 
Results and Discussion 
Detection of circulating 20S proteasome is routinely analyzed via an applied substrate 
developed in early 80 and commercially available [3]. Surprisingly, conversion of this sequence 

 

Fig. 1 Deconvolution of non-prime library with formula ABZ-X4-X3-X2-Tyr/Phe-ANB-NH2. 
Fluorescent readout at 410 nm of ABZ excited at 320 nm.  
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into a series of intramolecular quenched peptides results in inactive compounds. This 
encouraged us to develop new highly cleavable sequence via combinatorial chemistry. The first 
round of the deconvolution of the synthesized library of internally quenched peptides, 
performed for the non-prime area of the proteasome, results in the primary sequence ABZ-Val-
Val-Ser-Tyr-ANB-NH2  (fig 1). This peptide was found to be cleaved by the enzyme at an 
excellent rate, Vmax = 1.43 nM/s,  and with a sufficient affinity, KM 14 µM (table 1). Also, 
titration of peptide 5 with decreasing amounts of 20S proteasome resulted in a noticeable 
fluorescence increase (3:1 signal to noise ratio) at concentration of 5×10-12 M. There is no doubt 
that the only peptide bond that is processed by this enzymatic complex is located between Tyr 
and ANB-NH2 and hydrolysis is not observed in the presence of carfilzomib and epoximicin - 
strong inhibitors of chymotrypsin-like specificity. Moreover, this sequence differs from one 
developed in the early years of this century. We would like to emphasis (screening, kinetic 
study and so on) was performed on commercially available proteasome 20S that based on 
western blot data all enzymatic experiments is free of immunoproteasome 20S.  
The second stage of substrate development and optimization at proteasome prime sites indicates 
that the peptide ABZ-Val-Val-Ser-Tyr-Ala-Met-Gly-Tyr(NO2)-NH2 interacts with 20S 
proteasome very efficiently.  

 

Fig. 2. Deconvolution of non-prime library with formula ABZ-
Val-Val-Ser-Tyr-X1’-X2’-X3’-Tyr(3-NO2)-NH2. Fluorescent 

readout at 450 nm of ABZ excited at 320 nm. 
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In contrast to the commonly used substrate (Leu-Leu-Val-Tyr-AMC) that in our hands 

displayed a low specificity constant (75 ×103 M-1×s-1) and poor selectivity, the substrate we 
developed is processed by the 20S proteasome chymotrypsin subunit at an excellent ten times 
higher rate. The cause of such a discrepancy could be the different method of library 
deconvolution. Iterative scanning is an excellent method for the selection of most intensely 
hydrolyzed substrates. Its superiority over positional scanning is due to the fact that after the 
deconvolution process the best residue is fixed and thus the effect of subsite cooperativity is 
reduced significantly [4]. The positional scanning technique has this drawback, so iterative 
scanning is a more suitable method for substrate selection.   

Moreover, there is no cleavage of the substrate 5 in the presence of carfilzomib-treated 20S 
proteasome. To date, there have been no data describing such an intramolecular substrate 
optimized in this area. It display excellent affinity towards the proteasome and its specificity 
parameter. Also, using this substrate we were able to detect as little as 5 pM of the 20S 
proteasome.  

In conclusion, we would like to emphasize that to the best our knowledge this is the first 
report describing the synthesis and selection of internally quenched fluorogenic human 20S 
proteasome substrates optimized in the prime area. The final selected sequence, ABZ-Val-Val-
Ser-Tyr-Ala-Met-Gly-Tyr(NO2)-NH2, is effectively cleaved by this multicatalytic complex and, 
based on a molecular modeling study, forms several contacts in the close vicinity of catalytical 
Thr. 
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Table 1. Physicochemical properties of synthesised compounds 

No Substrate MW 

calc/det 

tR 

[min.] 

Vmax 

[mol/s]×
10-10 

KM 

[μM] 

kcat 

[s-1] 

kcat/KM 

[M-1× s-1] 
×10-4 

1 ABZ-VVS-Tyr-AMG-Tyr(3-NO2)-NH2 1053.1/
1074.6 

20.61 14.26 ± 
0.38 

8.20 ± 
0.91 

7.99 ± 
0.21 

97.45 ± 
2.14 

2 ABZ-VVS-Phe(4-guanidine)-AMG-
Tyr(3-NO2)-NH2 

1094.2/
1093.6 

17.45 18.14 ± 
0.88 

6.19 ± 
0.65 

10.18 ± 
0.49 

164.44 ± 
9.04 

3 ABZ-VVS-Phe-AMG-Tyr(3-NO2)-NH2 1037.2/
1058.8 

23.57 6.15 ± 
0.21 

4.39 ± 
0.44 

3.45 ± 
0.12 

78.47 ± 
5.10 

4 ABZ-VVS-Trp-AMG-Tyr(3-NO2)-NH2 1076.2/
1097.6 

23.80 23.21 ± 
1.29 

28.81 
± 3.16 

13.00 ± 
0.72 

45.12 ± 
2.44 

5 ABZ-VVS-Tyr-ANB-NH2 748.8/7
49.2 

17.46 6.12± 
1.02 

14.34 
± 1.12 

1.32 ± 
0.23 

9.2 ± 1.12 

6 ABZ-VVS-Phe-ANB-NH2 730.2/7
31.3 

19.11 4.33± 
0.62 

16.42 
± 2.41 

1.02 ± 
0.21 

6.21 ± 
0.72 
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Introduction 
Despite the major advances in diagnostic and therapeutic medicine, diabetes mellitus (Type1 
and 2) continues to remain a serious global health problem that changes people’s lifestyle and 
dietary habits. It is expected the extent of the disease to reach 439 million adults by 2030 [1].  
α-Gglucosidase inhibitors are known to play a vital role not only in glycemic control and they 
are also involved in a variety of diseases such as viral attachment, cancer formation.  Although 
the commercial α-glucosidase inhibitors acarbose, miglitol and voglibose are widely used 
clinically, they exert a number of side effects [2]. Therefore, the screening and identification of 
more effective and non-toxic α-glucosidase inhibitors have gained an intense interest amongst 
the medicinal chemistry communities. 
Nowadays, two types of α-glucosidase inhibitors have been known. Besides sugar derivatives 
(such as disaccharides, iminosugars, carbasugars and thiosugars), a variety of non-sugar 
derivatives exist [3-5].  
N-Hydroxycinnamoyl derivatives have been known to possess a variety of biological activities, 
especially antioxidant properties. Additionally, such kind of compounds have been also 
identified as a-glucosidase inhibitors [6]. In view of the fact that oxidative stress is considered 
to be involved diabetic complications, therefore we presume that newly hydroxycinnamoyl 
amides might have a protective role against oxidative stress. 
 
Results and Discussion  
Pursuing our research project, herein, we tested the α-glucosidase inhibitory activity of 
previously synthesized N-hydroxycinnamoyl amides [7]. The inhibitory effects of N-
hydroxycinnamoyl amino acid amides on fungal α-glucosidase were determined, according to a 
slightly modified method published in the literature [8].  
In order to compare the inhibitory potencies among them, the IC50 values of the obtained amides 
and acarbose - used as the positive inhibitor were determined.  
The summarized results are shown in Table 1. It was revealed that amongst the tested 
compounds, sinapoyl amide 1 had the most potent α-glucosidase inhibiting activity in 
comparison with acarbose (IC50 2.50±0.21 µg/ml). Other active compound, feruloyl amide 2 
exhibited a potent inhibition with IC50 value similar to the acarbose. Contrasting results were 
obtained for trans-cinnamic acid amides (3 and 4), which showed no activity in this in vitro 
assay. We found that our observation is in agreement with previously reported results for 
inactiveness of trans-cinnamic derivatives [5].  

In conclusion, we conducted preliminary investigation of α-glucosidase inhibition of 
hydroxycinnamoyl amides of amino acids. In particular, hydroxycinnamoyl amides (1 and 2) 
exhibited a potent inhibition on yeast α-glucosidase in vitro, and could be considered as 
promising inhibitors. 
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Table 1. Inhibitory effects of N-cinnamoyl amino acid amides and acarbose, used as standard α-
glucosidase inhibitor 

code R R' R'' R''' IC50 [µµµµg/ml] 

 

1 CH(CH2-C6H5)-COOC(CH3)3 OCH3 OH OCH3 1.82±0.17 

2 CH(CH(CH3)2)-COOCH3 OCH3 OH H 2.61±0.09 

3 CH(CH2-CH(CH3)2)-COOCH3 H H H >3 

4 CH(CH3)-COOC(CH3)3 H H H >8 

Acarbose       2.50±0.21 
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Introduction 

Infectious diseases, known since the times of the Egyptian pharaohs, are a leading 
threat of death all over the world. Influenza virus infection in particular has been the cause of 
some of the worst epidemics in human history and continues to be a major health concern.  
Anti-influenza therapies include vaccines and anti-influenza therapeutics. Due to the rapid 
emergence of mutant viral antigens the control of influenza virus infecion in humans is quite a 
difficult task. Further developing of effective anti-influenza viral agents is a high-priority and 
attractive area in drug discovery. Specific viral proteins like haemaagglutinin, neuraminidase 
(sialidase), M2 protein, and endonuclease are appropriate molecular targets for drug 
intervention. Amongst the potential targets, neuraminidase (NA) appears to be particularly 
attractive, due to its major role for influenza virus replication and infectivity.  
Currently, several pyrrolidine compounds have been found to possess potent NA inhibitory 
activities [1,2]. Moreover, data concerning tyrosinase inhibitory activity of pyrrolidine 
analogues also exist [3]. It is presumed in this paper that the development of new NA inhibitors 
based on pyrrolidine derivatives containing the neuraminidase inhibitors oseltamivir and the ion 
channel blockers amantadine and rimantadine, would lead to the selection of promising 
influenza virus replication inhibitors. 
 

Results and Discussion 
The newly synthesized pyrrolidine derivatives (Fig. 1) were obtained in sufficient yields, 
applying the EDC/HOBt method.  
All newly synthesized compounds were evaluated for their antiviral activity against influenza 
virus A/Aichi/2/68 (H3N2). In comparison with the licensed anti-influenza drugs, our 
modification of influenza inhibitors with 4-hydroxy –L-proline did not reveal a comparable 
inhibitory effect against the in vitro replication of influenza A virus H3N2. 
 

 

N
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Fig. 1. 
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Additionally, based on knowledge of anti-tyrosinase activity of pyrrolidine derivatives [3] 
the obtained amides were screening for their ability to inhibit mushroom tyrosinase in vitro (the 
data are shown in Table 1.). The monophenolase inhibitory activity was evaluated by measuring 
the dopachrome product as previously reported by us [4]. Kojic acid, well known as a strong 
tyrosinase inhibitor, was used as a positive control. Compared to the standard, the inhibitory 
activities increase in the following order: 2<3<1<kojic acid. 
Hence, we may conclude that the newly synthesized amides exert well pronounced inhibitory 
effects on tyrosinase. 
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Table 1. 

Code Y 
% Tyrosinase 

inhibition 

1 

~

 

24.11 ± 0.07 

2 
CH

3

~

 

16.96 ± 0.38 

3 
O

OC
2
H

5

O

N
H

CH
3

O

NH

~  

19.82 ± 0.02 

Kojic acid 62.67±0.06 
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Introduction 
Self-assembly properties of molecules that lead to formation of ordered supramolocular 
complexes are due to the intramolecular and intermolecular non-covalent bonds linking 
different groups [1]. Peptides and peptidomimetics are structures often reported as building 
blocks of such systems [2,3]. Obviously the peptide (amide) bond has important participation of 
these non-covalent interactions by H-bonds‘ net maintaining. Recently solvent-free self-
assembly properties of tetraamides – peptidomimetics of L-Val were repored [4].  Here we 
focus on the synthesis and study of the self-assembly properties of low molecular weight 
peptidomometics, containing one L-Val residue bounded on both sides – to the amino and 
carboxilic groups with simple moieties.  We found that all synthesized in our work compounds 
containing the fragment presented at Fig. 1, possess the self-assembly properties. 
 

Results and Discussion 
Synthesis of several new and already known low molecular weight peptidomimetics containing 
the fragment presented in the Fig 1 was performed. Compound already reported [5] were 
synthesised in a new manner.The synthesis of all of the compounds used for the experiments 
presented here was done by applying condensation method in solution using TBTU as a 
coupling reagent in all steps. Compounds used are given in the Fig. 2. 
 Self-assembly properies can be manifested at various of conditions and according 
these conditions the supramolecular complexes formed to some extent differ. In a number of 
solvents some of the compounds form gels or crystalline fibrilar formations. It was found that 
the best gelating activities posses compounds (1) . They can form gels in different organic 
solvents and in water in concentrations about 0.3 to 0.7 %. Compounds with structure (2) do not 
self-assembly at any conditions, while compounds (3), (4) and (5) can make gels at 3% and 

higher concentrations. 
 Solvent-free self-assembly. Some representatives 
at this type of compounds can self-organise into fibrilar 
shapes at solvent-free conditions during heating. The 

process of formation and growth of 
fibres with nano and micro dimentions 
can be controlled by temperature and 
time. On the Fig. 3 an example of such 
crystalline shape at three levels of 
growth is presented. The compound 
presented in this Figure is  nicotinoyl-
L-Val-anilide. Its m.p. was estimeted 
around 195-200 °C and and aver 160 

NH C
NH

O

C

O

* *

 

Fig. 1 The basic fragment in 
the studied peptidomimetics  

 

Fig.2.Structures of the synthesized and studied 
peptidomimetics  
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°C transformation of the morphology to fibre habitus occurs. In the picture of Fig. 3a grounded 
material is presented. Heating of the powder for about 5b min at the temperature of 165-169 °C 
led to formation of fibres with diameter of the average of 100 nm and length of 300 nm (Fig. 
3b). 10 minutes later the fibers were longer keeping the same diameter (Fig. 3c). After 1 hour 
the diameter was not changed but the length was impressive – about 30-40 µm. XR data of the 
powders show crystalline arrangement.  
 We found that all compounds having gelating properties during the heating without 
solvent underwent self assembly into fibrils. Fibrils obtained by different compounds at these 
conditions have different morphology, some compounds form straight like rod and other – 
helices twisted like rope fibres. In some cases X-ray powder diffraction data show change in the 
crystal structure during the solvent-free self-assembly 

 Conclusions: Compounds presented here tend to self-organize in fibers - straight or 
spiral with a diameter in the range of nano- and micrometers under various conditions. 
Extensive study of this phenomenon would be contributing to the medicine - amyloid fibrils are 
in the bases of serious neurodegenerative diseases, new porous materials preparation with a 

plurality of applications, as templates for nano (micro) wires, fibers, tubes,  etc. and so on.  
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Fig. 3. Transformation of grounded material:(a) to fibril structures with growing length (b-d) 
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Introduction 
Urokinase-type plasminogen activator receptor uPAR is a glycoprotein receptor, which is 
attached to the outer plasma membrane of cell via covalent linkage of carboxyl terminal residue 
to a glycosylphosphatidylinositol (GPI) anchor. uPAR is comprised of three domain: DI 
connected by the chemotactic Ser88-Arg-Ser-Arg-Tyr92 internal sequence with DII and  DIII . 
Urokinase is capable of cleaving GPI-uPAR in the linker region between DI and  DII at Arg88-
Ser90 releasing DI and leaving DII and DIII attached at the cell-surface via GPI anchor. In the 
last decade, it has shown that SRSRY adopts either α turned or β-extended conformation, the 
Ser90 appears as a critical hinge residue that favours an α-turned conformation, and  the 
substitution of Ser90 with Glu residue is critical for uPAR signalling. Furthermore, adopt in 
solution an α- turned conformation and potently inhibit in vitro and in vivo cell migration.  
 
Methods 
New libraries of analogues we have synthesized using phosphorylated amino acids, non-coded 
amino acids, D-amino acid scan and cyclic conformations to perform relationships between 
structure, affinity and activity. Linear peptides were synthesized using Solid Phase strategy. 

Peptide Sequence 
uPAR1    H-Ser-Arg-Ser-Arg-Tyr-NH2 
uPAR2     H-Ser-Arg-Serp-Arg-Tyr-NH2 
uPAR3     H-Serp-Arg-Ser-Arg-Tyr-NH2 
uPAR4     H-Ser-Arg-Serp-Tyr-Arg-NH2 
uPAR5 H-DSer-Arg-Ser-Arg-Tyr-NH2 
uPAR6 H-Ser-DArg-Ser-Arg-Tyr-NH2 
uPAR7 H-Ser-Arg-DSer-Arg-Tyr-NH2 
uPAR8 H-Ser-Arg-Ser-DArg-Tyr- NH2 
uPAR9 H-Ser-Arg-Ser-Arg-DTyr- NH2 
uPAR10 H-DSer-DArg-DSer-DArg-DTyr- NH2 
uPAR11 H-DTyr-DArg-DSer-DArg-DSer- NH2 
uPAR12 H-Tyr-Arg-Ser-Arg- Ser- NH2 
uPAR13  H-Ser-Orn-Ser-Arg-Tyr- NH2 
uPAR14  H-Ser-Arg-Ser-Orn-Tyr- NH2 
uPAR15  H-Ser-Orn-Ser-Orn-Tyr- NH2 
uPAR16    [Ser-Arg-Ser-Arg-Tyr] 
uPAR17    [Ser-Arg-Ala-Arg-Tyr] 
uPAR18    [Ser-Arg-Arg-Ser-Tyr] 
uPAR19    [Arg-Ser-Ser-Tyr-Arg] 
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uPAR20 [Ser-Arg-Serp-Arg-Tyr] 
uPAR21 [Serp-Arg-Ser-Arg-Tyr] 
uPAR22 [Ser-Arg- Serp -Tyr- Arg] 
uPAR23 [Ser-Arg-Glu-Arg-Tyr] 
uPAR24 [Glu-Arg-Ser-Arg-Tyr] 
uPAR25 [Glu-Arg-Glu-Arg-Tyr] 
uPAR26 [Ser-Arg-Ser-Arg-Phe] 
uPAR27 [Ser-Arg-Ser-Arg-Trp] 
uPAR28 [Ser-Arg-Ser-Arg-1Nal] 
uPAR29 [Ser-Arg-Ser-Arg-2Nal] 
uPAR30 [Ser-Arg-Glu-Arg-Phe] 
uPAR31 [Ser-Arg-Glu-Arg-Trp] 
uPAR32 [Ser-Arg-Glu-Arg-1Nal] 
uPAR33 [Ser-Arg-Glu-Arg-2Nal] 

 
The library of the cyclic peptides were synthesized by the combination of solution synthesis 
with SPPS. Depending on its functional groups, a peptide can be cyclized in four different ways. 
Here, we reported head-to-tail cyclization which was carried out in solution using different 
activating groups at room temperature and microwave conditions. Side chain-to-tail cyclization 
which carried out on the resin. 
 
Results 
Linear peptides like compound uPAR2 dramatically reduced the migration directed toward 
uPAR1 or serum (FBS) of osteoscarcoma and chondrosarcoma cells. Compound uPAR16 
competes with fMLF and uPAR1 for binding to FPR1 and interferes with FPR1 biological 
activity by blocking agonist-dependent FPR1 internalization in THP-1 cells. Cyclic peptides like 
compound uPAR16 inhibits monocyte and macrophage cell migration in a dose-dependent 
manner causing a marked inhibition of cytoskeletal re-organization.  
 
Conclusion 

• The introduction of phosphate group in position 90 in compound uPAR2 has reduced 
the cellular migration and can mimic the glutamic acid residue, forcing, the receptor in 
an inactive form. 

• The constraint conformation in uPAR16 has potently increased the inhibitory effect. 
The  uPAR16 is  a  new  and  potent  FPR1  inhibitor  which suggest that the 
cyclization of linear peptide uPAR1 has markedly influenced the activity.   
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Introduction 

The ectoenzyme - angiotensin I converting enzyme (ACE) is widespread in human 
body [1]. It is well known for his pivotal role in blood pressure regulation and renal and 
cardiovascular function. ACE is capable of cleaving wide range of substrates and affects many 
other physiologic processes in addition to blood pressure control. These include hematopoiesis, 
reproduction, renal development, renal function, and the immune response.  

The inhibitors of Angiotensin I converting enzyme (ACE) are first line of therapy for 
hypertension, heart failure, myocardial infarction and diabetic nephropathy. Several potent 
synthetic ACE inhibitors such a captopril, lisinopril, enalapril, ect. have been used in the clinical 
practice for treatment of hypertension and heart failure. However synthetic ACE inhibitors can 
have side effects such dry cough, skin rashes, toxicity, impaired renal function, hyperkalaemia 
etc., as well as low oral bioavailability. ACE inhibitors isolated from different natural sources 
can effectively control blood pressure and in the same time they have minimal side effects. In 
recent years there is an increasing interest in isolation of bioactive peptides with 
antihypertensive action during enzyme hydrolysis of food with different origin – milk protein, 
egg protein, different cheeses, white and red wine, vegetable proteins and marine sources [2, 3]. 
Therefore the quantity of these peptides in natural sources is quite low and other strategies for 
obtaining them are required. 

The aim of this study was to design and synthesize small natural biologically active 
peptides as specific ACE inhibitors and determining their biological properties. 
 
Results and Discussion 

Based on the knowledge of the structures with the best ACE inhibitory activity of some 
naturally occurring peptides we designed a new peptide structures. To increase bioavailability of 
the novel peptide inhibitors, we chose proline as a C-terminal amino acid. Fmoc-strategy was 
used for the synthesis of H-Ile-Lys-Pro-OH (IKP), H-Leu-Lys-Pro-OH (LKP), H-Leu-Arg-Pro-
OH (LRP) and H-Ile-Trp-Pro-OH (IWP) either by manual solid phase peptide synthesis (SPPS) 
or by microwave assisted SPPS, performed on Syro Wave Peptide Synthesizer from Biotage. 
Both of the strategies were carried out at the same molar concentrations. Since we had proline 
peptides we used 2-clorotrityl resin to avoid formation of diketopiperazine derivatives. As 
cleavage cocktail was used a mixture of trifluoroacetic acid, water and triisopropylsilane. The 
microwave irradiation during the coupling of the amino acids was performed at 75°C for a 
period of 5 min. Generally, the desired peptides were obtained in relatively high yields– 70-99 
% crude and 30-80 % pure. For the peptides IKP, LKP and LRP there was no significant 
difference between the yields obtained by SPPS and microwave assisted SPPS while for IWP 
we observed rising from 30% to 80% of the pure peptide, when microwave irradiation was 
applied. 

The obtained peptides were analysed by UPLC Waters coupled to MS, column: 
ACQNITY UPLC BEH C18, 1,7 µm, mobile phase: AcCN:H2O (0,1% TFA), gradient elution 
15% AcCN to 60% AcCN in 5 min. and then purified by HPLC Agilent 1200, column: RP 
Synergi 4µ Fusion, mobile phase: AcCN:H2O (0,1% TFA), gradient elution: from 25% AcCN 
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to 75% AcCN in 20 min., wavelength: 215 nm and 254 nm. MassLynx (V4.1) software (Waters 
Corporation) was used to monitor the chromatographic steps and data acquisition. 

We determined the relative inhibitory activity of the peptides and compared it to the 
commercially available ACE inhibitor- Lisinopril®, using modified method of Jimsheena & 

Gowda [4]. The analysis was based on the interaction between ACE and the specific synthetic 
peptide substrate, hippuryl-histidyl-leucine (HHL) in 0.05 M borate buffer pH 8,3 at 37 ºС, for 
50 min., which leaded to releasing of hippuric acid (HA) and the dipeptide L-His-L-Leu. The 
released HA forms complex with pyridine and benzene sulfonyl chloride (BSC) with a yellow 
colour, which was measured at 410 nm. 

 
Table 1. Relative inhibitory activity of some of the synthesized peptides  

№ Sample 

 

Relative 
inhibitory 

activity 

1. Lisinopril®  11,47% 

2. Ile-Trp-Pro  21,53% 

3. Leu-Lys-Pro  21,22% 

4. Leu-Arg-Pro  20,41% 

5. Ile-Lys-Pro  12,30% 
 
*Reaction conditions: 50 µg/ml inhibitor, ACE from rabbit lung, borate buffer 8,3 pH and 10 
µM HHL are incubated for 50 min at 37±2° C. The reaction is quenched by 50% HCl and 
pyridine and BSC are added. The absorption at 410 nm was measured. Inhibitory activity (%) = 
[ 1 – (A/B)] x 100, where А is the absorption of a solution containing enzyme, substrate and 
inhibitor and B is the absorption of a solution without inhibitor. 
 

Our results show that the activity of all of the synthesized peptides can be compared to 
the commercially used Lisinopril® and are potential candidates for novel hypertension drugs.  
Extensive kinetic analysis are in progress now and the structures with the best inhibitory activity 
would be chosen and an optimization of their synthesis conditions would be done. 
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Introduction 
Organocatalytic processes are now of main importance in modern synthesis since they permit to 
create bonds in mild conditions with a high degree of selectivity avoiding the use of transition 
metal catalysts.[1] Together with the impressive growth of academic and industrial research 
activities in organocatalysis, the concept of dual-activation has emerged recently and is now 
well-known and accepted.[2] Once the amino group can activate the nucleophile via the 
enamine formation, an amide or a thiourea function activates the electrophile through hydrogen 
bonding interactions. The strength of the hydrogen bonding between the catalyst and the 
electrophile is crucial for the rate and the selectivity of the organocatalyzed reaction. 
We designed a new class of trifluoromethyl prolinamide based organocatalysts where the 
trifluoromethyl group is attached in alpha position of a hydrogen bond donor function. Then the 
fluorinated substituent would be part of the catalyst chiral backbone and could play a double 

role: improve the hydrogen bonding character of the 
catalyst due to its strong electron withdrawing ability and 
induce the chirality by its large steric effect (Figure 1). 
We present here the synthesis of enantiopure 
trifluoromethylated amino acid (A), diamine (B) [3] and 
aminoalcohol (C) [4], based prolinamides and the first 
results obtained in a model aldol organocatalyzed reaction 
using this new organocatalysts. 
Results and Discussion 
Enantiopure trifluoromethyl amino acid, diamine and 
aminoalcohol were synthesized following described 

Fig.1: New prolinamide based  

catalysts 

 
procedure in our group starting from chiral trifluoromethyl oxazolidines (Scheme 1). 

 
Scheme 2: Synthesis of catalysts A, B, C 
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trifluoromethyl group. In the case of catalysts A and B the fluorinated amino acid and diamine 
reacted with the acyl chloride of Fmoc protected (R)-Proline to give the expected prolinamide in 
good yield. However the purification of the crude material containing A is tedious and the final 
prolinamide was always contaminated with unreacted proline. Hence compound A was not 
tested as organocatalyst in the model aldol reaction. For the synthesis of C, unprotected amino 
alcohol reacted with Z-protected (R)-Proline activated as a mixed anhydride. Prolinamide C was 
obtained in good yield after hydrogenolysis of Z protecting group. 

The efficiency of the trifluoromethylated catalysts was evaluated in a model aldol reaction 
using p-nitrobenzaldehyde as electrophile and propanone as nucleophile and solvent. Results 
were compiled in the Table 1. Using catalyst B, the results are disappointing in the absence or 
the presence of benzoic acid as co-catalyst since the yield of aldol product remained lower than 
5 %. However we obtained promising results with catalyst C: in the absence of co-catalyst the 
conversion remained very low but in the presence of 10 %mol of benzoic acid, the conversion 
became complete. The aldol product was obtained in excellent yield and good ee. In the same 
conditions, the (R)-proline catalyzed reaction is slower and gave lower ee. 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
The

se preliminary results demonstrates than trifluoromethylated prolinamides are a new efficient 
class of organocatalysts and will be further studied in our group to explore the scope of their 
reactivity. 
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Introduction 
Angiogenesis, the formation of new capillary blood vessels from pre-existing ones, is an 
important physiological process in embryogenesis, wound healing and reproduction. In cancer, 
angiogenesis permits to develop a network of intra tumor blood vessels supplying oxygen and 
nutrients thus enhancing tumor growth [1,2]. The discovery that the blockade of this blood 
supply results in the inhibition of cancer cell growth has been applied in cancer treatment. This 
antiangiogenic strategy is mostly directed at the inhibition of the binding process between 
proangiogenic growth factors and their receptors. One of the most important growth factors 
involved in angiogenesis process is vascular endothelial growth factor-165 (VEGF165). VEGF165 
signal is transduced via VEGF receptors and enhanced by association with co-receptor NRP-1. 
It has been shown, that heptapeptide ATWLPPR (A7R) binds to NRP-1 and selectively inhibits 
VEGF165 binding to NRP-1. In vivo, treatment with A7R resulted in decreasing breast cancer 
angiogenesis and growth [3]. Further structure-activity relationship study of A7R and other 
peptide inhibitors of NRP-1 have shown the importance of the C-terminal sequence K/RXXR 
and particularly the key role of C-terminal arginine in the interaction with the receptor. 

The aim of our work was to understand the molecular determinants of short peptides 
with C-terminal arginine, allowing them to interact with NRP-1. First, prolines at position 2 or 3 
of the H-Lys(Har)-Pro-Pro-Arg-OH were independently replaced by Ala, Dap or Dab. Next, we 
optimized the essential properties of side chain of the position 1 important for the inhibition of 
VEGF165 binding to NRP-1. 
Results and Discussion 
The designed analogues were synthesized by SPPS, using standard Fmoc methodology with  
TBTU/DIPEA coupling protocol and Fmoc-Arg(Pbf)-Wang resin. For the introduction of the 
guanidine group, the 3,5-dimethylpyrazole-1-carboxamidine nitrate was used. Crude products 
were purified by RP-HPLC and the presence of desired compounds were confirmed by ESI-MS.  
Measurements of the inhibitory effect of the obtained peptides were performed by ELISA 
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Fig. 1. a). Structure of 4. b). Schematic illustration of 4/b1 domain of NRP-1 complex (RCSB 
PDB, 2ORZ structure). Final organization of the complex was calculated using the AutoDock 

Vina. Hydrogen bonds and electrostatic interactions are depicted as the dotted line. 
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(Enzyme Linked Immunosorbent Assay) test [4]. 
From these results (Table 1), it is clear that (i) introduction of an additional amino acid 

residue into the side chain of the N-terminal residue requires higher flexibility of the molecular 
backbone as well as higher basicity for better interaction with the receptor; (ii) any modification 
(8-14) of the side chain at the first position of the compound with the highest affinity (7) for 
NRP-1 receptor always caused decrease in the inhibitory activity.  

In the view of the obtained results and docking simulation of compound 4 to the NRP-1 
(Figure 1), we suggest that the guanidine group, at the side chain of the position 1 of our best 
compounds (3-5, 7), are appropriately spaced to enhance the stabilization of the peptide/NRP-1 
complex and thereby are more efficient in inhibiting VEGF165 binding to NRP-1 even than well-
known A7R peptide. This guanidine group is probably able to form strong electrostatic 
interactions with the Glu319 and/or Glu324 side chains of b-1 domain of NRP-1. 
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Table 1. Inhibitory effect of hRPPR analogs on VEGF165 binding to NRP-1. 

No Structure 
Inhibition at X µM (%) 

10 µM 3 µM 1 µM 0,3 µM 

A7R H-Ala-Thr-Trp-Leu-Pro-Pro-Arg-OH 61 38 24 15 

1 H-Lys(hArg)-Pro-Pro-Arg-OH 92 79 41 5 

2 H-Lys(hArg)-Ala-Pro-Arg-OH 68 43 20 4 

3 H-Lys(hArg)-Dap-Pro-Arg-OH 97 93 82 59 

4 H-Lys(hArg)-Dab-Pro-Arg-OH 99 92 78 48 

5 H-Lys(hArg)-Pro-Ala-Arg-OH 97 82 77 57 

6 H-Lys(hArg)-Pro-Dap-Arg-OH 77 49 24 18 

7 H-Lys(hArg)-Pro-Dab-Arg-OH 98 94 83 62 

8 H-Orn(hArg)-Pro-Dab-Arg-OH 88 69 36 17 

9 H-Lys(Arg)-Pro-Dab-Arg-OH 93 77 40 8 

10 H-Orn(Arg)-Pro-Dab-Arg-OH 87 70 40 3 

11 H-Dab(hArg)-Pro-Dab-Arg-OH 87 68 41 6 

12 H-Lys(g-Dab)-Pro-Dab-Arg-OH 
a
 86 67 28 6 

13 H-Lys(g-7-Ahp)-Pro-Dab-Arg-OH 
b
 82 59 45 25 

14 H-Lys(g-11-Aun)-Pro-Dab-Arg-OH 
c
 82 53 36 12 

a g-Dab is: NH2-C(NH)-NH-CH2-CH(NH2)-CO-; b g-7-Ahp is: NH2-C(NH)-NH-(CH2)6-CO-; c g-11-Aun is: NH2-
C(NH)-NH-(CH2)10-CO-.  
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Introduction 
Hydantoin and its derivatives are biologically important compounds of relevance to the 
chemists, biologists and pharmaceutical researchers. Hydantoin derivatives that display 
interesting activities against a broad range of biological targets have been identified [1]. 
Hydantoins, substituted at C-5, are important medicinal compounds. Numerous applications have 
been found for hydantoin derivatives: antidepressant, antiviral activities, anti-convulsant, 
anticancer effects etc. The anticonvulsant properties of Phenytoin (Dilantin, Epilan), one of the 
important drugs employed for the treatment of generalized convulsions, are responsible for the 
synthesis of many hydantoin analogs [2,3]. In the chemical industry various 5,5-disubstituted 
hydantoins constitute the basis of a new generation of weatherproof high-temperature stable 
epoxy resins. Furthermore, hydantoin and hydantoin derivatives were used as a monomer for the 
synthesis of condensation polymers [4]. Hydantoin derivatives are synthetically valuable, e.g. as 
precursors to α-amino acid and pyruvic acid derivatives [5]. Taking into account this fact we 
describe herein the synthesis of novel dipeptides mimetics with 5,5-diphenylhydantoin moiety 
with emphasis on the structure – biological activity relationship. Many derivatives of these 
compounds have been synthesized and studied, but there are no data about the influence of the 
amino group and amino acids residue in the hydantoin ring on their biological activity.  

Results and Discussion 
In the present work some different derivatives of 5,5-diphenylhydantoin were obtained in good 
yields by TBTU (2-(1-OH-benzotriazole-1-yl)1,1,3,3-tetramethyl-carbamidetetrafluoroborat)/ 
DIEA (N,N-diisopropylethylamine) method. To prepare the new hydantoin mimetics (5a-5d) 
we used as a starting compound 3-amino-5,5-diphenylimidazolidine-2,4-dione (2), which 

synthesis described by Tung et al. [6].  
In order to synthesis of compounds 4a-4d we decided to use 
the corresponding protected amino acids namely 3a-3d (Boc-
Val-OH, Boc-L-Phe-OH, Boc-L-Tyr-OH, Boc-Aib-OH). 
Some novel dipeptides, 2-amino-3-methyl-N-(2,5-dioxo-4,4-
diphenylimidazolidin-1-yl)butanamide (5a), 2-amino-N-(2,5-
dioxo-4,4-diphenylimidazolidin-1-yl)-3-phenylpropanamide 
 (5b), 2-amino-3-(4-hydroxyphenyl)-N-(2,5-dioxo-4,4-
diphenylimidazolidin-1-yl)propanamide (5c), and 2-amino-2-

methyl-N-(2,5-dioxo-4,4-diphenylimidazolidin-1-
yl)propanamide  (5d) were synthesized by deblocking of Boc-group of the corresponding 
protected dipeptides. The corresponding protected dipeptides with Boc-group 4a-4b were 
deblocked by TFA for 4h at room temperature to obtained the newly synthesized hydantoin 

 

Fig. 1  
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mimetics 5a-5d. The synthetic pathway for the preparation of the novel compounds is given in 
the Scheme 1.  

 
 
Scheme 1. Synthesis of new hydantoin derivatives 

All newly synthesized compounds were characterized by IR, 1H, and 13C NMR spectroscopy, 
ES-MS and TLC. The biological trials are in the progress. 
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Introduction 
Naturally occurring somatostatins have diverse biological effects in many cells and organs 
throughout the body (as inhibition of hormone secretions as well as the proliferation and 
survival of both normal and tumor cells) [1]. The synthetic derivatives of somatostatin as RC-
160 (Vapreotide, D-Phe-c(Cys-Tyr-D-Trp-Lys-Val-Cys)-Trp-NH2) and RC-121 (D-Phe-c(Cys-
Tyr-D-Trp-Lys-Val-Cys)-Thr-NH2) have similar activity of somatostatin, but a longer half-life 
[2]. ROS (reactive oxygen species) and RNS (reactive nitrogen species) can be either harmful or 
beneficial to the living systems [3]. The aim of the present study was the synthesis of new 
analogs of Vapreotide  and RC-121 and study of their antioxidant activity. 
 
Results and Discussion 
In the new synthesized peptides we performed the following modifications in order to increase 
their biological activity and plasma half-life:  
     1) To induce conformational constrains in the peptide backbone and to stabilize a desired 
conformation we replaced Thr at position 6 by unnatural, steric hindered amino-acid Tle 
(tertiary leucine); 
     2) To elucidate the influence of the length of the side chain Lys5 was substituted by Orn, Dab 
(diaminobutanoic acid) and Dap (diaminopropanoic acid);  

The solid-phase peptide synthesis (SPPS) by Fmoc (9-fluorenylmethoxycarbonil) 
chemistry was used to obtain new SST analogs. Rink-amide MBHA resin was used as a  solid 
phase carrier and TBTU (2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium  
tetrafluoroborate) was used as a coupling reagent. For direct disulphide bond formation on the 
solid phase Tl(CF3CO2)3 in DMF has been employed. The peptide purity was checked by 
HPLC/ESI-MS method and the optical rotation was measured in water (Table 1). 
Table 1. Structures and haracteristics of the synthesized analogs 

              Optical rotation in H2O (c 0.25) at 20° C. 

The antioxidant capacity has been measured by HORAC (Hydroxyl Radical Averting 
Capacity) and ORAC (Oxygen Radical Antioxidant Capacity) methods. The AAPH (2,2′-azobis 
(2-amidinopropane) dihydrochloride) was used as a peroxyl radicals (ROO●) donor during the 

№ Structure Exact Mass [MH]+ 
observed 

RT 

[min] 
*

20
546α  

1T D-Phe-c(Cys-Tyr-D-Trp-Dab-Tle-Cys)-Thr-NH2 1031.4357 1032.25 5.26 -62.5 

2T D-Phe-c(Cys-Tyr-D-Trp-Dap-Tle-Cys)-Thr-NH2 1017.4201 1018.25 5.23 -36.36 

3T D-Phe-c(Cys-Tyr-D-Trp-Lys-Tle-Cys)-Thr-NH2 1059.467 1060.4778 14.06 -66.67 

4T D-Phe-c(Cys-Tyr-D-Trp-Orn-Tle-Cys)-Thr-NH2 1045.4514 1046.4572 8.7 -70.59 
20
546α
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its thermal destruction and respectively H2O2 for hydroxyl radicals (●OH) according to Fenton 
reaction mechanism (H2O2 + Fe2+ → Fe3+ + HO- + ●OH). As standard compounds were used 
gallic acid (HORAC) and Trolox (ORAC). Fluorescein-disodium salt was used as indicator to 
monitoring the generation of free radicals. The data are summarized in Figure 1 and Table 2. 

 

 

 

 

 

 

 

 

 

 

 

All substances demonstrated significantly higher antioxidant capacity compared to 
standards – gallic acid for HORAC and Trolox for ORAC. Substance 2T has the greatest 
antiROS capacity. This observation mean that the tested somatostatin analogs are good helators 
of metal ions thus preventing the generations of  hydroxyl radicals. The scavenging effect of the 
tested substances towards peroxyl radicals (ORAC) follows the same logics. Compound 2T (D-
Phe-c(Cys-Tyr-D-Trp-Dap-Tle-Cys)-Thr-NH2) express highest antioxidant effect. 
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Table 2. Summarized data on the antioxidant properties of the 

tested substances measured by HORAC and ORAC methods. 

Compound HORAC 

M GAE/Msample 

ORAC 

M TrAE/Msample 

1Т  37.217 5.518 
2Т  39.549 7.050 
3Т  38.339 5.300 
4Т  30.890 5.061 

 

 

Fig. 2. Comparison of HORAC and ORAC values of the examined compounds. GAE 

– gallic acid equivalents; Tr.E – TROLOX – equivalents. 
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Introduction 
Methionine, one of the eight essential amino acids, is characterized by a thioether function on 
the side chain that is particularly sensitive to oxidation. Sulfoxide and sulfone forms can both be 
formed, being only the latter irreversible [1]. Herein is reported the unexpected Met-oxidation 
of the CSF114(8-21) sequence, GHSVFLAPYGWMVK, a fragment of the original 21-mer type 
I’ β-turn peptide structure, originally developed to be used as a synthetic antigenic probe for 
diagnostics of circulating autoantibodies in Multiple Sclerosis [2]. Recent studies by Liang et al. 
[3] reported that oxidation of Met residues on Met Rich Proteins (MRP) was strongly dependent 
on the protein used. Among those, calmodulin (from Mus Musculus), FeNos (Nostoc sp.), 
DZS18 (Zea Mays) or LegP (Legionella pneumophilia) were used. As an example, oxidation of 
some specific residues was possible only using H2O2 up to 5 times more concentrated, although 
the exact position of oxidized Met residues remain unidentified. This highlights the possible role 
played by consensus sequences and/or conformational effects in the oxidation process. 
However, up to date, short and precise consensus sequences for methionine oxidation have 
never been described and remain to be clarified. 
 
Results and Discussion 

Methionine is with cysteine one of the most easily oxidized amino acids. 
The oxidation process of Met usually involves a two electron transfer 
process [4], and is thought to be involved in inactivation, inhibition or 
activation of some proteins [5]. In vivo, Met is oxidized by Reactive 
Oxygen Species (ROS) such as hydrogen peroxide (H2O2), hypochlorous 
acid (HOCl) or hydroxyl radicals (HO.). Copper and iron ions can also 
proceed directly or indirectly to the formation of Met(ox). In vitro, 
dimethylsulfoxide (DMSO) and N-chlorosuccinimide (NCS) have proven 
to be extremely efficient and selective reagents for Met oxidation, 
although in some cases air or water are sufficient. 
The synthesis of the tetradecapeptide CSF114(8-21) was performed as 
previously reported by our team [2]. However, the expected peptide came 
out as a dual-peak system that was further investigated (Fig 2a).  
Experiments carried out allowed to exclude possible oxidation by cleavage 
mixtures. In fact TFA/TIS/EDT/H2O (94:2:2:2) yielded the oxidized 

peptide, despite the presence of ethanedithiol that is well known as a scavenger for Met 

 

Fig. 1. The 
CSF114(Glc) β-
turn structure 

 

  

Fig. 2. Chromatograms of crude peptides after cleavage without (a) or with (b) Bu4NBr 
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residues. Moreover, peroxide free Et2O was used to precipitate the crude peptide. 
The oxidized sequence was not reproduced via a stepwise manual method following the same 
conditions. Therefore, oxidation of Met appears to be related to automatic synthetic strategies. 
Methinonine reduction is a common synthetic problem and stimulated many research lines in 
the past few years in order to understand better the underlying mechanisms and possible 
solutions to revert back to methionine. In vivo, recovering of Met is performed by two enzymes, 
i.e., methionine sulfoxide reductases, MsrA and MsrB, which are respectively selective for (S)-
sulfoxide and (R)-sulfoxide. These two enzymes play an essential role in limiting the metabolic 
consequences of oxidative stress [6]. In organic synthesis, several methods have been developed 
for Met(ox) reduction. Among those, halides (iodides and bromides), dithiothreitol, or similar 
thiol reagents appeared interesting.  
In our studies, we selected for methionine sulfoxide reduction a convenient one-pot 
cleavage/reduction using the protocol reported by Taboada et al. [7], using 30 eq. of 
tetrabutylammonium bromide for 5 min. prior to the end of the cleavage and 
TFA/thioanisole/anisole/EDT (90:5:2:3) as cleavage mixture. The high solubility of Bu4NBr in 
TFA guaranteed an efficient and selective reduction, to yield the desired product (Fig. 2b). 
However, the use of such an excess of reducing reagent led to residual ammonium salts after 
peptide purification by reverse-phase HPLC. The subsequent optimization of the cleavage 
strategy, using only 3 eq. of bromide allowed achieving a similar efficiency but with an easier 
removal of the tetrabutylammonium. 

To conclude, we observed the problem of a methionine oxidation that occurred during the 
synthesis of the tetradecapetide GHSVFLAPYGWMVK using the Biotage SyroWave apparatus 
not equipped to perform syntheses under nitrogen. No oxidation of the same sequence was 
observed performing the synthesis manually. Nevertheless, the problem was successfully 
handled using an optimized one-pot cleavage-reduction protocol.  
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Introduction 
The guanidino function of arginine (Arg) is usually protected in peptide synthesis by a nitro 
group, a urethane, or an arylsulfonyl group.  However, these derivatives do not completely 
prevent d-lactam formation, which is a result of intramolecular aminolysis of the α-amino group 
of the Arg side chain on the activated α-carboxyl group.    
Dimethylphosphinothioic mixed anhydrides (Mpt-MAs) of N-protected amino acids are 
isolatable, stable, and useful for the synthesis of glycopeptides without protecting the hydroxyl 
function of sugar moiety [1, 2].  However, we have often found a low yield of Arg-containing 
glycopeptides by the Mpt-MA method. 
In this study, the side reaction during the synthesis of Arg-containing peptides by the Mpt-MA 
method was studied.  Further, we attempted to protect the ω,ω’ position of Arg using the 
fluorous Boc (FBoc) group attached to the perfluorooctyl group [3]. 
 
Results and Discussion 

First, the Mpt-MA of Fmoc-Arg(Mtr)-OH (Fmoc-Arg(Mtr)-OMpt) was synthesized from 
the reaction of Fmoc-Arg(Mtr)-OH with Me2P(S)-Cl (Mpt-Cl). During this reaction, the side 
product during this reaction was isolated by TLC and was confirmed as the corresponding 
lactam derivative by NMR measurement.  

Next, Fmoc-Arg(Mtr)-OMpt was synthesized under several conditions to prevent the 
lactam formation (Table 1).  We found that the effective conditions to prevent the corresponding 
lactam formation involve the reaction in CH2Cl2 at 0°C using 1,2,2,6,6-pentamethylpiperidine 
as a base.  Within 30 minutes, this reaction yielded only 4% of lactam.   

 
Table 1.  Synthesis of Fmoc-Arg(Mtr)-OMpt under Several Conditions.  
 
 
 
 
 
 
 
 
 
 
 

Next, we successfully synthesized the Arg-containing model hexapeptide, H-Ile-Thr-Arg-
Gln-Arg-Thr-NH2, under the new conditions by the Mpt-MA method described above without 
observing of any Arg residues lacking.  
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H
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 However, we applied the recently developed technique “fluorous chemistry” to produce 
the desired result.A fluor ous compound has a weaker affinity to both hydrophilic and 
hydrophobic compounds [3].  We believed that two FBoc groups attached to a guanidino 
function would create a fluorous barrier around the ω position, holding the guanidino group 
securely within its boundaries. 

On the other hand, we applied the recently developed technique “fluorous chemistry”, for 
this purpose [4].  A fluorous compound has a weaker affinity to both hydrophilic and 
hydrophobic compounds.  We expected that two FBoc groups attached to a guanidino function 
would make fluorous barrier around the ω position, holding the guanidino group securely within 
its boundaries. 

According to the literature, we synthesized Fmoc-Arg(FBoc)2-OH [3.4].  The reaction of S-
methylisothiouronium hemisulfate and FBoc-ON in the bilayer system of CH2Cl2 and sat. 
NaHCO3 aq. gave di (FBoc)-S-methylisothiourea in 95% yield.  The reaction of di (FBoc)-S-
methylisothiourea and Z-Orn-OH in the presence of Triton-B in DMSO gave Z-Arg(FBoc)2-OH 
in 60% yield.  After deprotection of Z group by the usual manner, the reaction of H-Arg(FBoc)2-
OH and 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu) gave the desired Fmoc-
Arg(FBoc)2-OH in 44% yield (2 steps, Scheme 1).  

 
 
 
 
 
 
 
 
 
 
Scheme1. Synthesis of Fmoc-Arg(FBoc)2-OH 
 
Finally, we confirmed the effect of di(FBoc) groups by comparing them with diBoc and 

Pmc derivatives in the coupling reaction of H-Phe-OBn using several coupling methods such as 
mixed anhydride (isobutylchloroformate), DCC, and Mpt-MA.  These results, summarized in 
Table 2, suggest that Fmoc-Arg(FBoc)2-OH inhibits lactam formation.  Further investigations 
are now in progress. 

Table 2.  Formation of Lactam of the Reaction Fmoc-Arg(PG)-OH and H-Phe-OBn Using 
Several Methods. 
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Fmoc-OSu
DIEA

CH2Cl2
Fmoc-Arg(FBoc)2-OH

2 steps 44%

Coupling Method
% of Lactam; PG

(FBoc)2 (Boc)2 Pmc

Mixed Anhydride 9 (40)a) (10)a)

Mpt-MA 15 - 35

DCC 6 (6)a) (22)a)

a) Reported value in the literature; M. H. S. Cezari and L. Juliano, Pept. Res., 1996, 9, 88-91.
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Introduction 
The extensive use of Native Chemical Ligation (NCL[1]) for protein total synthesis over almost 
20 years has shed some light on the scope and limitations of this reaction. In particular, early 
studies have shown that NCL of C-terminal peptidyl prolyl alkylthioesters with N-terminal 
cysteinyl peptides exhibits poor kinetic rates compared to other C-terminal amino acid 
residues.[2,3] However, the influence of the structure of the peptidyl prolyl thioester on the 
kinetic rate and the occurrence of side reactions has not been examined so far. We have thus 
examined the reactivity of bis(2-sulfanylethyl)amido (SEA) peptides,[4-7] thiazolidine thioester 
peptides (TT)[8] and 3-mercaptopropionic acid (MPA)-derived peptide thioesters[9,10] in a 
model NCL reaction. 
 
Results and Discussion 

Our study reveals that a deletion side-product is formed during the NCL reaction of 
peptidyl prolyl thioesters with cysteinyl peptides (Fig. 1).[11] The formation of the deletion 
side-product might proceed through a transient peptidyl diketopiperazine intermediate. 
Displacement of the diketopiperazine moiety by 4-mercaptophenylacetic acid (MPAA) used in 
excess during the NCL reaction might furnish an arylthioester, which is expected to react with 
the Cys peptide to yield the deletion side-product. This mechanism is supported by i) the 
detection of the released diketopiperazine by LC-MS in the ligation mixtures, ii) the ability of 
the imide bonds such as those contained within peptidyl diketopiperazine intermediate to react 
with thiols, and iii) the propensity of Xaa-Pro dipeptidyl esters to form diketopiperazines.  

Fig. 1 shows that deletion side-product formation is significant for peptide thioesters 
derived from MPA which are often used in the field of protein total synthesis. It can be 
minimized with MPA thioesters by lowering the pH down to 6.8. The level of side-product 
formation and the rate of ligation vary also significantly with the peptide thioester structure. 
Interestingly, thiazolidine thioester peptides are significantly more reactive than MPA thioesters 
at 37°C, but significantly less susceptible to deletion side-product formation. In contrast, prolyl 
SEA peptides are slow reacting systems at 37°C but ligate efficiently at pH 5.5 and 65°C. In this 
case, the level of deletion side-product is reduced compared to MPA-derived thioesters and 
roughly equal to the one observed for thiazolidine thioesters. 

In conclusion, we report here that a deletion side-product is formed during the NCL 
reaction of peptidyl prolyl thioesters with cysteinyl peptides. This side reaction is significant for 
peptide thioesters derived from MPA which are often used in the field of protein total synthesis. 
Thiazolidine thioester peptides are significantly more reactive than MPA thioesters at 37 °C, but 
significantly less susceptible to deletion side-product formation, and thus constitute an 
interesting alternative to classical thioester peptides.  

 
 
Acknowledgments 
We thank financial support from CNRS, Institut Pasteur de Lille, and Université de Lille. 
 
References 
1. Dawson, P. E., Muir, T. W., Clark-Lewis, I., Kent, S. B. Science 266, 776-779 (1994) 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

74 

 

2. Hackeng, T. M., Griffin, J. H., Dawson, P. E. Proc. Natl. Acad. Sci. U. S. A. 96, 10068-10073 
(1999) 

3. Pollock, S. B., Kent, S. B. H. Chem. Comm. 47,  (2011) 
4. Ollivier, N., Dheur, J., Mhidia, R., Blanpain, A., Melnyk, O. Org. Lett. 12, 5238-5241 (2010) 
5. Melnyk, O., Agouridas, V. Curr. Opin. Chem. Biol. 22, 137-145 (2014) 
6. Melnyk, O., Agouridas, V. e-EROS, DOI: 10.1002/9780470842898.rn9780470801723 (2014) 
7. Raibaut, L., Ollivier, N., Melnyk, O. Chem. Soc. Rev. 41, 7001-7015 (2012) 
8. Dheur, J., Ollivier, N., Melnyk, O. Org. Lett. 13, 1560-1563 (2011) 
9. Ollivier, N., Raibaut, L., Blanpain, A., Desmet, R., Dheur, J., Mhidia, R., Boll, E., Drobecq, 

H., Pira, S. L., Melnyk, O. J. Pept. Sci. 20, 92–97 (2013) 
10. Dheur, J., Ollivier, N., Vallin, A., Melnyk, O. J. Org. Chem. 76, 3194-3202 (2011) 
11. Raibaut, L., Seeberger, P., Melnyk, O. Org. Lett. 15, 5516-5519 (2013) 

 
 

 

Time (h)

0 20 40 60 80

F
ra

c
tio

n
 lig

a
te

d

0,0

0,2

0,4

0,6

0,8

1,0

time (h)

0 20 40 60 80

D
e
le

tio
n
 s

id
e
-p

ro
d
u
c
t (%

)

0

2

4

6

8

TT pH 7.1

MPA pH 7.1

SEA pH 5.5 65\C 

37\C 

37\C 

S
N

S

CO2H

O

N

O
LG

NH

O

peptide

CO2H
S

O

N

N

O

peptide

O
ArS

-

O

N

HN

O

peptide

O

SAr

peptide-Ala-Pro-Cys-peptide

LG = MPA

LG = TT

Cys-peptide ArSH (MPAA), TCEP, pH 7.1, 37°C

Cys-peptide

peptide-Cys-peptide

+

2 AA deletion side-product

LG = SEA N
S

S

peptide-Cys-peptide

deletion side-product

peptide-Xaa-Pro-Cys-peptide

TT pH 7.1, 37\C

SEA pH 5.5, 65\C

MPA pH 7.1, 37\C 

 

Fig. 1. NCL with peptidyl prolyl thioesters results in the formation of a two amino acid 
deletion side-product. The level of side-product formation and the kinetic rate of the ligation 
depends on the structure of the peptidyl prolyl thioester (the sequence of the Cys peptide is 

CILKEPVHGV-NH2; the sequence of the peptidyl prolyl thioester is ILKEPVHAP-thioester). 
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Introduction 
Host defence peptides (HDP) are part of the innate immune response. They are characterized by 
small size, high content of hydrophobic residues and positive charge. Apart from their 
biological activity against pathogens, they are also able to modulate host’s immune response 
which includes interaction with leukocytes and cytokine production [1-2]. HDP are secreted 
from different types of cells and tissues however epithelial and fagocytic cells are their main 
source. They are diverse group of compounds including defensins, cathelicidins, neuropeptides 
and  peptide hormones [3-5]. 
The majority of naturally occurring HDP belongs to defensins and cathelicidins family. 
Defensins are peptides containing 18-24 amino acids residues with relatively high content of 
arginine. They are characterized by the presence of six  cysteines which form three disulfide 
bridges. Based on the position of disulfide bridges within the molecule, defensins can be further 
divided into subfamilies distinguishing α-, β- and θ-defensins [6]. 
Θ-defensins differ in structure from α- and β-defensins. They are the only known example of 
cyclic polipeptides present in animal proteome. Θ-defensins are macrocyclic polypeptides with 
three disulfide bridges connecting two antiparallel β-sheets. Biosynthesis requires connection of 
two nine amino acids sequences which are generated from α-defensins precursor. For the first 
time they have been identified in the neutrophiles and monocytes of monkey Maccaca mulata. 
Nowadays it is known that θ-defensins are present in Old World Monkeys but not in humans, 
chimpanzees and other New World Monkyes. Their absence is caused by the mutation 
introducing codon STOP within the coding region which unables translation of mRNA. 
Research has shown that θ-defensins posses very strong antimicrobial activity therefore they are 
a promising lead compound for the synthesis of novel pharmaceuticals [7]. 
The aims of this study were to synthetize θ-defensins and their analogs varying in the number of 
disulfide bridges and optimize cyclization as well as oxidation procedure. 
 
Results and Discussion 
Θ-defensins and their analogs were synthesized manually using solid phase peptide synthesis 
with Fmoc/tBu strategy. Sequences of synthesized peptides are presented in the Table 1.  
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Fig.1 Cyclization and oxidation methodology.  
Tab. 1 Peptides sequences. 

Name  Sequence 

RTD-1 GFCRCLCRRGVCRCICTR 
RTD-2 GVCRCLCRRGVCRCLCRR 
RTD-3 GFCRCICTRGFCRCICTR 

[Leu5,14]-RTD-1 GFCRLLCRRGVCRLICTR 
[Leu5,14]-RTD-2 GVCRLLCRRGVCRLLCRR 
[Leu5,14]-RTD-3 GFCRLICTRGFCRLICTR 

[Leu3,7,12,16]-RTD-2 GVLRCLLRRGVLRCLLRR 
The influence of a solvent on cyclization process was examined. Briefly, RTD-3 partially 
protected linear precursor was dissolved either in N,N-dimethyloformamide (DMF) or 
tetrahydrofurane (THF). Cyclic product was observed only in the case of DMF as a solvent. 
In order to study the effect of a coupling reagent on cyclization 3-(Diethoxyphosphoryloxy)-
1,2,3-benzotriazin-4(3H)-one (DEPBT) and Bromo-tris pyrrolidinphosphoniumhexafluoro- 
phosphate (PyBrOP) were chosen for the synthesis of cyclic forms of peptides. Both reagents 
were shown to be efficient, however relationship between sequence of partially protected 
analogs and efficiency of cyclization was observed. RTD-1 and RTD-2 are characterized by 
higher content of arginine residue than RTD-3, five and six respectively comparing to three. 
Arginine is protected by 2,2,4,6,7-pentamethyldihydrobenzofu-ran-5-ylsulfonyl (Pbf) group 
which hinters the cyclization process due to its size. Therefore the cyclization was less efficient 
in the case of RTD-1 and RTD-2 than RTD-3. In order to define the most efficient method for 
creating cyclic and fully oxidized products partially protected and unprotected linear precursors 
underwent cycles of cyclization and oxidation reactions in a different order. For the reaction of 
cyclization 0.002 moles of linear precursors were dissolved in DMF and 0.01 moles of N,N-
diisopropylethylamine (DIPEA) and 0.005 moles of DEPBT as coupling reagent were added. 
For the reaction of oxidation unprotected peptides precursors were dissolved in 0.01M 
ammonium bicarbonate buffer of pH=8 and solution was gently stirred in open atmosphere. 
Cyclization and oxidation approaches are outlined in the Figure 1. Briefly, in the approach A 
partially protected precursors underwent cyclization followed by oxidation, in the approach B 
unprotected precursors underwent cyclization followed by oxidation and in the approach C 
oxidation of unprotected precursors was followed by cyclization.  
To summarize, the current research showed that: 
1. solvent influences the cyclization process, for the cyclization of RTD-1, RTD-2,  
RTD-3 and their analogs DMF is a better solvent than THF; 
2. presence of Arg(Pbf) residue hinters the cyclization process, cyclization of RTD-1, RTD-2 
and its analogs were unsuccessful when reaction was performed for four days, for such analogs 
prolonged time of cyclization is required; 
3. when cyclization is performed with peptides in high dilution it is not essential to protect side 
chains of amino acids; 
4. it is possible to either perform oxidation of unprotected linear precursors followed by 
cyclization or cyclization of unprotected linear precursors followed by oxidation, both 
approaches lead to the creation of cyclic fully oxidized final products, however  when 
cyclization is performed first, simultaneous oxidation is possible. 
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Introduction 
Unnatural amino acids constitute more and more attractive targets for drug design and their 
asymmetric synthesis has been increasingly developed over the last decades. It is well known 
that non-proteinogenic amino acid incorporation in peptide sequences improves resistance to 
enzymatic proteolysis. Moreover disposal of a wide variety of unnatural amino acids allows the 
modulation of physical and chemical properties of the resulting peptide depending on the 
selected side chains. 
Unsaturated amino acids represents very useful building blocks since alkenyl- or alkynyl side 
chain can be further modified by several reactions such as metal catalyzed cross coupling 
reactions, cross methathesis and click chemistry, leading to the obtainment of new 
functionalized amino acids as well as macrocyclic and conjugated peptides.[1-3]   
Among the different possible variations, synthesis of silicon-containing amino acids obtained 
via hydrosilylation reaction represents a very promising target.[4] Indeed silylated amino acids 
can be suitable unconventional biological substrates that are not easily metabolized. 
Furthermore their increased hydrophobic properties can result in improved in vivo half life and 
enhanced tissue distribution.[5,6]  
 
Results and Discussion 
Here we present two stereoselective approaches to synthesize unsaturated α-amino acids in 
optically active form. The first method involved the Corey-Lygo chiral phase transfer catalyst 
(PTC), which enabled enantioselective alkylation of benzophenone Schiff base of glycine with 
unsaturated bromides (C-L induction, Figure 1).  
 

Fig.1 Patway using Corey-Lygo PTC conditions. 

 
The second route implicated the use of (1R, 2R, 5R) hydroxypinan-3-one as chiral auxiliary 
affording a prochiral glycine Schiff base and dealt with diastereoselective alkylation               
(HP induction, Figure 2).  
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Fig.2 Patway using (2R,3R,5R)hydroxypinanone. 
 
When the substitution site is not an activated position, we can observe that alkylation is 
impossible under PTC conditions (table 1, entries 2, 3). Alkylations with alkenyl bromide 
derivatives can be performed in quantitative yield (table 1, entry 5) but only when the 
substitution site is not branched (table 1, entry 6). Concerning hydroxypinanone induction, 
alkylation yields are low to moderate (table 1, entries 1, 2, 3 and 6) excepted for linear alkenyl 
chains (table 1, entries 4 and 5). 
 

Table 1. Comparison of both methods. 
 
Both routes when they are comparable induced excellent enantiomeric excess higher than 90%. 
The best result concerned the compound 4d, which was obtained in 98% ee with 
hydroxypinanone as chiral auxiliary in a good overall yield.  
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Entry  
 

Electrophile 

Yield (%)  

C-L 3 a-f  

Yield (%)  

HP 6 a-f  
Product  

Yield (%)  

C-L 4 a-f  

Yield (%)  

HP 4 a-f 

ee (%)  

C-L 

Induction  

ee (%)  

HP 

Induction  

1  

 

92  54  4a  67  66  83  90  

2  

 

-  14  4b  -  61  -  96  

3  
 

-  41  4c  -  63  -  94  

4  

 

100  74  4d  65  59  92  98  

5  

 

100  85  4e  39  50  88  94  

6  
 

-  40  4f  -  96  -  93  
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Introduction 
Among the materials constituting our cultural heritage, proteinaceous materials, as bone and 
parchment, categorized as collagenous, or protein fibers as wool, containing keratin, are the 
most susceptible to damage and decay[1,2] . Our study is focused on the development of a 
reproducible immunoassay for the evaluation of collagen and keratin-based decay of organic 
materials. Polypeptide models mimicking the keratin and collagen pattern were designed, 
synthesized and identified. 
 
Results and Discussion 
Ac-YRSGGGFGYRGGGFGYRS-β-Ala-NH2, a model peptide of the N-terminal part of Type II 
Keratin, was synthesized on a Rink amide resin following the Fmoc-tBu solid phase peptide 
synthesis and the final product, after cleavage from the resin, was purified by HPLC and 
identified by ESI-MS. 
[Pro-Cys(Acm)-Gly]n, a model peptide of the C-terminal domain of Type I keratin, was 
obtained after solution polymerization of the active ester TFA-Pro-Cys(Acm)-Gly-OPcP, which 
was synthesized on a chloro-trity-resin. The polymer was purified by dialysis and identified by 
ESI-MS. Subsequently, its molecular weight was calculated by SEC. 
[Pro-Ser(OBzl)-Gly]n , a model peptide of collagen was synthesized in a similar way as the 
previous polymer. After purification by dialysis and identification by ESI-MS its molecular 
weight was estimated by SEC. 
The above mentioned polypeptide models were administrated to animals for the induction of 
specific antibodies. Antibodies against Ac-YRSGGGFGYRGGGFGYRS-β-Ala-NH2, [Pro-
Cys(Acm)-Gly]n and antibodies recognizing the N-terminal, the C-terminal  and the internal part 
of keratin were assayed for their binding to keratin from wool and commercial keratin. Anti-
[Pro-Ser(OBzl)-Gly]n and anti-collagen antibodies were tested against collagen isolated from 
bone, parchment and commercial collagen.  
As shown in Figure 1 keratin from wool and the synthesized peptide models are not recognized 
from the three commercial antibodies from the N-terminal, C-terminal and the internal parts of 
keratin type I. This can be attributed either to the fact that these antibodies have lost their 3D 
structure or because they derive from different type keratin. Contrary, the anti-peptide models 

 
Fig.1. Recognition of anti-keratin, anti-[Pro-Cys(Acm)-Gly]n and anti- Ac-

YRSGGGFGYRGGGFGYRS-β-Ala-NH2 antibodies from A: keratine azure, B: keratin from wool 
(reducing hydrolysis), C: keratin from wool (alkaline hydrolysis), D: [Pro-Cys(Acm)-Gly]n and 

E: Ac-YRSGGGFGYRGGGFGYRS-β-Ala-NH2  in ELISA experiment. 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

80 

 

antibodies strongly recognize the three parts of keratin, as well as the peptides from which they 
were procuced. 
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Introduction 
Several tropical diseases such as Chagas’ disease and African sleeping sickness are caused to 
trypanosomatid parasites. The latter in order to combat oxidative stress and maintain an 
intracellular reducing environment rely on a unique thiol metabolism based on the NADPH-
dependent enzyme trypanothione reductase (TR), which catalyses the reduction of 
trypanothione disulfide [N1-N8-bis(glutathinyl)spermidine] (1) to its dithiol form. Thus 
trypanothione itself and analogs are of high importance for the development of new antiparasitic 
drugs.[1]The few literature procedures describing syntheses of trypanothione, involve stepwise 
and multistage liquid or solid phase peptide synthesis leading to low or moderate (10-38%) 
overall yields.[2] Herein we report a novel few-step and high overall yield (43-47%) synthesis 
of trypanothione 1 and it’s analogs 3 & 4, based on chemical modification of glutathione (GSH, 
2). 
Results and Discussion 
For the synthesis of N,S-bisTrt-L-Glutathione(OMe)2 (5), GSH (2) was initially treated 
overnight with Trt-Cl in DCM/ DMF (9:1) at r.t. to give S-Trt-L-Glutathione. The resulting 
colorless solution was concentrated under reduced pressure and was used to the next step 
without any further treatment. An Erlenmeyer flask was sequentially charged S-Trt-L-
Glutathione and DCM and the resulting solution was cooled at 0 oC. Then diazomethane was 

introduced to this flask using the apparatus developed by 
Lombardi.[3] Thus, Diazald (4 eq.) and ethanol were added 
to a stoppered flask, equipped properly for bubbling into the 
aforementioned Erlenmeyer flask. The ethanol mixture was 
sparged with nitrogen, and a blast shield was placed in front 
of the two flasks. Then an aqueous solution of sodium 
hydroxide was slowly added via syringe to the ethanol-
containing flask. An argon stream was passed through this 
Lombardi flask until no yellow color persisted. Completion 
of reaction was verified by TLC and the mixture left to be 
stirred at open vessel in the hood until yellow color 
disappears. The thus resulting residue was dissolved in 
DCM, cooled in an ice-bath and treated sequentially with 

Trt-Cl and Et3N (dropwise). The mixture was stirred for 15 min at 0 oC and for additional 60 
min at r.t. to give N,S-bisTrt-L-Glutathione(OMe)2 (5) in 81% overall yield after FCC 
purification.  
 

Design And Synthesis Of New Hybrid Molecules Comprising 
Peptide Moiety With Potential Analgesic Activity 

 
 

 

Figure 1. Structure of 
trypanothione 1. 

 

Fig.2. Recognition of anti-collagen and 

anti-[Pro-Ser(OBzl)-Gly]n antibodies from 

A: collagen type I (commercial), B: 

collagen from parchment and C:[Pro-

Ser(OBzl)-Gly]n in ELISA experiments. 

 

 

 

Fig.3. Recognition of anti-collagen and 

anti-[Pro-Ser(OBzl)-Gly]n antibodies 

from A:collagen type I (commercial), B: 

bone collagen (reducing hydrolysis), C: 

bone collagen (alkaline hydrolysis), D: 

peptide model [Pro-Ser(OBzl)-Gly]n in 

ELISA experiment.  

 

From Figure 2 is apparent that the anti-[Pro-Ser(OBzl)-Gly]n antibodies recognize the collagen 
peptide model and the parchment collagen, while slightly recognize commercial collagen, 
which is probably of different type. On the other hand the commercial anti-collagen antibodies 
recognize commercial collagen, while they do not recognize parchment collagen and the 
peptide collagen model. 
 

These findings (Figure 3) indicate that anti-[Pro-Ser(OBzl)-Gly]n antibodies interact with the 
collagen peptide model and the collagen isolated from bone (both methods), while they slightly 
interact with commercial collagen, which is probably of different type. Contrary, anti-collagen 
antibodies (commercial) recognize commercial collagen, whereas slightly recognize bone 
collagen and the collagen peptide model. 
It is concluded that the produced specific antibodies against Ac-YRSGGGFGYRGGGFGYRS-β-
Ala-NH2, [Pro-Cys(Acm)-Gly]n and [Pro-Ser(OBzl)-Gly]n , peptide models of keratin and 
collagen, are a useful tool for the evaluation of artificially aged materials and the decay of our 
cultural heritage. 
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Introduction 
The resistance of isovaline (Fig. 1) against chemical and thermal racemization [1, 2] may 
explain the survival of significant L-enantiomeric excesses of this amino acid in meteorites.  
A small starting L-enantiomeric excess could have been 
produced by circularly polarized UV light [3] and sub-
sequently amplified by other processes. In contrast to 
isovaline, α-H-α-amino acids, which racemize relatively 
easily, are mainly racemic in meteorites [4]. The  
L-enantiomeric excess of meteoritic isovaline is of 
particular interest because meteorites probably repre-
sented an exogenous source of prebiotic amino acids on 
the early Earth. In primordial volcanic environments, 
amino acids could have been absorbed (“intercalated”) 
by clay minerals. The mineral matrix, in combination 
with volcanic heat, may have facilitated the racemization of the intercalated amino acids. To 
simulate this scenario, laboratory experiments were conducted with enantiomerically pure 
isovaline and the clay mineral montmorillonite.  

 

Fig. 1. L-enantiomere of the non-

proteinogenic amino acid 
isovalin. 

 
Results and Discussion 
Small amounts of L-isovaline were added to aqueous suspensions of Ca-montmorillonite  
(SAz-1, obtained from The Clay Minerals Society [5]). The suspensions were dried at room 
temperature and then heated to 200 °C for 8 weeks under a nitrogen atmosphere. Samples were 
taken in regular intervals and extracted with water. The isovaline obtained from the extracts was 
transformed into the N-trifluoracetyl(TFA)-isovaline methyl ester for GC-MS and GC-FID 
analyses. Baseline separation of enantiomers was obtained on a chiral Lipodex E capillary 
column, which is based on functionalized γ-cyclodextrin. The results show a slow but signifi-
cant thermal racemization (Fig. 2), which to our knowledge has not been reported before for 
isovaline. The L-enantiomeric excess dropped from a starting value of 99.1 % to 94.7 % after  
8 weeks. 

The L-isovaline that has been used as starting material in our experiments contained a small 
amount of the D-form (0.5 %). In such a situation, i. e. when both enantiomers of an amino acid 
are present in unequal amounts, the D/L ratio can, in principle, be altered by partial sublimation. 
Racemic isovaline crystallizes from water as a mixture of L- and D-crystals of the monohydrate 
(“conglomerate crystallization”) [6]. Assuming that isovaline behaves analogously to leucine 
[7], partial sublimation should lead to a decrease of the D/L ratio in the montmorillonite – in 
contrast to the experimental observations. However, the sublimation behavior of isovaline may 
differ from that of leucine, or the crystallization of isovaline may be affected by the clay mineral 
matrix. Therefore, we will check if sublimation contributes to the observed increase of the D/L 
ratio. 

 
Fig. 1. The L-enantiomer of the 
non-proteinogenic amino acid 
isovaline 
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In addition to the change in the ratio 
of the D- to the L-form, a slight but sig-
nificant decomposition has been ob-
served when montmorillonite-interca-
lated isovaline was heated for several 
weeks. The exact degree of degradation 
of isovaline will be studied by HPLC  
by using the 1-fluoro-2,4-dinitrobenzene 
derivative of the amino acid. Future 
experiments will also include thermal 
racemization studies on other α,α-dialkyl 
amino acids, such as α-methyl-α-amino 
pentanoic acid, which is an isovaline 
homolog that also shows L-enantiomeric 
excess in meteorites. Also of interest will 
be the effect of higher temperatures on 
the D/L ratio. 

Currently, we can only speculate on 
the mechanism of the thermal enantio-
merization of isovaline in Ca-montmoril-
lonite. The coordination of the amino 
acid to Ca2+ in the interlayer spaces of 
the clay mineral could play a role here. 
Experiments with differently isotopically 
(13C) labeled isovaline may give insight 

into the enantiomerization process and may also clarify the possible contribution of sublimation 
(see above). 
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Fig. 2. Total ion current gas chromatograms of N-
TFA-isovaline methyl ester on a Lipodex E column: 
starting sample (0), after one week (1), after 8 
weeks (8). The D-enantiomer eluated after the L-
enantiomer. The signals of the L-enantiomer in 
the three chromatograms have been scaled to 
equal size. 
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Introduction 
The synthesis of “unnatural” or “non-proteinogenic” amino acids bearing unusual side chains is 
of increasing interest in the last years. They play a key-role in the area of peptide research due 
to their ability to improve biological activity, proteolytic stability and bioavailability of the new 
peptide analogs.[1,2]  
 Herein we report a new methodology for the synthesis of a plethora of novel non-
proteinogenic amino acids bearing aromatic/ heteroaromatic rings or heteroatoms on their side 
chain. The present methodology proceeds with control of stereochemistry, involving aspartic 
acid as chiral template and relies on the successful and in good yields preparation of the key 
aldehyde, namely (S)-tert-butyl-4-oxo-2-(tritylamino)butanoate (1). The latter upon Wittig or 
Horner-Emmons type reactions, followed by catalytic hydrogenolysis and Fmoc-amino group 
protection leads in a variety of novel unnatural amino acids “ready” for incorporation into 
peptide chains, through standard SPPS methods.  
 
Results and Discussion 
For the synthesis of aldehyde 1, the commercially available L-Aspartic acid beta-methyl ester 
hydrochloride (2) was initially treated with Me3SiCl, Et3N and TrtCl to give the corresponding 

ester in 75% yield.[3] Then followed a Steglich 
esterification with DCC/ tBuOH in DCM providing the 
fully protected amino acid in 70% yield. Selective b-
deprotection with 2N NaOH (aq)  in MeOH/ Dioxane/ 
DMSO (1:1:0.2), followed by acidification with a chilled 
5% aqueous citric acid solution to pH=5 gave the 
corresponding mono acid 3 in 90% yield. Treatment of the 
latter with DCC/EtSH in DCM led to the thioester 4 in 85% 
yield. Finally, the key-aldehyde 1 was obtained in 70% 
yield, through a mild Fukuyama reduction, by treatment of 
thioester 4 with the system Et3SiH/ 10%Pd-C.[4] Having 
established the successful and in good overall yield 
synthesis of the key-compound for our methodology we 
turned our attention to the synthesis of several aromatic and 
heteroaromatic phosphonates or phosphonium salts, which 
upon HWE or Wittig reaction with 1 should provide a 

plethora of novel unnatural amino acids.  
Given the importance of aminobenzothiazoles in medicinal chemistry we synthesized 
phosphonate 5 through reaction of aminobenzenethiol with bromoacetyl bromide in THF. The 
thus obtained bromide (75% yield after FCC) was converted to the corresponding phosphonate 
5, after treatment with (EtO)3P. 
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Figure 1. Structure of the 

key-aldehyde 1. 
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Scheme 1. Reagents and reaction conditions: (a) 1. Me3SiCl, Et3N, CHCl3/ ACN (5:1), reflux, 2h, 
2. Et3N, 0 

o
C, 3. TrtCl, r.t., 3h, 75%  (b) DCC, 

t
BuOH, DMAP, DCM, 0 

o
C, 12h, 70% (c) 2N aq. 

NaOH, MeOH/Dioxane/ DMSO (1:1:0.2), r.t., 3h, 90% (d) DCC, EtSH, DMAP, DCM, 0 
o
C to r.t., 

12h, 85%    (e) Et3SiH, Pd-C 10%, THF, 30 min, 70% (f) 3% TFA in DCM, TFE, 0 
o
C, 30min, 93-95%, 

(g) Fmoc-Cl, DIPEA, CHCl3, 0 
o
C, 45min, 99%, (h) TFA, 0 

o
C, 2h, 90% 

 
Table 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

85 

 

Synthesis of phosphonates 6, 7 and phosphonium salts 8-10 was achieved starting from 
commercially available aromatic aldehydes. This methodology involves: i) reduction of 
aldehydes with NaBH4 in MeOH leading to corresponding alcohols, ii) Appel reaction of the 
latter to give the alkyl bromides and iii) either treatment with (EtO)3P  provided the  
phosphonates 6, 7 or treatment with PPh3 in PhMe gave the phosphonium salts 8-10. 

The fully protected unnatural amino acids 11, 12a and 13 were obtained through Horner-
Wadsworth-Emmons in good yields and high E-configuration purity (E/Z ratio > 95:5) as shown 
in the table 1. Thus reaction of aldehyde 1 with the phosphonates 5, 6 and 7 in the presence of a 
base (NaH or n-BuLi) in THF [5] at -78 oC to r.t., gave the corresponding N-trityl-unnatural 
amino acid tert-butyl esters 11-13. 
Furthermore the fully protected unnatural amino acids 12b, 14 and 15 were synthesized through 
Wittig reaction of the aldehyde 1 with the corresponding phosphonium salts 8-10 in the 
presence of 1,2-epoxy-butane as base in DMF at 60 oC for 3-5 h. In the table 1 are shown the 
reaction conditions, yields and E/Z configuration ratios. 

Moreover treatment of analogs 11-15 with 3% TFA in DCM using TFE as scavenger gave 
the corresponding TFA salts in 93-95% yield after precipitation with Et2O. The latter were 
dissolved in CHCl3, cooled at 0 oC and FmocCl was added, followed by dropwise addition of 
DIPEA. The thus resulting mixture was stirred for further 40 min at 0 oC and finally gave the 
corresponding N-Fmoc protected esters in 98-99% yields. Finally, acidolysis with TFA for 2 h 
at 0 oC gave the N-Fmoc unnatural amino acids 16-20 suitable for use in SPPS.  
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Introduction 
Reactive oxygen species (ROS) includes radicals such as hydroxyl, superoxide, alkoxyl, 
hydroperoxyl or dangerous radicals, naturally produced in the body along with toxins and by-
products during the normal metabolic processes. The imbalance between pro-oxidants and 
antioxidants leads to oxidative stress. It has been implicated in aging and pathophysiology of 
various diseases such as diabetes, hypertension, atherosclerosis, Alzheimer, Parkinson diseases 
and etc. [1, 2]. Indeed, antioxidant defense system can oppose the destructive effect of stress by 
scavenging of the reactive oxygen species.  
Naturally occurring compound, lipoic acid (LA) is produced from bacteria to man and is known 
as cellular multifunctional antioxidant [3]. Its unique properties has been linked with possession 
of antioxidant effect in both forms: oxidized (LA) and reduced (DHLA [dihydrolipoic acid]), 
and in both fat- and water-soluble mediums [4]. The antioxidant abilities of those molecules are 
associated with four distinct actions, they exert: scavenging of ROS, regeneration of 
endogenous antioxidants, repairing of oxidized proteins and metal-chelation [3].  
In addition, besides the above mentioned ability to scavenge reactive oxygen species, lipoic acid 
can inhibit tyrosinase expression and activity, as well as provoking skin lightening effect [5,6]. 
Results and Discussion  
In light of the growing interest in lipoic acid and their analogues, we have undertaken to 
synthesize more potent and effective LA derivatives both acting as antioxidants and tyrosinase 
inhibitors. 
The synthesized amides (Fig. 1) contain lipoic acid and anti-influenza drugs (rimantadine or 
oseltamivir) connected through amino acid moiety (H-Cys-OH). The choice of L-cysteine as a 
spacer was selected due to its antioxidant and anti-tyrosinase activities. The structure of both 
new products (1 and 2) was defined by IR, 1H and 13C NMR spectroscopy.  
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In order to estimate the efficiency of synthesized substances as antioxidants, a modified 

Nenadis’ method [7] was applied. Preliminary screening of DPPH scavenging activities of 
newly compounds and as well as the used standard caffeic acid were evaluated in vitro at a 
concentration of 48 µM. In general, the compounds show lower antiradical properties than 
caffeic acid (data not shown). 

Up to date, various initial screening tests for finding new hypopigmenting agents have used 
mushroom tyrosinase as enzyme source, because of its readily availability. Tyrosinase is also 
known as a copper-containing oxidase. 
Regarding organosulfur compounds such as lipoic acid and thiol-containing amino acid-Cys, 
herein we propose that those analogues might chelate copper tightly at the active sites of 
enzyme and thus to increase enzyme inhibition. From the preliminary spectrophotometric 
determination of monophenolase (using L-tyrosine as substrate) inhibitory activity it was found 
that the tested amides- N-lipoyl cysteinyl amides of oseltamivir (1) and rimantadin (2) did not 
show any inhibitory effect in comparison with kojic acid taken as a positive control.  

In conclusions, the total antioxidant activity of any compounds can not be evaluated by 
a single method, therefore other in vitro antioxidant assays –against hydroxyl, peroxyl radicals 
will be applied. 
Although that evaluated compounds are without tyrosinase inhibitory activities, it is not 
obligatory to exert any depigmenting activity [8]. 
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Introduction 

Somatostatins (SST) are the natural ligands for SST receptors and act as inhibitory 
regulators of hormone secretion and cell proliferation. Octreotide is well tolerated selective 
somatostatin analog that have been used in the treatment of cancers with mixed outcomes [1]. 
The aim of the present study was the synthesis of new C-terminal amide analogues of 
Octreotide (D-Phe-c(Cys-Phe-D-Trp-Lys-Thr-Cys)-Thr-ol) and in vitro study of their anticancer 
activity. 
 
Results and Discussion 

The analogs were modified at position 5 where the Lys was substituted by Orn. The 
Thr at position 6 was substituted by Aib (aminoisobutyric acid), Ac5c (1-
aminocyclopentanecarboxylic acid) and Ac6c (1-aminocyclohexanecarboxylic acid) 
respectively (Figure 1).  The prototypic member of α,α-dialkylated amino acids have been 
shown to induce β-turn in octapeptide SST analogues [2]. 

The synthesis of the analogs were performed by standard SPPS (solid phase peptide 
chemistry) method – Fmoc (9-fluorenylmethoxycarbonil) – strategy analogically to previously 
synthesized analogs of Octreotide [3]. TBTU (2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium  tetrafluoroborate) and  rink-amide MBHA resin were used as coupling 
reagent and solid phase carrier respectively. Tl(CF3CO2)3 in DMF has been employed for direct 
disulphide bond  formation on the solid phase. The compounds were checked by HPLC/ESI-MS 
method and the optical rotation was measured in water (Figure 2, Table 1). 
 
 
 
 
 
 
 
 
 

 

 
Aib                                      Ac5c                                Ac6c 
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Table 1. Structures and haracteristics of the synthesized analogs 

№ Structure ММexact 

 

[MH]+ 

observed 

tR 

min 

*
20
546α  

1 D-Phe-c(Cys-Phe-D-Trp-Lys-Aib-Cys)-Thr-NH2 1015.4408 1016.4504 11.00 - 45.16 
2 D-Phe-c(Cys-Phe-D-Trp-Lys-Ac5c-Cys)-Thr-NH2 1041.4565 1042.4659 11.41 - 36.84 
3 D-Phe-c(Cys-Phe-D-Trp-Lys-Ac6c-Cys)-Thr-NH2 1055.4721 1056.4778 11.04 - 69.23 
4 D-Phe-c(Cys-Phe-D-Trp-Orn-Aib-Cys)-Thr-NH2 1001.4252 1002.4330 11.6 - 43.75 
5 D-Phe-c(Cys-Phe-D-Trp-Orn-Ac5c-Cys)-Thr-NH2 1027.4408 1028.4464 10.52 - 60.87 
6 D-Phe-c(Cys-Phe-D-Trp-Orn-Ac6c-Cys)-Thr-NH2 1041.4565 1042.4633 10.85 - 48.00 
7rf D-Phe-c(Cys-Phe-D-Trp-Lys-Thr-Cys)-Thr-NH2 1031.4357 1032.4401 8,7 -55.32 

            Optical rotation in H2O (c 0.25) at 20° C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The cytotoxic effects of the compounds were tested in vitro against a panel of tumor 
cell lines of human origin: HT-29 (human colorectal cancer cell line), MDA-MB-23 (human 
breast cancer cell line), Hep-G2 (human hepatocellular carcinoma cell line), HeLa (cervical 
cancer cell line) and Lep-3 (normal diploid cell line from lung of 3-month embryo). The 
cytotoxicity have been measured by the MTS-dye reduction assay for cell viability at 
concentration of the tested peptides from 4.10-3 – 4.10-8 M for 24 h. The most susceptible cells 
were HT-29 where compound 4 (D-Phe-c(Cys-Phe-D-Trp-Orn-Aib-Cys)-Thr-NH2) 
demonstrated the most cytotoxic  effect (IC50 0,02 µM). Compound 3 (D-Phe-c(Cys-Phe-D-Trp-
Lys-Ac6c-Cys)-Thr-NH2) exerted a cytotoxic effect on HT-29 only at high concentrations while 
the substitution of Lys with Orn at position 5 (compound 6) led to significant proliferating effect 
at very low concentrations of the compound (EC50 0,062.10-6 µM). 
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Introduction 
Peptide hydrazides are useful building blocks both for solution-phase peptide synthesis and 
design of targeted drug delivery systems. There are a number of examples of peptide-protein 
conjugates synthesis using hydrazone ligation approach1-3.   
Although some hydrazides can be prepared by hydrazinolysis of peptide esters, the reaction can 
be accompanied by the formation of side products. In the case of solid phase peptide synthesis 
application of hydrazine resins commonly demands rather expensive starting materials and/or 
multistage synthetic procedure. Here we describe simple synthetic protocol based on the 
acylation of aminomethyl polystyrene resin by the Fmoc-protected hydrazone of pyruvic acid.  
 
Results and Discussion 
The ability of pyruvic acid to form relatively stable hydrazones in reasonable yields prompted 
us to investigate their utility as anchoring group for peptide hydrazides synthesis using 
Fmoc/But strategy. Aminomethyl polystyrene (AMPS) resin, widely applied for solid phase 
synthesis, seems to be a convenient starting material for subsequent modification. 
     Investigation of different synthetic approaches has shown the utility of AMPS polymer 
acylation by the Fmoc-hydrazone of pyruvic acid. The protected hydrazone can be easily 
prepared in high yield as a result of pyruvic acid interaction with Fmoc-hydrazine in absolute 
ethanol. Attachment of a preformed hydrazone linker combines the advantages of a high loading 
level with the possibility of its control by UV spectroscopy at the stage of Fmoc group removal. 
     Deprotection of synthesized hydrazone resin can be achieved using standard protocols (20% 
Pip/DMF or 1% DBU/ 1% Pip mixture in DMF). For the subsequent acylation of the polymer 
by Fmoc-amino acids, one can apply different coupling agents such as DIC, HCTU or SA.  
     It should be mentioned that attachment of the first amino acid using different coupling agents 
is accompanied by partial loss of polymer capacity. In principle there are two possible reasons 
for these results: incomplete acylation or partial decomposition of the hydrazone resin. 
However, a negative Kaiser test proved completeness of the acylation. Moreover, subsequent 
peptide synthesis and HPLC analysis of crude products revealed the absence of truncated 
peptide impurities. Increasing of deprotection time and/or prolonged storage of free hydrazone 
resin did not result in an additional decrease of loading capacity. Thus, the nature of this process 
is not completely clear.  
     Nonetheless, the decrease of polymer capacity relates only to the stage of hydrazone resin 
acylation by the first amino acid and we did not observe it later in the course of peptide chain 
elongation.  
     In order to estimate the scope and limitations of the suggested approach we investigated the 
influence of amino acid nature on the efficiency of hydrazone acylation (Table 1). As expected, 
at the same coupling conditions (DIC/Cl-HOBt) bulky amino acids, such as Arg exhibited 
moderate coupling efficiency. Surprisingly, in the case of aminohexanoic acid (Ahx) the loading 
of the polymer was relatively low and demands to use the double coupling procedure or more 
rigid reaction conditions (5 equiv of Fmoc-amino acid or HCTU instead of DIC/Cl-HOBt). In 
general, HCTU coupling increases the acylation yield, especially in the case of Ahx, Arg and 
Phe derivatives. Nevertheless, the reason of the moderate coupling efficiency is not completely 
clear and it cannot be ascribed to the influence of steric factors solely. Finally, attachment of the 
first  amino  acid  demands  thorough  control  of acylation completeness and proper selection of 
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Fig. 1. The structure of hydrazone resin and general scheme of peptide synthesis 
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Table 1. An influence of amino acid nature on the coupling efficiency. 
 
 

Amino acid derivative 

Yield/%* 

Fmoc-Gly-OH 87a; 89b 

Fmoc-Ala-OH 65a 
Fmoc-β-Ala-OH 72a 
Fmoc-Ahx-OH 56a; 79b 

Fmoc-Arg(Pmc)-OH 45a; 58b 
Fmoc-Lys(BOC)-OH 83a 
Fmoc-Glu(OBut)-OH 69a 
Fmoc-Phe-OH 72a; 91b 
Fmoc-Leu-OH 66a 

  Coupling conditions: a 3 equiv of Fmoc-AA; DIC/Cl-HOBt, DMF, 2 h. 
  b 3 equiv of Fmoc-AA; HCTU; DIEA, DMF, 2 h  
  * Calculation based on capacity of aminomethyl polystyrene resin. 

Table 2. Peptide hydrazides synthesized on hydrazone resin. 
Peptide [M+H]+ Yield* 

%  calc. found 

PKKKRKVG        953.66 953.67 55 
TKPR 514.33 514.33 42 
FrFK 610.37 610.36 47 
RADA 445.24 -** 35 
RADARADA 858.44 858.44** 41 

*Yield of purified peptide hydrazides.  
**Peptides were prepared from the common precursor. 

reaction conditions.  
To prove the practical utility of the suggested resin we synthesized a set of model 

compounds including the nuclear localization signal (NLS) of large T-antigen of SV-40 virus, 
tuftsin, so-called Szeto-Schiller peptide4, and two precursors for the synthesis of self-assembling 
peptides containing RADA repeats. All selected compounds contain Arg residues, complicating 
direct preparation of hydrazides by means of hydrazinolysis (Table 2).  

In order to estimate the advantages of the suggested approach, the hydrazide of NLS 
peptide was prepared using two synthetic schemes: application of hydrazone resin and HCTU-
mediated acylation of BOC-hydrazide by protected peptide precursor synthesized on Cl-Trt 
polymer as described previously5. It should be mentioned that synthesis on hydrazone resin 
permits to improve both purity of crude peptides and yield of final product (55% as compared to 
19% in the case of BOC-hydrazide acylation).  

Synthesized NLS hydrazide was used as building block for the preparation of the 
previously described GnRH-based peptide carrier for targeted gene delivery to cancer cells5. 
The conjugation of peptide hydrazide with [D-Lys(Pyv)]6-GnRH in acetate buffer (pH 4.3) 
proceeds smoothly resulting in the desired product in reasonable yield.  

In conclusion, the suggested approach permits to prepare peptide building blocks containing 
a hydrazide group useful for the conjugation with different carrier molecules using 
chemoselective ligation techniques. 
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Introduction 
There are various types of pain that can be caused by various factors, but in any case it 
represents an unpleasant experience. The reasons for the various types of pain is generated in 
various parts of the human body - brain and medulla, irritation of pain receptors and sensory 
afferent pathways of the peripheral nervous system by a variety of factors. Daily over 70 million 
people worldwide are treated with various agents for the prevention of acute or chronic pain. 
Corticosteroids are most commonly used in the medicine practice for the control of pain and 
inflammation. Unfortunately, the observed adverse side effects have led to restricting their use. 
This provoked a number of research groups to focus their efforts in the search for alternative 
synthetic agents with different chemical structure. This led to the integration of newly 
discovered drugs in a group called. NSAIDs. Their efficacy promote them currently the most 
widely prescribed drugs in the world. Along with clearly recognizable anti-inflammatory 
activity, NSAIDs exhibit a powerful analgesic effect. The study of the properties of various 
heterocyclic compounds including pyrrole (Pyr), as anti-tuberculosis, anti-inflammatory, 
analgesic agents exploit strongly since the last century [1]. On the other hand, the peptides 
perform various functions in the human body. They can be neurotransmitters, neuromodulators, 
hormones, etc. The modification in the structure of certain natural opioid peptides, and 
combining them into hybrid structures with different heterocyclic compounds was investigated 
as a viable alternative to existing commercial non-steroidal anti-inflammatory and anti-pain 
agents.  
In this work we report for the synthesis of a series of MIF mimetics incorporated in pyrrole 
heterocycle in order to create hybrid molecules with better analgesic activity and better 
selectivity to different opioide receptors. 
Results and Discussion 
Design of the target hybrid molecules was made based on the fact that previous our 
investigations show that compounds of the general formula presented on Figure 1 where 
different amino acids are incorporated through its nitrogen atom in the Pyr exhibit good 

analgesic activity. In our case the compound containing 
CH3CH2OCO- as R1 and Cl- as X in the p-position was used 
for pyrrole containing fragment of the molecule. Design of 
peptide moiety was done taking into account our previous 
investigation on the analgesic activity with single amino acids 
included into Pyr as well as fact that Tyr residue play a key 
role in the opioide activity of Tyr-MIF analogues [2,3].  
The following structures were synthesized: Pyr-Tyr-Phe-Leu-
Ala-OAll (1); Pyr-Ala-Leu-Phe-Tyr-OAll (2); Pyr-Tyr-Phe-
Leu-Ala-NH2 (3);  Pyr-Ala-Leu-Phe-Tyr-NH2 (4); Pyr-Tyr-Phe-
Leu-Ala-OH (5);   Pyr-Ala-Leu-Phe-Tyr-OH (6)  

Fig. 1 General structure of 
compounds containing 

pyrrole heterocycle with 
good analgesic activity 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

93 

 

The synthesis of compounds 1 and 2 with the allylic radical are illustrated Figure 2. 

 
Amide analogues  3 and 4 were synthesized by standard SPPS by means of Rink amide 

resin/Fmoc-strategy. Free acids analogues 5 and 6 were obtained by standard SPPS using Wang 
resin/Fmoc-strategy.  Further reaction of pyrrole ring obtaining was done using Paal-Knor 
reaction starting from 1,4-dicarbonyl compound according to Figure 3:  
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   Fig.3. Pathways for aim hybrid molecules synthesis 

Structures of all newly synthesized hybrid molecules are proven by ESI-MS. 

Conclusions and Perspectives  
A series of six hybrid molecules containing pyrrole heterocycle and peptide moiety 

analogues of Tyr-MIF are synthesized using both standard synthesis in solution and SPPS. 
Biological investigations on analgesic and anti-inflammation activity of all compounds are in 
progress.  
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Introduction Cysteine is an exceptional amino acid, and plays a vital role in numerous 
biological and structural functions. A crucial step in the Solid Phase Peptide Synthesis (SPPS), 
is the TFA-mediated deprotection of side-chain protecting groups of sensitive amino acids, 
which results in numerous side reactions. One of the most commonly utilized scavenger in the 
Fmoc SPPS is triisopropylsilane (TIS), which reduces the produced carbocations to alkanes. 
Carbocations, generated from the acidolytic release of the peptide from the solid support, are 
good electrophiles and thus capable to react with nucleophilic side-chain. The stability of these 
carbocations is dependent both on steric and conjugative effects. To trap these reactive species, 
and prevent their side reactions with nucleophilic residues, such as Cys and Trp, appropriate 
nucleophilic bases, termed carbocation scavengers are used in the cleavage mixture.  

Results and discussion Herein, we explored the scavenging capacity of DMB in S-Trt and S-
MmtCys-containing peptide models, and established a strategy to synthesize selectively cysteine 
S-protected peptides independently of the location of cysteine in the peptide sequence or the 
used polymeric resin support. The results of table 1 where monitored through LC-MS/MS. 
Firstly, we explored the carbocation scavenging properties of1,3dimethoxybenzene (DMB) in 
the absence of cysteine (entries 1,2). DMB is an efficient scavenging agent that is able to block 
the effect of most carbocations resulted during the final acidic cleavage step. Secondly, we 
monitored the carbocation scavenging capacity of DMB in the presence of cysteine, where 
cysteine was introduced at the N-terminus of the peptide (entries 3,4). The conclusion was that 
in the DMB cleavage condition (TFA/DMB 95/5 v/v), the Trt group either remains coupled or it 
recaptured by cysteine. Thirdly, we synthesized a peptide where cysteine has different location 
in every sequence (entries 5,6,7,8), and we concluded that DMB is a mild reagent that leaves S-
Trt protecting groups in cysteine-containing peptides independent of the cysteine location in the 
peptide sequence or the used polymeric support.  
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Table 1. S-Trt or S-Mmt-protected peptide formation is depended on cleavage mixture 
conditions. 

We next synthesized S-Mmtcysteine-containing peptide models, to monitor if DMB can leave 
unaltered the Mmtcysteine-protecting group (entries 9,10). The LC-MS analysis in the DMB 
mediated cleavage showed that the major product exhibited an increased mass by 272.2 amu, 
with respect to the target peptide, indicating the presence of S-Mmt on the cysteine-containing 
peptide. Finally, we explored the mechanism of DMB in peptides models containing both 
cysteine-Trt and cysteine-Mmt protecting group retention (entries 11,12). The cysteine closer to 
the N-terminus was S-Mmt protected, and the cysteinecloser to the C-terminus was S-Trt 
protected. LC-MS/MS analysis of Ac-Cys-Gly-Arg-Cys-Ala-OH peptide illustrated thatTrt and 
Mmt are cleaved under the TFA cleavage conditions, though DMB is a less effective scavenger 
for Trt and Mmt with respect to the thiol group of cysteine. Thus, the resulted Trt and 
Mmtcarbocations existing in the solution are recaptured by cysteine. 
Conclusions Herein, we established a protocol for the selective synthesis of cysteine-only S-Trt 
and/or S-Mmt protected cysteine-containing peptides. We illustrated that cysteine-protecting 
groups (Trt, Mmt), although are cleaved under the TFA cleavage conditions, the resulted 
carbocations are trapped back to cysteine, since DMB is a less effective Trt or Mmtcation 
scavenger than cysteine.  
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Entry Peptide analogues Cleavage mixture (3h) 
Trt/Mmt 
Relative 
product 

1 
His(Trt)-Asn(Trt)-Asn(Trt)-Pro-Leu-Tyr(tBu)-Lys(Boc)-

Glu(OtBu)-Ala-Rink Amide 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

2 
His(Trt)-Asn(Trt)-Asn(Trt)-Pro-Leu-Tyr(tBu)-Lys(Boc)-

Glu(OtBu)-Ala-Rink Amide 
95%TFA, 5%DMB - 

3 
Cys(Trt)-His(Trt)-Asn(Trt)-Asn(Trt)-Pro-Leu-Tyr(tBu)-

Lys(Boc)-Glu(OtBu)-Ala-Rink Amide 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

4 
Cys(Trt)-His(Trt)-Asn(Trt)-Asn(Trt)-Pro-Leu-Tyr(tBu)-

Lys(Boc)-Glu(OtBu)-Ala-Rink Amide 
95%TFA, 5%DMB + 

5 Ac-Ala-Arg(Pbf)-Cys(Trt)-Wang 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

6 Ac-Ala-Arg(Pbf)-Cys(Trt)-Wang 95%TFA, 5%DMB + 

7 Ac-Cys(Trt)-Arg(Pbf)-Ala-Wang 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

8 Ac-Cys(Trt)-Arg(Pbf)-Ala-Wang 95%TFA, 5%DMB + 

9 Ac-Cys(Mmt)-Arg(Pbf)-Ala-Wang 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

10 Ac-Cys(Mmt)-Arg(Pbf)-Ala-Wang 95%TFA, 5%DMB + 

11 Ac-Cys(Mmt)-Gly-Arg(Pbf)-Cys(Trt)-Ala-Wang 
94%TFA, 2.5%EDT, 

2.5%H2O, 1%TIS 
- 

12 Ac-Cys(Mmt)-Gly-Arg(Pbf)-Cys(Trt)-Ala-Wang 95%TFA, 5%DMB + 
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Introduction 
 β-Amino esters are group of compounds which are valuable precursors for synthesis of 
many bioactive molecules. For example, β-peptoid chimeras with anti-microbial activity have 
been reported. In addition β-amino esters are monomers in the synthesis of efficient gene 
delivery vectors [1]. Typically they are obtained in high yields via Mannich reactions, N-
alkylation of amines with β-haloesters, aza-Michael addition using organic and inorganic 
catalysts. 
 Recently, it has been reported that some lipases can catalyze carbon-carbon and 
carbon-heteroatom bond formations [2]. Their activities as biocatalysts in such untypical for 
them synthetic reactions reveal their new attractive application with potential beneficial impact 
on the environment.  
 In this research we study the efficiency of two bacterial lipases to catalyze the addition 
reaction between primary alkyl amines and butyl acrylate. 
 
Results and Discussion 

In this study we applied lipases from Rhizomucor miehei and Candida antarctica B as 
catalysts for the tested reaction. The lipase from Rhizomucor miehei has a crevice-like binding 
pocket located near the surface, while that of Candida antarctica B is narrow funnel-like [3]. 
The differences in the shape of their acyl binding subsides suggest that the enzymes may 
possess different specificity or/and activity in the reaction of interest. The general formulas of 

the obtained products are shown on the 
Scheme 1. The type of the synthesized 
product did not depend on the chain 
length of the amine. However, a strong 
dependence of the polarity and the 
hydrophobicity of the reaction media on 

the selectivity of the two enzymes was observed for the studied reaction (Table 1). Rhizomucor 

miehei lipase exhibited high selectivity in hexane and only anti-Markovnikov addition products 
(1, 2) were observed. The two products were synthesized simultaneously. In contrast, C. 

antarctica B lipase exhibited highest selectivity in toluene. In this solvent only aminolysis 
product (3) was isolated. We observed a complete conversion of the substrates for 24 h in 
toluene and in hexane for C. antactica B lipase and Rhizomucor miehei lipase, respectively. In 
other solvents reaction preceded with low rate and the conversion was independent on the molar 
ratio of the substrates. 

RHN O

O

1

RN

O

O

O

O 2

O

NHR
3

Scheme 1. Main products obtained in the lipase-catalyzed reaction betweenprimary
amines and butyl acrylate.

R = butyl-, octyl-, dodecyl-, hexadecyl-
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Table 1. Effect of the reaction media on the selectivity of lipases from Rh. miehei and C. antarctica B  

in the studied reaction. 

Reaction conditions: 0.1 mmol butyl acrylate, 0.1 mmol dodecylamine, 8U lipase, 1 mL solvent, 55°C, 

72h.# New unidentified yet product was observed on the TLC plate (Rf = 0.71; CHCl3:CH3OH, 9:1, v/v). 

 

 

 Tetrahydrofuran was not suitable reaction mixture for the studied reactions due to low 
selectivity and activity of the both enzymes.  

 All synthesized products were isolated, purified by column chromatography and 
analyzed by means of 1H-NMR and FTIR spectroscopy, and their characteristics were compared 
with the literature data. 

 Here, we propose an environmentally friendly and a highly selective approach for β-
amino esters but still an optimization is required. Ongoing research with other bacterial lipases 
and other amines including aromatic amines are expected to increase the economic potential of 
the process.  
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Solvent Reaction products obtained with the corresponding biocatalyst 
Candida antarctica B lipase Rizomucor miehei lipase 

(1) (2) (3) (1) (2) (3) 
n-Hexane - + + + + - 
Toluene - - + - + + 

Tetrahydrofuran# - traces - - traces - 
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Introduction 

Halotryptophans play an important role as building blocks for the generation of modified 
peptides and in natural product total synthesis and precursor directed biosynthesis as well as 
being useful tools for structural biology. A series of synthetic routes exist but these are generally 
multistep, low yielding and generate the halotryptophans as a racemate. Here we outline an 
improved procedure for the synthesis of halogenated tryptophan analogues, including L-7-
iodotryptophan, via a one-pot biotransformation,1 through adaptation and improvement of an 
earlier procedure.2 The biotransformation utilizes an easy to prepare bacterial cell lysate that 
may be stored as the lyophilizate for several months and utilized as a catalyst when required. 
The cell lysate is able to transform indole analogues to their respective enantiopure L-tryptophan 
derivatives, in a buffered aqueous solution. This methodology enables, for the first time, 
synthesis of L-7-iodotryptophan using tryptophan synthase and significantly improves the yields 
of other 7-halogenated tryptophans. It was shown that changing the protein expression host 
altered the substrate flexibility, allowing 7-iodotryptophan to be obtained in yields of up to 58%.  
 
Results and Discussion  

Tryptophan synthase is overexpressed in a bacterial cell host (Escherichia coli transformed 
with the commercially available plasmid pSTB7 (ATCC® 37845™), which contains the genes 
for both tryptophan synthase subunits (α and β) and ampicillin resistance as a selectable 
marker). In nature, the α subunit of the enzyme converts indole-3-glycerol-phosphate to indole, 
while the β subunit converts indole and L-serine to the corresponding L-tryptophan.3 In our 
biotransformation protocol1,2 the α subunit is bypassed by exogenous addition of haloindole; the 
β subunit is not functional without the α subunit and the enzyme is naturally found as a 
tetrameric αββα complex.3a A narrow tunnel of 25Å interconnects both subunits. Previous 
research3 has enabled the synthesis of various halotryptophans with moderate to good yields for 
the 5- and 6-substituted tryptophan analogues, while the 4- and 7-position were much less 
accessible (e.g. 7-bromotryptophan in 3% yield and not even trace quantities of 7-
iodotryptophan). 
In this study, halogenated tryptophans were 
prepared using a modified procedure for the 
preparation of the biocatalyst. The cell 
lysate, containing tryptophan synthase and 
the required cofactor, pyridoxal phosphate 
(PLP), is able to catalyze the β-replacement 
reaction between the indole analogue and L-
serine to yield enantiomerically pure L-
tryptophan derivatives (Fig. 1). As in earlier 
work by the Goss group,2 the cell lysate is 
contained in dialysis tubing and added to a Fig. 1: Synthesis of halotryptophans 
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buffered aqueous solution containing the indole analogue and serine. The tryptophan derivatives 
are obtained as the hydrochloride salts after purification on reverse phase C18 silica and 
lyophilisation under slightly acidic conditions. 

The altered procedure employs a cell lysate from E. coli strain BL21-(DE3), rather than 
CB149 as was previously used.1 Gratifyingly, the biotransformation with this lysate enabled the 
preparation of good quantities of L-7-iodotryptophan in over 50% yield and dramatically 
improved yields for the other 7-halotryptophans. Moreover, the yield can be elevated to 73% by 
recycling the indole through recovery by organic extraction after the biotransformation. This 
environmentally benign enzyme catalysis has thus allowed straightforward access to a wide 
array of substituted tryptophan analogues (for structures and respective yields, see Fig. 2). In 
addition to their intrinsic potential (e.g. their value as fluorescent probes, use in SAR-studies, 
etc), the derivatisation of brominated or chlorinated Trps by transition metal-catalyzed reactions 
allows the preparation of novel and diverse building blocks. The incorporation of a carbon-
iodine bond is particularly attractive due to its increased reactivity in Pd-catalyzed reactions. 

 

 
 

 

Analysis of the lysates (obtained from two different E.coli hosts CB149 and BL21) has shown 
an elevated concentration of tryptophan synthase along with increased activity, as measured by 
the Bradford and DMAB assays. The lysate activity could be further improved by using an 
alternate buffer (with KH2PO4 instead of Tris-HCl, for details see Smith D. et al1). Surprisingly 
the yield of L-7-iodotryptophan was slightly diminished with this new buffer, indicating that 
protein concentrations and activities were not correlated with experimental yields. Sequencing 
at genetic and protein levels demonstrated that no advantageous mutation had occurred. Further 
investigation into subtle changes in protein folding, likely to be the cause of the altered substrate 
specificity, is non-trivial and beyond the scope of this study which aimed at presenting an 
increased accessibility of halogenated tryptophan analogues. Hence, this modified procedure for 
the preparation of the cell lysate containing tryptophan synthase has improved yields of various 
L-halotryptophans and allowed access to workable quantities of L-7-halotryptophans (with yields 
of >50%). L-7-Iodotryptophan has become accessible using this simple, scalable, one-pot 
biotransformation for the first time. This biotransformation protocol provides a convenient 
means of accessing an expanded range of enantiopure L-halotryptophans from commercially 
available or readily accessible starting materials. 
Acknowledgments 
We gratefully acknowledge financial support by the European Commission (Seventh Framework Program, 
Collaborative project “BlueGenics”, Grant No. 311848 to R.J.M.G.). The University of St. Andrews is 
thanked for stipendiary support of D.R.M.S. and D.S.G.. Syngenta is thanked for stipendiary support of 
D.S.G.. The IWT Flanders and Janssen Pharmaceutica are thanked for providing financial support of T.W., 
and the VUB NSE doctoral school, for covering the travelling expenses of T.W.. We thank the EPSRC 
National Mass Spectrometry Service Centre (Swansea) for the recording of mass spectra. 
References 
1. Smith. D. R. M., Willemse T., Gkotsi D., Schepens W., Maes B. U. W., Ballet S., Goss R. J. M., Org. 

Lett., 2014, 16 (10), 2622–2625 
2. Goss, R. J. M.; Newill, P. L. A. Chem. Commun., 2006, 47, 4924  
3. a) Miles, E. W. Chem. Rec. 2001, 1, 140, b) Phillips, R. S. Tetrahedron: Asymmetry, 2004, 15, 

2787−2792 
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Introduction 
The date palm Phoenix dactylifera (L.) is grown for millennia in the Middle East and is cultured 
all over the world in favorable climates. Saudi Arabia is among the largest producers of date 
fruits that are of enormous commercial value. Moreover, the fruits are of highest socio-
economic acceptance in the whole Arab world and considered as health food. An abundance of 
literature is available on the occurrence of proteinogenic and essential amino acids in date fruits 
[1]. Reports on non-proteinogenic and minor amino acids, however, are scarce despite possible 
nutritional relevance. Therefore, we analyzed various cultivars of date fruits such as Ajwa, 
Sukkari, Segae, and Khalas with emphasis on special amino compounds. 
 
Results and Discussion 
We analyzed twelve representative and named cultivars of date fruits from Saudi Arabian retail 
markets. Cleaned and pitted dates were cut in pieces and freeze-dried. Aliquots were totally 
hydrolyzed (6 M HCl, 110 °C, 24 h) and, after evaporation to dryness, dissolved in pH 2.2 
lithium acetate buffer. Samples were analyzed by a Model LC 3000 amino acid analyzer 
(Eppendorf-Biotronik) run in the high-resolution physiological mode based on ion-exchange 
chromatography (IEC) using step gradients of lithium acetate buffers. Post-column ninhydrin 
derivatization was used and the colored products formed in the reaction device by heating  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 IEC of a hydrolysate of the date fruit cultivar ‘Ajwa Al Medhina’; arrows indicate special 
amino compounds; note that the large peak eluting at 6.93 min is not taurine!  
Table 1. Quantitites of amino acids (g/kg dry matter) determined in total hydrolysates of twelve 
date fruit cultivars. a 
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 Range  Range  Range 

Asp 1.29 – 2.80 (Cys)2 0.11 – 0.45 ß-Aib ND – 0.02 

Hyp 0.13 – 0.23 Pip 0.04 – 0.14 GABA 0.54 – 1.23 

Thr 0.59 – 0.81 Met 0.03 – 0.23 His 0.36 – 0.54 

Ser 0.48 – 0.74 aIle ND – 0.01 Hyl 0.02 – 0.06 

Glu 1.76 – 3.79 Acc* 1.34 – 2.61 Orn 0.01 – 0.07 

Pip(OH) 1.40 – 4.02 Ile 0.55 – 0.80 Lys 0.75 – 1.14 

Pro  1.04 – 1.98 Leu 0.89 – 1.32 NH3 0.15 – 0.48 

Gly 0.75 – 1.16 Tyr 0.22 -  0.51 Eta 0.04 – 0.16 

Ala 0.89 – 1.38 Phe 0.62 -  0.87 Arg 0.45 – 1.23  

Val 0.66 – 0.95 ß-Ala 0.01 – 0.05   

      
a Range refers to lowest and largest amounts; ND, below detection limit; Acc* 
tentative assignment; for abbreviations see text 

 
at 145 °C were detected by their absorbance at 570 nm (440 nm for Pro). Assignments of amino 
compounds and quantitation were achieved by comparison with physiological amino acid 
standards. A representative chromatogram of the famous date fruit cultivar ‘Ajwa Al Madinha’ 
is presented in Fig. 1. 
Besides common proteinogenic amino acids, the following  amino acids were detected in all 
date hydrolysates: (2S,5R)-5-hydroxypipecolic acid (Pip(OH), γ-amino-n-butyric acid (GABA), 
hydroxyproline (Hyp), L-pipecolic acid (Pip), 2-aminoethanol (Eta) as well as low or trace 
amounts of L-ornithine (Orn), 5-hydroxylysine (Hyl), and ß-alanine (ß-Ala). In some samples 
(S)-ß-aminoisobutyric acid (ß-Aib) and allo-L-isoleucine (aIle) could be found. Presence of 1-
aminocyclopropane-1-carboxylic acid (Acc), providing only 3% of the color yield of Ile, has to 
be further confirmed. 
The stereochemistry of all chiral amino acids was determined by total hydrolysis using 
DCl/D2O and esterification with EtOD, followed by GC-MS determination of enantiomers on 
Chirasil-L-Val or Lipodex E capillary columns [2,3,4]. 
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Introduction 
Amantadine is a drug both as an antiviral and an antiparkinsonian drug. 
It is the organic compound 1-adamantylamine or 1-aminoadamantane, meaning it consists of an 
adamantane backbone that has an amino group substituted at one of the four methine positions. 
Rimantadine is a closely related derivative of adamantane with similar biological properties. 
In order to improve the efficacy of amantadine and rimantadine we synthesized, studied the 
antiviral activity and the chemical stability of their analogues with amino acid arginine. 
 
Results and Discussion 
Chemistry 
A mixture of rimantadine or amantadine and DIPEA in DMF was stirred for 1h at 0°C under 
nitrogen atmosphere. A solution of Boc-Arg(Pbf)-OH and PyClock was added to the reaction 
mixture and stirred for 24 h. Then DMF was evaporated in vacuo and the residue was 
chromatographed on silica gel, using dichloromethane:methanol/10:0.5. The resulting white 
solid, Rimantadine-Boc-Arg(Pbf)-OH and Amantadine-Boc-Arg(Pbf)-OH and phenol were 
dissolved in TFA, CH2Cl2, TIPS at 0ºC for 1h to remove the Boc group (Sheme 1.). 

 
 
 
 
 
     
 
 
 
 
 
 

 
 
Sheme 1. 

 
Antiviral activity  
Cells: MDCK 
Cytotoxicity assay for determination of the 50 % cytotoxic concentrations (CC50) of test 
compounds in MDCK (Madin Darby canine kidney cell monolayers  (Schmidtke et al. J Virol 
Meth 2001, 95:133-43)(Table1.).  
 
Table 1. Cytotoxicity of the substances  in MDCK cells 

Compound CC50 (µM/ml) 
1 551.78 
2 >1000 

 
 
 

NH
2

NH
2

NH-Arg

NH-Arg

Boc-Arg(Pbf)-OH/PyClock

TFA/CH2CI2

amantadine

rimantadine

arginyl-amantadine
           (1)

arginyl-rimantadine 
             (2)
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    Table 2.  Anty-influenza activity in MDCK cells 

 

Compound 

Percent of protection at a concentration: 

 
1000 µM/mL 

 
320 µM/mL 

 
100 µM/mL 

 
32 µM/mL 

1 - 42.8 56.44 46.29 
2 30.71 24.15 12.58 3.92 

Virus: Influenza A/H3N2 strain Aichi 
Viral suspension is from the collection of the section "Virology" of the "Stefan Angelov" 
Institute of Microbiology, Bulgarian Academy of Sciences. The virus is cultured in a 
maintenance environment DMEM (Dulbecco's Modified Eagles's Medium) (Gibco BRL, USA) 
with 0.5% fetal veal serum, 10 mM HEPES (Merk, Germany) and antibiotics (penicillin 100 
UI/mL and streptomycin 100 µg/mL) at 37º C in the presence of 5% CO2. After seeding in 
microtitre plates, MDCK cells were incubated at 5 % CO2, 37 °C and 95 % humidity for 48 h. 
Thereafter, the cell culture medium was aspirated and serially diluted compound concentrations 
in fresh cell culture medium were added (100 µl/well; 2 parallels/concentration, dilution factor 
2). Six untreated wells were used as cell control (negative control). 72 h after compound 
addition and incubation cell were stained with a crystal violet/methanol solution. After 
dissolving away the stain, the optical density (OD) of individual wells was determined in a 
Dynatech microplate Photometer (550 /630 nm) and compared with the mean optical density of 
the 6 cell controls (Table 2.).  
The results of the antiviral activity showed that the analogues of amantadine (1) indicates 
borderline activity. Rimantadine-arginine (2) did not show activity. 
Chemical stability 
The chemical stability of the amantadine-arginine was examined at 37°C at pH=1.0 (0.1M HCl) 
and pH=7.4 (phosphate buffer). 
       It was established that under the described experimental conditions some esters undergo 
decomposition by hydrolysis. The hydrolysis followed an apparent firs order kinetics, and the 
rate constant (K) were obtained as slopes from the semilogarithmic plots of the unchanged ester 
concentration versus time. The chemical stability was assessed by means of the decomposition 

half-times (t1/2=ln 2/K) which values are shown in Table 3.  
The tested compounds are more stable – 9.3h-23.1h in solution with pH=7.4 than the solution 
with pH=1.0 with 2.6h-4.2h half life. 
Table 3. Half-lives (h) of compounds at 37°C 

Compound pH = 1.0 pH = 7.4 

1 4,2 h 23,1 h 
2 2,6 h 9.3 h 
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Introduction 
The molecular target of the aminoadamantane drugs, amantadine and rimantadine (the only 
members of the family approved for prophylactic use) is the influenza A M2 H+ channel [1]. It 
is therefore of no surprise, that M2 has been the focus of considerable attention. Over the past 
decades however, mutations have enabled the virus to develop resistance to amino-adamantyls 
in over 90% of current influenza A strains [2]. Studies have shown that the modification of 
biologically active substances with amino acids leads to improvement of their properties. In the 
present work we report a series of new aminoadamantyl analogues with the unnatural amino 
acid 4-F-phenylalanine(R,S). They were evaluated against influenza A virus and one of them 
inhibited the cytopathicity at a concentration similar to that of amantadine. 
 
Results and Discussion 
A mixture of amantadine (1) and DCC in DMF was stirred for 1h at 0°C under nitrogen 
atmosphere. A solution of Boc-(4-F)-Phe-OH (R,S) (1a-b) and 4-N, N-(dimethylamino)-
pyridine (DMAP) was added to the reaction mixture and stirred for 24 h. Then DMF was 
evaporated in vacuo and the residue was chromatographed on silica gel, using hexane:ethyl 
acetate/ 2:7. The resulting white solid, Amantadine-(4-F)-Phe-(R) (2a) and Amantadine-(4-F)-
Phe-(S) (2b) were dissolved in 20 ml of TFA and stirred at 0ºC for 1h to remove the Boc group 
(Sheme 1). The 1H and 13C-NMR (Bruker Avance DRX-500, 500MHZ, d-CHCI3), mass-spectra 
(Finnigan MAT 95 and Finnigan MAT 8200) were consistent with desired structure. 
Biological Activity 

Cells: MDCK 
Cytotoxicity assay for determination of the 50 % cytotoxic concentrations (CC50) of test 
compounds in MDCK (Madin Darby canine kidney cell monolayers (Schmidtke et al. J Virol 
Meth 2001, 95:133-43) (Table 1.).  
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Sheme 1. Synthesis of new amantadine analogues with 4-F-phenylalanine (R, S) 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

105 

 

Table 1. Cytotoxicity of the substances  in MDCK cells 
 

 
 
 
 
 
 

Viral suspension is from the collection of the section "Virology" of the "Stefan Angelov" 
Institute of Microbiology,  Bulgarian Academy of Sciences. The virus is cultured in a 
maintenance environment DMEM (Dulbecco's Modified Eagles's Medium) (Gibco BRL, USA) 
with 0.5% fetal veal serum, 10 mM HEPES (Merk, Germany) and antibiotics (penicillin 100 UI 
/ mL and streptomycin 100 µg / mL) at 37 º C in the presence of 5% CO2.  

After seeding in microtitre plates, MDCK cells were incubated at 5 % CO2, 37 °C and 95 
% humidity for 48 h. Thereafter, the cell culture medium was aspirated and serially diluted 
compound concentrations in fresh cell culture medium were added (100 µl/well; 2 
parallels/concentration, dilution factor 2). Six untreated wells were used as cell control (negative 
control). 72 h after compound addition and incubation cell were stained with a crystal 
violet/methanol solution. After dissolving away the stain, the optical density (OD) of individual 
wells was determined in a Dynatech microplate Photometer (550 /630 nm) and compared with 
the mean optical density of the 6 cell controls (Table 2). 

Novel analogues of amantadine with unnatural amino acids 4-F-phenylalanine (R, S) have been 
synthesized and their activity against the influenza virus A (H3N2) have been explored. The 
results of our investigations showed markedly activity of Amantadine-(4-F)-Phe-OH (S). 
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Compound CC50(µM/ml) 

         S      551.78 

         R      >1000 

Table 2. Anti-influenza activity in MDCK cells 

      Compound 
 
        1000  
      µM/mL 

Percent of protection at a concentration: 

 
     320 µM/mL   100 µM/mL 
 

 
         32 µM/mL 
 

S       -       
    42.8                    56.44 

    
            46.29 

   
R   30.71            24.15                  12.58        3.92 
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Introduction 
The Influenza Matrix 2 (M2) protein is the target of Amantadine and Rimantadine (Figure 1) 
which block its H+ channel activity. However, the potential of these aminoadamantanes to serve 
as anti-flu agents is marred by the rapid resistance that the virus develops against them [1]. This 
fact makes influenza a very dangerous pathogen able to cause pandemics with a high rate of 

mortality. Moreover, in 2009 a new pandemic influenza 
virus appeared and on November 2009 more than 206 
countries have reported laboratory confirmed cases of 
pandemic influenza H1N1 2009, including over 6250 
deaths. Currently, two classes of antiviral drugs have 
been approved for the prevention and treatment of 
influenza infection - the M2 channel inhibitors 
(aminoadamantanes- amantadine and rimantadine) and 
the neuraminidase inhibitors (NAIs- oseltamivir and 
zanamivir) Worldwide, virtually all 2009 H1N1 and 
seasonal H3N2 strains are resistant to the adamantanes 
(rimantadine and amantadine), and the majority of 
seasonal H1N1 strains are resistant to oseltamivir, the 

most widely prescribed neuraminidase inhibitor (NAI) [2]. To address the need for more 
effective therapy, we have synthesized and evaluated the in vitro activity of new analogues of 
amantadine and rimantadine with amino acid cysteine investigated their antiviral activity against 
drug resistant seasonal and 2009 H1N1 influenza viruses. 
Results and Discussion 
A mixture of rimantadine (R1) or amantadine (R2) and DCC in THF was stirred for 1h at 0°C 
under nitrogen atmosphere. A solution of Fmoc-Cys(Acm)-OH and 4-N, N-(dimethylamino)-
pyridine (DMAP) was added to the reaction mixture and stirred for 24 h. Then THF was 
evaporated in vacuo and the residue was chromatographed on silica gel, using 
dichloromethane:methanol / 10:0.5 (Sheme 1). The resulting white solid, Rimantadine-
Cys(Acm) (1) and Amantadine-Cys(Acm) (2) were dissolved in DMF/piperidine and stirred at  
0ºC for 1h to remove the Fmoc group (Sheme 1). The 1H and 13C-NMR (Bruker Avance DRX-
500, 500MHZ, d-CHCI3), mass-spectra (Finnigan MAT 95 and Finnigan MAT 8200) were 
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Sheme 1. Synthesis of new aminoadamantane analogues with Fmoc-Cys(Acm)-OH 
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consistent with desired structure. 

Biological Activity 

Antiviral activity against influenza virus A(H1N1) 

Determination of Cytotoxicity 

The maximal tolerated concentration (MTC) is determined as that concentration at which no 
visible changes in the cell monolayer are observed. The 50% cytotoxic concentration (CC50) is 
calculated in comparison to the cell control by applying the regression analysis with the help of 
Origin 6.1 computer program. 

Antiviral Activity Testing 

The cytopathic effect (CPE) inhibition test is used for measuring the antiviral effect. 

 Novel analogues of amantadine and rimantadine with Cys(Acm)-OH  have been 
synthesized  and their activity  against the influenza virus A (H1N1) have been explored. The 
studied compounds showed no effect against influenza virus A (H1N1). 
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Table 1. Effect of compounds (1) and (2) on replication of  influenza virus A(H1N1) in MDCK cells 

Compound 

tested                   

      

                   CC50
a
 µM/L                           IC50

b
 µM/L                    SI

c
 

 

 1 

  

 2 

                  613.9                               without effect           without effect 

 

                  528.98                             without effect           without effect 

a 50% cytotoxicity concentration; b 50% inhibitory concentration; c Selectivity index (CC50/ IC50). 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

108 

 

Evidence for an unprecedented intramolecular N-Boc → N-t-Bu 
migration in Fmoc SPPS 

Jan Pawlas1* and Ulrika Törnvall1 
 1PolyPeptide Laboratories AB, Limhamnsvägen 108, PO BOX 30089, 20061 Limhamn, 

Sweden,∗jap@polypeptide.com 

Introduction 
The intermolecular migration of t-Bu cations from side chain protecting groups (PG) to electron 
rich amino acid (AA) residues is a common side reaction which hampers Fmoc SPPS. To 
suppress this deleterious process which can give difficult-to-remove +56 Da t-Bu−peptide 
adducts, various cleavage protocols were developed.[1] 
Results and Discussion 
During the course of a > 30 AA peptide API process development involving Fmoc SPPS, we 
have encountered a closely eluting +56 Da impurity that severely impaired the downstream 
processing efficiency. We found that the content of this by-product in the crude peptide after the 
cleavage/global deprotection was not affected by i) which acid or scavengers were used in the 
peptide resin cleavage ii) temperature, reaction time and concentration of the cleavage iii) 
adding MTBE as a source of t-Bu+ to the peptide resin cleavage iv) replacing t-Bu side chain 
PGs with Trt moieties on all S and T residues. Further, MSMS assessment of this +56 Da 
impurity indicated that the t-Bu group was situated on one of the K residues in the peptide. As 
the outcome of the experiments i) - iv) was not in keeping with an intermolecular t-Bu+ to K 
side chain migration,[2] we reasoned that an intramolecular K-Boc → K-t-Bu rearrangement 
had been at play.  

To test this hypothesis we carried out two TFA cleavages of Fmoc-K(Boc)-OH: one using 
neat TFA and the other employing TFA/scavengers. We assessed the resulting Fmoc-K-OH 
crudes by HPLC and EIC LC-HRMS and found that both materials contained the same t-

Bu−Fmoc-K-OH impurity (M+H 425.24). The content of this by-product was not suppressed by 
scavengers in the cleavage and MSMS analysis of this +56 Da peak revealed that the t-Bu group 
was attached to the K side chain. In fact, a sample of a commercially available Fmoc-K-OH 
contained a comparable amount of this impurity as well. Moreover, the crude Fmoc-K-OH from 
the neat TFA cleavage contained additional t-Bu adducts (with t-Bu situated on the Fmoc group 
per MS analyses), which were essentially absent in the crude from the TFA/scavengers 
cleavage.  

To examine how this ε K-Boc→K-t-Bu migration proceeds on solid support,[3] we prepared 
a series of model Fmoc-K5 peptide resins in which either Boc or Trt were used as PGs (Scheme 
1).  

 
Scheme 1. SPPS of six Fmoc-K(PG)5 resins.  
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These peptide resins were then TFA/TIS/DTT/H2O (92.5:2.5:2.5:2.5) cleaved and the 
resulting Fmoc-K5-NH2 crudes were analyzed by HPLC & LC-HRMS. Specifically, we looked 
for t-Bu−Fmoc-K5-NH2  by-products (M+H 936.64) by EIC MS and we then determined the 
positions of the t-Bu groups in these t-Bu−5-mers by MSMS (Fig. 1).  

Thus, the EIC MS analysis of the crude Fmoc-K5-NH2 stemming from the Fmoc-K(Boc)5  

resin cleavage revealed the presence of five t-Bu adducts, one for each K residue of the 5-mer. 
On the other hand, all 
5-mer cleavage 
products from resins 
in which the Boc was 
replaced with the Trt 
function exhibited 
only four t-

Bu−Fmoc-K5-NH2 
by-products.  

Importantly, all 
Fmoc-K5-NH2 crudes  
for which K(Boc) 
was replaced with 

Fig. 1. t-Bu−Fmoc-K5-NH2 EIC MS overlay for six Fmoc-K5-NH2 crudes.     K(Trt) in the synthesis 
coincided with the absence of the t-Bu−Fmoc-K5-NH2 adduct at that particular K position in the 
crude, thereby providing evidence for the intramolecular mode of formation of these +56 Da 
impurities. It is worth noting that the C-terminal, K5 t-Bu adduct was appreciably larger than its 
K4 – K1 counterparts. Finally, having determined the cause of the +56 Da adduct formation in 
the > 30 AA peptide (vide supra) being an intramolecular K-Boc→K-t-Bu migration, we 
modified the synthesis of this molecule by replacing pertinent K(Boc) with K(Trt) which 
eliminated this cumbersome impurity completely.[4]   

In summary we have shown that during acidic cleavages of K(Boc) containing peptide resins 
intramolecular ε-Boc→Bu migrations occur. The extent of this side reaction seems to depend on 
the K position in the peptide, rather than on the conditions of the cleavage. [5]  We propose a 
simple assay to determine which + 56 Da impurities in synthetic peptides are formed by this 
intramolecular rearrangement: a peptide resin cleavage is carried out in TFA + ∼ 20% v/v 
MTBE; if the content of a +56 Da peptide−t-Bu adduct is not increased compared to the 
corresponding non-MTBE TFA cleavage, the adduct is formed by an intramolecular 
rearrangement. Replacing the side chain Boc group by another PG constitutes a suitable strategy 
to eradicate this class of impurities.  
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Introduction 
Guanidinylation, in peptide chemistry, is an important method for obtaining of peptidomimetics, 
related to transformation of the amino group in the side chain of a basic amino acid into the 
guanidino group. The reaction can be performed both in solution or on the polymeric support. 
This work presents the results of the use of microwave irradiation (MW) [1] to the 
gunidinylation of peptide chain on a polymeric support using derivatives of thiourea, S-
alkiloisothioureas, pyrazole-carboxamidine and guanidine as guanidynylating reagents. 
Results and Discussion 
The general procedure employed in studies: 
1. Guanidinylation of the model peptide with the side chain amino group on a solid support with 
or without microwave irridation (Fig.1). The following peptides were used for these 
investigations: (1)Boc-Leu-Pro-Pro-Dap-Gly-Pam resin, (2)Boc-Leu-Pro-Pro-Lys-Gly-Pam 
resin, (3) Boc-Lys-Pro-Pro-Leu-Wang resin, (4) Boc-Dap-Pro-Pro-Leu-Wang resin (Dap= L-
2,3-diaminopropionic acid). The peptides were synthesized on Wang or Pam resin using 
standard Fmoc or Boc solid-phase peptide synthesis, respectively. TBTU or DIC were used as 
the coupling reagents. As guanidinylating reagents* were applied compounds: (I) S-
methylisothiourea, (II) 3,5-dimethyl-1H-pyrazole-1-carboxyamidine, (III) N,N'-di-Boc-S-
methylisothiourea, (IV) N,N'-di-Boc-S-benzylisothiourea, (V) N,N'-di–Boc-N''-
trifluoromethanesulfonylguanidine, (VI) N,N'-di-Z-S-methylisothiourea, (VII) N,N'-di-Z(2-Cl)-
S-methylisothiourea. Guanidinylation was carried out with a 3-fold excess of the reagent I-VII 
in the presence of DIEA (pH~9), both with and without (at room temperature) microwave 
irradiation. DMF was used as the solvent. The reaction was carried out until the negative result 
of the ninhyrin test (Kaiser test) was observed.  
2. Deprotection and cleavage of the peptide from the resin  
After completion of the guanidinylation, the peptides were cleaved from the resin using HF 
(peptides 1 and 2) or a TFA/TIS/H2O (95:2.5:2.5) mixture (the peptides 3 and 4). 
3. Analysis of the crude product by RP-HPLC and ESI MS 
The results of the analysis of the crude products are shown in Table 1. 
Based on the obtained results, the tested reagents in regards to the MW-assisted guanidinylation 
can be divided into three groups. I and II proved to be poorly reactive compounds. We observed 
the presence of unguanidinylating compounds (40-50 %) in the crude products. The second 
group includes III, IV and V. In the case of these reagents we observed formation of 
amidinourea and ureido-S-methylisothiourea derivatives [2], what indicates that the MW 
irradiation not only accelerates the guanidinylation, but also side reactions. The best results 
were obtained for VI and VII. During the MW-assisted guanidinylation of the Boc-Lys-Pro-
Pro-Leu-Wang resin with these reagents the desired products were obtained more rapidly (6 and 
 

                                    
 

                                        Fig.1 The guanidinylation procedure 
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      Table 1. Guanidinylation of model peptides 1-4 on a polymer resin with reagents I-VII 
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Si
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ct

sb  

I 3 50 °C, 40 W 6 h 11.2  56.0  32.8 

II 
1 60 °C, 20 W 5 h 59.9  25.4  14.7 

2 r.t./ 60 °C, 20 W 10 d/5 h 34.1/ 14.4 22.4/ 49.1 43.5/ 36.5 

III 1 r.t./ 60 °C, 20 W 10 d/5 h 70.6  /5.5 8.7 / not obs. 20.7/ 94.5 

 2 r.t./ 60 °C, 20 W 5 d/3 h 65.6/ 38.5 3.0/  2.3 31.4/ 59.2 

IV 3 r.t./ 50 °C, 40 W 7 d/6 h 38.2/ 16.6 12.1/ 33.6 49.7/ 49.8 

V 

3 r.t./ 50 °C, 40 W 27 h/1 h 63.0/ 8.3 6.4/ 4.8 30.6/ 86.9 

4 r.t./ 50 °C, 40 W 24 h/1 h 63.4/ 25.0 
not obs./  

not obs. 
36.6/ 75.0 

VI 
3 r.t./ 50 °C, 40 W 4 d/6 h 76.7/ 75.2 

not obs./  

not obs. 
23.3/ 24.8 

4 r.t./ 50 °C, 40 W 7 d/6 h 47.4/ 45.5 24.6/ 13 28/41.5 

VII 3 r.t./ 50 °C, 40 W 4 d/3 h 72.3/ 66.9 
not obs./  

not obs. 
27.7/33.1 

   not obs. = not observed; aDetermined by HPLC;  b Sum of the by-products from guanidinylation and the peptide    
synthesis 

3 hours, respectively) in similar yields compared to the guanidinylation under normal conditions 
(without the microwave irradiation) in which four days were needed to accomplish 
guanidinylation. 
We successfully used N,N'-di-Z-S-methylisothiourea to the MW-assisted guanidinylation during 
the synthesis of antiangiogenic peptide A7R analogues. All these results indicate that N,N'-di-Z-
S-methylisothiourea is a very efficient reagent for the MW-assisted guanidinylation. 
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Introduction 
In recent years, microwave-assisted solid-phase peptide synthesis (MW-SPPS) has gained a 
broad interest [1]. When coupling at elevated temperatures, new challenges have to be faced like 
epimerization [2] or the hydrolysis of the activated amino acid residue due to trace amounts of 
water [3]. In first test syntheses with the automated microwave peptide synthesizer SYRO 
WaveTM we found that several amino acids were inserted twice instead of once (so-called 
double acylation). 
 
Results and Discussion 
Double acylation is a known side-reaction in Boc-chemistry, originating from a re-arrangement 
reaction when using symmetrical anhydrides [4]. Here it seems that the Fmoc-group is cleaved 
during the coupling step. This would lead to a free amino group which could be acylated by still 
present activated Fmoc-amino acid derivative during the same coupling or when adding fresh 
reagents for a double-coupling step. The Fmoc-deblocking step cannot be involved at this stage 
as the excess of amino acid derivative is already washed away. 

At first, we tested if the Fmoc-group is cleaved by tertiary bases commonly used for amino 
acid coupling at r.t. or at 60°C. To Fmoc-Leu-OH at a concentration of 0.2 mol/l in DMF was 
added 2 equiv. of the bases N-methylmorpholine (NMM), diisopropylethylamine (DIPEA), 
2,4,6-trimethylpyridine (collidine) in NMP or pure NMP as control. The mixtures were 
incubated at 60°C or at r.t. in a water bath. Aliquots were taken and analyzed by HPLC at 
220 nm. The area% of the generated dibenzofulvene (DBF) are shown in Table 1. 

Surprisingly, the tertiary amines NMM and DIPEA cleave the Fmoc-group to a 
considerable extent over longer periods even at room temperature. This is even more severe at 
60°C where over 10% cleavage occurred within 10 min, which is a typical reaction time for 
coupling under MW conditions. On the contrary, the aromatic base collidine hardly shows more 
cleavage than solvent alone. The capability to cleave Fmoc is not in line with the pKa values: 
NMM (7.4), DIPEA (10.3), collidine (7.5). Obviously, the aromatic character of collidine is 
important. 

Next, we wanted to find out if the Fmoc-group is also cleaved in MW-SPPS using different 

NMM DIPEA collidine DIC / HOBt

A)

B)

Leu-Enk

M+Tyr

M+Leu

Leu-Enk

M+Tyr

M+Leu

M+PheM+Gly

Leu-Enk
Leu-Enk

M+Tyr

M+Leu

M+PheM+Gly

β-amyloid(25-34)

M+Ala

M+Leu/Ile

M+Lys

β-amyloid(25-34)β-amyloid(25-34)

M+Ala

M+Leu/Ile

M+Lys

β-amyloid(25-34)

93%

79% 86% 86% 92%

97% 98% 98%

truncated 

sequence

 

Fig. 1. MW-SPPS of Leu-Enk (A) and β-amyloid(25-34) (B) using different bases for activation. 
Percentages in the top left denote to crude purities of the target peptides. 
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bases for activation. Therefore, we synthesized two peptides at 60°C under MW-conditions with 
the SYRO WaveTM: The easy to synthesize Leu-enkephalin (YGGFL-NH2) and the more 
diffcult β-amyloid(25-34) (GSNKGSIIGL-NH2). Double couplings with TBTU and base or with 
DIC / HOBt gave products with crude purities of the target compound shown in Figure 1. 

Double acylations occurred with NMM and DIPEA (7% and 2%, respectively), with 
collidine only to a minor extent (0.4%). This is in line with the higher tendency to cleave the 
Fmoc-group of NMM or DIPEA. Other side-products were found in the synthesis of β-
amyloid(25-34) with collidine as base which decrease the puritiy of the target compound. No 
doubly introduced amino acids and the highest crude purities were found when activating with 
DIC / HOBt. 

As a more challenging example, we chose to synthesise ubiquitin(33-76). The synthesis of 
ubiquitin at room temperature is described using four special building blocks (2x pseudoproline, 
2x Dmb-dipeptide) in the part 33-76 [5]. We synthesized ubiquitin(33-76)-amide 
(KEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG-NH2) using only the 
Fmoc-Asp(OtBu)-(Dmb)Gly-building block to avoid aspartimide formation at this position. The 
synthesis at r.t. with HATU / NMM activation (2x 30 min) gave a crude product with 48% 
purity in 74 h total synthesis time. Coupling with DIC / HOBt under MW heating to 60°C (2x 
5 min) gave a comparable product with 44% purity in only 38 h. 

Concerning our results, we recommend coupling with DIC / HOBt for the synthesis of 
peptides at elevated temperatures, i.e. for MW-SPPS in order to avoid double acylations. 
Coupling with TBTU / collidine might be used as well, but other side-reactions are possible. 
 
Acknowledgments 
We thank U. Treffer (MultiSynTech) and R. Bruggraber (Biotage) for helpful discussions on the SYRO 
Wave and microwave SPPS in general. 

 

References 
1. Pedersen, S.L., Tofteng, A.P., Malik, L., Jensen, K.J. Chem. Soc. Rev., 44, 1826-1844 (2012). 
2. Palasek, S.A., Cox, Z.J., Collins, J.M. J. Pept. Sci., 13, 143-148 (2007). 
3. Tofteng, A.P., Pedersen, S.L., Staerk, D., Jensen, K.J. Chem. Eur. J., 18, 9024-9031 (2012). 
4. Barany, G., Merrifield, R.B., In Gross, E., Meienhofer, J. (Eds.), The Peptides, Vol. 2, Academic Press, 

New York, 1980, p. 138. 
5. El Oualid, F., Merkx, R., Ekkebus, R., Hameed, D.S., Smit, J.J., de Jong, A., Hilkmann, H., Sixma, 

T.K., Ovaa, H. Angew. Chem. Int. Ed., 49, 10149-10153 (2010). 

 

Table 1. Cleavage of the Fmoc-group by tertiary bases 

Base 
%DBF at 60°C %DBF at r.t. 

10 min 60 min 180 min 1 h 3 h 24 h 

NMM 13 46 75 3 10 43 

DIPEA 12 35 58 2 5 28 

collidine < 1 4 10 < 1 < 1 1 

control < 1 2 6 < 1 < 1 < 1 
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Introduction 
On-resin peptide aggregation leads to failure of standard SPPS of difficult peptides.[1] Several  
approaches were used to prevent on-resin aggregation such as using N-akylated amino acids 
[2], Ser or Thr pseudo-proline dipeptides[3] or isodipeptides[4]. Unfortunately, these methods  
require the use of expensive building blocks and are limited to peptides which have Ser or Thr 
at the aggregation sequences. The current method depends on the automated introduction of 
Hsmb (1) as a backbone removable auxiliary during SPPS. This new method was applied in a 
fully-automated synthesis, giving improved handling, quality and yield of several challenging 
target sequences. 
 
Results and Discussion 
The backbone auxiliary (Hsmb, Figure 1) was incorporated during standard SPPS via two-step 
N-reductive alkylation. The first step is an imine formation facilitated by the reactivity of the 
salicylaladehyde moiety of the Hsmb. The second step is selective reduction of imine to a 
secondary amine with sodium borohydride. Both reactions proceed quantitatively in N, N-
dimethylformamide at room temperature.  
 

 

 
The introduction of backbone protection into the difficult sequences results in a significant 
improvement in yield and quality of aggregation prone peptides. For instance, we added the 
backbone protection during synthesis of the highly conserved epitope of gp41 (Figure 2, 

Fig. 1  Automated N-reductive alkylation with Hsmb.(i) Imine formation; (ii) NaBH4/DMF 
reduction; (iii, iv) FmocAA, room-temperature (HCTU coupling) or microwave assisted SPPS (DIC 

coupling). 
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662ELDKWASLWNWFDITNWLWYIK683). The auxiliary was inserted at Leu679 using the 

automated procedure with tryptophan as the following residue.  
Fig. 2 Synthesis of gp41 MPER peptide. Analytical HPLC traces of crude product 

synthesized using microwave-assisted SPPS (top right), Analytical HPLC traces of crude 
product synthesized using new microwave-assisted automated protocol with backbone 
protecting group inserted at the amino group of Leu679 (top left), Analytical HPLC traces of 
pure product (bottom left)). MALDI-MS of HPLC-purified product (bottom right, calculated 
mass [M+H]+= 2925.5 m/z). Peptide cleavage mixture: TFA/TMSBr/thioanisole/EDT 
(1.0:0.05:0.05:0.025 v/v), 1.0 h. HPLC conditions: RP-C18, 40-60% CH3CN in 0.1% TFA over 
30 min, 1 mL.min-1 

 
This study has demonstrated the suitability of salicylaldehydes for automated introduction 

to solid phase by the inclusion of an imine formation/reduction cycle.[6] 
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Introduction 
Deoxyribozymes (DNAzymes) are a relatively novel class of catalytic molecules (catalytic 
oligodeoxyribonucleotides derived by in vitro selection) [1, 2], that could be applied for the 
practical significant purposes of nucleic acid detection. Deoxyribozyme and aptamer-based 
sensors have received considerable attention owing to their biocompatibility, chemical stability, 
simplicity of structural prediction and modifications, as well as low cost for chemical synthesis 
[3]. Moreover, DNA enzyme-based constructs have the advantage of improved sensitivity due 
to the catalytic signal amplification [4]. The growing importance of sensitive and selective 
determination of nucleic acids is associated with detection of viruses, microorganisms, and 
genetic traits that are not only of clinical significance, but also of environmental, defense, 
veterinary and agricultural importance. Herein, we report on the solution-phase synthesis of a 
matrix heptapeptide: Arg-Ala-Leu-Leu-Lys-Ala-Leu (RALLKAL), applying the conventional 
strategy for peptide synthesis, to prepare the desired template. It is used for the combinatorial 
synthesis of a library of short peptides, including as cofactors in the new selection procedure 
(SELEX strategy) for the deoxyribozyme probe design - to obtain deoxyribozymes that cleave 
the RNA phosphodiester bond with a catalytic rate greater than that of the known 
deoxyrobozymes (Fig.1.) The wide variety of peptide functional groups (as cofactors) will add 
chemical diversity leading to improved catalytic efficiency of DNA molecules, and will provide 
the route for selecting of the highly efficient DNAzymes and aptamers [5]. 
 
Results and Discussion 
The solution-phase synthesis of the matrix heptapeptide: RALLKAL was realized, applying the 
conventional strategy for peptide synthesis and using standard protective groups. Two synthetic 

schemes were realized for the synthesis of this 
matrix peptide (Fig.2). The difference between them 
concludes in the using of different condensation 
agents as well as reagents for deprotection of 
functional groups. Before the application of this 
heptapeptide as a matrix in the combinatorial 
synthesis of the library of short peptides, including 
as cofactors in the new selection procedure (SELEX 
strategy), the final product was deprotected from Z 
and NO2 protecting groups by standard 
hydrogenolysis: (H2/Pd). For the solution phase 
synthesis of RALLKAL, the method of fragment 
condensation was used, as the step by step reaction 
leads to poor yields and undesired byproducts.    

In figure 2, it is obviously described that three 
fragments were prepared previously by a 
condensation reaction: Boc-Ala-Leu-OMe, Boc-Leu-

 

Fig. 1. SELEX strategy for the 
deoxyribozyme probe design. 
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Leu-Lys(Z)-OMe (prepared using step by step reaction), and finally: Z-Arg(NO2)-Ala-OMe or 
Z-Arg(Z)-Ala-OMe. When Z-protective group was used for the protection of a side chain (δ-
guanidino function) functionality of arginine, better yields were distinguished for the 
preparation of Z-Arg(Z)-Ala-OMe. 

The partially deprotected fragments (Boc-Leu-Leu-Lys(Z)-OMe→Boc-Leu-Leu-Lys(Z)-
OH and Boc-Ala-Leu-OMe→H-Ala-Leu-OMe) were condensed to Boc-Leu-Leu-Lys(Z)-Ala-
Leu-OMe, which (after partially deprotection to H-Leu-Leu-Lys(Z)-Ala-Leu-OMe) was 
condensed with partially deprotected Z-Arg(NO2)-Ala-OMe→Z-Arg(NO2)-Ala-OH or Z-
Arg(Z)-Ala-OMe→Z-Arg(NO2)-Ala-OH. The finally prepared product: Z-Arg(NO2 or Z)-Ala-
Leu-Leu-Lys(Z)-Ala-Leu-OMe was isolated and recrystallized to obtain pale white powder. 
Before the SELEX procedure, the matrix heptapeptide (obtained as pale white powder) was 
deprotected from Z and NO2 protecting groups. 

 As was described above, the desired heptapeptide was synthesized, to be used as a matrix 
for the combinatorial synthesis of peptide library. The peptide library will be used as a cofactor 
in the standard selection procedure. The library will consist of several thousand different 
peptides containing amino acids known to participate in RNA cleavage, such as His, Lys, and 
Arg. These groups will diversify nucleic acid chemical functionalities. Moreover, several short 
peptides can form associate with single DNA scaffold forming complex 3D functional group 
arrangement; this can lead to exploiting three or even all four possible catalytic strategies for 
RNA cleavage. The peptide library which consist a large number of peptides, using as cofactors 
in peptide-assisted deoxyribozyme technology will give a great contribution to the preparation 
of aptamer-based sensors. This in vitro selection technique will open a new route to highly 
active bio-molecules, thus bridging the gap between nucleic acids and proteins. 
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Fig. 2. Two synthetic schemes for synthesis of the matrix heptapeptide (RALLKAL) 
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Introduction 
Application of approaches for oligonucleotide synthesis, in order to create different fragments 
for the pharmacy and medicine dates back to the early 50-ies of XX century. In this regard, as 
the father of nucleotide synthesis, Alexander Todd introduced the phosphotriester method for 
oligonucleotide synthesis [1]. Since then, the methodology undergoes continuous development, 
by improving of the phosphotriester method, as well as by introducing of the phosphoramidite 
method (called before phosphite triester method or phosphite method) [2] and H- phosphonate 
method [3]. Among them, the H-phosphonate method of synthesis has several advantages over 
the others: the phosphate group is not protected; the oxidation may be carried out at any time, 
regardless the stage of the synthesis; phosphonylation proceeds faster than the phosphorylation 
and phosphitylation; H-phosphonates are more stable than phosphoramidites, which allows 
synthesize analogs with modified internucleotide linkage. This leads us to search for new 
modifications and synthetic protocols in this manner, using the H-phosphonate chemistry, to 
achieve a shorter reaction time, high yields of the obtained products and originality of the 
method. Using the chemistry of methyl oxirane and H- phosphonic acid, an original method for 
ribozyme-mimetic synthesis of inter-bio-monomeric bond opens a wide field of their application 
[4-7]. With the present paper, we describe an unconventional approach to the solution phase 
synthesis of short-chain nucleotides, using a novel general modification of the H-phosphonate 
chemistry (Fig.1.). These nucleotides will be applied in the studies of ribosomal peptidyl-
transferase reaction. Moreover, authors hope to contribute to the diversity of methods, applying 
in the oligonucleotide chemistry, peptide synthesis and amino acid modification. 
 
Results and Discussion 
In the figure 2, a schematic representation of the solution phase synthesis of H-phosphonate 
precursor of 5’-TrO-dCBz-p-dCBz-p-dABz-3’-OFmoc was described, applying two approaches: 
synthesis from 3’→5’end (using 3’-O-H-phosphonylated 5’-O-protected 2’-

deoxyribonucleoside as a structural unit), as well as from 
5’→3’end (5’-O-H-phosphonylated 3’-O-protected 2’-
deoxyribonucleoside as a structural unit). The pathway of 
the nucleoside phosphonylation is preceded by the acid-
catalyzed oxirane ring opening with phosphonic acid, 
leading to the formation of bis-(2-hydroxyalkyl) H-
phosphonate – a reactive phosphonylation synthetic 
equivalent, using the ester 2-OH group as electrophilic 
catalyst and accompanied by the 1,2-diol leaving at 
anhydrous reaction conditions (Fig.2). This property of 
bis-(2-hydroxyalkyl) H-phosphonate is used as a model 
of the reaction catalyzed by the large ribozymes (group I, 
group II, ribonuclease P and spliceosomal introns). By 
this manner 3’-O-H-phosphonylated 5’-O-protected 2’- 

     

              A                        B 

Fig. 1:  Schematic representation 
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deoxyribonucleoside and 5’-O-H-phosphonylated 3’-O-protected 2’-deoxyribonucleoside were 
prepared as structural units, to be used in the solution phase trinucleotides synthesis from 
3’→5’end and 5’→3’end. When the synthesis was realized from 3’→5’end, the activating 3’-O-
H-phosphonylated 5’-O-protected 2’- deoxyribonucleoside was condensed with another 3’-O-
protected 2’- deoxyribonucleoside to give the desired dinucleoside H-phosphonate. From the 
other side, when the synthesis was applied from 5’→3’end, 5’-O-H-phosphonylated 3’-O-
protected 2’-deoxyribonucleoside reacted with other 5’-O-protected 2’- deoxyribonucleoside. 
After partially deprotection, the condensation was continued until the preparation of 
trinucleoside di-H-phosphonates/trinucleoside H-phosphonate-phosphate (Fig.2). 

Finally, after oxidation and functionalities deprotection, the desired trinucleotides were 
prepared. By analogy, the same approach, including two methods (5’→3’end and 3’→5’end 
synthesis) was employed for the synthesis of a mixed trinucleotide: GTU and its 2’-isomer 
(Fig.1 A), and the synthesis, as well as the results will be described elsewhere.  

The approach to the H-phosphonate chemistry for a solution phase synthesis, representing 
the ribozyme-mimetic synthesis will contribute to the development of methods for 
oligonucleotide synthesis as well as to the understanding of the nature of ribozymes. 
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                                   A                                                                               B 

Fig. 2. A. Schematic representation of the solution phase synthesis of H-phosphonate precursor 
of 5’-TrO-dCBz-p-dCBz-p-dABz-3’-OFmoc (Tr-dCBzdCBzdABz-Fmoc) by a novel procedure for 

oligonucleotide synthesis using a modification of the H-phosphonate chemistry. Synthesis from 
3’→5’-end, using 3’-O-H-phosphonylated 5’-O-protected 2’-deoxyribonucleoside as a structural 
unit (phosphate group donor). B. Synthesis from 5’→3’-end, using 5’-O-H-phosphonylated 3’-
O-protected 2’-deoxyribonucleoside as a structural unit (phosphate group donor). I – 2% I2 in 

piridine:H2O (98:2%) or 2% I2 in 1% Н2О2/H2O: for oxidation of Н-phosphonate group to 
phosphate; II – 5% Et2NH/DMF: for deprotection of 3’-end; III – 5% NaHSO4 in MeOH/H2O at 
500С: for deprotection of the 5’-end; IV – 3 equiv. МеОК in МеОН (potassium methylate in 

MeOH) for unblocking of nucleobases. 
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Introduction 
Protein fibrillation is a processes, which have been linked to development of many pathological 
disorders such as Alzheimer’s, Parkinson’s, prion-associated encephalopathies and type II 
diabetes [1] known as an amyloidosis or conformational diseases. During the fibrillation process 
correctly folded proteins undergo structural perturbation followed by a series of transitions 
leading to the formation of insoluble fibrils, containing β-cross sheet like structure. Human 
insulin, at elevated temperatures at low pH, aggregates to form fibers that precipitate [2]. Insulin 
fibrillization poses a problem also for treatment of type II diabetes where insulin amyloid 
deposits have been observed at sites of repeated insulin injection [3]. Moreover, the pathological 
fingerprints of fibrillar insulin have been reported with amyloid deposits in patients with 
diabetes [4]. It has been found that despite the diversity in sequence homology, the protein 
fibrils share similar formation pathways and morphology, however despite extensive research, 
the molecular mechanism of insulin aggregation is not fully understood [5]. Nonetheless, the 
inhibition of aggregation of protein (insulin) is considered to be one of the many approaches in 
the treatment of amyloidosis. On the other hand, there are several evidences that aggregation 
process is associated with short amyloidogenic fragments of proteins, so called “hot spots” 
responsible for triggering of the aggregation process. Therefore a promising therapeutic target in 
the prevention and treatment of these diseases is their identification and designing structures 
disrupters of interactions in hot spots of proteins.  
 
Results and Discussion 
In our studies we synthesized short fragments covering systematically complete structure of 
human, bovine, and porcine insulin: 1-10, 11-21, 6-10, 17-21 (A-chain); 1-10, 11-20, 21-30, 6-
10, 16-20, 26-30 (B chain) expecting to select the new aggregating peptides, initiating self-
assembly process leading finally to formation of deposits under physiological conditions. 
Additionally we synthesized fragments described in literature B 11-18, B 12-17, B 22-27, A 13-
19, A 13-18, which are susceptible to aggregation [5]. All insulin fragments were synthesized 
by using 4-(4,6-dimethoxy-[1,3,5]triazin-2-yl)-4-methylmorpholinium toluene-4-sulfonate 
(DMT/NMM/TosO-) [6] as a coupling reagents under SPPS condition. The aggregation of 
synthetic fragments was studied using combination of classic methods involving UV-VIS 
spectrophotometry in the presence of Congo Red, fluorescence spectra with Thioflavin T and 
microscopy. Congo Red dye in the free state has a maximum absorption at a wavelength λ=489 
nm, whereas in the presence of amyloid fibrils the maximum absorption is shifted at a 
wavelength up to λ=541 nm. Thioflavin T (ThT) is a dye that preferentially binds to amyloid-
like fibrils thereby causing substantial enhancement in its fluorescence emission intensity at 482 
nm. Fluorescence and spectrophotometric measurements were carried out day by day for six 
days, after peptides incubation at 37.2oC in phosphorus buffer (pH = 7.2 for Congo Red, pH = 
6.0 for Thioflavin T). Additionally, aggregation process of tested peptides was examined by 
using microscope techniques. In the case of peptides which are able to form amyloid aggregates 
red fibrils (by transmitted light) and green apple fibers (in polarized light) were observed. 
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Figure 1. Dependence of  the maximum absorption shifting on time of incubation  for selected  
insuline fragments. 

 

Figure 2. Microscopic images of amyloid fibrils formed by insulin fragmens: B 21-30, B 11-20, A 
11-21, B 16-20, B 26-30, A 17-21. 

On the basis studies with Congo Red, Thioflavin T and microscopic examination we found that 
three decapeptides: B 21-30, B 11-20, A 11-21 and three peptapeptides B 16-20, B 26-30, A 17-
21 are amyloidogenic fragments of insulin. On the basis of the same criteria we also confirmed 
the ability to formation of amyloid fibrils by fragments B 22-27, B 12-17, and A 13-19 under 
physiological conditions. 
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Introduction 
A major detoxification mechanism of the cell involves the GST-catalyzed formation of 
glutathione (GSH) conjugates with various xenobiotics (e.g. drugs, agrochemicals, etc) [1]. 
Based on the same mechanism, GST overexpression may lead to multidrug resistant phenotypes 
against chemotherapeutics. Therefore, several compounds with inhibitory potency against GSTs 
have been developed as potential tools for tackling GST-attributed MDR [2-6]. GSH analogues 
have also been considered as specific GST inhibitors, with attention focused to analogues stable 
against γ-glutamyltranspeptidase (γGT) and peptidases [7-9]. In this work, we identified GSH-
analogues that discriminate between the expression products of the polymorphic human GSTP1 
gene locus involved in MDR. These proteins, designated as hGSTP1*A (Ile104/Ala113), 
hGSTP1*B (Val104/Ala113) and hGSTP1*C (Val104/Val113), are expressed differentially in 
normal and cancer cells and metabolize electrophilic substrates, including chemotherapeutic 
agents [10]. We synthesized 25 new GSH analogues, using Fmoc solid phase methodology, and 
studied them with human GSTP1. Specifically, we identified GSH analogues displaying 
selective reactivity with the above three hGSTP1 allozymes. These analogues may prove useful 
tools for the selective probing of the hGSTP1 activities as well as for the design of novel 
conjugates bearing a GSH-mimetic moiety linked to an hGST-inhibiting heterocyclic one.  
 
Results and Discussion 

The GSH analogues were designed and grouped according to the GSH amino acid position 
alterations in four groups, A-D. (A) Analogues with a single amino acid change in position 1; γ-
Glu was substituted by N-Me amino acids (Sar, N-MeGlu), whereas, Glu analogues were pGlu 
and Ac-γ-Glu, and imino acids were Tic, Hyp and Pro. (B) Analogues with a single change in 
position 2 bearing Cys which was replaced mainly by non-polar S-protected derivatives in order 
to illustrate the importance of the GSH free thiol for catalytic activity with GSTs. (C) Analogues 
with a single change in position 3, where Gly was replaced with polar, hydrophobic unnatural 
amino acids (e.g. Nva, Nle, t-butyl glycine),  a,a-dialkyl amino acids (α-aminoisobutyric acid, 
Aib) and sarcosine (Sar), which is a more lipophilic N-methyl isomer of glycine. (D) Having 
first considered the results obtained from groups A-C with hGSTP1-1 allozymes, we introduced 
combinatorial modifications on the GSH structure.  
Screening studies of the GSH analogues, as substrates and inhibitors for hGSTP1-1 allozymes, 
were performed. Table 1 summarizes only GSH analogues able to discriminate between the 
three hGSTP1-1 allozymes by acting as selective substrates. Analogues II, IV and XIII are 
substrates only with allozyme A. Analogues V and XVI are weak substrates only with allozyme 
C. Analogues III and XIV are weak substrates with both allozymes A and C.  
Therefore, it appears that certain GSH analogues, from groups A and C, act selectively as 
substrates for either A or C allozymes or both of them, however, no analogue showed selectivity 
exclusively with allozyme B. This is the first report on this mode of behavior for GSH 
analogues. The engagement of molecular modeling and dynamic approaches may rationalize 
these encouraging findings. Nevertheless, the identified GSH analogues of Table 1 may prove 
useful for the selective probing of the hGSTP1 allozyme activities and the design of novel 
conjugate inhibitors against hGSTP1s.  
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Table 1. Selectivity of GSH analogues (as substrates) against the hGSTP1-1 
allozymes 

Code GSH analogues 
hGSTP1-1 allozyme 

A B C 

II Tic-Cys-Gly 41 % - - 

III Sar-Cys-Gly 16 % - 7 % 

IV Hyp-Cys-Gly 40 % - - 

V Ac-γ-Glu-Cys-Gly - - 10 % 

XII γ-Glu-Cys-Nva 16 % - - 

XIV γ-Glu-Cys-Nle 26 % - 12 % 

XVI γ-Glu-Cys-Aib - - 16 % 

% values are relative to GSH as substrate 
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Introduction 
   In recent years, amino acid esters of carbohydrates have attracted considerable attention due to 
their widely used in food and pharmaceuticals as sweeteners, nutraceuticals, in delivery of 
biologically active agents such as antibiotics, and antitumor agents or inhibition of different 
enzymatic systems. Some of the those esters are reported to display a wide variety of biological 
activities. Inhibition of ACE is considered to be an important therapeutic approach for 
controlling hypertension. Amino esters of carbohydrates also proved a surface active properties. 
Carbohydrate-based surfactants are gaining increasing attention due to their potential use in 
different domains like pharmaceutical and oil industry.  

   The aim of this study was to apply a new chemical method for the synthesis of carbohydrate 
esters of amino acids containing alkyl side chains, aromatic side chains and L-proline and to 
determine their surface active properties and potential as ACE inhibitors. 

Results and Discussion 
  Chemical methods of esterification compared to the enzymatic methods [1] are non-specific, 
often resulting in a broad range of sugar esters. Regioselective acylation of sugars is a 
fundamental and very difficult task in organic chemistry, so to synthesized the  carbohydrates 
amino acid esters with specifically character is difficult to obtained by chemical approach. 
The reaction of amino acylation of unprotected, saccharides glucose, trehalose, sucrose were 
studied with cyanomethyl ester of amino acid, dry DMF and different organic bases. Different 
solvents, temperature and molar proportions of reactants were used in synthetic design of  
model reaction of acylation. The molar proportion  of reactants used were sugar: amino ester : 
base , 2:1:4.  A silica gel columns chromatography were performed for purification of the crude 
compounds (CHCl3/CH3OH/H2O 65:15:2). The detail analysis of 1H, 13C, NMR spectra of the 
synthesized sugar esters demonstrated, that after the purifications of the reaction mixtures we 
have differents  valine, proline and  phenylalanine esters.   Our preliminary results for ACE 
inhibitory potential of Glucose-O-Val, Glucose-O-Pro and Sucrose-O-Val are in accordance 
with data obtained from Divakar[2]. We observed 50% inhibition of ACE activity at 
concentration about 1 mM of sugar aminoacyl esters using Hip-His-Leu as substrate.  
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 Sucrose  3-О-Val 

ester 
2-О-Val 

ester 
  3-O-Pro  
    ester 

 2-O-Phe  
    ester 

 1H 1H 1H 1H 1H 
1g 5.02 5.45 5.61 5.33 5.41 
2 g 3.79 3.46 4.69 3.49 4.65 
3 g 3.49 4.13 3.48 3.94 4.17 
4 g 3.40 4.15 4.20 4.05 4.10 
5 g 3.76 3.93 3.85 3.83 3.93 
6 g 3.79,3.54 3.82 3.80 3.71 3.85 
1f 3.91,3.66 3.79 3.53 3.58 3.56 
2 f      
3 f 3.97 3.64 3.45 3.49 3.41 
4 f 3.65 4.05 4.06 3.99 4.03 
5 f 3.91 3.8 3.91 3.68 3.91 
6 f 3.79,3.54 3.58 3.53 3.71 3.70 

 

Table 1. NMR
 1
H data of sucrose amino acid esters 

Equilibrium surface tension and 
interfacial tension 
water/hexadecane were measured 
at 25oC with a Kruss T 10 
tensiometer using the DuNouy 
method. The measurements 
values of surface and interfacial 
tensions for some of novel 
synthesized carbohydrates amino 
acids conjugates were in the 
range from 37 to 32.2 mN m-1 
and  from 1.8 to 2.6 mN m-1.  

 
 
 

 
 

 
 

 
 

 Where  Sugar = Glu, Suc, Trehalose ,               Amino acid = Val, Pro, Phe   
 

Fig. 1. Synthetic scheme for the esterification  of sugars with cyanomethyl ester amino 
acids  

    
We demonstrated a simple and original method for amino acylation of unprotected saccharides 
with cyanomethyl ester of amino acids (Fig 1) . Our results have shown that, we obtained usual 
esters of glucose, and unusual for sucrose and trehalose Table1. Surface activities of synthesized 
sugar amino esters demonstrated, that they possessed strong surface activity compared to 
literature dates [3]. 
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Introduction 
Glutathione S-transferases (GSTs, EC 2.5.1.18) are a family of isoenzymes that differ in their 
tissue-specificity expression and distribution. They catalyse the conjugation of glutathione 
(GSH) to a variety of hydrophobic endogenous and exogenous substrates, rendering them 
hydrophilicity and facilitating their metabolic processing and eventual secretion from the cell 
[1]. Cancer cells may acquire resistance by overexpressing GST activities, hampering the 
effectiveness of certain chemotherapeutic drugs [2,3]. Several synthetic compounds exhibiting 
inhibition potency against GSTs have been proposed as strategies to overcome MDR attributed 
to GST overexpression [5-8]. We report on the design, synthesis and enzymological evaluation 
of peptides as inhibitors for hGSTP1-1 allozymes A,B,C. 
 
Results and Discussion 
Peptide design (Figure 1) was accomplished through an iterative binding cycle, called panning, 
using a bacterial surface peptide display library (FliTrx) with an estimated diversity of 1.77X108 
possible peptide combinations using hGSTP1-1 as the target. The bacterial peptide display 
library was comprised of E. coli cells harbouring a plasmid (pFlitrx) engineered to express a 
fusion protein containing random dodecapeptides that were inserted into the active loop of 
thioredoxin, which itself was inserted into a dispensable of flagellin, the major constituent of 
flagellar filaments. When the fusion protein becomes an integral part of the flagellar filaments 
on the bacterial cell surface, the dodecapeptides become available to interact with target 
proteins. After five continuous selection rounds, different clones were screened for hGSTP1-1 
binding by dot blot and the clones exhibiting the strongest signal were selected and their 
sequence determined by nucleotide sequencing. Sequence alignments showed a core binding 
sequence (TH10: PATAISLGGG) which, along with selected peptide fragments (TH5N: 

PATAI, TH5C: SLGGG, TH4: AISL), 
were synthesized using the solid phase 
methodology and Fmoc/tBu chemistry on 
2-chlorotrityl chloride solid support. 

The purified allozymes were subjected 
to kinetic study and inhibition tests with 
the designed peptides TH10, TH5N, TH5C 
& TH4.  

It appears that the mutations of the 
allozymes hGSTP1*A (Ile104/Ala113), 
hGSTP1*B (Val104/Ala113) & hGSTP1*C 
(Val104/Val113) have small influence on the 
binding affinity between substrate & 
enzyme (Table 1, Km values), but result in 
significant changes of the reaction rate 
(Table 1, kcat values) and, hence,  
the overall catalytic efficiency (Table 1,  
kcat /Km values). 

Fig. 1 Strategy employed for the combinatorial 
design and characterization of peptide inhibitors 

towards hGSTP1-1 
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Furthermore, these mutations influence the inhibitory ability of the designed peptides. 

TH10 peptide (Pro-Ala-Thr-Ala-Ile-Ser-Leu-Gly-Gly-Gly) is the most effective inhibitor (25.4-
58.0%), with the shorter counterparts showing varying inhibitory potency (15.0-46.6%) 
depending on the allozyme.  

Rationalization of the above results requires the engagement of molecular modeling and 
dynamic approaches. 
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Table 1. Kinetic constants for hGSTP1 allozymes A, B & C 

Allozyme Substrate 
Vmax 

(μmol· 
min-1·mL-1) 

kcat 

(min-1) 
Km 

(mM) 

kcat/Km 
(min-1·mM-1) 

hGSTP1A 
GSH 0.028 1052 0.128 8237 

CDNB 0.069 2991 1.320 2265 

hGSTP1B 
GSH 0.017 458 0.149 3078 

CDNB 0.032 892 1.163 767 

hGSTP1C 
GSH 0.014 206 0.127 1615 

CDNB 0.023 457 1.069 427 
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Introduction 
Batracylin (BAT) was discovered in the course of search for the new anticancer drugs [1,2]. 
Studies have shown that this investigational drug exhibits antitumor activity in vivo against 
murine solid tumors [3]. Mechanism of action of BAT is still not completely clear. It was 
reported, that BAT is a topoisomerase II inhibitor and induces unscheduled DNA synthesis 
(UDS) in non-proliferating cells [4,5]. Low solubility of BAT in water, high toxicity are major 
limitations of its use as a chemotherapeutic drug. As a result, new BAT analogs were 
synthesized to improve its pharmacological properties [1].  
The tetrapeptide tuftsin (Thr-Lys-Pro-Arg, TKPR) was discovered and isolated by Najjar et al. 
[6] in 1973 on the basis of its ability to stimulate the phagocytic activity of monocytes, 
macrophages, and neutrophils, including phagocytosis, pinocytosis, motility, chemotaxis, and 
immunologic, tumoricidal, and bactericidal activities [7,8]. TKPR has been successfully 
investigated as a co-administration agent with different antibiotics in the treatment of 
opportunistic infections caused by bacteria, fungi, and viruses, but it also showed 
antineoplastics properties [9-11].  
These information led us to design and synthesis of analogues of BAT. We hypothesized that 
this new group of compounds will show high anticancer activity and improve selectivity toward 
tumor cells. In this paper, we present the synthesis of new BAT analogues with tuftsin and retro-
tuftsin derivatives. 
 
Results and Discussion 
 Amide bond formation using T3P and Pyridine. The batracylin-tuftsin analogues were 

synthesized using n-propanephosphonic acid anhydride (T3P, 
Fig.1) as a coupling agent in solvent mixture. This reagent, 
developed over 30 years ago [12], is an exceptional reagent for 
amide/peptide bond formation. Commercially available T3P 
solutions (50% in various solvents) are very easy to use and 
combines excellent reaction selectivity, low epimeriztion with 
high product purities and yields. The mild combination of T3P 
and pyridine has been developed for low-epimerization amide 
bond formation [13]. We achieved the best results with 
pyridine. 

 

Fig. 2. Synthesis of Batracylin – Tuftsin Analogues 3a-3l 
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Synthesis of Batracylin-Tuftsin Analogues with T3P. The synthesis of new batracylin analogues 
3a-3l was carried out according to Fig. 2. The condensation between 8-aminoisoindolo[1,2-
b]quinasolin-12(10H)-one 1 (BAT) and tuftsin/retro-tuftsin derivatives 2 was obtained during 
reaction in N,N-dimethylformamide (DMF). T3P (50% in DMF) was added to mixture of 1 and 
2 in pyridine and DMF to achieve moderate yields (Table. 1). We removed DMF from a 
reaction mixture by evaporation under vacuum. The batracylin-tuftsin analogues 3a-3l were 
purified by TLC and their structures were confirmed by 1H-NMR (500 MHz) and MALDI-TOF 
mass analysis. The cytotoxic activity of synthesized compounds 3a-3l are tested.   
The batracylin 1 was synthesized via modified method based on the Czerniak-Einhorn reaction 
[14]. 
The tuftsin and retro-tuftsin derivatives 2, tetra- and pentapeptides were built up within  
stepwise elongation of the chain, using the mixed anhydride method [15].  
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Table 1. Batracylin-Tuftsin Analogues 3a-3l 

comp R Y mp [ºC] yeld [%] 

3a Boc-Thr-Lys(BocY)-Pro-Arg(NO2) H 192-195 41 

3b Boc-Thr-Lys(BocY)-Pro-Arg(NO2) Gly 187-190 38 

3c Boc-Thr-Lys(BocY)-Pro-Arg(NO2) Ala 195-198 29 

3d Boc-Thr-Lys(BocY)-Pro-Arg(NO2) Val 183-187 25 

3e Boc-Thr-Lys(BocY)-Pro-Arg(NO2) Leu 185-188 39 

3f Boc-Thr-Lys(BocY)-Pro-Arg(NO2) Ile 191-195 32 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

130 

 

A selective CAP2b neuropeptide antagonist for an expressed 
receptor from the Red Flour Beetle, Tribolium castaneum  

Ronald J. Nachman1*, Krzysztof Kaczmarek1,2,3,  Hongbo Jiang4, Zhaojun 
Wang4, Janusz Zabrocki1,2,3, and Yoonseong Park4  

1Insect Control and Cotton Disease Research Unit, Southern Plains Agricultural Research 

Center, ARS, U.S. Department of Agriculture, 2881 F/B Rd., College Station, TX 77845 USA; 
2Institute of Organic Chemistry, Lodz University of Technology, 90-924 Lodz, Poland; 
3Peptaderm Inc., 00-071 Warsaw, Poland; 4Department of Entomology, Kansas State 

University, Manhattan, KS 66505 USA  

*E-mail: nachman@tamu.edu 

Introduction 

    It is well established that neuropeptides are key factors in controlling primary urine 
production in Malpighian tubules and fluid reabsorption from the hindgut.  Cardioacceleratory 
peptide 2b (CAP2b) was first identified in the moth Manduca sexta [1] (Manse-CAP2b; 
pELYAFPRVa) from its effect on heartbeat, but was subsequently shown to stimulate fluid 
secretion by Malpighian tubules of the fruit fly Drosophila melanogaster [1].  By contrast, 
bioassays on the Malpighian tubules of the Green stink bug Acrosternum hilare show that the 
two native CAP2b peptides reduce fluid secretion, and thus have antidiuretic activity [1].  
    In addition to the CAP2b (or CAPA) family, the PRXamide superfamily of peptides includes 
the pyrokinin/diapause hormone (PK/DH or PK1), pyrokinin/pheromone biosynthesis activating 
hormone (PK/PBAN or PK2), and the ecdysis triggering hormone (ETH) families. A series of 
native PRXamide peptide ligands evaluated on five expressed PRXamide peptide receptors 
(TcPKrA, TcPKrB, TcPKrC, TcCAPAr, and TcETHr) from the stored grain pest Red Flour 
Beetle (Tribolium castaneum) have been shown to exhibit ‘cross talk’ between the various 
receptors, although each receptor demonstrates a clear preference. For instance, the CAP2b 
receptor TcCAPAr demonstrates strong affinity for native CAPA1 and CAPA2 peptides over 
the other PRXamide ligands. In the present study, a series of unnatural PRXamide analogs, 
primarily of the pyrokinin subfamily (FXPRLamide), were evaluated on the five PRXamide 
receptors with the goal to identify an antagonist with a high degree of selectivity for the CAP2b 
receptor TcCAPAr over the other four related PRXamide receptors.  
 
 

Results and Discussion 

    A series of 31 unnatural pyrokinin analogs [2] containing stabilizing components such as β-
amino acids, D-amino acids and/or N-terminally-appended hydrophobic moieties were 
evaluated  as antagonists on the five PRXamide receptors from the Red Flour Beetle (Tribolium 

castaneum) against their authentic and/or presumed endogenous ligand. One analog labeled 
1896 (2Abf-Suc-FTPRIa; 2Abf = 2-Amino-7-bromo-flourene; Suc = succinyl) showed 
particularly strong activity on the CAP2b receptor TcCAPAr (Table 1).   The 1896 analog at 1 
µM blocks 74% of the agonist response to the authentic ligand CAP2b at 1 µM on the expressed 
CAP2b receptor TcCAPAr, but fails to affect the agonist responses of the authentic/endogenous 
ligands for PK receptors TcPKr-A and TcPKr-B, ETH receptor TcETHr, and elicits only a 
minimal response on the PK/DH receptor TcPKr-C. 
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Table 1. Percent antagonist activity of pyrokinin analog 1896 (2Abf-Suc-FTPRIa) at 1 µM 

against the authentic/endogenous ligands (1 µM) of five related PRXamide receptors from the 

Red Flour Beetle Tribolium castaneum, including the CAP2b receptor TcCAPAr. 

PK Analog TcPKr-A TcPKr-B TcPKr-C TcCAPAr TcETHr 

2Abf-Suc-FTPRIa 8.3 -0.6 27.0 74.0 3.4 

 

   Thus it can be considered as a relatively selective antagonist among these five related 
PRXamide receptors. The analog represents the first reported antagonist of CAP2b 
neuropeptides. Studies indicate that the branched-chain character adjacent to the α-carbon of the 
C-terminal residue is critical for activity in CAP2b biosassays/receptors. Indeed, analogs 
containing an Ala or Leu that lack this specific character are inactive [3,4].  The analog 1896 
features an Ile at the C-terminus, which does feature branched-chain character adjacent to the α-
carbon. Perhaps the Ile is close enough to the Val found in the authentic ligand to bind, but not 
close enough to activate the TcCAPAr receptor; thus acting as an antagonist. As CAP2b 
neuropeptides are implicated in the regulation of diuresis in flies (Diptera) and antidiuresis in 
true bugs (Heteroptera), a CAP2b antagonist could disrupt these critical water balance functions 
in pest insects. Compounds in the hemolymph (blood), including pesticide toxins, are actively 
transported into the lumen of the Malpighian tubules, and their rate of elimination is dependent 
on the rate of fluid secretion [5].  A CAP2b antagonist agent, such as 1896, could incapacitate 
CAP2b diuretic function in flies and lead to selective depression of fluid secretion. And that 
would be expected to allow pesticides to achieve higher concentrations in the hemolymph; and, 
in turn, likely reduce the amount of toxin required to kill a pest fly. Alternatively, a CAP2b 
antagonist, such as 1896, could incapacitate the antidiuretic function of heteropteran pests such 
as stink bugs and lead to desiccation and death, a result that could be magnified if administered 
in conjunction with a biostable mimetic analog of another diuretic neuropeptide.   
      In summary, we describe the first antagonist for the CAP2b neuropeptide family, implicated 
in the regulation of the critical function of water balance in insects. It demonstrates a high 
degree of selectivity for the CAP2b receptor TcCAPAr among several related PRXamide 
receptors from the Red Flour Beetle. The antagonist analog provides a lead in the development 
of novel insect-specific, environmentally favorable pest management agents capable of 
disrupting CAP2b-regulated signaling systems. 
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Introduction 
Members of calpain family are intracellular cysteine proteases. These enzymes have various 
physiological roles therefore abnormal function of calpain may cause pathological disorders, for 
example neurodegenerative diseases as Alzheimer, Huntington, Parkinson diseases [1, 2]. The 
calpastatin protein is the only one calpain-selective, native inhibitor [3]. Based on the results 
obtained by  azapeptide inhibitors [4], L-epoxysuccinyl or D-epoxysuccinyl group containing 
oligopeptides were designed and synthesized as novel, potential calpain inhibitors [5]. The 
inhibitory activity was measured on isolated m-calpain, µ-calpain and cathepsin B enzymes. 
Two  peptides, NH2-Thr-Trp-Leu-(L-Eps)-Ser-Pro-Pro-Pro-Ser-NH2 (1) and NH2-Thr-Pro-Leu-
(D-Eps)-Thr-Pro-Pro-Pro-Ser-NH2 (2) were effective inhibitors of m-calpain. In addition 
compound 2 is an m-calpain selective inhibitor. Based on the structure-activity relationship data 
three new epoxysuccinyl-peptide derivatives were prepared and studied.. Cell-penetrating 
conjugates of effective inhibitors with octaarginine at their C-terminus were also synthesized. In 
addition we have studied the  inhibitory activity as well as the internalization ability of 
fluorescently labelled conjugates. 
Results and Discussion 
Based on the compounds 1 and 2 three new sequences were designed (3, 4, 5) (Table 1). 
Furthermore, cell-penetrating conjugates (6, 7, 8, 9) and fluorescent labelled derivatives, H2N-
TWL(L-Eps)SPPPS-R8-K(Cf)-NH2 (10) and H2N-TPL(D-Eps)TPPPS-R8-K(Cf)-NH2 (11) were 
designed and  prepared. The cellular uptake of the conjugates was measured on HL60 human 
leukemia cells by flow cytometry. The fragments of epoxysuccinyl peptides were synthetized by 
solid phase peptide synthesis with Fmoc/tBu strategy using side chain protected Fmoc-amino 
acid derivatives, diisopropyl-carbodiimide (DIC) and 1-hydroxybenztriazole (HOBt) in 
dimethyl-formamide (DMF). The purified peptide fragments were coupled in solution applying 
DIC-HOBt coupling reagent in DMF (Figure 1). The inhibitory activity of the compounds was 
measured on isolated m-calpain, µ-calpain and cathepsin B (Table 1). For coupling of the 
fluorescent dye, 5(6)-carboxyfluorescein (Cf), to cell-penetrating octaarginine-conjugates a 
lysine residue was added at  to the C-terminus of peptides.  Cf was attached to the ε-amino 
group of this lysine. In cellular uptake experiments  HL-60 cells was treated with the solution of 
labelled conjugates (c =  1, 5 and 10 µM) for 90 min and the fluorescence of cells was measured 
by flow cytometry.  

 
Figure 1: Outline of a typical synthesis of cell-penetrating conjugates 
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New compound with Trp in P3 and Thr in P1
’ position had eight fold better inhibitory 

activity than the original inhibitor (compounds 1 and 2). Compound 5 also was more potent 
inhibitor in comparison with inhibitors containing Trp in P3 (compound 1), Val in P2 (NH2-Thr-
Pro-Val-(L-Eps)-Ser-Pro-Pro-Pro-Ser-NH2) and Arg in P1

’(NH2-Thr-Pro-Leu-(L-Eps)-Arg-Pro-
Pro-Pro-Ser-NH2) positions in contrast to the substrate sequence [5]. 
Table 1: The inhibitory effect of epoxysuccinyl peptide derivatives on m-calpain, µ-calpain and cathepsin B  

Compounds                                       Ki(µµµµM) (sd) 
m-calpain µ-calpain cathepsin B 

1 H
2

    H2N-TWL(L-Eps)SPPPS-NH2
-

4.05 (2.10)[5] 14.88[5] 6.63 (2.06)[5] 

2            H2N-TPL(D-Eps)TPPPS-NH2 4.24 (1.85)[5] >50[5] >50[5] 

3 H
2       

H2N-TWL(L-Eps)TPPPS-NH2
L-

0.51 (0.19) 3.58 (1.,25) 1.27 (0.71) 

4 H2N-TWL(D-Eps)TPPPS-NH2 0.70 (0.23) 2.15 (0.83) 0.66 (0.55) 

5 H2N-TWV(L-Eps)RPPPS-NH2 2.56 (0.61) 4.95 (1.90) 22.29 (7.72) 

6  H2N-TWL(L-Eps)SPPPS-R8-NH2 0.18 (0.04) 11.26 (2.92) 2.12 (0.75) 

7 H2N-TPL(D-Eps)TPPPS-R8-NH2 0.25 (0.15) 4.99 (1.85) 5.77 (1.69) 

8 H2N-TWL(L-Eps)TPPPS-R8-NH2 0.043 (0.002) 0.65 (0.31) 0.29 (0.43) 

9 H2N-TWL(D-Eps)TPPPS-R8-NH2 >50 >50 >50 

The conjugation of the effective inhibitors with octaarginine as cell penetrating peptide 
resulted in higher inhibitory activity in case of  m-calpain, but not in case of µ-calpain and 
cathepsin B. Conjugate 8 has 10 fold higher inhibitory effect, than the original sequence 
(compound 3). In contrast, conjugate 9 with the same sequence and D-epoxysuccinyl group did 
not have any inhibitory effect on all three enzymes studied. The difference between the 
inhibitory activity of conjugate 8 and 9 may be due to the different structure derived from the D- 
or L- epoxysuccinyl-group. The selectivity of the octaarginine-conjugates (6, 7, 8) on m-calpain 
is approximately the same as that of the free inhibitors (compound 1, 2 and 3, respectively). In 
summary, the conjugation with cell penetrating peptide octaarginine resulted in better inhibitors 
and did not altered the selectivity for m-calpain. 
Table 2: The cellular uptake of fluorescence labelled derivatives 

Compounds CF positive living cells (%) Mean fluorescence intensity of living cells 

1 µµµµM 5 µµµµM 10 µµµµM 1 µµµµM 5 µµµµM 10 µµµµM 

10 99.4 100.0 100.0 1558.5 83516.5 214844.0 

11 65.0 99.7 100.0 464.0 1430.0 4791.5 

The fluorescent labelled cell penetrating inhibitor conjugates (10 and 11) could internalised 
into HL-60 cells even at low concentration, but the fluorescence intensity of cells were treated 
with conjugate 10 was 40 fold higher than cells treated with the conjugate 11 (Table 2).  
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Introduction 
One strategy to improve the permeation of bioactive opioid peptides through several biological 
barriers consists of the conjugation of one or several sugar units.[1, 2] This strategy, termed 
glycosylation, can potentially i) improve the intrinsically poor metabolic stability of peptides, ii) 
enhance their systemic bioavailability or can even iii) target carriers systems located at 
physiological barriers, such as the blood-brain barrier (BBB).  
The Huisgen 1,3-dipolar cycloaddition has been shown to be a facile, robust and bioorthogonal 
conjugation method. It was employed to anchor a glucose or galactose unit to an opioid 
tetrapeptide sequence based on the structure of the µ-opioid receptor (MOR) peptide lead Dmt1-
DALDA, Dmt-D-Arg-Phe-Lys-NH2 1 (Fig. 1), in order to optimize its structure for oral 
administration. [3] 
 
Results and Discussion 
The glycosylated peptides 2-6 (Fig.1) were obtained by conjugation of the sugar, on solid 
support or in solution, subsequent to peptide assembly. Conjugation of the monosaccharide in 
solution was preferred, given the shorter reaction time required and the higher yields obtained. 
The Huisgen cyclization was performed by addition of 6 eq. of sodium ascorbate, 4 eq of 
CuSO4

.5H2O and 1.5 eq of the azidosugar to a solution of the fully deprotected precursor in 
tBuOH/water 1:2 v/v. Reference compound 1 and the glycosylated analogues 2-6 were 
examined in in vitro binding and tissue functional assays (Table 1). The data of compound 2 

 
Fig. 1. Structures of Dmt1-DALDA 1 and glycosylated analogues 2 to 6 
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indicate that the derivatization of the phenolic position interferes with the ligand-receptor 
interaction, but still allows for significant binding to the MOR. When anchoring the sugar unit 
through Pra, Ser or Tyr residues in position 4, MOR binding and activation (GPI assay) are 
preserved, as can be seen from comparison of 1 with compounds 3-6. Moreover the Ki

δ value 
for glycosylated compounds 3-6 is improved, compared to the reference peptide 1, and the µ/δ 
receptor binding selectivity ratio is dramatically lowered. 

The in vivo antinociceptive potencies of the most potent compounds 3 and 4, as well as the 
reference 1, were determined in the mouse tail-flick and hot plate assay. In the tail-flick test 
compounds 3 and 4 show similar antinociceptive responses, as compared to 1, and a peak effect 
is obtained 60 min. after administration (ED50 = 0.27, 0.34 and 0.17 mg/kg for 3, 4 and 1 
respectively). In the hot-plate test compound 4 shows both a similar time course and magnitude 
of analgesia as 1 (ED50 = 0.31 and 0.25 mg/kg, respectively). The peak analgesic effect of 
compound 1 is observed at 30 min post-injection, while compound 3 exerts a maximal effect 
after 60 min. 

Peptide 3 was selected as a mixed MOR/DOR opioid agonist for evaluation in the Caco-2 
cell monolayer translocation assay in comparison with parent 1. The lumen to blood and blood 
to lumen permeabilities of Dmt-DALDA 1 (3.24 and 3.7 nmol. cm-2min-1x10-7, respectively) and 
compound 3 (2.59 and 2.96 nmol. cm-2min-1x10-7, respectively) are of similar magnitude and 
slightly higher than the permeability of the passive flux marker mannitol. The slightly lower 
permeability of 3, as compared to 1, indicates that molecular mass is rate-limiting, which in turn 
suggests paracellular or passive transcellular transport. The blood to brain and brain to blood 
permeabilities of 1 and 3 are similar in both directions. Peptides 1 and 3 show higher 
permeabilities as compared to mannitol, indicating a transcellular transport route.  
In conclusion, the glycosylated peptides 3-6 represent alternative peptide lead molecules with a 
potentially favorable dual MOR/DOR agonist profile. These peptides have permeabilities 
comparable to that of mannitol, and oral bioavailability similar to that of morphine is expected 
and may be sufficient for oral dosing. Compounds 3 and 4 exhibit both strong supraspinal action 
and long duration of action, and they could be used for counteracting chronic pain. 
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Table 1. Receptor MOR/DOR binding affinities and in vitro potency data 

No. 
MOR 

Ki (nM) 

DOR 

Ki (nM)
 

Ki ratio 

µ/δµ/δµ/δµ/δ    

GPI(µµµµ) 

IC50(nM) 

MVD(δδδδ) 

IC50 (nM) 

1 0.143 2100 11400 1.41 23.1 

2 38.4 >5000 >130 1180 1990 

3 0.222 15.6 70.3 0.66 1.98 

4 0.203 11.9 58.6 1.46 2.75 

5 0.112 6.36 56.8 0.35 4.9 

6 0.286 22.2 77.6 2.3 6.00 

The GPI functional assay is representative of MOR activation, whereas the MVD is a DOR agonism 
receptor-representative assay.  
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Fig. 1. Locally constrained 
melanocortin tetrapeptides 1-5, 
containing the Aia (1-3), Aba 
(4) and Ata (5) scaffolds. 
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Introduction 
In view of the need for highly potent, metabolically stable and selective agonists, antagonists 

and inverse agonists at the melanocortin receptor subtypes, conformationally constrained indolo- and 
benzazepinone residues were inserted in the α-MSH pharmacophore -His6-Phe7-Arg8-Trp9- domain. 
Herein, new SAR is established for locally constrained pharmacophore tetrapeptides 1-5 (Figure 1) 
to investigate the requirements for receptor selectivity and for differentiation of agonist versus 
antagonist activity at the human melanocortin receptors MC1R, MC3R, MC4R and MC5R. Aiming 
at compact and constrained tetrapeptide analogues, we decided to replace the His6 residue in the 
tetrapeptide pharmacophore with indoloazepinone (Aia), benzazepinone (Aba), and 
triazoloazepinone (Ata) scaffolds (Figure 1) in order to evaluate their influence on receptor 
selectivity and agonist versus antagonist activity (Table 1). These scaffolds were prepared according 
to reported procedures.[1-4] 
Results and Discussion 

Introduction of the Aia-D-Phe dipeptide segment in the 
linear pharmacophoric sequence (tetrapeptide 1) resulted in 
weak micromolar antagonist affinity for the hMC1R, 
nanomolar agonism at hMC3R (EC50 = 52 nM, Table 1), 
excellent partial agonism at hMC4R (EC50 = 0.3 nM) and 
moderate antagonism at the hMC5R. Since 1 was unable to 
displace the radioligand at the hMC3R (and with low potency 
at the hMC4R), this indicates an allosteric effect at this 
receptor subtype. Para-fluorination of D-Phe7 [5] enhanced 
binding at the MCRs. Low nanomolar selective agonist 
activity (IC50 = 6.5 nM; EC50 = 13 nM) was observed at 
hMC4R for tetrapeptide 2. In addition, this substitution 
showed also allosteric binding and weak partial agonism at 
hMC1R and hMC5R. In contrast to the hMC4R selective 
agonist tetrapeptide 2, tetrapeptide 3 (with pBr-D-Phe7) 
showed significant loss in binding affinity to hMC4R (IC50 = 

200 nM), but resulted in a potent partial agonist (EC50 0.3 nM & 80 act.%) at this receptor. 
Tetrapeptide 3 is also a weak agonist at hMC1R, a partial agonist at hMC3R and a moderate 
antagonist at hMC5R. These affinities reflect the importance of the halogen substituent. Whereas the 
observed full agonist activity of Aia tetrapeptide 2 at hMC4R renders it a good candidate for further 
modifications, tetrapeptide 1 might also serve as a good template for the development of an allosteric 
hMC4R partial agonist. The aminobenzazepinone Aba-D-Phe analogue 4 on the other hand displayed 
very weak agonist activity at hMC4R. In contrast, it resulted in a selective antagonist for hMC5R 
(IC50 37 nM) which renders it an ideal template for the investigation of hMC5R antagonism. 
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a

 MT-II = Ac-Nle-c[Asp-His-D-Phe-Arg-Trp-Lys]-NH
2
 

b

 IC
50

 = concentration of peptide at 50% specific binding (N=4). NB = 0% of 
125

I-NDP-α-MSH displacement observed at 10 µM. % BE = 

maximal % of  
125

I-NDP-α-MSH displacement observed at 10 µM. EC
50

 = Effective concentration of peptide that was able to generate 50% 

maximal intracellular cAMP accumulation (N=4). Act% = % of cAMP produced at 10 µM ligand concentration, in relation to MT-II. NA = 0 

% cAMP accumulation observed at 10 µM. The peptides were tested at a range of concentration from 10
-10

 to 10
-5

 M. 

Contrary to the Aia and Aba analogues, the Ata analogue 5 showed no specific subtype receptor 
selectivity.  
Table 1.  Receptor binding and functional bioactivities of modified tetrapeptides 1-5 at the human 
melanocortin receptors in comparison with MT-IIa. 

Peptide IC50 (nM) % BE EC50 (nM) Act% IC50 (nM) % BE EC50 (nM) Act% IC50 (nM) % BE EC50 (nM) Act% IC50 (nM) % BE EC50 (nM) Act%

1 1352 50 NA 0 NB / 52 20 447 50 0,3 51 636 80 NA 0

2 258 40 226 50 5000 50 NA 0 6,5 80 13 100 167 80 4112 50

3 300 80 700 100 100 100 2435 50 200 100 0,3 80 70,3 100 NA 0

4 594 80 1000 70 >2000 59 2000 40 220 80 227 80 37,3 75 NA 0

5 4540 60 750 100 1000 55 55 20 200 80 203 80 137 70 NA 0

MT-II 1±0,1 100 1,02±0,4 100 2,0±0,1 100 5,1±0,3 100 2,3±0,85 100 2,1±0,6 100 4,2±1,3 100 5,7±2,2 100

h MC1R h MC3R h MC4R h MC5R

 

Peptides 2 and 4 were docked into the hMC4R model proposed by Mosberg et al.[6] The docking 
generated multiple binding poses which were clustered. The binding modes were selected according to the 
best docking scores. In MC4R, the binding mode for both peptides positioned the conformationally 
restricted Aia or Aba residues in a hydrophobic pocket at the bottom of the extracellular binding site. The 
obtained docking poses of 2 and 4 were compared with the earlier proposed binding mode of the 
pharmacophore of [Nle4,D-Phe7]-α-MSH, His6-D-Phe7-Arg8-Trp9.[6] The residues of [Nle4,D-Phe7]-α-
MSH were buried somewhat deeper into the binding site than peptides 2 and 4. According to the binding 
poses, the Aia residue is in contact with six hydrophobic residues (two of them are conserved residues 
Phe261 & His264), while the Aba residue in 4 is only in contact with two hydrophobic residues. Additional 
contacts to the fluorine in 2 could further stabilize the receptor interaction with this peptide 2. In order to 
understand the selective hMC5R antagonist activity of peptidomimetic 4, we compared the binding of 
peptide 4 and 2 to hMC5R. The best scoring pose of Aba-containing peptide 4 in hMC5R is very similar to 
the one in hMC4R: the Aba and D-Phe residues are positioned at the bottom of the hydrophobic part of the 
binding pocket and interact with conserved residues, such as Phe254. The Aia peptide 2 on the other hand, 
either fails to dock into the binding site or assumes a docking pose in which the Aia residue is located 
outside the binding pocket, while Trp and D-Phe residues occupy the hydrophobic interior. This suggests 
that the bulkyness of the Aia residue in peptide 2 sterically hinders binding to hMC5R, while the Aba 
residue in peptide 4 fits into the binding pocket, but is unable to activate the receptor. 
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Fig. 1. Combination of the opioid and NK1 pharmacophore to give a designed multiple ligand 
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Introduction 
Treatment of pain with opioids such as morphine and fentanyl results in a number of side effects 
(e.g. development of tolerance, dependence, nausea and constipation). Moreover, morphine is 
inefficient for the treatment of chronic or neuropathic pain. Co-administration of an opioid 
agonist combined with an NK1 receptor antagonist has been shown to enhance antinociceptive 
potency in acute pain models.[1] These compounds can be administered as separate 
components, or as one hybrid molecule (a designed multiple ligand). As such, opioid 
agonist/NK1 antagonist hybrid peptides were developed by Lipkowski [2] and Hruby [3]. The 
latter compounds were reported to induce potent allodynic and antihyperalgesic effects in sciatic 
nerve ligation rats, they were able to cross the blood-brain barrier (BBB), and opioid-induced 
tolerance development was suppressed.[4] 
Results and Discussion 
We previoulsy reported a peptidomimetic designed multiple ligand 1 (Dmt-D-Arg-Aba-Gly-
(3’,5’-(CF3)2)NMe-benzyl, Figure 1), possessing a mixed opioid agonist-neurokinin-1 receptor 
(NK1R) antagonist profile, which was obtained by overlapping the common pharmacophore of 
a balanced µ-/δ-opioid agonist 2 with that of an NK1R antagonist 3. [5] Compound 1 was 
structurally modified in order to unravel important structural determinants in both the opioid 
and NK1R pharmacophores (Figure 2). 
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Fig. 2. Structural modifications to give 
the hybrid 4 

The obtained peptides had subnanomolar affinity and activity for the opioid receptors and 
showed good to moderate antagonism at the NK1 receptor. Within this series, the compound 
with the most interesting in vitro profile was Dmt-D-Arg-Aba-β-Ala-NMe-benzyl 4 (Figure 2). 
As compared to lead structure 1, µ- and δ-opioid agonism increased, but a lower NK1 
antagonism was observed. Subsequently, both compound 4 and the reference compound 1 were 
examined in in vivo behavorial assays. The tail-flick test in naïve mice was used as an acute 
pain model, whereas the cold plate and von Frey assays in chronic constriction injured (CCI) 
rats served as a neuropathic pain model. In the tail-flick assay, the new compound (4) was less 

potent than the reference compounds after i.v. 
administration. This observation might be indicative 
of a lower BBB permeability, as the in vitro data 
indicated a higher potency for 4. After intrathecal 
injection both compounds had about the same 
potency.  
In the neuropathic pain model both bifunctional 
ligands were significantly more potent than 
morphine in rats on day 7 after CCI in the cold plate 
test (i.e. model for thermal hyperalgesia; i.t. 
injection). The effect is even more pronounced in 
the von Frey test (i.e. model for tactile allodynia), 
where compound 4 is more potent than reference 
hybrid 1. Compared to the parent opioid compound 
2 (without NK1R pharmacophore), hybrid 4 was 
more active in the neuropathic pain model. As 
demonstrated by the activity of the pure NK1R 
antagonist 3, attenuation of neuropathic pain 
resulted from NK1R antagonism. Upon 
quantification of the effects, the new compound 4 
proved more potent than reference 1 and much more 

potent than morphine (ED50= 0.24 (4) vs 1.05 nmol (1) (von Frey) and ED50 = 0.34 (4) vs 1.14 
nmol (1) (cold plate) compared to morphine ED50 = 6.25 and 377 nmol, respectively). 
Additionally, when doses up to 10 nmol were administered, in contrast to hybrid 1 and the 
opioid parent peptides, only hybrid 4 did not give rise to any observable toxicity. Although 
bifunctional ligands 1 and 4 were potent in the neuropathic pain model, development of 
tolerance was observed for both of them after chronic administration. When compounds 1 and 4 
were administered repeatedly for 6 days, a tolerance profile developed which is similar to the 
long-term profile of morphine treatment. Cross tolerance was observed by administration of 
either compound 4 or morphine for 6 days, followed by a single dose injection of the other 
compound. 
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Introduction 

Cathepsin C (CatC) is a unique member of the family of cysteine cathepsins due to its 
elaborate activation mechanism, oligomeric structure and exopeptidase activity [1]. This wildly 
expressed lysosomal protease is mostly recognized for the activation of neutrophil serine 
proteinases and related granule-associated enzymes that are essential for host defense in 
humans, however, it is also involved in other important physiological processes. The aim of this 
study was the synthesis of novel, highly selective and sensitive human CatC substrates, suitable 
for the detection of the enzyme activity in human bodily fluids, as well as for in vitro inhibitory 
assays. Two different classes of fluorogenic and fluorescence resonance energy transfer (FRET) 
peptides were designed in order to determine the enzyme specificity.  

Results and Discussion 
First substrate series consisted of fluorogenic dipeptide-based substrates bearing different 

coumarin and quinolinone derivatives (Figure 1). Two dipeptide sequences were used: 
commonly used glycyl-phenylalanine and 2-β-thienylalanyl-phenylalanine. 2-β-thienylalanine 
residue (Thi) was introduced in P2 position of the substrates in order to increase substrate 
specificity and selectivity towards CatC, as previously reported in the potent and selective CatC 
inhibitors (L-β-2-thienylalanyl-L-phenylalanine nitrile: IC50= 0.9±0.3 nM [3]).  

 

Fig. 1. Fluorophores used in the study.  

We evaluated a novel approach to distinguish between the activity of CatC and other cathepsins, 
mostly cathepsin L (CatL), which is an abundant activator of CatC, both in vitro and in vivo. 
Substrates with Thi in P2 position exhibited higher affinity towards CatC than the substrates 
with Gly, present in the commonly used substrate Gly-Phe-AMC. Among the compounds 
bearing the coumarin group, the highest increase in fluorescence was observed for the analogues 
with AMC and 3b that have aliphatic chains in position 4 of the coumarin ring. Thi-Phe-3b was 
more selective towards CatC, as it was less efficiently cleaved by CatL. In the series of 
substrates with quinolinone group, we observed the highest hydrolysis rate in the presence of 
CatC for Thi-Phe-4a, but it was also cleaved by CatL. The kinetic parameters were determined 
for the best substrates in both groups and they are shown in Table 2. Additionally, series of 
intramolecular fluorescence-quenched substrates with general formula Thi-Ala(Mca)-X1-Tyr(3-
NO2)-NH2, where Ala(Mca) is β-(7-methoxy-coumarin-4-yl)-L-alanine and X is the set of 19 
proteinogenic amino acid residues except for Cys, were designed and synthesized. The activity 
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assay with CatC was performed to find the amino acid residues preferred in P1′ position, as 
detailed prime site specificity of CatC has never been studied before. In our study, the highest 
hydrolysis rates were exhibited by the substrates with polar amino acid residues Ser and Thr, but 
also Ala and Met. Acidic amino acid residues, as well as aliphatic Val and Ile were not accepted 
in this position. Thi-Ala(Mca)-Ser-Tyr(3-NO2)-NH2 exhibited one of the highest hydrolysis 
rates and at the same time it was not cleaved by CatL. In order to increase the substrate 
interaction with S' subsites and also to study CatC preference in P2' position, the next series of 
compounds with general formula Thi-Ala(Mca)-Ser-X2′-Tyr(3-NO2)-NH2 was synthesized. The 
highest proteolysis rates were observed for the compounds with small, polar or basic amino acid 
residues, however, they were also cleaved by CatL. Since we were mostly interested in 
substrates that were efficiently and selectively cleaved by CatC, we focused on substrates with 
Gly and Gln in P2′, as they displayed high proteolysis rates with Cat C among the substrates not 
cleaved by CatL. The kinetic parameters determined for the substrates are presented in Table 2.  

Table 2. Enzymatic characteristic of the best obtained substrates of human CatC 

Substrate KM [µM] kcat [s
-1] kcat/KM × 105 [M-1×s-1] 

ThiPheAMC 6.87±0.25 0.62±0.03 0.90±0.01 
ThiPhe3b 4.23±0.08 1.39±0.03 2.92±0.06 
ThiPhe4a 5.52±0.27 0.99±0.04 1.81±0.16 
ThiPhe4b 5.80±0.68 0.92±0.10 1.59±0.19 

Thi-Ala(Mca)-Ser-Gly-Tyr(3-NO2)-NH2 5.12±0.80 1.54±0.28 3.53±0.02 
Thi-Ala(Mca)-Ser-Gln-Tyr(3-NO2)-NH2 7.61±0.25 1.60±0.02 2.10±0.05 

The majority of cathepsin family members are widely expressed in human tissues. They 
display similar specificities of their substrate binding pockets, which makes the selective 
detection of individual cathepsins very challenging. Bearing in mind that selectivity is a crucial 
factor for newly developed cathepsin substrates, Thi-Phe-3b and Thi-Ala(Mca)-Ser-Gly-Tyr(3-
NO2)-NH2 were incubated separately with the recombinant cathepsins: C, L, B, V, A, K, X, S, P 
and D. Dipeptide fluorgenic substrate underwent proteolysis in the presence of all cathepsins 
except for CatS; however, it was most efficiently cleaved by CatC and CatL. The proteolysis of 
the newly developed FRET substrate was observed only when it was incubated with CatC and 
also CatB, but the proteolysis rate for the second enzyme was approximately 5 times lower.  

In summary, novel fluorogenic and FRET substrates with Thi in P2 position were designed 
and synthesized. To the best of our knowledge, Thi-Ala(Mca)-Ser-Gly-Tyr(3-NO2)-NH2 is the 
first reported FRET substrate of CatC. We expect that selected substrates will allow the further 
characterization of CatC activity. One of the possible applications is also the measurement of 
CatC activity in biomedical analysis. 
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Introduction 
Multiple Sclerosis (MS) is a slowly progressive and chronic auto-immunologically mediated 
disease of the central nervous system (CNS), with inflammation around the myelin sheath. The 
exact antigen or target that the immune cells are sensitized to attack remains unknown. MS is 
generally considered to be an autoimmune disease involving CD4+ and CD8+ T lymphocytes 
and B cells. This is strongly supported by the association of the MHC class II gene with disease 
and the ability of TH1 and Th17 CD4+ T lymphocytes to drive disease in an animal model for 
MS named experimental autoimmune encephalomyelitis (EAE) [1, 2].  
Modern approaches for the treatment of MS involve the design and synthesis of peptide 
analogues of immunodominant Myelin epitopes in order to regulate the immune response. The 
Mannan-[Lys-Gly]5-MOG35-55 conjugate represents an important compound for the possible 
immunotherapy of MS. Mannan has successfully been used as a carrier to target T cell antigens 
to the mannose receptor of dendritic cells leading to the induction of Th1 or Th2 immune 
responses regarding its form (oxidized or reduced respectively). The ability of mannan to induce 
different T cell cytokine profiles depends on the mode of conjugation with the peptide analogue 
[3, 4].  
The purpose of this study was the synthesis of [Lys-Gly]5-MOG35-55 peptide analogue using 
microwave irrediation and the control of time dependent progression of the conjugation with 
mannan polysacharide. 
 
Results and Discussion 

The immunodominant epitope of Myelin Oligodendrocyte Glycoprotein (MOG35-55), having 
the [LysGly]5 10th peptide analogue in the C-terminal, was synthesized under microwave 
irradiation conditions, following the Fmoc/tBu methodology and using the standard DIC and 
HOBt as coupling reagents [4,5]. The purity of the final peptide was typically determined using 
HPLC with an appropriate analytical method and the mass identification was performed using 
Mass Spectrometry.     
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Fig. 1. Time dependant control of the conjugation of MOG peptide with mannan.  
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Mannan (polymanose) from Saccharomyces cerevisiae was oxidized to polyaldehyde and 

purified by size exclusion chromatography. The peptide (1 mg) was conjugated with oxidized 
mannan (2 ml carbonate buffer solution) in a time dependent process. 

A rapid analytical method was developed using Ultra Performance Liquid Chromatography 
tandem with Mass Spectrometry (UPLC/MS-MS) for the control of the conjugation. In this 
method, the quantification of free peptide analogue was performed using an external standard 
calibration curve. The chromatographic separation was achieved using an Acquity UPLC™ 
BEH C18 column (150×2.1mm, 1.7µm), maintained at 40°C and a mobile phase of water 
(eluent A) and MeCN (eluent B) both containing 0.1% FA. The gradient elution was as follows: 
Initially 0.0 min = 5% B; 3 min = 50% B curve 6; 3.3 min = 100% B curve 6; 3.4 min = 5% B 
curve 8; 3.7 min = 5% B curve 6. For MS detection, ESI was used in positive mode applying for 
capillary 3.5 kV and for cone voltage 30 V. The molecular weight of [Lys-Gly]5-MOG35-55 was 
3508.07 Daltons. Mass fragment monitored for the peptide analogue was 502.54 Daltons.  

Linearity was determined by six different concentrations of [LysGly]5-MOG35-55 peptide in 
triplicate and calibration curve was plotted in range of 30 – 250 µg/ml of peptide. Quality 
control (QC) samples were used to determine the precision of the method, and were 
independently prepared at low (35 µg/mL), medium (75 µg/mL) and high (200 µg/ml) 
concentrations. The linear regression equation obtained was y=22749.8x±196369 with 
correlation coefficient 0.9792. The intra day precision (%RSD) was 6.22% at low QC level, 
5.15% at MQC level and 2.33% at HQC level respectively. Limit of quantification (LOQ) was 
considered as the lowest STD level of the calibration curve and the detection limit was 10 
µg/ml.  

The results demonstrated that, in approximately 5 hours, 90% of the peptide analogue was 
conjugated with the polysaccharide. The total reaction was completed in 24h. 
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Table 1. Microwave peptide synthesis of [LysGly]5-MOG35-55 

 
Protocol in Microwave Peptide 

Synthesizer 
 

Time (sec) Conditions Reagents 

Coupling of 
Aminoacids 1 x 300 30W, 75oC HOBt/DIC 

     Coupling of Arg 2 x 300 25W, 60oC  HOBt/ DIC 

Deprotection 1 x 30 Stage1: 52W, 60oC Pip/DMF (1:5) 

 1 x 180 Stage2: 70W, 60oC  
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Introduction 
Angiotensin II (AII) receptor antagonists play a significant role in the regulation of blood 
pressure. Losartan potassium is an AT1 receptor blocker, widely used in the treatment of 
hypertension. Losartan appears to be an attractive molecule for transdermal delivery [1-3]. 
Transdermal drug delivery systems (TDDS) offer pharmacological advantages compared to 
other routes of administration [4]. They can provide steady state release with long duration, 
avoid the first pass metabolism and improve patient acceptability and compliance. The 
properties of a drug that enable good penetration through the stratum corneum can be deduced 
from the equation for steady-state flux [5]. Losartan when compared to an ideal transdermal 
drug qualitatively appears to be ideal for the delivery through skin. Our objective was a 
comparative study of transdermal drug delivery using full skin and stratum corneum which is 
the main barrier of the skin. In this study, the diffusion rates of Losartan across full skin and 
stratum corneum were determined using Franz diffusion cells. Various solvents / permeation 
enhancers such as azone, terpenes, glycols etc. were used for the better diffusion of Losartan 
through the skin. The most promising formulation was tested in two different models of human 
skin, comparing the fluxes achieved using full skin and stratum corneum.  
 
Results and Discussion 
Losartan Potassium,  has a low molecular weight (461.01 g/mol), available as white crystalline 
powder with melting point 183-184°C with low oral bioavailability (33%). The log P is 3.85 [6] 
and half life is approximately 2.1±0.70 h [7]. In this study we tested the hypothesis that 
Losartan has the suitable physicochemical properties and may be a challenge for transdermal 
delivery. For this purpose experiments were carried out on human skin using a Franz diffusion 
cell system. The system contained six cells and the diffusion area was 1.77 cm2. The receptor 
compartment was filled with vehicle, containing 11.5 ml water, kept at 37 oC.   

 

Fig. 1. Comparison between the permeation profile obtained across full skin (dark grey) and 
stratum corneum (grey). The error bars correspond to standard deviation (n=6). 
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Table 1. Contains the ingredients of tested formulation and the amount permeated (μg/cm2) 
and fluxes (μg/cm2*h) using full skin and stratum corneum. 

Ingredients (% w/w) 
 Results in vitro 

 Full Skin Stratum    
Corneum 

Losartan 25 Amount (µg/cm2)  
27 

 
44.82 Ethanol  11  

PGa 14 Flux (µg/cm2*h)  
4.07 

 
12.8 Menthol 10  

Water 40    
aPropylene Glycol 
 

Losartan potassium solution formulated with various enhancers was applied in donor 
compartment (Table 1). In the donor compartment was applied full skin and stratum corneum, 
After application of drug solution, 500 µl samples were withdrawn from the receptor 
compartment every 3, 6, 8, 24 and 30 h. Receiver volume was immediately replenished with the 
same amount of fresh vehicle. Samples were analyzed and the amount of drug was quantified 
using appropriate HPLC analytical method. 

Due to the excellent barrier function of the skin, the choice of an appropriate enhancer is 
particularly important in the development of a transdermal delivery system. In order to study the 
passive delivery of Losartan through human skin, several permeation enhancers were 
investigated in different experimental approaches. Full thickness skin and stratum corneum 
model were used which are the most common in vitro skin models used to investigate the 
passive transdermal drug delivery. The results demonstrated that menthol and propylene glycol 
as permeation enhancers in combination with ethanol as co-solvent increase the permeability of 
drug. The results illustrated in Fig 1. showed that a significant higher flux was achieved using 
the stratum corneum which appears a threefold increase in the diffusion flux (12.8 µg / cm2 * h) 
compared to the experiments using full skin (4.07 µg / cm2 * h). This indicates that epidermis 
offers a significant permeability barrier, furthermore to the protective layer of stratum corneum. 
It seems that full skin was found to limit the drug permeation due to mask effect to the 
formulation vehicle. Thus, in this particular experiment stratum corneum was more suitable in 
vitro skin model for formulation investigation.  
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Introduction 
Multiple Sclerosis (MS) is a slowly progressive, immunologically mediated disease of the 
central nervous system (CNS), characterized by a dysregulated T cell response [1,2]. Modern 
approaches for the treatment of MS involve the design and synthesis of peptide analogues of 
immunodominant myelin epitopes in order to regulate the immune response [3]. It was 
previously reported that mannan, due to its ability to generate specific immune responses, used 
as carrier for peptides delivery to mannose receptor of macrophages and dendritic cells [4,5]. 
The mannan-MOG35-55 conjugate via [LysGly]5 presents an important molecule for the 
immunotherapy of the disease. The analysis and identification of polysaccharide-peptide 
conjugates requires specialized techniques which differ significantly from those methods used 
for small molecules. In this study, an electrophoretic method was developed that clearly 
presents the total conjugation of polysaccharide mannan with the peptide analogue MOG35-55.  
 
Results and Discussion 
The developed analytical method is based on the tricine polyacrylamide gel electrophoresis 
technique in the presence of SDS (SDS-PAGE) and improves the separation of peptide 
analogues with low molecular weights permitting the resolution of peptides as small as 500Da, 

making it suitable for SDS-PAGE 
peptide mapping Staining of gels was 
performed with coomassie brilliant blue. 
The method combines the advantage of 
detecting with high sensitivity the free 
peptide amount and also comprises the 
presence of the mannan-peptide 
conjugation. As shown in figure 1, both 
the free peptide and the conjugation of 
oxidized mannan – peptide groups 
stained positive with coomassie brilliant 
blue. No band appeared for the oxidized 
mannan (Lane 1) as was expected. 
Diffusion of bands can be explained 
logically since mannan is a 
polysaccharide with no particular 
molecular weight because of the 
different number of mannose units both 
in the main and the side chain. 
Moreover, we can see the missing band 
at 3.5kDa in lane 2 that proves the 
completion of conjugation and the 
absence of the free peptide in the final 
solution. 

 

Fig. 1. Tricine SDS PAGE of mannan-
[LysGly]5MOG35-55 conjugation using coomassie 
brilliant blue. Lane 1: oxidized form of mannan; 
Lane 2: mannan-[LysGly]5MOG35-55 conjugation; 

Lane 3: [LysGly]5MOG35-55 
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Sensitivity tests for coomassie blue staining at the developed method were also performed. 
Susceptibility testing of coomassie corresponds to the detection limit of the free peptide can be 
imprinted visibly after electrophoresis. Therefore, different concentrations of (Lys-Gly)5-
MOG35-55 peptide were tested in a range of 2.5x10-1 mg/ml to 5x10-4mg/ml. The results indicate 
that when the concentration of peptide was less than 2.5x10-3 mg/ml, the coomassie brilliant 
blue stain (Figure 2) was negative, indicated that the lower content of free peptide that can be 
detected is 2.5µg/ml. Taking into account the dilution factor of the electrophoresis method the 
actual amount of peptide that can be detected in the initial solution of the conjugate (0.5mg 
peptide/ ml conjugated to oxidized mannan) is 0.075ug or 0.015%. 
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Fig. 2. [LysGly]5MOG35-55 (lanes 1-10) in different contents using coomassie brilliant blue. 
Lane 1: 0.25 mg/ml; Lane 2: 0.125 mg/ml; Lane 3: 5x10-2 mg/ml; Lane 4: 2.5x10-2 mg/ml; 

Lane 5: 1.25x10-2 mg/ml; Lane 6: 7.5x10-3 mg/ml; Lane 8: 2.5x10-3 mg/ml; Lane 9: 1.25x10-3 
mg/ml; Lane 10: 5x10-4 mg/ml. 
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Introduction 
Dermorphin and deltorphin I, opioid heptapeptides isolated from frog skin are highly selective 
ligands at µ- and δ-opioid receptors respectively [1, 2]. The use of peptides as drugs are limited 
because of their rapid biodegradation and low selectivity connected with the high 
conformational freedom. A convenient tools for modification of the bioactive peptides and for 
conformational studies are non-coded amino acids, which can induce physical and chemical 
changes. Among these amino acids, the α,α-disubstituted glycines play an important role. The 
present work reports the synthesis and receptor binding of dermorphin and deltorphin I 
containing (R) or (S)-α-benzyl-β-(azido, 4-morpholinyl, 1-piperidinyl, 1-pyrrolidinyl)alanines in 
position 3. 
 
Results and Discussion 
Our group has developed an efficient method for the effective synthesis of multifunctional α,α-
disubstituted glycines from easily accessible α-alkylserines (Scheme 1) [3]. Racemic N-Boc-α-
alkylserines were resolved by fractional crystallization of diastereoisomeric salts with (-) 
ephedrine. Cyclization of (R) or (S)-Boc-α-alkylserines in conventional or modified Mitsunobu 
conditions leads to the corresponding β-lactones in high yields. Ring opening of N-protected (R) 
or (S)-α-alkylserine β-lactones with sodium azide or secondary amines(pyrrolidine, piperidine, 
morpholine) gives a large variety of unnatural α,β-disubstitiuted glycines (Scheme 1). Ten new 
analogues of DT I and DERM modified in third position with α-benzyl-β-(azido, 4-morpholinyl, 

1-piperidinyl, 1-pyrrolidinyl) 
alanines were synthesized by 
a combination of solid-phase 
and solution methods. 
Tripeptides containing α,α-
disubstituted amino acid 
were synthesized in solution, 

using reagents for difficult couplings (HATU/HOAt). The N,O-protected tripeptides were used 
for acylation of tetrapeptides 
(Asp-Val-Val-Gly-NH2 or 
Gly-Tyr-Pro-Ser-NH2) on 

manual solid-phase peptide synthesis. The peptides were purified on preparative HPLC and 
their molecular weights were confirmed by mass spectrometry.  
 

Scheme 1. Synthesis of (R or S) α-benzyl-β-(azido, 4-

morpholinyl, 1-piperidinyl, 1 pyrrolidinyl)alanines 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

149 

 

Table 1. Binding affinities of new DERM and DTI analogues to δ and µ opioid receptors 

PEPTIDE 
 IC50 (nM) 
 µa δb μ/δ 

Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-NH2 (dermorphin) [4]   0.76  73.5c  0.01  

Tyr-D-Ala-(R)-α-benzyl-β-azidoAla-Gly-Tyr-Pro-Ser-NH2  1 4.29 22.6  0.19 

Tyr-D-Ala-(S)-α-benzyl-β-azidoAla-Gly-Tyr-Pro-Ser-NH2  2 151  1057  0.14 

Tyr-D-Ala-Phe-Asp-Val-Val-Gly-NH2 (deltorphin I) [5]   976  3.05c  320 
Tyr-D-Ala-(R)-α-benzyl-β-azidoAla-Asp-Val-Val-Gly-NH2  3 1272  8.8  144  

Tyr-D-Ala-(S)-α-benzyl-β-azidoAla-Asp-Val-Val-Gly-NH2  4 2473  655  3.77  

Tyr-D-Ala-(R)-α-benzyl-β-(1-pyrrolidinyl)Ala-Asp-Val-Val-Gly-NH2  5 419  378  1.11 
Tyr-D-Ala-(S)-α-benzyl-β-(1-pyrrolidinyl)Ala-Asp-Val-Val-Gly-NH2  6 1793  3178  0.56  

Tyr-D-Ala-(R)-α-benzyl-β-(1-piperidinyl)Ala-Asp-Val-Val-Gly-NH2  7 88  669  0.13  

Tyr-D-Ala-(S)-α-benzyl-β-(1-piperidinyl)Ala-Asp-Val-Val-Gly-NH2  8 2876  15.0  192  

Tyr-D-Ala-(R)-α-benzyl-β-(4-morpholinyl)Ala-Asp-Val-Val-Gly-NH2  9 2624  1373  1.91  
Tyr-D-Ala-(S)-α-benzyl-β-(4-morpholinyl)Ala-Asp-Val-Val-Gly-NH2  10 3907  2205  1.77  
aversus [3H]DAMGO, bversus [3H]DELT, cversus DPDPE 
All new analogues of DERM (1,2) and DT I (3-10) were tested for the affinity and selectivity to 
δ and µ opioid receptors in standard displacement test on receptors in rat brain homogenates 
(Table 1). Effect of the substitution of Phe3 with α-benzyl-β-azido(sec-amino)alanines in 
dermorphin (1,2) and deltorphin I (3-4) depends on chirality of the amino acid. Incorporation of 
(R) enantiomers resulted in analogues with higher affinity and selectivity to opioid receptor 
whereas analogues with (S) enantiomers are less potent. It can be explained by analogy between 
(R)-α-benzyl-β-azido(sec-amino)alanines and L-phenylalanine where the topographical 
orientation of aromatic rings are the same. Incorporation of (R)-α-benzyl-β-azidoalanine in 
position 3 of dermorphin (1) gives active analogue with µ-selectivity, although this analogue has 
moderate affinity to δ receptor. Modification of deltorphin I with (R)-α-benzyl-β-azidoalanine 
(3) provide comparable to DT I affinity and selectivity to δ opioid receptor. These results 
demonstrate that the (R)-α-benzyl-β-azidoalanine can be use as a convenient tool in modulation 
of affinity and selectivity of peptide ligands and gives the possibility to further application in 
”click chemistry” or transformation into amine. The azido group can be reduced (catalytic 
hydrogenation) to an amino group in the last step of the peptide synthesis. Replacing of Phe3 
with α-benzyl-β-(4-morpholinyl, 1-pyrrolidinyl)alanines in deltorphin I (5-10) reduces both 
affinity and selectivity to δ-opioid receptor. Probably α,α-disubstituted glycines with sec-amino 
group reduce conformational freedom and do not allow to adopt of the bioactive conformation. 
Surprisingly, introduction (S) or (R) α-benzyl-β-(1-piperidinyl)alanines resulted in analogues 
with opposite selectivity. [(R)-α-benzyl-β-(1-piperidinyl)alanine3]DT I (7) is δ-selective ligand, 
while the [(S)-α-benzyl-β-(1-piperidinyl)alanine3]DT I (8) possess µ-selectivity.  
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Introduction 
Opioids are the most effective analgesics currently used, even though they have serious side 
effects such as respiratory depression and addiction. One of the most promising ways of 
developing new opioid analogs with improved activity is the synthesis of compounds containing 
two active elements in one molecule. Good opioid affinity and antinociceptive activity of some 
fentanyl-enkephalin conjugates suggesting that a novel class of analgesics can be further 
developed utilizing this approach [1-3].  
 
Results and Discussion  
We have designed and synthesized 
eight new peptide-nonpeptide bivalent 
opioid ligands, with the enkephalin-
like tetrapeptide containing 
amphiphilic (R) or (S)-α-methyl 
(isopropyl)serine in position 2 (Tyr-α-
Me(i-Pr)Ser-Gly-Phe) and N-phenyl-
N-piperidin-4yl-propion(benz)amide 
moiety. Early studies have shown that 
[MeSer2] enkephalin is more active 
than the parent enkephalin and exhibit 
a much longer duration of action [4]. 
Racemic α-methylserine and α-
isopropylserine were synthesized by 

 
Scheme 1. Synthesis of O-acyl isotripeptides 

 

 

 

 

 

 

 

 

Scheme 2. Synthesis of N-phenyl-N-piperidin-4-yl-
propion(benz)amide 

selective α-hydroxymethylation of 
alanine or valine. N-Boc-(R,S)-α-
alkylserines were obtained from the 
potassium salt and Boc2O in boiling 
methanol in the presence of Et3N  as  a 
base and resolved by fractional 
crystallization of diastereomeric salts 
with (-) ephedrine. The optically pure 
N-protected α-methyl(iso-propyl) 
serines were used for the synthesis of 
four coresponding O-acyl isopeptides 
according to Scheme 1. N-phenyl-N-
piperidin-4-yl-propion (benz)amide 
was received by multistep synthesis 
according to Scheme 2. 
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Table 1. Opioid receptor binding affinities of analogues 1-8 
 
 
 
 
 
 

 
 

Peptide  IC50 (nM) 
μ vs DAMGO 

IC50 (nM) 
δ vs DELT 

δ/μ 

Fentanyl  5.9 ± 1.4 568 ±159 96.3 

Leu-enkephalin  2.42 ± 0.93 1.43 ± 0.71 0.6 

Y = (R)-MeSer; R = CH2CH3  1 132 ± 2.74 24.5 ± 0.85 0.2 

Y = (S)-MeSer; R = CH2CH3  2 1372 ± 54.6 377 ± 17.2 0.3 

Y = (R)-i-PrSer; R = CH2CH3  3 1993 ± 169.41 1123 ± 110.8 0.6 

Y = (S)-i-PrSer; R = CH2CH3  4 1858 ± 133.96 2144 ± 226.84 1.2 

Y = (R)-MeSer; R = CH2C6H5  5 1024 ± 53.8 187.7 ± 19.76 0.2 

Y = (S)-MeSer; R = CH2C6H5  6 1692 ± 287.9 1193 ± 73.6 0.7 

Y = (R)-i-PrSer; R = CH2C6H5  7 1566 ± 101.09 1378 ± 100.6 0.9 

Y = (S)-i-PrSer; R = CH2C6H5  8 2237 ± 125.5 3952 ± 426.0 1.7 
Condensation of O-acyl isotripeptides with acylated N-phenyl-N-piperidin-4-yl-

propion(benz)amide, subsequent deprotection and internal O,N-migration under mild basic 
conditions allowed to receive designed analogues 1-8 (Table1). 

Analogues of 4-anilidopiperidine containing enkephalin-like tetrapeptides (Tyr-(R) or 
(S)Me(iPr)Ser-Gly-Phe) were synthesized in solution via O,N-acyl migration method. This 
strategy allows to use α-alkylserines with free hydroxyl group and obtain much higher yield 
than in a classical peptide bond synthesis. New fentanyl analogues 1-8 were purified and tested 
for affinity and selectivity to µ and δ-opioid receptors. Binding affinities for µ- and δ-opioid 
receptors were determined by displacing [3H]-DAMGO and [3H]-DELT in standard 
displacement tests on receptors in rat brain homogenates. The results are shown in the table 1. 
All peptides expressed lower δ and µ affinity than Leu-enkephalin. The biological effect is 
strongly dependent on chirality of the amphiphilic amino acid in position 2. Analogs containing 
the (R)-amino acids expressed higher affinity to both opioid receptors than (S)-isomer. 
Analogical relationship was observed for enkephalin [4] and biphalin [5] analogues containing 
α-methylserine. The topographical location of the hydroxymethyl group in the (R)-MeSer of the 
tetrapeptide Tyr-(R)-MeSer-Gly-Phe is related to the hydroxymethyl group of (R)-serine in the 
DSLET δ-selective ligand. Our the most active analog (1) showed three times higher δ-
selectivity than Leu-enkephalin. 
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Introduction 
SERPINH1 is a 47 kDa heat shock protein belonging to the Serine Protease Inhibitors 
superfamily, which rather than displaying proteases inhibitor activity, is endowed with a key 
role in collagen biosynthesis. Unlike other molecular chaperones, hsp47 recognizes selectively 
the correctly folded state of its client [1], transferring triple helical procollagen molecules from 
the ER lumen to the Golgi apparatus, thus assisting their folding and preventing improper lateral 
aggregation [2]. According to hsp47 role as the main collagen superhelix stabilizer, the 
supportive evidence that its constitutive expression is correlated to major collagen types 
expression [3], suggests implications in collagenopathies with altered collagen production 
levels, such as some types of Osteogenesis Imperfecta and Ehlers-Danlos Syndrome.  
In order to investigate SERPINH1’s actual role in collagen related diseases, we tried to mimic 
the chaperone moiety of the protein through the design of a Template Assembled Synthetic 
Protein [4], which should help us in the monitoring of collagen production fluctuations either in 
normal or in pathological conditions. The resulting new molecules could be considered as the 
starting point for the further development of novel therapeutic approaches. 
Results and Discussion 
SERPINH1 ability to behave as a collagen chaperone resides on a long deep cleft whose base is 
formed by a β-sheet termed B and sides formed by helices termed hA and hG/hH [1,5], 
following Huber & Carrell labelling system for SERPINs [6]. In a TASP, an appropriately 
chosen scaffold supports peptide blocks selected from the protein primary sequence, mimicking 
the intramolecular chain folding.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (A) TASP 5. (B) Free binding energy and (C) RMSD values versus time (ps) in molecular 
dynamics simulations for TASP5: the complex stability increases during the dynamics. 
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Accordingly, referring to the Protein Data Bank SERPINH1 model crystalized in complex with 
a synthetic homotrimeric collagen [1], we explored the protein area at the interface of the 
interaction with the ligand and selected amphiphilic peptide blocks within β-sheet B, mainly 
involved in procollagen binding and processing [1,6]. 
Therefore, we designed a small collection of TASPs, varying the template, the β-turn mimetic 
type and the number of strands. We partially modified the native sequence of each peptide 
block, in order to favour β-sheet nucleation in polar solvents: in such condition, hydrophobic 
interactions represent the principal driving force guiding β-sheet folding, since aromatic side 
chains may act as seeds for nucleation if they are not hindered by β-branched amino acid sited 
on the adjacent strands [7]. Besides, the presence of a glycine residue sited at the surface of the 
β-sheet may hamper the nucleation [8], due to the lack of one additional hydrogen bond (Table 
1). 
We performed molecular dynamics simulations, using the AMBER 9 (Assisted Model Building 
with Energy Refinement) module SANDER, aiming to screen each designed TASP candidate, 
both in terms of superimposition with the native protein crystallized in complex with the ligand 
[1] through RMSD values calculations, and in terms of docking energy estimations. Coherently 
with these criteria, we selected TASP5 as the most promising hsp47 chaperone moiety mimetic 
(Figure 1).  
In TASP5, an oligourea scaffold, proposed by Nowick et al. [9], supports two parallel 
amphiphilic β-strands, while the third strand is anchored to strand 2 via a Gellman’s D-Pro-Gly 
artificial β-turn [10] and a triazole bridge, improving the superimposition with the β-sheet B 
within the crystallized native protein. 
In conclusion, we took advantage of molecular modelling techniques, employing AMBER [6] to 
select TASP5 among a small library of newly designed TASP candidates, inspired to the 
chaperone moiety of SERPINH1, strictly involved in collagen biosynthetic pathway. TASP5 
synthesis has already been planned and is currently in progress. Both binding assays, through 
Surface Plasmon Resonance (SPR), and functional assays, based on collagen type I detection in 
cultured Normal Human Dermal Fibroblasts (NHDFs) treated with TASP5, will be performed to 
assert biological activity of the selected TASP. In functional assays, we will measure soluble 
collagen type I, performing sandwich ELISA on culture media withdrawn after 72 hours 
incubation and non-soluble collagen via WB on lysates.  
We have aldready set up the in vitro functional assay on cultured NHDFs and we have recently 
validated this technique to evaluate biological activity of smaller peptides with putative 
influence on collagen turnover. 
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Introduction  

The problem of the efficient therapy of pain is important not only from clinical but 
from social and economic point of view. In recent years lack of input of modern tools in clinical 
practice for relieving pain perception hampers the effectiveness of 
therapy. Tumors often persist with pronounced pain syndrome. It requires in those patients’ 
cases using combination drug regimens that have restrictions as therapeutics because of poor 
patient compliance and difficulties in drug metabolism, distribution, and possible drug-drug 
interactions.  

In recent years, a new approach has been taken to combine different activities in one 
ligand which is supposed to have good metabolic and pharmacological properties. This opens 
the avenue for development of new types of analgesics and as possible anti-tumour agents as 
well. Peptide therapeutics are logical targets, in despite of problems associated with their low 
bioavailability, rapid metabolism, and lack of oral activity. Among the peptide family, short 
peptides are very appealing for drug discovery and development because of their cost-
effectiveness, possibility of oral administration, and simplicity to perform molecular structural 
and quantitative structure-activity studies [1]. Examples of these are peptides with RGD (L-
argininylglycyl-L-aspartic acid) or NGR (L-aspartylglycine-L-arginine) motifs presented in 
fibronectin, laminin, vitronectin, fibrinogen and collagens [2,3]. RGD peptides are commonly 
known as antimetastatic agents and are able to decrease the number of spontaneous and 
experimental metastases in in vivo models [4, 5]. 
 
Results and Discussion 

In the department “Molecular design and biochemical pharmacology” of IMB, a 
number of studies to clarify the relationship between structure and activity of RGD-peptides and 
RGD-mimetics were conducted. Several RGD peptides were synthesized, and their anti-
adhesive and cytotoxic properties were analyzed. It has been found that modification at the 
carboxyl group of RGD increased the inhibitory effects on cell growth. Тhe genotoxic potential 
of RGD-peptides was also investigated. The results of these studies give reason to assume that 
the RGD and its analogues perform their cytotoxic effects by activating apoptotic pathways 
All studies were performed on adult (60–90 days old) male rats from the Wistar strain (Rattus 

norvegicus), weighting 180-200 g. They were housed in colony room at 22 ± 1 °C temperature, 
where light was maintained on a 12-h light 12-h dark cycle. The changes in the mechanical 
nociceptive threshold of the rats were measured by an analgesimeter (Ugo Basile). Pressure was 
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applied to the hind-paw and the pressure (g) required eliciting a nociceptive response such as 
squeak or struggle was taken as the mechanical nociceptive threshold. 

 

 

                    

                                                                                                                       

 

 

 

The evaluation of pain threshold started 15 min after i.p. injection of reference or 
analogue peptides. The results showed that on the 15th min of the experiment the reference 
peptide – RGD (1 mg/kg i.p.) had an analgesic effect, it increased pain threshold 1,5 as 
compared to control (p<0.001). The analgesic effect decreased in time and measured on 30th and 
45th is significantly lower, but still higher than controls (p<0,001). Application of µ-opioid 
receptor antagonist naloxone 20 min before RGD, and measuring the analgesic activity after 15 
min, completely abolished effects of the last one.  The RGD analogue – CavGD, was also tested 
for analgesic activity. On the 15th min after injection, CavGD (1 mg/kg i.p.) increased pain 
threshold approximately 2,5 times (p<0,001) (Fig.1). On the 30th and 45th minutes, it was getting 
lower gradually. Pretreatment with µ-opioid receptor antagonist naloxone 20 min before 
CavGD, and measuring the analgesic activity after 15 min, completely abolished effects of RGD 
analogue. In conclusion, it may be stated that RGD and its canavanine analogue expressed 
analgesic activity by influencing µ-opioid receptors. The combination of analgesia and 
antitumor activities with an absence of toxicity is highly appealing from clinical point of view 
and broadens the therapeutic potential and application of RGD peptide mimetics. 
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Figure 1. Nociceptive effects of RGD (1 mg/kg) and CavGD (1 mg/kg) after intraperitoneal 

injection (i.p.) estimated by PP-test in rats. Main values ± S.D. are presented. *p<0.001 vs. 

control 
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Figure 1. Hydrolytic stability of 

endomorphin-2 analogs. 
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Introduction 
Endomorphin-1 (EM-1, Tyr-Pro-Trp-Phe-NH2) and endomorphin-2 (EM-2, Tyr-Pro-

Phe-Phe-NH2) are tetrapeptides with the highest known affinity and specificity for the µ-opioid 
receptor. It is assumed that endomorphins are the cleavage products of a larger precursor, but 
this polypeptide or protein has not been identified yet. They display a strong antinociceptive 
effect on acute pain, similar to that of morphine, but with less extent of some of the undesirable 
side effects, such as acute tolerance, physical and psychological dependence and respiratory 
depression [1, 2]. Lately has been reported, that EM-2 exhibits cytotoxic activity against 
leukemia cell lines [3].  
Results and Discussion 

In order to increase degradation stability, penetration through biological membranes, 
receptor affinity and cytotoxic potential, we have modified the structure of endomorphin-2, 
through conjugation with deoxycholic acid in first position, halogenation in para-position of 
phenylalanine (Phe3) and conjugation with ethylenediamine in forth position. To determine 

the hydrolytic stability under physiological conditions, 
it was necessary to prepare mixtures of 
selected organic solvent and suitable buffers in order 
to achieve the desired pH values close to 
physiological.  Both analogs, which were tested, are 
stable under various physiological pH values 
and remain after 6 h 90% from its initial concentration 
(Fig.1). 
Previously endomorphin-2 (EM-2) was not being 
tested for cytotoxic activity on the cell lines - 3T3 
(mouse embryonic fibroblast cell line), and HepG2 
(human hepatocellular carcinoma cell line). We have 
applied in a concentration range of 15,63 - 500 µM. 

 

Figure 2. 3T3 and HepG2 cell lines treated with EM-2 analogs. 
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The reported effects of 24 hours have shown moderate cytotoxic activity on both cell 
lines. We were unable to determine IC50 values of EM-2 in both cell lines used in the mentioned 
concentration range. Addition of naloxone in concentration of 1  µM has no influence on 
cytotoxicity of endomorphin-2 (results aren’t shown). 

Under the same conditions we have tested the new synthesized analogs of EM-2. All of 
them have shown increased cytotoxicity compared to EM-2 (Fig 2.). The highest cytotoxic 
potential showed the analogue Deoxycholic-Tyr-Pro-Phe (pF) -Phe-OH value of IC50 - 131 µM 
and 110 µM on 3T3 and HepG2 cell lines respectively. In an attempt to understand the 
mechanism of action, we tested the analog of EM-2 – Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 
along with µ-opioid antagonist – naloxone. Deoxycholic-Tyr-Pro-Phe (pCl) -Phe-OH was not 
experienced alone on these cell lines, but we assumed that the values of the IC50 on 3T3 and 
HepG2 cells would be similar as in Deoxycholic-Tyr-Pro-Phe (pF)-Phe-OH. Applications, 
however, in combination with naloxone on the both cell lines 3T3 and HepG2 shown values of 
IC50 – 67 µM and 37 µM, respectively (Fig.3). 

In summary, we succeeded to conjugate with deoxycholic acid in first position, to 
incorporate the halogenated amino acids and to conjugate with ethelenediamine in forth position 
into EM-2 peptide moiety. The new synthesized analogs have shown satisfactory hydrolytic 
stability and increased cytotoxic potential compared to EM-2. The classical µ-opioid antagonist 
– naloxone, didn’t affect cytotoxicity of EM-2, but significantly increasde that of the new 
synthesized analogue – Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH. The mechanism of this 
interaction has not been fully elucidated yet. 
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Figure 3. 3T3 and HepG2 cell lines treated with Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 

along with µ-opioid antagonist – naloxone. 
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Introduction 
YacG is a small bacterial protein of 65 amino acids residues with characteristic features of a 
zinc-finger that includes 2 antiparallel β-strands, an α-helix and a tetrahedral Zn+2-binding site 
[1]. Studies demonstrate that YacG inhibits the catalytic activities of DNA Gyrase by preventing 
its DNA binding [2]. The YacG activity in human topoisomerases, important for application as 
antibacterial or antitumor agents, has not been investigated. As part of our continuous searching 
and development of new topoisomerases inhibitors, we have designed and synthesized, by solid-
phase method, a series of linear peptides based on primary structure of Escherichia coli YacG 
protein and evaluated their ability to inhibit the topoisomerases activities. 
 
Results and Discussion 
The NMR structure of YacG revealed the presence of a unique zinc-finger motif and an 
unstructured tail in this protein [1]. In this motif, four cysteines residues (C9, C12, C28 and 
C32) coordinate the zinc ion (Figure 1). Thus, three peptides were designed and synthesized 

considering the zinc-finger motif and including the 
replacement of the cysteine residues by alanine or serine, 
for preventing the zinc binding. A fourth peptide was 
synthesized considering the unstructured C-terminal tail. 
The peptides size ranged from 28 to 33 amino acids 
residues (Figure 2). For comparative studies, YacG protein 
from Klebsiella pneumoniae was also obtained by E. coli 
expression and purification techniques. 

The ability of YacG protein and the synthesized 
peptides to inhibit the DNA supercoiling and relaxation 
reactions catalyzed by DNA gyrase and human 
topoisomerase IIα respectively, was evaluated employing 
gel electrophoresis assays [3]. The minimum concentration 
that produced complete inhibition of supercoiling or 

relaxation activities was termed the IC100. In the standard supercoiling and relaxation assays at 

 

Fig. 1. Representation of E. coli 
YacG structure [1]. 

 1
MSETITVNCPTCGKTVVWGEISPFRPFCSKRCQLTDLGEWAAEEKRIPSSGDLSESDDWSEEPKQ

65 
YacG protein 

6
TVNCPTCGKTVVWGEISPFRPFCSKRCQLTDLG

38 
YacGAG1 

6
TVNSPTSGKTVVWGEISPFRPFSSKRSQLTDLG

38 
YacGAG4 

6
TVNAPTAGKTVVWGEISPFRPFASKRAQLTDLG

38 
YacGAG5 

38
GEWAAEEKRIPSSGDLSESDDWSEEPKG

65 
YacGAG7  

Fig. 2. Primary structure of K. pneumoniae YacG protein and synthesized peptides 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

159 

 

37°C and 100 µmol.L-1, YacG protein and the peptides YacGAG4, YacGAG5 and YacGAG7 
inhibited both DNA gyrase and human topoisomerase. Subsequently the IC100 was determined 
(Table 1). YacG from Klebsiella pneumoniae inhibited the supercoiling activity of DNA gyrase, 
but with lower efficiency than its E. coli homologue. However, K. pneumoniae YacG was very 
effective in inhibiting human Topoisomerase IIα (IC100 < 5 µmol.L-1), an activity not described 
for E. coli protein, which shows that both act by distinct mechanisms and dependent of the cell 
origin. Comparatively, the peptide YacGAG7 constructed bearing the unstructured C-terminal 
tail of YacG, inhibited gyrase in a manner similar with wild-type YacG, but was about fivefold 
less effective at inhibition of relaxation activity of human topoisomerase IIα. The removal of 
residues 1-37 resulted in a peptide that had little detectable effect on supercoiling by gyrase, but 
was more sensitive on relaxation by human topoisomerase IIα, showing that the protein-enzyme 
interaction process is different for both topoisomerases. The IC100 values for YacGAG7, in 
compare to the other peptides, indicate that the C-terminal tail unstructured YacG alone, plays 
an essential role in its activity of antagonize the topoisomerases functions. Moreover, the only 
peptide with structure characteristic of zinc-finger, including the β-strands, α-helix and the Zn+2-
binding site (YacGAG1), was unable to inhibit the girase activity. These data are an evidence 
that the zinc-finger domain is not essential for modulatory effect of YacG in DNA gyrase. In 
fact, YacGAG4 and YacGAG5, peptides with disrupted zinc-finger motif, were more effective at 
inhibiting supercoiling activity than YacGAG1. In the other hand, in the relaxation activity by 
human topoisomerase IIα, the zinc-finger motif apparently is critical for protein-enzyme 
interaction. For this enzyme, YacGAG7 was less effective at inhibiting its activity if compared 
with YacG protein. Furthermore, we have obtained a new synthetic peptide with inhibitory 
activity on human topoisomerase II obtained from a bacterial protein. Therefore, YacGAG7 
peptide has great potential as anticancer drug.  

These synthetic peptides are good starting points for a deeper understanding of the 
topoisomerases mechanism and to designing of new peptide inhibitors with selective affinity 
against different topoisomerases 
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Table 1. Inhibitory activities of YacG and synthetic peptides on topoisomerases 

peptide 

IC100 (µmol.L
-1

)
a 

DNA gyrase
b 

 Topoisomerase IIα
c 

YacG protein <50
d 

 <5
 

YacGAG1 >100  >100 

YacGAG4 80  75 

YacGAG5 75  70 
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Introduction 
Development of new therapeutics and diagnostics that act only where needed remains a major 
challenge for research scientists and pharmaceutical industry. However, the cell membrane 
penetrating barriers and the lack of cell selectivity of the intracellular actingagents limit their 
therapeutic value. The aim of the study is the development of new Cell Penetrating Molecular 
Transporters (CPMT), which must conform to, among others, extracellular enzymatic 
resistance, redox sensitive pro-drug linkages and intracellular release of the biomolecule or 
drug. A multifunctional foldamer carrier Ac-(Lys-Aib-Gly)4, named SOC (Sequential 
Oligopeptide Carrier), which incorporates lysine for covalently anchoring the bioactive 
molecules, will be applied as CPMT. SOC carrier adopts helical conformation (identified by 
1HNMR spectroscopy and molecular modeling) mainly attributed to the inclusion of the 
strongly helicogenic Aib [1]. Selected molecules will be conjugated to the LysNεH2 groups via 
the formation of an oxime carrier-biomolecule linkage. Reduction of the oxime linkage by using 
a Cytochrome Reductase system, from pig liver microsomes, will permit the intracellular release 
of the biocargo [2]. The chemoselective synthesis of the model tripeptide Lys-Ala-Arg-NH2 on 
the carrier, as well as the evaluation of the precise redox properties of the oxime bond are 
currently in progress. 
 
Results and Discussion 
The synthesis of the SOC carrier was carried out by the stepwise solid phase procedure (SPPS) 
following the Fmoc/tBu methodology on a Rink Amide AM resin (0.33mmol/g). Couplings 
were performed using a 3/3/3/6/1 molar ratio of amino acid/HBTU/HOBt/DIEA/resin. The 
amino acids were added as Fmoc-protected derivatives with suitable side chain protections 

when necessary. Fmoc groups were removed 
using 20% piperidine/DMF. Deprotection of 
the N-terminal Lys of the carrier (cleavage of 
Fmoc group with TFA) was followed by 
acetylation with (CH3CO)2O in pyridine in 
molar ratio of (CH3CO)2O/resin 30/1. 
Removal of Mtt from the four Lys-NεH2 
groups (1.8% solution of TFA/DCM) was 
followed by coupling to Boc-aminooxy-acetic 
acid using DIC and HOBt (3 molar excess). 
Removal of Boc protective group and 
cleavage from the resin were carried out using 
TFA/TIS/H2O (95/2.5/2.5, v/v/v, 4h). The 

crude peptide (yield 81.2%) was purified by semipreparative RP-HPLC and characterized by 
analytical RP-HPLC and ESI-MS.  
The synthesis of Ac-Lys(Ser)-Ala-Arg-NH2 was also carried out using the SPPS methodology 
on a Rink Amide AM resin (0.42 mmol/g), following the Fmoc/tBu methodology. The Lys-
NεH2 was elongated by the -Lys(Ser) motive to create an aldehyde group, which is necessary for 
the chemoselective synthesis through oxime bond. The Lys and Ser residues were introduced as 
Fmoc-Lys(Mtt)-OH and Fmoc-Ser(tBu)-OH, respectively. Oxidation of the 2-amino-alcohol 
group of serine   by NaIO4 resulted in the formation of an aldehyde group: Aqueous solution of 

 
Fig. 1 Oxidation of the 2-amino-alcohol 

group of serine 
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the epitope (10 mM) was diluted in imidazole buffer (50 mM, pH 7 and chloride counter-ion) 
and NaIO4 (12 mM) was added in the mixture. After 3 min, the oxidation was quenched by 
adding ethyleneglycol solution (100 mM) and isolated by semipreparative RP-HPLC and 
characterized by analytical RP-HPLC and ESI-MS (Fig. 1).  
The SOC4-conjugate was synthesized in the liquid phase using the chemoselective ligation 
approach which leads to the formation of an oxime bond between each aminooxy group of the 
SOC4 carrier and the corresponding aldehyde-peptide derivative. Oxime reaction was initiated 
by mixing the carrier with the aldehyde-compound in acetate buffer, pH 4.6, 1:6 v/v at 35 oC 
(Fig. 2) in a 1.5 fold molar excess over each reactive group of the carrier. Reaction progress was 
followed by ESI-MS and the product was purified by semipreparative HPLC and characterized 
by analytical HPLC and ESI-MS. 

    
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                      
Fig. 2: Chemoselective coupling of the aldehyde-tripeptide to the Nε-aminoxyacetyl SOC4-I 

carrier  

 
Preliminary biological experiments using microsomes, isolated from pig liver, indicated the 
reduction of the oxime bond of the SOC-conjugate. Detection of the Ac-Lys(CO-CH=ΝΗ)-Ala-
Arg-NH2 by ESI-MS [M+H+]: 470.54 confirmed the release of the peptide derivative (biocargo) 
by the Cytochrome Reductase and the future usage of the SOC-conjugate as Cell Penetrating 
Molecular Transporter (CPMT). 
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Introduction 
Angiogenesis is the process of formation of new microvessels from preexisting vascular 
network. Pathological angiogenesis is crucial to the progression of cancer, particularly in 
metastasis. One of the most important growth factors involved in angiogenesis process is 
vascular endothelial growth factor-165 (VEGF165). Its chemical signal is transduced via VEGF 
receptors and significantly enhanced by association with co-receptor neuropilin-1 (NRP-1). The 
possibility exists to block this triggering mechanism of VEGF165 by using angiogenic inhibitors, 
which could bind to the NRP-1 without transducing signal for endothelium cells proliferation.  
It has been previously shown, that heptapeptide ATWLPPR (A7R) binds to NRP-1 and 
selectively inhibits VEGF165 binding to NRP-1. Additionally in vivo treatment with A7R 
resulted in decreasing breast cancer angiogenesis and growth [1]. 
In the frame of more detailed structure activity relationship studies we synthetized a series of 
A7R analogues. Some of them exhibit a good inhibitory activity (e.g. compound  1 in the Table 
1.), but  the preliminary enzymatic stability study show that half life in human serum is rather 
short (app. 20 min), because of the peptide bond instability.  This findings were motivation for a 
current project, aimed on design, synthesis, inhibitory activity evaluation and enzymatic 
stability research of peptidotriazoles, compounds with similar biological properties but different 
chemical structure, with a longer half life in a human serum. 
 

Results and Discussion 
The synthesis of designed peptidotriazole mimetics have been conducted on solid support using 
Wang resin. The 1,2,3-triazole moieties were synthesized by 1,3-dipolar cycloaddition catalyzed 
by copper(I) ions [2,3] from terminal alkyne and azide moieties according to the synthetic 
scheme shown on fig. 1 

Fig. 1. Synthesis of the 1,2,3-triazole moiety. Reaction conditions(a): CuSO4*5H2O, K2CO3, 
DCM:MeOH:H2O (4:1:1 v/v/v), overnight; (b) CuSO4*5H2O, sodium ascorbate, argon THF:H2O 
(2:1 v/v) 16h; (Fmoc deprotection) 20% piperidine in DMF for 5 min and 20 min with a new 
portion 
 
Crude products were analyzed on analytical RP- HPLC (column Jupiter Proteo C-12) and 
purified by preparative RP-HPLC. Pure compounds were then characterized by mass 
spectrometry (ESI, single quadrupol and for HRMS: ESI, IT-TOF) and subjected to inhibitory 
measurements carried out by modified ELISA protocol. 
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Structures of the most active compounds, among sixteen peptidotriazole mimetics we have 
obtained, are presented on Fig.2 and inhibitory results are presented in Table 1. 

Fig. 2. Chemical structures of active peptide analogue (left) and two peptidotriazole  
mimetics 2. and 3. 
 
Table 1. Inhibitory test results of the most active peptidotriazoles in comparison with A7R  and 

the most active peptide analogues of A7R. 
 

 
In conclusion, we elaborated a simple and versatile protocol for obtaining peptidotriazoles on 
Wang resin. The obtained compounds are more stable under enzymatic environment (results are 
not shown here), but they possess weaker affinity to the NRP-1, in comparison to the parental 
peptide analogue.  
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 VEGF binding inhibition to NRP-1 [%] 

No.                      Compound 30 
µM 10 µM 3 µM 1 µM 0,3 µM 

A7R 75,4 61,0 38,1 24,4 14,6 
1.         H-Lys(hArg)-Pro-Dab-Arg-OH 100 98,5 91,8 77,9 47,8 
2.         H-Lys(hArg)Ψ[Trl-Trl]Arg-OH --- 58,1 19,6 12,5 --- 
3.    H-Lys(Fmocα-hArg)Ψ[Trl-Trl]Arg-OH --- 57,7 7 9,6 3,6 
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Introduction 
The 3-acyl tetramate scaffold can be defined as a privileged structure [1] since it is found in a 
large number of natural compounds involved in diverse biological systems having diverse 
biological activities such as antibacterial (quorum sensing) and anticancer activity. Some 
examples are cylindramide, discodermide or frontalamide [2]. (figure 1) 
 

Herein, we propose novel strategies for synthesizing and adapting this privileged structure to 
peptide synthesis, including the preparation of an acyl-tetramate building block and the 
synthesis of cylindramide biomimetic peptide analogs.  
 
Results and Discussion  
The versatile building block 1 was obtained by a microwave assisted or classical thermic 
acylation of tetramic acid with diglycolic anhydride (figure 2). The anhydride was reacted in 

solution with various tetramic 
acid derivatives in the 
presence of DMAP and TEA 
in DMF. This strategy opened 
the gate to acyl-tetramate 
building blocks that can be 
directly coupled to peptides 
as any classical amino acid.  
As proof of concept, the 
building blocks were 
incorporated into the N-
terminal position of various 
peptides using classical SPPS 
methods. (table 1). The 
obtained peptides were 
purified and characterized by 
HRMS as shown in table 1. 
Peptidomimetics of 
cylindramide 4 incorporating 

the acyl-tetramate building block were designed and synthesized. The model peptidomimetic 
includes three elements: a derivative of 3-acyl tetramate, a carbon chain for cyclization and a 
bulky alkyl group. We synthesized GUB-1138 (figure 3) with 3-acyl tetramate derivative of 
Lys, phenylalanine as bulky alkyl group  and GABA as carbon chain for cyclization. The 
components were combined by SPPS using Fmoc chemistry. The most difficult part was the 
“head to tail” cyclization. We have tested a lot of protocols and coupling reagents.  According 
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Fig. 2. Formation of building block 1: acylation of tetramic 
acid using diglycolic anhydride. Method A: DMAP 1 eq, 
diglycolic anhydride 1.5 eq, DMF, MW 80OC 5-10 min. 

Method B: DMAP 1 eq, diglycolic anhydride 1.5 eq, 1, 4-
dioxane, reflux 80OC 4 h.          
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Fig. 1. Acyl-Tetramate privileged structure and related natural compounds 
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with the optimal conditions, the linear compound GUB-1128 was added drop-wise to a 
HOBT/HBTU solution, at a very low concentration (1mM). The structure of the obtained 
compound was proven by 2D-NMR. (Figure 4) 
COSY, HMBC, ROESY and TOCSY NMR studies clearly demonstrated the presence of the 
cyclic structure of GUB-1138.  
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Table 1. sequences where acyl-tetramate was 
incorporated at N-terminus. ((R= Bn , figure 2) 

SEQUENCE HR-MS [MH]
+
 

-Ala-Lys-Asn-His-Gln-NH2 883.325 
-Tyr-Lys-AsnAsn-Gln-NH2 939.422 
-Tyr-Lys-Glu-Asn-Gln-NH2 967.420 
-Ala-Lys-Asp-Asn-Gln-NH2 861.370 
-Ala –Lys-Thr-Asn-Gln-NH2 869.371 
-Ala-Pro-His-Ser-Leu-NH2 810.366 
-Ser-Gly-His-Ser-Leu-NH2 808.324 
-Ser-Gly-His-Val-Leu-NH2 844.335 
-Ser-Pro-Glu-Ser-Leu-NH2 840.340 
-Thr-Pro-Glu-Ser-His-NH2 878.326 
-Thr-Gly-His-Val-Leu-NH  839.405  

n=21

HN O

HN

OH
O

O

O

H
N

O

NH

O

O

OH
O

O

H
N

O
H2N

HN

O
N
H O

OH

O

O
H
N

OA'A
H
N

OO

N

O

O

Boc

Boc-HN Cl

RS

Solid Phase synthesis approach

GUB-1128 GUB-1138  

Fig. 3. Peptidomimetic analog GUB-1138 of cylindramide. 

 

Fig. 4. Exhaustive NMR analyses of peptide-mimetic derivative of cylindramide GUB-1138. 
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Introduction 
Cyclodextrins (CDs) are cyclic oligosaccharides consisted of (α-1,4)-linked α-D-glucopyranose 
units.  CDs contain a hydrophobic cavity that is capable to include a variety of hydrophobic 
compounds via host-guest complexation [1]. This property has been extensively exploited in the 
past in order to change the physicopharmaceutical properties of lipophilic drugs such as water-
solubility, bioavailability, stability, and effectiveness [2]. α-cyclodextrin may typically complex 

low molecular weight molecules or compounds with 
aliphatic side chains, β-cyclodextrin can complex 
aromatic and heterocyclic molecules, and γ-
cyclodextrin can form inclusion complexes with 
molecules as large as macrocycles, steroids and C60

 

[3]. 
The Gonadotropin-releasing hormone (GnRH) known 
as Luteinizing-hormone-releasing hormone (LHRH) 
stimulates the secretion of gonadotropins via binding 
to receptors on the surface of gonadotrophin cells of 

the anterior pituitary. It is a decapeptide, amide (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-
NH2) produced in the hypothalamus and adjusts the steroidogenesis and gametogenesis. The 
gonadotropins (LH, luteinizing hormone and FSH, follicle-stimulating hormone) regulate the 
production of gametes and steroid sex hormones from the gonads (ovaries and testes) [4]. 
Over the last years, for the treatment of hormone dependent cancer and fertility have been 
synthesized various LHRH peptide analogues (agonists or antagonists). Leuprolide, (pGlu-His-
Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NHEt), is a synthetic altered peptide ligand (APL) of LHRH 

[5]. Leuprolide has an aminoacid skeleton and thus is sensitive to proteolysis. It is well known 
that peptides suffer from chemical and enzymatic instability, poor absorption through biological 
membranes, rapid plasma clearance, peculiar dose response curves and immunogenicity. it is 
reported in the literature that CDs, based on the their complexation properties, can protect 
peptides and proteins against enzymatic as well as chemical degradation [3]. 
Aiming to reduce the proteolysis sensitivity of Leuprolide, we report here, for the first time, the 
synthesis and conformational study of a CD LHRH analogue conjugate. 
 
Results and Discussion 
Synthesis: The LHRH analogue has DLeu at position 6, pyroglutamic acid at the amino end and 
glycine at the carboxy end. The carboxyl group of glycine is an attractive candidate for the 
attachment of the CD unit. However, to reduce any aggregation and steric hindrance effects 
induced by the direct grafting of the peptide onto the CD, a non-natural and flexible amino acid, 
ε-aminohexanoic acid, (εAhx) was added to glycine. Therefore, the final molecule (Fig. 1.) was 
synthesized via coupling of εAhx with a modified cyclodextrin in which one hydroxyl group has 
been replaced by an amino group (3-monoamino-β-CD). 

Fig. 1. Structure of the synthesized 

LHRH analogue coupled with β-CD. 
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Initially, the synthesis of the LHRH analogue was performed by the Fmoc/tBu 
methodology, utilizing the 2-chlorotrityl chloride (CLTR-Cl) resin (Fig. 2.). The side chains of 
the amino acids were protected as follows: trityl group (Trt) for His, 2,2,4,6,7-
pentamethyldihydrobenzofurane group (Pbf) for Arg, tert-butyl group (tBu) for Ser and Tyr. 
The protected peptide was cleaved from the resin using the cleavage mixture 
CH2Cl2/trifluoroethanol (7/3).  

In the next step, the protected peptide was coupled with 3-monoamino-β-CD in DMF as 
solvent. In this coupling step, a reaction took 
place between the amino group of 3-
monoamino-β-CD and the activated carboxylic 
acid. The reagents for activation of the 
carboxylic group were HOBt/DCC. 

The final products (peptide 2 and the 
conjugated peptide 3) were obtained by 
removal of all the protected groups present by 
treatment with appropriate mixtures of 
TFA/CH2Cl2 in the present of scavengers. 
Purification of the final products realized with 
semi preperative RP-HPLC. 

NMR conformational analysis: The 
NMR experiments obtained at 298 K using 
Direct Drive Varian 800 MHz. The total 
volume was 0.7 mL of a mixture 9:1 
H2O/DMSO-d6 while the concentrations for 
the peptide 2 or the conjugated peptide 3 were 
2 mM.  

In the NOESY spectrum of conjugated 
peptide 3 (2 mM), clear NOEs between the 
internal H-3 and H-5 protons of β-CD (CD-
H3, CD-H5) and the aromatic protons of Tyr 
and Trp are eminent. These clear NOEs depict 
spatial vicinity of the interior lipophilic core of 
β-CD with the aromatic protons. In order to 
distinguish if these interactions between the 

peptide moieties and β-CD were intramolecular or intermolecular, extra experiments were 
performed with mixtures of peptide 2 and β-CD at different concentrations. 

Molecular dynamics: MD simulation was performed taking into account the results of the 
NMR experiments. The results obtained were confirmed using Desmond MD calculations. An 
extended conformation of the peptide backbone was manually constructed and constraints 
between Tyr, Trp and β-CD were applied. 
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   Fig. 2. Total synthesis of the LHRH  

   analogue 2 and its conjugate with β-CD 3. 
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Introduction 
Nisin is an antimicrobial peptide and belongs to the class of lantibiotics, a family of antibiotic 
peptides that is ribosomally synthesized by Gram-positive bacteria to act against competing 
microorganisms. A common structural characteristic of lantibiotics is the presence of the amino 
acid (2S,6R)-lanthionine and (2S,3S,6R)-3-methyllanthionine that contains a sulfide bridge 
which gives these peptides their structural and conformational stability. Although nisin is 
widely used in dairy products as a food preservative, it is rather unstable at neutral or basic pH 
and readily oxidizes and reacts with water or thiol-containing nucleophiles. Therefore, we 
initiated a program to find more oxidation resistant lantibiotics in which the thioether bridge is 
replaced by a carbon bridge (dicarba bridge) based on an alkyne, alkene, or alkane moiety, 
which can be conveniently introduced by ring-closing metathesis (RCM) approaches. To 
achieve this goal, dicarba analogs of the nisin AB-, ABC-, and DE-ring mimics were 
synthesized as well as a nisin hybrid composed of a native ABC-fragment and a synthetic DE-
fragment. 
 
Results and Discussion 
Nisin (1) is shown in Figure 1 and the lanthionine rings A-E are indicated, also the rationale for 
design and syntheses of the nisin mimics 2, 4, and 5 are summarized. Our initial attempts were 
concerned with the synthesis of alkane-bridged nisin AB-ring mimics (2) and the cross-stapled 
DE-ring mimic (4). Then nisin hybrid (5) was synthesized and tested for biological activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic structure of nisin (1) and summary of the design and synthesis approach. 
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To synthesize the alkane-bridged nisin mimic 2, a convergent approach was followed in 
which the following protected peptides were used: Boc-Ile1-Ala2-OH, cyclo[3→7]-Boc-D-Alg3-
Ile4-Ala5-Leu6-Alg7-OMe, and cyclo[8→12]-Cbz-D-Alg8-Pro9-Gly10-Alg11-Lys(Boc)12-OMe. 
The macrocyclic peptides were obtained from their linear precursors featuring RCM in the 
presence of the 2G Grubbs’ Ru-catalyst, in yields generally >80%. After cyclization, the double 
bond was hydrogenated either in a single reaction step or in combination with protecting group 
removal (e.g. Cbz). Subsequently, after appropriate protecting group manipulation 
(saponification methyl ester, acidolysis Boc group) the fragments were assembled in solution to 
give AB-ring mimic 2 [1]. Mimic 2 was able to bind lipid II, the natural substrate of nisin, albeit 
with a 20-fold lower affinity than its natural counterpart. [1]. More recently, a tricyclic AB-ring 
mimic was synthesized (not shown) which was four-fold better than 2 and a least five-fold less 
active than native nsin(1-12) [2]. 

The synthesis of cross-stapled bicyclic azido-octapeptide 4 was more challenging. The 
linear peptide Boc-D-Alg1-Ala2-D-Alg3-Alg4-Asn(Trt)5-Alg6-OMe was synthesized on the solid 
support and cleaved from the resin by KCN/MeOH to obtain the fully protected peptide. In the 
presence of the 2G Hoveyda-Grubbs’s Ru-catalyst, a single bicyclic peptide was isolated (93%), 
with a crossed side chain to side chain connectivity pattern, 1→4, 3→6, as a mixture of four 
diastereoisomers in a ratio as indicated Z1-4/Z3-6 (23%), Z1-4/E3-6 (3%), E1-4/Z3-6 (35%), and E1-

4/E3-6 (40%), respectively [3]. Elongation of the C-terminus with H-Lys(Boc)-NHMe and the N-
terminus with N3-Lys(Boc)-OH, followed by Boc group removal afforded 4 in six steps in 11% 
overall yield (69% per step). Unfortunately, DE-ring mimic 4 was not active as a membrane 
permeabilizing agent, apparently since it is missing the N-terminal AB(C)-ring for the required 
interaction with lipid II prior to membrane insertion [3]. Therefore, nisin hybrid 5 was prepared. 

For this purpose, full length native nisin 1, was treated with chymotrypsin to isolate the 
nisin(1-20) fragment [4]. This unprotected nisin fragment was C-terminally conjugated with an 
excess of leucine-derived amino alkyne 3 [5], and the obtained peptide alkyne underwent a 
microwave-assisted Cu(I)-catalyzed azide alkyne cylcoaddition (CuAAC) reaction to give nisin 
hybrid 5 in 26% yield after purification by preparative HPLC [6]. Nisin hybrid 5 was active in a 
growth inhibition assay against Bacillus subtilis with a minimum inhibitory concentration 
(MIC) of 4.07 µM, while nisin 1 had a MIC-value of 0.62 µM. However, membrane 
permeabilizing of hybrid 5 was not observed, an indication that the synthetic DE-fragment was 
not a functional mimic of the C-terminal DE-ring of nisin [6]. Since two modifications were 
introduced into the hybrid mimic, the triazole moiety as well as the dicarba bridges, it cannot be 
fully concluded which modification was responsible for the loss of pore-formation. 
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Introduction 
The structural conversion of the prion protein from the normal cellular isoform (PrPC) to the 
post-translationally modified form (PrPSc) is thought to relate to Cu2+-binding to histidine 
residues in the molecule.  We previously reported the metal-binding ability [1] and acquirement 
of enzyme resistance through Cu2+-binding [2] of human prion protein (hPrP) fragment peptide.  
In this study, we analyzed the secondary structure of 21 kinds of prion fragment peptides by 
using circular dichroism (CD) in the presence or absence of Cu2+. 
 
Results and Discussion 
We divided hPrP residues 60-230 into the following three domains in this study: hPrP60-91 as 
the octapeptide-repeat region (OP-repeat), hPrP92-168 as the central domain containing the 
neurotoxic domain and a hydrophobic core, and hPrP169-230 as the C-terminal domain 
containing a disulfate bridge (between 178 and 213) and two variably occupied N-glycosylation 
sites (amino acids 180 and 196).  The amino acid sequences of synthetic peptides were selected 
on the basis of the position of histidine (H) residues and the secondary structures of hPrP [3].  
Fragment peptides including 5 kinds of OP-repeat region peptides, 8 kinds of central region 
peptides and 8 kinds of C-terminus region peptides were synthesized by using automatic peptide 
synthesizer with F-moc chemistry.  Purification of peptide was performed by a preparative 
reversed-phased HPLC, and main peak was collected.  The purity of each peptide was analyzed 
by an analytical HPLC with photo-diode array detector, and the molecular weights of objective 
peptides were confirmed by ESI-MS.  
     CD spectra of fragment peptides were measured in the various pH (pH 6.0 - 8.0) with or 
without Cu2+.  Fragment peptides in the OP-repeat region did not show the secondary structure 
changing in any case.  We previously reported that OP-repeat region peptides bound strongly to 
various metal ions [1].  Furthermore, there is no cleavage site by matrix metalloproteinases [2].  
Together, we conclude that OP-repeat region may not act in critical role for forming PrPSc.  The 
results obtained from CD analysis were listed in Table.   
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The full-length peptide in the central region, hPrP92-168, formed random coil structure and did 
not change its secondary structure in any pH and Cu2+ addition.  However, negative CD band of 
shorter peptides such as hPrP119-168 and hPrP134-168 including same amino acid sequences to 
hPrP92-168 remarkably decreased.  The most distinguishable and interesting change was 
observed in CD spectra obtained from hPrP150-159.  As shown in Fig., CD spectra of hPrP150-
159 with Cu2+ were completely different from those of without Cu2+. These results revealed that 
hPrP150-159 formed the β-turn structure with Cu2+ adding in lower pH.  These events are 
supported by the results obtained from NMR analysis [3].   
     In C-terminal region peptides, there are several peptides those formed β-sheet structure with 
Cu2+ adding.  The fragment peptides in this region, in general, showed the lower binding ability 
to Cu2+ than the fragment peptides in another regions [1].  In addition, almost all peptides 
possessed the enzyme resistance [2].  However, hPrP175-189 and hPrP193-230 formed β-sheet 
structures with Cu2+ adding.  Interestingly, hPrP180-192 also formed β-sheet structure in higher 
pH tested here without Cu2+ adding.  The other peptides did not show the secondary structure 
changing by Cu2+ adding or pH dependency.  These results suggest that the C-terminal region 
may play a critical role to structure conversion for forming PrPSc from PrPC.  In addition, Cu2+ 
concentration and pH in physiological condition may also important to avoid the aggregation of 
prion protein.  
Together with metal-binding ability [1], acquirement of enzyme resistance by Cu2+ [2] and this 
study, hPrP150-159 and the C-terminus region peptides are attractive target to clarify the 
mechanism of structure conversion from PrPC to PrPSc. 
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Introduction 
 
The cyclic nature of the proline residue gives rise to some unique conformational properties of 
the peptide backbone. Firstly, it induces a constraint by restricting the φ-dihedral angle to values 
around -60°. Secondly, the Xaa-Pro peptide bond is subject to cis-trans isomerization 
characterized by an increased cis population and an activation energy that is low when 
compared to the other amino acids (Fig. 1.). Besides, the five-membered ring of the Pro residue 
can adopt two main distinct conformations (up-puckered or down-puckered) that are almost 
equally abundant in peptides and proteins. A variety of mimics and analogs have been designed 
in order to control the conformation of the peptide backbone and/or to alter the cis/trans ratios 
and the rotational barriers for cis-trans isomerization. Our group has developed the use of 5-
CF3-pseudoprolines Ser(ΨH,CF3Pro) as a new proline surrogate. We have already reported that 
trifluoromethyl Cδ-substitutions of oxazolidine-based pseudoprolines can strongly influence the 
cis-trans rotational barriers with only moderate effects on the cis/trans population ratio.[1,2] 
Furthermore, we have found that the configuration of the CF3-C

δ controls the ψ-dihedral angle, 
allowing the stabilization of γ-turn like, type VI β-turn like or PPI/PPII-like backbone 
conformations depending on the solvent and the peptide length.[2,3] Finally, the Cδ-
configuration proved to efficiently constrain the puckering of pseudoprolines rings in Ac-
Ser(ΨH,CF3Pro)-NHMe peptide models. 
Here, we report the conformational study realized on several heterochiral or homochiral Fmoc-
Xaa-Ser(ΨH,CF3Pro)-OMe dipeptides, where Xaa = Gly, Ala, Val, Pro, or Aib.  
 
Results and Discussion 
Fmoc-Xaa-Ser(ΨH,CF3Pro)-OMe dipeptides have been synthesized by coupling reaction between 
L- or D-Xaa residue and H-Ser(ΨH,CF3Pro)-OMe oxazolidine. [1] N-amidification of the 
Ser(ΨH,CF3Pro) using Fmoc-protected amino acid chlorides without base gave the corresponding 
dipeptides in moderate to good yields as a single diastereomer in enantiopure form whatever the  
 
 
 
 

 
 

 
diastereoselectivity of the starting oxazolidines (Fig. 1). We argued that an acid-catalyzed the 
equilibrium between the (2,4)-cis and the (2,4)-trans oxazolidines operates before the amide 
bond formation due to the steric interactions. When a Gly residue precedes the Ser(ΨH,CF3Pro) 
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residue, the corresponding dipeptide exhibits a 
preference for the cis isomer (61%). The 
replacement of Gly by a L-Ala residue 
dramatically reduces the cis content. 
Increasing the steric hindrance of the L-Xaa 
residue accentuates this effect. Substituting 
the L-Xaa with the corresponding D-Xaa 
residue however strongly favors the cis 
content. Similar effect as that described in L-
Xaa series is observed since the cis-trans ratio 
is closely related with the steric hindrance of 
the amino acid side chain. Thus, it appears 
that the use of homochiral L-Xaa-L-
Ser(ΨH,CF3Pro) dipeptides strongly promotes 
the trans isomer while heterochiral D-Xaa-L-
Ser(ΨH,CF3Pro) dipeptides switch the prolyl 
amide bond into cis conformation in the same 
order of magnitude.  
The pyrrolidine puckering of each conformer 
was then investigated by NMR spectroscopy 
using the measurement of coupling constants 
3JHβHα (Table 1). From our observations, it 

appears that the puckering seems to be strongly correlated with the prolyl amide-bond since 
trans amide bond favors a up puckering and cis amide bond stabilize a down puckering. 
 
To conclude, our results reveal an interdependence of the stereochemistry of the amino acid 
preceding the CF3-Ψpro, the ring puckering and the cis-trans ratio of the prolyl bond. Studies 
are ongoing to gain insight of the steric and/or electronic effects of the CF3 group. The use of 
heterochiral or homochiral containing CF3-Ψpro dipeptides seems to be a powerful tool to 
control the peptidyl prolyl bond orientation. 
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Xaa-ΨΨΨΨPro amide bondXaa

a Evaluated by the measurement of coupling constants 3JHβ-Hα 

obtained from 1H spectra or CH2-TROSY spectra
b Not determined
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Puckeringa

L-Ala
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trans
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cis
trans

cis
trans

cis
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cis
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cis
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n.d.b
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n.d.b

-
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up
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Table 1. Puckering of ΨCF3,HPro containing dipeptides
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Introduction 
Collagen, the most abundant protein in the animal kingdom, is also an important biomaterial 
owing to its great mechanical strength and its excellent thermal stability. This last decade, both 
the industry and the academia have been involved in the development of new collagen-related 
biomaterials.[1] One common strategy consists in using Collagen Model Peptides (CMP) as 
collagen surrogates. Numerous studies have demonstrated that short sequences, based on the 
repetition of the triplet Pro-Hyp-Gly, can be used to mimic the primary sequence of collagen.[2] 
(Pro-Hyp-Gly)n adopts a polyproline II (PPII) conformation where all peptide bonds are trans. 
To promote further supramolecular assembly into right-handed triple helices, structural 
characteristics are required: presence of inter-strand hydrogen bonds, and an alternation of 
puckering of pyrrolidine ring. Here, we proposed to increase the structural stability of this CMP 
by substituting proline (Pro) and/or hydroxyproline (Hyp) by newly developed 5-CF3-
pseudoprolines (RΨP or SΨP) since each pseudoproline diastereomers, depending of the absolute 
configuration of the CF3 group, enhance the features of Pro and Hyp residues that are required 
for the stabilization of the PPII helices.[3] Besides this role, the CF3 group could be useful to 
trigger the individual phase of the three strands within the triple helices and to promote 
supramolecular triple helix association.  
 
Results and Discussion 
For this purpose, we first synthesized four tripeptides representing collagen triplet models: Ac-
Pro-Pro-Gly-NH2 1, Ac-Pro-Hyp-Gly-NH2 2, Ac-Pro-(RΨP)-Gly-NH2 3 and Ac-(SΨP)-(RΨP)-
Gly-NH2 4 with (RΨP) and (SΨP) corresponding to (2R,4S)-Ser(ΨH,CF3Pro) and (2S,4S)-
Ser(ΨH,CF3Pro), respectively (Fig. 1). Tripeptides 1 and 2 were prepared using standard SPPS 
protocol starting from Rink amide MBHA resin while fluorinated peptides 3 and 4 were 
synthesized in solution phase based on our reported procedure.[4] A comparative structural 
study was then conducted using NMR spectroscopy. The measurement of coupling constants 
3JHβHα allows the determination of the pyrrolidine puckering. Vicinal couplings are obtained 
from 1H spectra or CH2-TROSY spectra that suppress the geminal coupling between the two 
 

 
 
 

 

 
 

 
 
Fig. 1. Chemical structures of the four collagen triplet models 
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Ac−−−−Xaa−−−−Yaa−Gly−NH2

cis-trans trans-trans trans-cis cis-cis

Peptide 1
isomerism 20 80 0 0

puckering d-u/d u/d-u/d - -

Peptide 2
isomerism 20 80 0 0

puckering d-u u/d-u - -

Peptide 3
isomerism 5 50 40 5

puckering - u-u u-d -

Peptide 4
isomerism 10 65 20 5

puckering - d-u d-u -

Table 1. Populations and puckering analyzes of peptides 1-4 

 
 

diastereotopic protons Hβ and increase the resolution compared to regular 1H-13C HSQC 
experiments. Amide bond conformations were assigned using inter-residue NOE correlations 
obtained from NOESY spectra. 
Amide bond conformations and puckering analyzes of peptides 1-4 are summarized in Table 1. 
Results show that non-fluorinated peptides 1 and 2 exhibit the highest ratio of the required PPII 
collagen conformation. However, the two proline residues of peptide 1 do not display any 
specific puckering. Incorporation of Hyp residue at Yaa position (peptide 2) allows the 
stabilization of the expected up puckering. Replacement of the Hyp residue by the fluorinated 
(RΨP) residue (peptide 3) strongly affects the trans-trans PPII ratio. The increase of the cis 
population of the Xaa-Yaa peptide bond is due to the establishment of a hydrogen bond which 
has been evidenced by NMR using the temperature coefficient (∆δ/∆T) of each NH Gly residue. 
Substitution of both Pro and Hyp by (SΨP) and (RΨP) respectively gives the expected PPII 
conformation in a good ratio and allows significant stabilisation of the puckerings observed in 
collagen (Xaa-down and Yaa-up). 
To conclude, we demonstrated that the incorporation of 5-CF3-pseudoprolines, (SΨP) at Xaa 
position and (RΨP) at Yaa position increase the structural stability of the Ac-Xaa-Yaa-Gly-
NHMe collagen model peptide. This last tripeptide appears to be a very good candidate for the 
design of new CMP sequences. The syntheses of such fluorinated CMPs are currently under 
investigation. 
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Introduction 
Vasopressin, AVP, CYFQNCPRG-NH2 (with the -SS- bridge between Cys1 and Cys6), controls, 
among other things, resorption of water in the kidney (antidiuretic activity) and the blood 
pressure (pressor activity) in mammals [1]. The inversion of L-Arg8 configuration in AVP 
results in a selective antidiuretic agonist ([D-Arg8]VP, DAVP) and in deamino-AVP - in a very 
potent antidiuretic agonist, desmopressin (dDAVP) [2]. We decided to check using CD 
spectroscopy how inverso-analogues of AVP and DAVP (iAVP and iDAVP, respectively) differ 
from their mother peptides in interactions with liposomic media. The inverso-AVP (iAVP) and 
inverso-DAVP (iDAVP) have turned out to be completely inactive peptides (unpublished data). 
Here, we report on studies of AVP, iAVP, DAVP, iDAVP and dDAVP in the presence of 
liposomes: 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-dipalmitoyl-sn-glycero-3-
phospho-glycerol (DPPG) and mixed DPPC:DPPG liposomes (at molar ratios 9:1 and 7:3). 
 
Results and Discussion 
In water, the far-CD spectra of AVP, DAVP and dDAVP show similar number and positions of 
the extremes (Figure 1). The 200 nm region is occupied by a pair of negative bands at 205 nm 
and 195 nm. The bands are contributed by π–π* transition of the amide groups, and the shorter-
wavelength one is also due to the E1u transition of the aromatic group of Tyr2. In both cases the 
B1u band of Phe3 transition, usually lying at about 217 nm, was not observed. It was apparently 
hidden by the more intensive bands of other transitions lying in the same spectral region [3]. 
The 205 nm band is more intensive in DAVP and dDAVP than in AVP. The temperature has 
only a slight effect on spectra of the peptides in lipid-free solution. Obviously, the spectra are 
mirrored between pairs of the respective enantiomers. 

Fig. 1. The temperature dependence of the far-CD spectra of the peptides in water, where AVP: 
arginine-vasopressin, iAVP: inverso-AVP, DAVP: [D-Arg8]-AVP, iDAVP: inverso-DAVP, dDAVP: 

desmopressin. 

The addition of the liposomes to the aqueous environment has changed the shape of the CD 
spectra of the peptides studied (Figure 2). The smallest differences were observed for the DPPC 
and the largest - for the DPPG. In the solutions with DPPG the band around 205 nm is 
noticeably stronger than in water or DPPC liposomes. This reflects the presence of more 
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ordered structures. A similar effect is observed for the mixed DPPC:DPPG (7:3) and (9:1) 
liposomes. The complex band at 227 nm for dDAVP is noticeably stronger in DPPG and 
DPPC:DPPG (7:3) liposomes than in water as well as that of AVP, and it lies at lower 
wavelength. Previous studies have indicated that the strong 227 nm band in vasopressin is due 
to mutual arrangement of the aromatic side chains of Tyr2 and Phe3, being extended away of the 
macrocyclic ring and stacking face to face in aqueous solution [4]. The π–π interactions 
certainly restrict conformational freedom of the Tyr2 side chain and stabilize its proper 
orientation, crucial for antidiuretic activity [5]. Therefore, the differences in intensity of 227 nm 
band may explain a potent antidiuretic activity of DAVP and desmopressin. 

Fig. 2. The temperature dependence of the far-CD spectra of the peptides in the presence of 
liposomes DPPC:DPPG (7:3, mol:mol), where AVP: arginine-vasopressin, iAVP: inverso-AVP, 
DAVP: [D-Arg8]-AVP, iDAVP: inverso-DAVP, dDAVP: desmopressin; note different scale for 
dDAVP. 

The temperature has an effect on conformation of the peptides in lipid solutions. Especially, 
above the temperature of the main phase transition (Tm) from the gel phase to the liquid 
crystalline phase of phospholipids (Tm=41.4, 42, 41.5 and 40°C for DPPC, DPPC:DPPG (9:1), 
DPPC:DPPG (7:3) and DPPG, respectively [6]). Our results show that the presence of 
liposomes induces conformational changes in vasopressin-like peptides, which confirms that the 
peptides interact with our model of biological membrane. In the zwitterionic DPPC liposomes, 
below Tm most of all the hydrophobic interactions with the peptides can be expected. Above 
Tm, in the liquid crystalline phase, the negatively charged phosphatidyl groups are more 
exposed. Thus, the electrostatic interactions between the positively charged C-terminal part of 
the peptides and negatively charged phosphatidyl groups may occur. In the DPPG and mixed 
DPPC:DPPG liposomes an increased role of electrostatic interactions is expected, even below 
Tm. The electrostatic interactions may affect the conformation of the C-terminal part of the 
peptide. 
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Introduction 
Apoptosis is a form of programmed cell death that can be trigered by a wide range of stimuli. 
There are two well-known apoptotic pathways – extrinsic and intrinsic, both leading to 
activation of caspases and Bcl-2 members. Apoptosis is a highly regulated mechanism engaging 
complex interaction between pro-apoptotic (such as Smac, Bcl-2 pro-apoptotic members, etc) 
and anti-apoptotic (anti-apoptotic members of Bcl-2 and IAPs protein families, cFLIPs proteins) 
molecules [1]. The ability of cancer cells to evade apoptosis is to the up-regulation of anti-
apoptotic genes such as genes of Bcl-2 and IAP members. IAPs proteins are inhibitors of both 
apoptotic path ways while Smac is an endogenous inhibitor of IAPs proteins [2]. Several studies 
have shown inverse correlation between Smac expression levels and cancer progression [3]. 
More over Smac-mimetics are reported to be very efficient in the induction of apoptosis in 
tumorigenic cells as single agents and sensitizing cancer cells to different therapeutic agents 
(cisplatin, doxorubicin, etoposide, TRAIL, etc.). These data, as well as cancer resistance to 
conventional radio-chemoimmune interventions prompted the development of Smac-mimetics 
as new class of therapeutic agents aimed to induce apoptosis.  
Concerning all these data we are also devoting our efforts in designing Smac-AVPI-mimetics 
with efficient apoptotic effect (Fig. 1)  
  
Results and Discussion 
In the design of new compounds, development of hybrid molecules through the combination of 
different pharmacophores in one structure in most of the cases, lead to compounds with 
increased activity, or added new properties to the original molecule. 

 First we synthesized AVPI/SMAC analogues (2–3), where Pro was replaced with D-
Pro and Hypro. Next, we chose integrins/angiogenesis because our research group has 
accumulated significant experience on the target class in the past (Fig.1). We reasoned that, by 
conjugation of the AVPI/SMAC mimetic unit (1–3) with a RGD ligand such as 4 or 5, dual 
action molecules targeting both angiogenesis and apoptosis could be created.   

The peptides were synthesized by standard Fmoc solid phase synthesis on 2-
chlorotrityl chloride resin with substitution, 1.4 mmol/g. The coupling of each amino acid was 
performed in the presence of 3 mol excess of Fmoc-amino acid, 3 mol excess of N-
hydroxybenzotriazole (HOBt), 3 mol excess of Diisopropylcarbodiimide (DIC), and 5 mol 
excess of diisopropylamine (DIPEA) in Dimethylformamide (DMF). Completion of coupling 
reactions were monitored by the Kaiser test and the Fmoc groups were removed by adding 20% 
piperidine in DMF.  

The cleavage step from the resin and the final deprotection of all remained protecting 
groups was done in a standard cocktail containing trifluoroaceticacid (TFA), triisopropylsilane 
(TIPS), thioanisole, and water (92.5: 2.5: 2.5: 2.5).  
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The crude peptides were precipitated into cold petroleum ether/diisopropyl ether 
(50:50). Then, the precipitate was dissolved in 10% CH3COOH and desalted by gel filtration on 
a Sephadex G25. 

 

 
 

Fig. 1. AVPI analogues                            Fig. 2. CE-UV analysis of crude peptide conjugate (5) 

 

 

Analysis:The purity of the crude peptides characterized by RP-HPLC and capillary 
electrophoresis, was 87 – 97 %. 

Stability:We wanted to evaluate the stability of the peptide conjugates in different 
values of pH, available physiologically. The new synthesized peptide analogues was found to be 
stable in aqueous solution even after 72 hrs period. The both peptide conjugates (4 and 5) have 
shown significant stability, and kipped 90% of their outcome concentration in different pH 
values. 

In summary, we succeeded to conjugate with RGD and CavGD at C-end and to 
incorporate the hydroxyproline into AVPI peptide moiety. We were able to obtain the peptide 
mimetics with satisfactory purities (typically > 97%), as assessed by analytical HPLC and CE). 
The both peptide conjugates exerted significant stability of different physiological pH values. 
Currently we are running cell viability assay (MTT test) and apoptosis assay (Comet assay) in 
order to determine the biological effects of the synthesized mimetics. 
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Introduction 
Multiple Sclerosis (MS) is an immunologically controlled, inflammatory, demyelinating 
disease, characterized by destruction of the white matter (myelin) of the Central Nervous 
System (CNS), leading to serious medical conditions and paralysis [1]. It is believed that MS is 
an autoimmune disease in which T-cell response is directed to the immunodominant epitopes of 
the myelin proteins. T-cell response is triggered by the formation of the trimolecular complex 
between the Major Histocompatibility Complex (MHC), known as Human Leukocyte Antigen 
(HLA) in humans, the immunodominant epitopes of myelin proteins and the T-cell receptor 
(TCR) [2]. In this study, the interactions that occur during the creation of the trimolecular 
complex (pdb file: 1YMM) have been identified. The conformational characteristics that are 
essential for the disease induction and the rational design of non-peptide inhibitors were 
proposed. The MBP83-96 epitope (Glu83AsnProValValHisPhePheLysAsnIleValThrPro96) was 
specifically chosen for the rational design because it is identified as one of the main 
immunodominant epitope in MS patients [3, 4]. The aim of this study was the rational design 
and synthesis of non-peptide mimetics with the ability to mimic the immunodominant 83-96 
epitope of MBP, to block the formation of the trimolecular complex and therefore the T cell 
activation. The designed non-peptide mimetics aim to bind to the TCR, prevent and stop the 
formation of the trimolecular complex and the further stimulation and proliferation of the 
encephalitogenic T-cells [5, 6].  
Results and Discussion 
The design of non peptide molecules was achieved by using “structure based” in combination 
with “ligand based” drug design. The MOE software in a Linux environment was used for the 
simulation studies while the pharmacophore search was carried out in the zinc-drug alike 
database. The main steps of the rational design are: i) crustal structure of the HLA/peptide/TCR 

 

Fig. 1. Synthetic procedure of the pyrrole analogue using the pyrrole-3-carboxylic 
acid starting material. 
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complex (1YMM), ii) recognition of the key pharmacophore groups, iii) development of 
pharmacophore model, iv) hit visualization, optimization, v) final molecules and vi) synthesis 
and biological evaluation. The amino acids Val87 and Phe90 of the MBP83-96 are the main anchors 
in the hydrophobic pockets P1 and P4 of the HLA while secondary anchors have been 
recognized the amino acid Asn92, Ile93 and Thr95 that interact with the P6, P7 and P9 pockets. 
The binding of the TCR to the peptide-HLA complex was mainly determined by the 
arrangement of the side chain of the Val86, His88, Phe89 and Lys91 that interact with the P-1, P2, 
P3 and P5 pockets of the TCR [2,4,5]. The pockets P2 and P3 were selected for the creation of 
the pharmacophore model (Table 1) because they are hydrophobic and aromatic and the binding 
of TCR on the HLA-Peptide occurs diagonally from the N terminal of the peptide antigen. 330 
hits of zinc database, satisfied the conformational characteristics of model and after the 
visualization and docking studies of the 330 hits on the TCR, one of them was selected (lead 
molecule) for further optimization. The optimization includes the next steps: i) extension: 
addition of functional groups to increase the interaction, ii) simplification: removal of groups 
that are not a part of the pharmacophore groups and iii) rigidification: for flexible molecules, the 
number of available conformations is reduced while the bioactive conformation is conserved. 
The optimization was performed using the LigX of the MOE software following by docking 
studies. The final molecules have the pyrrole moiety as the main template, are N substituted 
with the benzyl group (alone or substituted with a negative charged group) and are substituted at 
position 2 or 3 of the pyrrole with guanidine. The proposed non-peptide mimetic molecules 
have the following characteristics: i) they are placed deeply on the TCR pockets, ii) they seem 
to interact strongly with the TCR increasing the binding sites with the TCR, iii) they reveal pi-
stacking interactions, iii) they are according to Lipinski’s “Rule of Five” for pharmaceutical 
molecules, iv) they could be absorbed in vivo, v) they could be potential bioactive molecules, vi) 
they could be synthesized simply based on retro-synthetic analysis (Figure 1).  
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Table 1. The MBP83-96 key residues for interaction with HLA and TCR that are used for 
the development of the pharmacophore model. 

Pharmacophore Groups Features 

F1 (1,4 Å) Aro Aromatic Ring (His88) 

F2 (1,5 Å) Hyd Hydrophobic isopropyl- group (Val86) 

F3 (1,4 Å) Aro Aromatic ring (Phe89) 

F4 (1,6 Å) Cat 
Cation and donor (the Ν terminal of Pro85 

interacts with Tyr58 of the TCR β-chain) 

V1 (1,8 Å) 
Volume exclusion (interaction of Val87 with 

the HLA receptor) 

V2 (1,5 Å) 
Volume exclusion (interaction of Phe90  with 

the HLA receptor) 
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Introduction 
The major concern about protein drugs is their stability i.e. maintaining the protein in the folded 
state throughout processing and also the storage. The therapeutic activity of proteins is highly 
dependent on their conformational structure and maintaining the three-dimensional structural 
integrity is essential for preserving its biological activity [1]. Many additives are currently 
applied as stabilizers of protein and peptide formulations in order to increase protein solubility 
or prevent denaturation, aggregation and oxidations [2]. Recently advanced researches on 
protein stabilization in liquid formulations involve application of room temperature ionic liquids 
(RTILs) [3]. They are substances liquid at room temperature which are composed of ions, and 
their properties are tunable as regards to polarity, hydrophobicity, solvent miscibility, toxicity 
etc. via appropriate modification of the cation and the anion. Here we aim to study the effect of 
a series RTIL on insulin (In) structure and stability. Insulin (In) is a peptide hormone consisting 
of two polypeptide chains - A-chain comprises 21 amino acid residues and B-chain has 30 
amino acid residues. Both polypeptide chains of the insulin are linked with two disulfide bridges 
and along with the intramolecular disulfide bond formed by two cysteine residues of A-chain 
are responsible for maintaining the structure of the protein [4]. Insulin has been extensively 
studied and many structural data on it can be found in the literature which allows a comparisons 
to be done and conclusions on the effect of excipients on the structure and stability to be 
withdrawn. 
 
Results and Discussion 
We have studied the effect of six imidazolium-based ionic liquids (Scheme 1) on the 
conformational stability and the thermal stability of porcine insulin.  

Among the amino acids which comprise the 
molecule of insulin, tyrosine takes up a 
considerable portion (12.5%), thus changes 
in the protein conformation can be detected 
by means of fluorescence spectroscopy. 
Dissolved in phosphate buffer (pH 7.0, 
25°C) In has an emission maximum at 304 
nm, with the excitation wavelength at 275 

nm [5]. We observed a quenching in the fluorescence emission of Tyr residues when 0.025M of 
IL-2, IL-4, IL-5 and IL-6 were added to the solution of In (0.2 mg/mL). No fluorescence was 
detected for the samples containing IL-3. Surprisingly, we observed a red shift and an increase 
in fluorescence intensity of Tyr residues of In in presence of IL-1. This result disagrees with that 
reported by Kumar and Vencatesu for the Zn-free In in presence of IL-1 [5]. The differences in 

N N

X

3-butyl-1-methyl imidazolium-based ionic liquids

X = [CH3COO] (IL-1)

[CF3COO] (IL-2)

(IL-3)[C(CN)3]

[N(CN)2] (IL-4)

[SCN] (IL-5)

[Cl] (IL-6)

Scheme 1. Structures of the tested ionic liquids
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the Tyr fluorescence spectra of In in presence of the six studied IL suggest for a conformational 
change in the protein molecule. We analysed the effect of the tested ILs on the secondary 
structure of In using FTIR spectroscopy. The FTIR spectra of In solutions (pH 2.0) were taken 
using attenuated total reflectance technique and were deconvoluted in the region of 1700 – 1600 
cm-1, and then the peak area were estimated with the Gaussian function fitting curves using 
OPUS software [6]. Relative increase in α-helical content was observed in presence of IL-3 and 
IL-6, the result is consistent with the decrease of thermal stability of the protein observed by 
DSC. In contrast, in presence of IL-1 and IL-2, we observed a decrease in the unordered regions 
in the favour of β-structures. For these two samples, we calculated approximately 10°C higher 
melting temperatures in comparison with a sample containing pure In. In presence of IL-4 and 
IL-5 a re-arrangement in the β-structural elements is detected, however, the changes do not 
affect the thermal stability of the protein and we assume that the tertiary structure of In reminds 
unaltered. 
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Introduction 
Stress is one of the most widespread biological and psychological phenomena and is known to 
exert an influence on neuroendocrine, autonomic, hormonal, and immune functioning. Stress is 
a very potent activator of antinociceptive mechanisms. The exact underlying mechanisms are 
not yet fully understood, but accumulating evidence has implied that the production of reactive 
oxygen species (ROS) plays a critical role in these processes. Different stress models have 
different degrees of influences on enzymatic and non-enzymatic antioxidant defense systems, 
protein oxidation and lipid peroxidation in the brain [1]. One of the mechanisms known to play 
a part in the response of an organism to stress is activation of the endogenous opioid system. 
The neuropeptides belonging to the Tyr-MIF-1 family have a great modulating activity on 
numerous stress-induced phenomena.  

The aim of the present work was to investigate the effects of Tyr-Cav-MIF-1 and Tyr-Cit-MIF-1 
on lipid peroxidation and antioxidant enzyme activities in rat brain after immobilization (IS), 
cold (CS) and heat (HS) stress. The obtained results demonstrated, that both peptides exert 
certain brain protective effects against pro-oxidative action of some kind of physical stress 
especially in immobilization and cold stress. 
 
Results and Discussion 
Peptides: Tyr-Cav-MIF-1 and Tyr-Cit-MIF-1 were synthesized using solid-phase peptide 
synthesis method performed manually with Fmoc strategy. Their purity characterized by RP-
HPLC were 90-96% [2] 

Animals and treatment: White Wistar rats with weight 200-250 g were used. The rats were 
divided into four groups. The first group represented 
intact controls (C). The second, third and fourth group 
consisted of rats exposed to immobilization (IS), cold 
(CS) and heat (HS) stress respectively. Immediately after 
stress termination four animals of each group were 
injected intraperitoneally (i.p) with Tyr-Cav-MIF-1 and 
Tyr-Cit-MIF-1 (both in dose 1 mg/kg), and were 
anesthetized 15th min later.  
Measurement of oxidative stress biomarkers. Ex vivo 

SOD enzyme activity assay: Determination of SOD 
activity was based on generation of -O2. in a system 
containing hypoxanthine/xanthine oxidase. -O2. reduces 
nitroblue tetrazolium (NBT) to formazan which is 
monitored at 560 nm. SOD in the tested samples removes 
-O2. and inhibits NBT reduction. The level of this 

 

Fig. 1. Tyr-MIF-1 analogues  
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reduction was used for measuring of SOD activity in the supernatants of liver homogenates. 
SOD activity was determined according to Sun et al., with slight modifications. SOD activity 
was expressed as enzyme units per g total protein (kU/g protein).  
Ex vivo CAT enzyme activity assay: CAT activity was assessed in supernatants isolated from 
liver homogenates according to method described by Johanson and Borg, with slight 
modifications. CAT activity was expressed as enzyme units per g total protein (kU/g protein).  
Thiobarbituric acid (TBA) method: Total amount of lipid peroxidation products in the 
supernatant was estimated using TBA method, which measures MDA reactive products. 
Amount of MDA reactive products was expressed in nM/g protein.  

Within the framework of the present experiment, 
the independent application of both peptides does 
not alter lipid peroxidation and the activity of 
SOD. However, a certain decrease in CAT under 
the influence of the Tyr-Cav-MIF-1 peptide is 
observed. This might be due to its antioxidant 
properties. In confirmation of this statement, 
under the conditions of immobilization stress, an 
increase in SOD is not observed and there is a 
decrease in CAT under normal levels of lipid 
peroxidation.  

In contrast to the Tyr-Cav-MIF-1 peptide, the 
Tyr-Cit-MIF-1 peptide contributes to the 
normalization of lipid peroxidation under the 
conditions of immobilization stress at the expense 
of reduction in the enzyme activity. The 
combination of cold stress with the Tyr-Cit-MIF-
1 peptide does not influence catalase activity, but 
SOD activity is decreased. Most probably in this 
case it plays the role of a sodmimetic, which 
results in normal levels of lipid peroxidation, even 
a bit lower than the controls. As for the Tyr-Cav-
MIF-1 peptide, applied under the conditions of 
cold stress, an alteration in lipid peroxidation is 
not observed, under increased SOD activity and 
inhibited CAT. 

Summarizing the above-mentioned results, 
we could hypothetically conclude that the lack of 
coordinated activation of the two main 
antioxidant enzymes leads to an increase in lipid 
peroxidation under immobilization and cold 
stress. Therefore, both types of stress have a pro-
oxidative effect. Application of the peptides, 
jointly with those stress factors, normalizes lipid 
peroxidation, which confirms their antioxidant 
effect. This proves that peptides accomplish a 
certain protection of brain against the pro-
oxidative effect of some types of stress, most 
significant in the case of immobilization and cold 
stress.  
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Fig. 2. Alterations in concentration of MDA in 

blood and brain homogenates [µmol/g Pr]. 

 

 

 
 
Fig. 4. Average values and standard 

declination of CAT activities in blood [kU/g 

HB] and brain homogenates [kU/g Pr]. 
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Introduction 
Constrained amino acids which are able to induce specific backbone conformations when 
included in peptides are interesting tools in the field of foldamer research. The Cα-alkylated 
azetidine-2-carboxylic acids reported by Baeza et al. [1] were proposed to induce γ-turns [2] in 
very short peptides. Recently,  some of us developed a practical synthesis of both enantiomers 
of  Cα-methyl azetidine-2-carboxylic acid, (αMe)Aze, on a multigram scale [3]. The absolute 
configuration of the quaternary α-carbon of (S)-(αMe)Aze was determined by X-ray 
crystallography [4].                   
 
Results and Discussion 
The following selected series of sequential peptides based on either (S)- or (R)-(αMe)Aze were 
synthesized with the aim at investigating the conformational behavior of longer peptides of this 
family:  
 
Boc-[(S)-Ala-(R)-(αMe)Aze]n-OMe   n=1-3 
Boc-[(S)-(αMe)Aze-(S)-Ala]n-OMe   n=2,3      
Boc-[(R)-(αMe)Aze-(S)-Ala]n-OMe   n=2,3 
 

All these peptides were prepared in solution using HATU as coupling reagent. For the 
homo-chiral series (ii), see Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Scheme of synthesis of the Boc-[(S)-(αMe)Aze-(S)-Ala]n-OMe tetra (n=2) and hexa 
(n=3) peptides.(i) a) 1.7 M HCl in Et2O  b) Boc-(S)-Ala-OH, HATU, DIPEA, DMF; (ii) a) 
NaOH b) H-(S)-Ala-OMe, HATU, DIPEA, DMF; (iii) a) 1.7 M HCl in Et2O  b) Boc-(S)-
(αMe)Aze-OH, HATU, DIPEA, DMF. 
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In our preliminary conformational analysis we examined the two peptide members of the homo-
chiral series (ii) by use of the far-UV CD and FT-IR absorption (N-H stretching region) 
spectroscopies, and X-ray crystallography. The spectral parameters are indicative of a thermally 
and solvent-polarity stable, highly intramolecularly H-bonded conformation, which however 
does not fit with those of any classical peptide secondary structure. The X-ray diffraction 
structure of the crystalline tetrapeptide (Figure 2) shows two non-consecutive inverse  γ-turns, 
centered on the (αMe)Aze residues at positions 1 and 3, and appropriate for (S)- configurated 
amino acids. Unfortunately, the N-terminal turn is uncommon in that the acceptor of the H-bond 
is the C-O (not the usual C=O) oxygen atom. However, this finding should be related to the 
frequently observed cis disposition of a tertiary urethane bond, as that occurring in the Boc-
(αMe)Aze- segment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. X-Ray diffraction structure of the tetrapeptide Boc-[(S)-(αMe)Aze-(S)-Ala]2-OMe. 
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Introduction 
The blue-colored Ullman imidazolinyl nitronyl nitroxide (NN) mono-radicals [1] have been 
extensively investigated, in particular as spin probes and organic magnetic materials [2,3]. 
Recently, we reported synthesis, configurational and conformational assignments, and physico-
chemical properties of a tripeptide with a central, chiral (R)-Aic(NN), where Aic(NN) is the 
helicogenic 2-amino-5-nitronylnitroxide-indan-2-carboxylic acid [4]. Here, we discuss the 
synthesis and a preliminary spectroscopic/conformational analysis of the hexapeptide Boc-[Ala-
(R)-Aic(NN)-Ala]2-OMe, with the spin labels at positions i and i+3. 
 
 
 
 
 
 
 
 
Results and Discussion 
While it is possible to use the Aic(NN) residue directly for peptide synthesis, it is more 
straightforward to employ its Aic(CN) precursor amino acid to build the peptide chain due to 
the acid- and light-sensitive nature of the radicals. The Aic(CN) residue can then be converted 
to the nitronyl nitroxide in the final step. Here, the Boc-[Ala-(R)-Aic(CN)-Ala]2-OMe 
hexapeptide containing two (R)-Aic(CN) residues was initially synthesized stepwise in solution 
using HATU as the coupling reagent. Reduction of the two nitrile groups to aldehydes was 
carried out with Raney nickel in the presence of sodium hypophosphite (Figure 1) [5]. 
Condensation of the aldehydes with 2,3-diamino-2,3-dimethylbutane gave the corresponding 
bis-tetramethyl-imidazolidines, which were oxidized with 3-chloroperbenzoic acid/NaIO4 [6] to 
afford the desired bis-nitronyl nitroxide hexapeptide. 

 

 

 

 

 

Fig.1. Scheme of synthesis of the Boc-[Ala-(R)-Aic(NN)-Ala]2-OMe hexapeptide.(i) Raney-Ni, 

NaH2PO2, pyridine/AcOH/H2O, 40 °C; (ii) 2,3-diamino-2,3-dimethylbutane, CHCl3, 60 °C; (iii) a) 

mCPBA, CH2Cl2/NaHCO3 aq., b) NaIO4 aq., 0 °C.  
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Our FT-IR absorption analysis in the N-H stretching region in CDCl3 clearly indicated that 

the conformation of this peptide is significantly folded (helical) and stabilized by intramolecular 
C=O···H-N H-bonds. 

In the near UV/Vis spectral region the peptide exhibited absorptions near 270, 370, and 600 
nm [7] (Figure 2). The weak and very broad band in the Vis region is responsible for the blue 
color of this compound. Upon excitation at 360 nm, a fluorescence band centered at 480 nm was 
shown. We are currently expanding our spectroscopic/conformational study of this hexapeptide 
to detect its CD, NMR, and EPR signatures, and the potential intramolecular interactions 
between the two Aic(NN) chromophores. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Near UV/Vis spectrum of the Boc-[Ala-(R)-Aic(NN)-Ala]2-OMe hexapeptide in 

MeOH solution. 
 
 

References 
1. Ullman, E.F., Osiecki, J.H., Boocock D.G.B., Darcy, R. J. Am. Chem. Soc. 94, 7049-7059 (1972). 
2. Luneau, D., Rey, P. Coord. Chem. Rev. 249, 2591-2611 (2005). 
3. Ratera, I., Veciana, J. Chem. Soc. Rev. 41, 303-349 (2012). 
4. Wright, K., d’Aboville, E., Scola, J., Margola, T., Toffoletti, A., De Zotti, M., Crisma, M., Formaggio, 

F., Toniolo, C. Eur. J. Org. Chem., 1741-1752 (2014). 
5. Backeberg, O., Staskun, B. J. Chem. Soc. 3961-3963 (1962). 
6. Hirel, C., Vostrikova, K., Pecaut, J., Ovcharenko, V., Rey, P. Chem. Eur. J. 7, 2007-2014 (2001). 
7. Minguet, M., Amabilino, D. B., Wurst, K., Veciana, J. J. Chem. Soc., Perkin Trans. 2, 670-676 (2001). 
 

 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

190 

 

Tuning the Self-Association of an Ala-Based Homo-Pentapeptide 
with a Single, Internal Aib Residue 

 
Mario Caruso1, Emanuela Gatto1, Ernesto Placidi2, Gema Ballano3, 

Fernando Formaggio3, Claudio Toniolo3*, David Zanuy4, Carlos Aleman4,5, 
Mariano Venanzi1*  

1Dept. of Chemical Sciences and Technologies and 2Institute of Structure of Matter, CNR, Dept. 
of Physics, University of Rome ‘Tor Vergata’, Rome 00133, Italy, e-mail: 
venanzi@uniroma2.it; 3Institute of Biomolecular Chemistry, Padova Unit, CNR, Dept. of  
Chemistry, University of Padova, Padova 35131, Italy, e-mail:claudio.toniolo@unipd.it; 4Dept. 
of Chemical Engineering and 5Centre for Research in Nanoengineering, Polytechnic University 
of Catalunya, Barcelona 08028, Spain 
 
Introduction 
Peptide aggregation is a fundamental process underlying very different phenomena such as 
neuropathologies, peptide-promoted tissue engineering, and formation of peptide 
nanocomposites. Experimental evidence indicates that aggregation is determined by a complex 
interplay of interchain interactions and 3D-structural effects, with a specific role played by 
aromatic residues [1]. In this study, the aggregation propensity of two Ala-based pentapeptides 
PyCH2CO-(L-Ala)5-OtBu (PyA5) and PyCH2CO-(L-Ala)3-Aib-L-Ala-OtBu (PyA3UA), both 
N-functionalized with pyrene (Py), was investigated in MeOH/H2O (v/v) solvent mixtures by 
spectroscopy and atomic force microscopy methods as well as molecular dynamics simulations. 
In PyA3UA an Aib residue, a well-known β-sheet breaker [2], was inserted in the middle of the 
peptide chain to study the effect of such local secondary structure perturbation on the 
aggregation properties of the two peptide analogues [3]. 
 
Results and Discussion 
The first evidence for the different aggregation propensity of the two peptides was provided by 
UV-Vis absorption spectra in MeOH/H2O solvent mixtures. While the PyA5 UV-Vis spectrum 
is strongly perturbed by water addition, showing remarkable bathochromic and hypochromic 
effects, the PyA3UA spectrum is almost unperturbed in both the position and intensity of the 
pyrene chromophore transitions, independently on the water content. An analogous behavior 
was revealed  by steady-state and time-resolved fluorescence measurements. Again, triggering 
hydrophobic interactions by adding water to MeOH solutions of the two peptides, the steady-
state fluorescence of PyA5 was strongly quenched by short-range Py···Py interactions promoted 
by peptide aggregation. On the contrary, the PyA3UA spectrum was unperturbed in high water 
content of the MeOH/H2O mixtures. The same difference in the aggregation propensity of the 
two peptides was observed upon increasing the peptide concentration from 1 µM to 20 µM in 
70/30 MeOH/H2O mixtures. Interestingly, time-resolved fluorescence experiments showed a 
predominant long-decay time component only for PyA5, most likely arising from Py 
chromophores well protected from the aqueous environment or involved in Py···Py stacking 
interactions (J-type aggregates). 
Py···Py interactions were also revealed by analyzing the CD spectrum of PyA5 in 70/30 
MeOH/H2O (Figure 1A). In this case, a strong induced Cotton effect in the region of the Py 
absorption (>320 nm) could be easily seen, due to the characteristic dichroic signals typical of 
exciton interactions between the Py electron-rich groups in a chiral environment. This fine 
structure is completely absent in the CD spectrum of PyA3UA, typical of a unordered peptide 
conformation, under the same experimental conditions (Figure 1B).  
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Fig. 1.  CD spectra of PyA5 (A) and PyA3UA in MeOH (full line), and in 70/30 (v/v) (dashed 

line) and 10/90 (v/v) (dotted line) MeOH/H2O solvent mixtures. 

Infrared absorption spectroscopy and thioflavine-binding fluorescence assay confirmed that 
PyA5, but not PyA3UA, predominantly populates β-sheet conformations in 70/30 MeOH/H2O 
solutions.  
Dramatic differences were observed when 10 µM 70/30 MeOH/H2O solvent mixtures of the two 
peptides were dried on a mica surface and imaged by atomic force microscopy. Under these 
conditions, in the case of PyA5 micrometric fibrils were detected, while PyA3UA formed only 
globular structures with a diameter up to 2 µm.  
Molecular dynamics simulations were carried out following the time evolution of two different 
molecular assemblies, each constituted by five strands of PyA5 and PyA3UA forming parallel 
β-sheets in water and MeOH solutions. It was found that, while in MeOH both peptide 
assemblies lose their ordered β-sheet structure in a few nanoseconds, in water only PyA5 was 
able to preserve an ordered conformation with the Py units organized in a regular face-to-face 
arrangement.  
In conclusion, both experimental and computational results show that peptide aggregation is 
determined by several factors, in which environmental, i.e. the hydrophobic effect in aqueous 
solutions, and 3D-structural properties, i.e. the conformational features of the peptide building 
blocks, play a fundamental role. 
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Introduction 
Nuclear factor-kappa B (NF-κB) signaling is regulated by Lys48, Lys63 and linear 
polyubiqutination events.  NZF region of human TAB2 binds to Lys63-linked polyubiqutin 
chains in a zinc finger dependent manner.  We reported the utility of the specific affinity column 
packed with NZF region derived peptide for purification of the novel Lys63 polyubiqutinated 
protein [1, 2].  In this study, we observed the effects of Zn2+, Fe2+ and EDTA to the structure 
conversions of NZF-peptide by CD analysis. 
  
Results and Discussion 
A native full-length peptide fragment of NZF region (NZF-F) and various mutant peptides were 
synthesized as the ligands by using automatic peptide synthesizer with F-moc chemistry 
(Table).  Purification of peptide was performed by a preparative reversed-phased HPLC, and 
main peak was collected. 
The purity of each peptide 
was analyzed by an 
analytical HPLC with 
photo-diode array detector, 
and the molecular weights 
of objective peptides were 
confirmed by ESI-MS.   
 
First, the binding ability of 
Zn2+ or Fe2+ to NZF 
peptides were assessed by 
using a column switch 
high-performance liquid 
chromatography system 
(CS-HPLC) [2].  In addition 
to NZF-F, NZF-FM1, -
FM2, -FM3, and -M, 
mutant peptides from NZF-F, showed the similar binding ability to Zn2+ and Fe2+.  On the other 

hand, NZF-FM4, in which both 
Cys and His residue was 
substituted by Ala residues, had a 
poor binding affinity to Zn2+ and 
Fe2+ (Fig. 1).  These data indicate 
that Zn2+ and Fe2+ bind to Cys or 
His residue.   
 
Next, we observed the effects of 
Zn2+, Fe2+ and EDTA to the 
structure conversion of NZF 
peptides by CD spectra in 
various conditions.  As shown in 
Fig. 2, in the presence of Zn2+, 
CD band of NZF was observed at 
200 nm that slightly decreased in 
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the presence of Zn2+.  In addition CD band at 217 nm increased.  Interestingly, although CD 
band at 200 nm retuned to NZF only, but CD band at 217 nm showed the almost same intensity 
to CD band in the presence of Zn2+ (Fig. 2a).  
 In the case of NZF-M, in which the amino acids on binding site to Lys63-linked 
polyubiqutin chains substituted Ala residues, showed the completely different CD pattern from 
that of NZF-F.  CD spectrum of NZF-M contained negative band at 200 nm.  In the presence of 
Zn2+, CD band was observed similar to β-turn conformation, and this structure did not returned 
by the treatment of EDTA (Fig. 2c).  On the other hand, the secondary structure of NZF-F and 
NZF-M did not changed in the presence of Fe2+ (Fig. 2b and d).   
The effects of Zn2+, Fe2+ and EDTA to the structure conversion of synthetic NZF-derived 
peptides were analyzed in the same manner (Table).  As a result, the structure of NZF-FM2 and 
NZF-N changed in the presence of Zn2+, and returned by the treatment EDTA (Table).  NZF-
FM1, -FM3, -FM4 and -C did not show the structure change by Zn2+ and Fe2+.  These results 
suggest that Cys residue in C-terminus region may be important to form the secondary structural 
of NZF for binding to Lys63-linked polyubiqutin chains. 
 In addition, we previously reported the utility of the affinity HPLC column in which 
NZF-F, -FM1, -FM2, -M peptides were conjugated to TOYOPEARL AF-Formyl 650M resin 
for the separation of Lys63-linked polyubiqutin chains by the column switch HPLC system.  
The binding specificity of NZF-F column to Lys63-linked polyubiquitin chains was higher than 
that of derivative peptides [3].  
Together, NZF-F peptide conjugating resin is a powerful tool to purify the novel Lys63 
polyubiqutinated protein that is critical for the tumor nuclear factor receptor associated factor 6 
(TRAF6) -mediated NF-κB.  
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Name Sequence 
  Zn2+

    Fe2+
 

CD  
binding 
ability 

CD  
binding 
ability 

NZF-F D E G A Q W N C T A C T F L N H P A L I R C E Q C E M P R H F + (±)  55 + (±)  68 

NZF-FM1 D E G A Q W N A T A A T F L N H P A L I R C E Q C E M P R H F - (-) 36 - (-) 87 

NZF-FM2 D E G A Q W N C T A C T F L N H P A L I R A E Q A E M P R H F + (+)  33 - (-) 59 

NZF-FM3 D E G A Q W N A T A A T F L N H P A L I R A E Q A E M P R H F - (-) 62 - (-) 48 

NZF-FM4 D E G A Q W N A T A A T F L N A P A L I R A E Q A E M P R A F - (-) 8 - (-) 12 

NZF-M D E G A Q W N C T A C T A L N A P A A I R C A Q C E M P R H F + (±)  35 + (-)  24 

NZF-C L I R C E Q C E M P R H F - (-) 48 - (-) 14 

NZF-N D E G A Q W N C T A C T F L N H P A + (+)  17 - (-) 41 

Table                    CD    analysis    and    metal    binding    ability         

 +, the structure changed on adding Zn2+ or Fe2+ ;  ー, the structure did not changed on adding Zn2+ or Fe2+ ; 

(+), the structure  returned  by EDTA treatment;  (±), the structure  returned slightly by EDTA treatment;  

(ー), the structure  did not  returned by EDTA treatment; 
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Introduction 
Peptide aggregation is of relevant interest for biomedical applications and bio-inspired 
nanotechnologies [1]. In the present study, the self-association properties of helical homo-
peptides formed by α-aminoisobutyric acid (U) were studied by molecular dynamics (MD) 
simulations. The main-chain lengths of the peptides range between 6 and 15 U residues. The 
peptides were simulated by taking into account (or not) the aromatic groups benzyloxycarbonyl 
(Z) and naphthyl (N) at the N- and C-termini, respectively. AFM images are also reported, 
which stress the different aggregation propensities of the systems investigated. 
 
Results and Discussion 
Simulations of the peptide monomers. MD simulations of peptide monomers in 70/30(v/v) 
MeOH/H2O solutions were carried out for Z-Un-N (n=6,9,12,15) starting from an α-helical 

conformation in all cases. Dictionary of Protein Secondary 
Structure (DSSP) analysis indicated that from n=9 to n=15 
the α-helix is the most populated conformation and that 
unfolding events do not occur during the simulation time 
(from 30 to 80 ns for the different peptides). On the other 
hand, the starting α-helical structure of Z-U6-N was lost 
within few nanoseconds. Switches between the α-helix, 
310-helix, and β-turn conformations were detected during 
the simulation time-scale. Interestingly, in this last 
simulation, regardless of the starting conformation, the 
peptide populates both M- and P- helices. 
Simulations of peptide aggregates. Recently, we proved 
that Z-U6-N and Z-U15-N feature different aggregation 
properties [2,3]. The AFM images obtained after 
deposition of Z-U15-N on mica surfaces showed formation 
of fibrillar aggregates, several microns long and about 
(100 ± 10) nm thick (Figure 1). On the contrary, by 
deposition under the same experimental conditions of Z-
U6-N, only globular aggregates were detected (images not 
reported).  

To investigate the influence of the helical stability on the formation of mesoscopic structures, 

Fig. 2. Structures of the aggregates obtained from two independent MD simulations of six 

Z-U15-N (on the left) and  six U15 (on the right) in 70/30(v/v) MeOH/H20 solution. Each 

aggregate is formed by three P- (dark gray) and three M- (light gray) helices. 

 

Fig. 1. AFM images obtained 
after deposition on mica of a 

micromolar 70/30(v/v) MeOH/H20 
solution of ZU15N.  
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we simulated the early stages of the aggregation process for systems based on six replicas of 
both Z-U6-N or Z-U15-N peptides (two independent 100 ns-long simulations for each system). 
The simulations confirmed the different helix stability between the two peptides. In the case of 
Z-U6-N, as observed in the simulations of the monomer, transition between P- and M- helices 
were seen during the simulations, with a mean time between transitions of roughly 40ns. 
Furthermore, MD trajectories revealed that Z-U6-N did not show any tendency to form stable 
aggregates (Table 1), in good agreement with the experimental results. More than 350 contacts 
between couples of Z-U6-N molecules were detected during the simulations, but only 28 lived 
longer than 10 ns and none longer than 25 ns. 
A different behavior is observed in the Z-U15-N simulations. In this case, the contacts between 
molecules, once occurred, persisted for the whole simulations, leading to stable aggregates 
(Table 1). Interestingly, the aggregates were characterized by a highly regular packing of the 
peptides. In both MD simulations, two planes were obtained, each one formed by three, almost 
parallel, peptides, the angle between the planes being different in the two simulations (Figure 2, 
on the left). To investigate the influence of the aromatic groups at the N- and C- termini, a 
system constituted by six U15 peptides (without the Z and N groups), was also simulated. The 
final structures obtained in the two independent simulations are reported in Figure 2 (on the 
right). Also in this case, stable aggregates formed (Table 1), with the peptides highly packed and 
ordered. Notably, the structures reported in Figure 2 are well representative of the overall 
conformations sampled in the last 25 ns of the MD simulations, as in all of the cases the 
aggregates remained stable till the end of the simulation. 
In conclusion, our MD results show that highly ordered and stable aggregates are generated by 
simulating homo-(U)n peptides with helices of opposite chirality. A precondition seems to 
require a number of residues in the peptide chain high enough to achieve stable helical 
conformations already in the monomer simulations. The aggregates formed in these simulations, 
in turn, could represent the building blocks of the fibrils highlighted in the AFM images 
(hierarchical self-assembly). The aggregation processes described here are peculiar with respect 
to other well characterized mechanisms of fibril formation. As compared to the well known 
processes leading to amyloid fibrils, the aromatic groups are not crucial in homo-(U)n 
aggregations, as Z-U6-N does not aggregate in water-rich solutions and the aggregates observed 
in the Z-U15-N and U15 MD simulations are very similar. On the other hand, the side-chain 
complementarity, crucial in the aggregation of peptides forming coiled-coil motifs, does not 
play any role in the present case, in which stable helical homo-peptides were investigated. 
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Table 1. Average root mean square fluctuations (RMSF) of the inter-peptide distancesa 
Simulation 

number 
Z-U6-N  

(Å) 
Z-U15-N 

(Å) 
U15 

(Å) 

1 9 ± 3 0.6 ± 0.5 0.4 ± 0.2 

2 10 ± 1 0.6 ± 0.4 0.4 ± 0.2 
aThe values were calculated in the last 25 ns of MD simulations containing six peptides in 70/30(v/v) 
MeOH/H20 solution. For each system, the results from two independent simulations are reported. Lower 
values of the reported parameter reflect less variable inter-chain distances during the simulation, and, in 
turn, more stable aggregates. 
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Introduction 

The human Urotensin II (hU-II) is a peptide hormone, H-Glu-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-
Tyr-Cys]-Val-OH, recognized as the most potent vasoconstrictor peptide identified to date, 
resulting also important in the regulation of cardiovascular homeostasis and different 
pathologies. hU-II C-terminal cyclic hexapeptide sequence, c[CFWKYC], which is essential for 
the biological activity, has been highly conserved in evolution from fish to mammalians. 
Previously, we have reported a superagonist (P5U) and a full antagonist (UrantideTM) at rat UT 
receptor although it is only a partial agonist at human receptor [1,2]. Recently, it has been 
suggested that an interaction between the glutamic residue at position 1 of the hU-II and UT 
receptor seems to be critical to induce conformational distortions associated with agonistic 
activation (Figure 1) [3].  

 

 

 

 

 

 

 

Figure 1. Suggested model of human Urotensin-II receptor. 

With the aim to elucidate the importance of the glutamic residue in position 1 for 
agonist/antagonist activity we have decided to explore this position by replacing the Glu residue 
with some conventional amino acids with different physiochemical properties. In this study, to 
evaluate the contribute of the position 1 into the sequence of hUII for antagonist activity we 
have introduced the well known modifications that are present in Urantide sequence. On these 
new ligands we evaluated the binding affinity and biological activity at the  rat UT receptor 
(Table 1). Additional experiments on human receptor are still in progress.  
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Code Structure pKi 
(± SEM) 

pEC50 
(± SEM) 

pA2 
(± SEM) 

hU-II H-Glu-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH 8.48 ± 0.07 8.75 ± 0.07 -- 

[Ala1]U-II H-Ala-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH 8.25 ± 0.08 7.95 ± 0.06 -- 

UPG106 H-Glu-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH 7.91 ± 0.04 -- 8.3 ± 0.02 

UPG107 H-Ala-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH 7.73 ± 0.06 -- 8.9 ± 0.06 

UPG108 H-Gln-Thr-Pro-Asp-c[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH 7.43 ± 0.03 -- 8.1 ± 0.04 

P5U H-Asp-c[Pen-Phe-Trp-Lys-Tyr-Cys-]-Val-OH 8.86 ± 0.07 -- -- 

Urantide H-Asp-c[Pen-Phe-DTrp-Orn-Tyr-Cys-]-Val-OH 7.81 ± 0.05 8.3 8.3 ± 0.04 

Table 1. Binding and Functional Assays. Radioligand binding assays were used to quantify 
compounds affinity for the human UT receptor. Furthermore, peptides were tested for their 
ability to induce efficacious contractions in the rat isolated thoracic aorta. Results are reported 
below, and hUII was used as reference compound. 

Chemistry 
Peptides were synthesized using a conventional Fmoc-based solid-phase strategy in a manual 
reaction vessel. Cleavage and disulphide bridge was carried out one-pot by treating the resin 
with 10% DMSO in TFA in presence of anisole. The purification of final products was achieved 
using a semipreparative RP-HPLC. Analytical HPLC indicated a purity greater than 98%, and 
molecular weights were confirmed by ESI-MS.  
Biological Activity  
Radioligand binding assays. 

 

 

 

 

Discussion and Conclusion 
Since the compound PG107 is resulted to be more potent as antagonist compared to the 
Urantide, our preliminary data suggest that the position 1 would be extremely important for the 
Urotensin-II in the interaction with its receptor. In light of these latest results we hypothesize 
that to get a full antagonist at human UT receptor it is necessary to perform multiple changes 
affecting the other parts of the U-II sequence previously explored and found to be important for 
the biological activity. In this context we have already designed a little series of compounds and 
their biological evaluation will be important to confirm our hypothesis.  
[1] Grieco, P., Carotenuto, A., Campiglia, P., Zampelli, E.,  Patacchini, R., Maggi, C.A., Novellino, E., 
Povero, P. J. Med. Chem. 45, 4391 (2002). 
[2] Patacchini, R.; Santicioli, P.; Grieco, P.; Rovero, P.; Novellino, E.; Maggi, C.A. British J. of  

Pharmacology , 140, 1155-1158, (2003). 
[3] Chatenet, D.; Létourneau, M.; Nguyen, Q.T.; Doan, N.D.; Dupuis, J.; Fournier, A. . British J. of  

Pharmacology , 168, 807-821, (2013). 
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Introduction 
The neurohypophysial hormone, oxytocin (OT) is a cyclic nonapeptide [cyclo(Cys1-Tyr2-Ile3-
Gln4-Asn5-Cys6)-Pro7-Leu8-Gly9-NH2], with important biological properties. The widespread 
allocation of OT receptors (OTR) in the central nervous system has firmly established OT as a 
central neurotransmitter with roles in reproductive and social behaviors. Also, a new role of OT 
has been identified in the pathology of cancer [1]. 
Deamino-oxytocin analogues containing D-aromatic acids in position 2 and non natural amino 
acids in position 3, were synthesized and their biological activities were tested.  
Towards this direction, conformational studies of OT, [Mpa1, D-1-Nal2, L-Thi3]OT (1), [Mpa1, 
D-Tyr(Et)2, L-Thi3]OT (2), and [Mpa1, D-Tyr(Et)2, D-Thi3]OT (3) analogues were performed. 
Biological evaluation of studied OT analogues as compared to the native hormone, revealed that 
both analogues 1(pA2=8.50±0.24) and 2 (pA2=7.09±0.13) exhibit antagonistic action at uterine 
receptor, while the analogue 3 is inactive.  
In the present study, the crucial conformational features, possibly responsible for the 
antagonistic activity, were determined by combining NMR spectroscopy and Molecular 
Dynamic Simulations.  
 
Results and Discussion 
The structures of OT and its analogues were elucidated by NMR spectra (2D TOCSY and 2D 
NOESY), acquired at 298 K, in DMSO-d6 on a Varian 600MHz spectrometer. To explore the 
conformational properties of OT analogues, Molecular Dynamic Simulations under NMR-NOE 
constraints, were performed. Our conformational studies suggest that OT is characterized by 
two crucial β-turns, possibly responsible for its antagonist interaction with the uterine receptor, 
in accordance with previous study [2]. The β-turn consisting of Tyr2 to Asn5 is stabilized by a 
hydrogen bond between the carbonyl oxygen of Tyr2 and the amide proton of Asn5. Moreover, a 
hydrogen bond between Cys6 - CO and Gly9-NH suggests the second β-turn (Figure 1). 
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Fig. 1. Representative conformation of OT, according to 

NOE connectivities. 

 
 
 
 

The biological evaluation characterizes analogue 1 
as strong OT antagonist. The NOEs indicate that 
residues at positions 2 and 5 form a hydrogen bond 
between D-1-Nal2-CO and Asn5-NH, stabilizing a β-
turn, which could be essential for its antagonistic 
potency [2] (Figure 2).  

Fig. 2. Representative conformation of 

analogue 1, based on NMR constraints. 

Analogue 2 having in position 2 D-Tyr(Et)-a less compact residue than D-1-Nal- showed lower 
oxytocin antagonism in the uterotonic test, ensuring the major role of  D-aromatic amino acid in 
position 2. Τhis result is possibly attributed to the loss of the crucial β-turn involving the 
residues 2- 5. However, the hydrogen bond between Cys6-CO and Gly9-NH is preserved (Figure 3). 
 
Fig. 3. Representative conformation of analogue 2, 

based on NOE constraints. 
 
  

 
 
 

In the case of analogue 3 the complete absence of both β-
turns possibly explains the loss of the biological activity at 
the uterine receptor of OT (Figure 4). 

 

Fig. 4. Representative conformation of analogue 3, based on 

NOE constraints. 
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Introduction 

4-aminopyridine is a substance that increases the acetylcholine release in acethylholine 
neurons in the brain. It finds application in the treatment of multiple sclerosis / 1/, Alzheimer’s 
disease /2/, and other neurodegenerative disorders /3/. The main problem of this drug is your 
high toxicity and large number serious side effects.  

This study is devoted to the synthesis and consequent estimation of toxicological and 
pharmacological effect of hybrid compounds including 4-aminopyridine and also modified 
dipeptides holding the residue of the N-(3, 4-dichlorophenyl)-D,L-Ala-OH. 
We suppose that the synthesis of planned compounds most probably will lead to: decrease of 
side reactions and inhibition effect on the gamma-secretase activity due to the peptide fragment, 
and on the other hand they can block potassium channels due to the presence of 4-
aminopyridine fragment, such leading to restoration of the demyelinated axons and increases the 
acetylcholine release in the brain.  
 
Results and Discussion 
Synthesis. The obtaining of the new compounds was carried out according to Scheme 1. The 
synthesis of the intermediate compounds 2a-d were carried out by attachment of the protected 
amino acids Boc-Val-OH, Boc-D-Phe-OH, Boc-Nva-OH and Boc-Leu-OH to 4-aminopyridine 
by TBTU method. The Boc groups of the peptides 2a-d were removed by TFA. The 
condensation reaction of 3a-d with N-(3,4-dichlorophenyl)-D,L-Ala-OH were performed in the 
presence of TBTU/DIEA,  in DMF at room temperature. We obtained crude products with good 
yields (80-90%) which after recrystallization gave solid products. The newly synthesized 
peptide derivatives of 4-aminopyridine were characterised by melting points, TLC and NMR 
spectroscopy. 

 

Scheme 1.  
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Pharmacological test. With the aim to determine the excitement or depression on the central 
nervous system one of the compounds was tested for locotomotor activity (Fig. 1) after per oral 
administration on mice /4/. 

Toxicological tests. The newly 
synthesized hybrids were 
tested for acute toxicity on 
white mice and results were 
compared with the toxicity of 
4-aminopyridine. The acute 
toxicity (LD50) was estimated 
by OECD-425-FDA-USA 
method on male mice line H, 
weight 20-25 g. /5/.  The data 
are presented as mg/kg body 
weight after intraperitoneal 
(IP) application on the Table 1.  

New compounds are less toxic (10-17 times) than reference substance 4-aminopyridine 
(highly toxic compound according to Hodge and Sterner classification).  
 

Conclusion. The results from Pharmacological and toxicological tests indicate significant 
decrease of acute toxicity and diminution of undesired effects on the central nervous system. 
The new compounds could find potential application in the treatment of neurodegenerative 
diseases such as Alzheimer's disease and multiple sclerosis.  
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Table 1. Acute toxicity (LD50) of compounds 

Compounds LD50 value (mg/kg) 

4-aminopyridine 9.6 (8.4 ÷ 10.9) 

4a 132.0 (117.3 ÷ 145.5) 

4b 149.5 (131.2 ÷ 169.8) 

4c 175.6 (161.2 ÷ 191.3) 

4d 83.2 (70.2 ÷ 98.4) 
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Figure 1.  
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Introduction 

The Electrospray Ionization Mass Spectrometry (ESI-MS) has been widely used to detect non-
covalent bonds in supramolecular compounds, especially in biological systems [1]. Most of 
reports show that the results obtained by this method are in good agreement with those obtained 
by classical techniques like potentiometry, circular dichroism, and UV-Vis spectroscopy [2].  
The aim of our research project was to investigate the influence of chirality of 
histidinehydroxamic acid and the side chains of the polypeptides on the formation of 
metallacrown and to examine the results obtained by ESI-MS technique in the context of the 
results presented previously by Tegoni et al. [3]. Chiral metallacrowns were obtained by mixing 
two different enantiomers of histidinehydroxamic acids. The use of D and L enantiomers of Bz-
His-NHOH allowed to obtain five metallacrowns with different stereochemistries.  
If thermodynamic stability of all possible metallacrowns is identical, then their distribution 
would be determined by statistical factors and should be binomial.  
 
Results and Discussion 

All ligands were synthesized on hydroxylamine ChemMatrix type resin according to the 
protocol described previously by us [4]. Each peptide was acetylated by benzoic acid. To 
distinguish the enantiomers in the mass spectrometry experiments the isotopicaly labeled 
benzoic acid was used. The sequences of peptides are presented in Table.1. The sequences were 
selected to determine the influence of side chains’ charge on the formation of chiral 
metallacrowns. Peptides containing only three alanine in a sequence were a blank test. These 
peptides have no charge on the side chains. The peptides containing only aspartic acids or 
lysines in the sequences have negative or positive charge in their side chains, respectively. The 
peptides containing arginine and glutamic acids have positive and negative charges as well. 
Obtained ligands were purified using high-performance liquid chromatography.  
The mass spectrometry experiments were carried out in two systems for each sequence. The 
peptides containing L-histidinehydroxamic acid were mixed with peptides of this same 
sequence containing L-histidinehydroxamic acid, but acetylated with d5-benzoic acid.  
Another sample contained L-histidinehydroxamic acid peptieds acetylated with isotopically 
labeled benzoic acid  mixed with D-histidinehydroxamic acid peptides. Each sample consisted 
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Fig. 1. The mass spectra obtained for chiral metallacrowns. Panel A presents the isotopic 
pattern of the peak m/z 932.78 and Panel B presents the isotopic pattern for the peak 

932.79. In both panels entrance A presents experimental data and the entrances from B-F 
present the calculated results. Panel C presents the comparison of experimental isotopic 
pattern presented as an entrance A in panels A and B. The observed isotopic patterns are 

comparable. The calculated data confirm that this pattern is binomial. 
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of ligands mixed in 1:1molar ratio, and the copper(II) ions were added in molar ratio 4:5 
(summary contents of ligand : copper(II) ions). An example of the obtained spectrum is 
presented in Fig. 1. 
The obtained spectra for each sample reveal that the metallacrown formation process is not 
depended on the chirality of the amionohydroxamic acids. In all cases the isotopic patterns 
obtained for homo- and heterochiral system suggest the binomial distribution, when the most 
intensive peak corresponds to the system of stoichiometry 2:2 (for ligand I and II respectively, 
Fig. 1). Our previous study for low molecular mass compounds (L-histidinehydroxamic acid 
[5]) confirmed this fact as well. We have also studied selected peptides to determine the 
influence of side chains on the preferences of metallacrown formation of a specific chirality. 
However we did not observed any influence of side chains charge on the above-mentioned 
process. 
 We found that the metallacrown formation process does not depend on the chirality of 
aminohydroxamic acid or on the charge on side chains. The analyzed  examples suggest that the 
process of metallacrown formation is relatively not specific. Furthermore, we proved that the 
ESI-MS technique can be used to determine the stoichiometry of supramolecular structures in 
more complex systems and the results are in a good agreement with those obtained by other 
methods.  
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Table 1. The sequences of peptides used in experiments. 

Peptides with 

L-histidinehydroxamic acid 

Peptides with  
L-histidinohydroxamic acid and 

isotopicaly labeled 

Peptides with  
D-histidinehydroxamic acid 

Bz-Ala-Ala-Ala-L-His-NHOH Bz(d5)-Ala-Ala-Ala-L-His-NHOH Bz-Ala-Ala-Ala-D-His-NHOH 

Bz-Asp-Asp-Asp-L-His-NHOH Bz(d5)-Asp-Asp-Asp-L-His-
NHOH 

Bz-Asp-Asp-Asp-D-His-
NHOH 

Bz-Asp-Gly-Arg-L-His-NHOH Bz(d5)-Asp-Gly-Arg-L-His-NHOH Bz-Asp-Gly-Arg-D-His-
NHOH 

Bz-Arg-Gly-Asp-L-His-NHOH Bz(d5)-Arg-Gly-Asp-L-His-NHOH Bz-Arg-Gly-Asp-D-His-
NHOH 
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Introduction 
JC virus is a causative agent of progressive multifocal leukoencephalopathy (PML). Several 
promising anti-JC virus agents have been identified [1] but no effective therapy is available for 
PML. PML patients are estimated to increase from others taking immunosuppressive therapies 
using monoclonal antibodies such as natalizumab for multiple sclerosis. Therefore, the drug 
development of anti-JC virus agents is urgently needed. JCV gene encodes agnoprotein (Agno), 
which is thought to be a multifunctional protein in the viral transcription, replication, assembly, 
maturation, and release. As the reduction of Agno expression lessened the viral proliferation, 
inhibition of Agno function is attractive for the drug developments. Agno consists of 71 amino 
acid residues and its sequence through Thr17 to Gly42 is required for the oligomer formation 
[2]. The hydrophobic sequence is reported as transmembrane domain related to the viroporin 
activity [3]. However, sufficient structural information of Agno is not available to design the 
oligomerization inhibitor. Safak’s group suggested the helix-loop repeating conformation from a 
calculation using I-TASSER program [2]. Recently, they reported NMR structure of a peptide 
consisting Thr17 to Glu55 and the MD simulated dimeric form to speculate Leu-Leu 
hydrophobic interactions [4]. Based on the report of Safak’s group, we calculated Agno using I-
TASSER program. To investigate Agno structure, we focused on a helical domain of the highly 
scored conformation, that is, Lys22 to Asp44 (Figure 1), chemically synthesized, and analyzed 
its secondary structure and oligomerization under several conditions. 
 
Results and Discussion 
The Agno22-44 (1) was manually synthesized by conventional Fmoc-SPPS using 2-chlorotrityl 
chloride resin with PyBOP coupling reagent and HOBt additive. After TFA cleavage from the 
resin, the crude peptide was obtained with low purity, then purified using preparative HPLC to 
obtain the desired product as single peak, and identified with TOF-MS analysis, but with a small 
amount. We solubilized peptide 1 in 2,2,2-trifluoroethanol (TFE) and analyzed the CD 
spectrum. The secondary structure was seemed to be helix with a low %helicity (Table 1) and 
moderate maximum of molecular ellipticity at 208 and 222 nm (Figure 2). This result was 
consistent with that of a longer peptide reported by Safak’s group [4]. We tried to dissolve 1 in 
water but it was insoluble. Therefore, we used diluted sodium hydroxide to solubilize and 
neutralized with hydrochloric acid. According this protocol, we succeeded in analyzing its CD 
spectrum in phosphate buffer (PB) pH 7.4. The secondary structure was unexpectedly β-sheet 
with a maximum of molecular ellipticity at 220 nm. The addition of 8 mM SDS changed the 
secondary structure from β-sheet to α-helix with 40% content. 

We synthesized a derivative 2 with acetyl at N-terminus and amide at C-terminus because 
acylation of some peptides are known to increase the helicity. The synthesis was performed in 
similar method used for 1 except using ChemMatrix® resin to afford the crude peptide with 
improved purity. Following preparative HPLC gave the desired product with slightly larger 
amount and identified with TOF-MS analysis. CD spectrum of the peptide 2 was analyzed to be 
α-helix in TFE. The helicity was expectedly improved to 55% (Table 1). The analogue was 
insoluble in water similar to peptide 1. We solubilized 2 using the same protocol to analyze the 
secondary structure in PB pH 7.4. The CD spectrum was shown as β-sheet. As observed for 1, 
the sheet structure was converted to α-helix with SDS addition. These results suggest that 
Agno22-44 was variable in conformation like chameleon sequence and Agno may change its 
conformation with hydrophilic and hydrophobic environment. 

1:       KKRAQRILIFLLEFLLDFCTGED 

2: Ac-KKRAQRILIFLLEFLLDFCTGED-NH2  

   Fig. 1. Synthesized Agno22-44 peptide 1 and its terminal protected analogue 2. 
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We incubated purified peptide 1 in PB 
pH 7.4 for 1 hour at 37 ºC. SDS-PAGE 
analysis of the incubation mixture revealed 
the dimerization of the peptide. The dimer 
band was disappeared with a reducing reagent 
DTT, suggesting that a disulfide bond formed 
between the monomers. To increase the dimer 
content, we added bis(maleimido)ethane as 
cross-linker selective to thiol group and 
observed additional bands corresponding the 
trimer and tetramer. These results suggest that 
the disulfide bond was important for the 
oligomerization. 

In conclusion, we synthesized the 
transmembrane domain peptides derived from 
JC virus agnoprotein, as terminal free and 
protected forms. We found that these peptides 
changed the secondary structure from sheet to 
helix depending on the environment. We also 
found that the disulfide bridge was significant 
for the dimer and oligomer formation. 
 
Acknowledgments 
This research was supported in part by the 
Strategic Research Foundation at Private 
Universities from MEXT, Japan. 
 
References 
1. Nukuzuma, S., Kameoka, M., Sugiura, S., Nakamichi, K., Nukuzuma, C., Takegami, T. J. Med. Virol., 

85, 132-138 (2013). 
2. Saribas, A. S.,  Arachea, B. T., White, M. K., Viola, R. E., Safak, M. Virology, 420, 51-65 (2011). 
3. Suzuki, T., Orba, Y., Okada, Y., Sunden, Y., Kimura, T., Tanaka, S., Nagashima, K., Hall, W. W., 

Sawa, H. PLOS pathog, 6, e1000801 (2010). 
4. Coric, P., Saribas, A. S., Abou-Gharbia, M., Childers, W., White, M. K., Bouaziz, S., Safak, M. J. 

Virol., 420, 51-65 (2014). 
5. Chen, Y.-H., Yang, J. T. Biochem. Biophys. Res. Commun. 44, 1285-1291 (1971). 

Table 1. Helicity of peptides 1 and 2 

Peptide 
%Helicitya 

In TFE In PB pH 7.4 with 8%SDS 

1 6.0 40.4 

2 54.7 55.0 

a Calculated by Chen’s equation [5]. 

 

Fig. 2. CD spectra of 1 at 25 µM. 
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Introduction 
The large diversity of chemical methods available now for producing modified peptide 
segments in high purity is increasingly used for the total or semisynthesis of modified proteins 
which cannot be easily produced using biological methods. Proteins featuring well-defined post-
translational modifications at specific sites such as phosphorylation, acetylation, methylation or 
ubiquitylation belong to this family. During the last decade, the chemical synthesis of the 76-
amino acid ubiquitin protein modifier and of ubiquitylated proteins has attracted a lot of 
attention. Small ubiquitin-like modifier (SUMO) proteins constitute another class of protein 
modifier. Both ubiquitin and SUMO proteins are utilized for highly dynamic and reversible 
PTMs that participate in a vast array of cellular processes, making their study of utmost 
importance. The production of SUMO protein conjugates is difficult using living systems. 
Unlike ubiquitin protein conjugates, SUMO protein conjugates were not yet produced by 
chemical synthesis due probably to the size of SUMO proteins (96 amino acids for SUMO-1 
isoform) which are substantially larger than ubiquitin. We describe here the recent one-pot total 
synthesis of a folded, functional and reversible 12.5 kD SUMO-1 protein peptide 
conjugate.[1,2] 

 
Results and Discussion 
The SUMO-1 protein peptide conjugate was produced using a N-to-C three peptide segments 
assembly process relying on sequential NCL[3] and SEA ligation[4] reactions (Fig. 1). The 
SUMO-1 protein featuring a SEAoff latent thioester group[1,5-7,2,8] on its C-terminus was 
assembled in the first step of the process using NCL reaction. For this, we had to push the limits 
of current technology by addressing the synthesis of long (~ 50 Aa) SEA peptides and peptide 
thioesters using Fmoc SPPS.[9] This was achieved by developing a novel SEA PEG-based solid 
support which is compatible with standard Fmoc-SPPS. In the second step, the target peptide 
featuring a cysteine residue on a lysine side-chain and TCEP were added to the reaction mixture 
to trigger the formation of the conjugate, which was isolated in a highly homogeneous form 
(13% yield after HPLC purification). The tertiary structure and functionality of SUMO-1 
modifier within the conjugate as well as its reversible nature were demonstrated by the total and 
specific cleavage of the conjugate with the desumoylating enzyme ubiquitin-like specific 
protease 1 (Ulp1).  

In conclusion, the simple and efficient access to well-defined SUMO protein conjugates should 
facilitate the biochemical and structural implications of this post-translational modification. 
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Introduction 
Hydrogels are physical networks capable of absorbing large amounts of water while 

retaining their three dimensional structure. In soft material research, peptide based hydrogels 
have been explored extensively inspired by their applicability for sustained release of drugs and 
biomolecules, cell culture media and tissue engineering.[1] Peptide-based hydrogels are formed 
by self-assembly of peptides, which leads to the formation of an entangled network of organized 
supramolecular structures. Specific amphiphatic α-peptide octamers were reported to self-
assemble into β-sheet structures and form stable hydrogels, tunable by minor variations in 
peptide structure (e.g. “Peptide Lego” concept).  

Our aim is to design shorter, amphipathic, α-peptide hydrogelators that can still be 
modified to tune the hydrogel and release properties by this so-called “Peptide Lego”-concept, 
thereby significantly reducing the preparation costs and economic viability without 
compromising the versatility of the peptide platform. 
Results and Discussion 
Starting from H-FEFKFEFK-OH,[2] a new family of simple, short, linear, and amphipathic 
peptides was designed with structural analogy to this octapeptide (Figure 1). The 
physicochemical conditions inducing gelation were investigated for each sequence, revealing 
four α-peptide hydrogelators (Table 1). In fact, MBG-1 and the related sequences (MBG-2,6,8) 
are the shortest amphiphatic peptide sequences reported to date that act as ionic self-
complementary hydrogelators for the “Peptide Lego” concept. 
The mechanical properties of the four hydrogel sequences were studied using dynamic 
rheometry at both 30°C and 37°C demonstrating the formation of solid-like peptide hydrogels. 
 
 
 
 
 

 
 
 
 
 
 
Figure 1: Design of novel peptide hydrogelators starting from H-FEFKFEFK-OH 
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Table 1: Peptide sequences and gelation conditions 
 
In order to understand the hydrogelation mechanism, cryo-transmission electron microscopy 
(Cryo-TEM) and negative staining TEM were used to analyze the morphology of the hydrogel, 
revealing the presence of very long slender fibrils (5-8 nm width) with very distinctive 
periodicity. The self-assembly was also investigated at the molecular level by FT-IR and 
circular dichroism spectroscopy.  
It has been previously reported that peptide hydrogels can possess high drug loading capacities 
in comparison to conventional drug delivery polymer hydrogels (10-20 w%). Herein, the release 
properties of the hydrogels were examined for two cargoes. Sodium fluorescein (FL) (a planar 
aromatic molecule) and Ciprofloxacin (CIP-HCl) 
(efficient fluoroquinoline antibiotic) were chosen in 
order to compare the release profiles of two small 
molecules with distinct structural properties. 

Initial studies were performed with FL as a cargo 
to gain a first insight into the release properties of the 
MBG-1 based-hydrogel (Figure 2). According to this 
figure, only a moderate burst effect (25% release in 4 
hours) was observed with the MBG-1 hydrogel. The 
release of fluorescein dye in the first 4 hours is 
relatively steep in comparison to the slower 
progressive release. A final value of 76% released FL 
was obtained after 8 days as longer times led to gel 
collapse into a white opaque structure. A hydrophobic 
drug delivery mechanism - breaking apolar interactions 
with the phenylalanine side chains releases the drug - is 
proposed, which can be rationalized by the hydrophobic/aromatic nature of fluorescein. This 
drug release mechanism is supported by a minor burst effect, a relatively slow rate of release, 
and the appearance of aggregation. 

In comparison to fluorescein, the release of CIP-HCl is significantly slower, a finding in 
agreement with the proposed hydrophobic drug encapsulation mechanism: as CIP-HCl is more 
hydrophobic than fluorescein, it will be more strongly associated to the hydrogel fibers. 
In conclusion, we have designed a series of novel hexapeptide hydrogelators able to induce 
gelation in a mixture of water/PBS or in PBS, proposedly facilitating injection by inducing in 
vivo gelation. These reported hexapeptides open new avenues for peptide hydrogel designs, 
both from a fundamental self-assembly point of view as well as in view of various hydrogel 
applications. 
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Code Sequence Gelation conditions pH Physical state 

 H-FEFKFEFK-OH 1 wt% in water/PBS 3.06 strong gel 

MBG-1 H-FEFQFK-OH 1 wt% in water/PBS 3.49 strong gel 

MBG-2 H-FEFNFK-OH 1 wt% in PBS 3.97 strong gel 

MBG-3 H-FEFQChaK-OH PBS 5.07 aggregation 

MBG-4 H-FEChaQFK-OH PBS 3.48 aggregation 

MBG-5 H-FKFQFK-OH PBS 6.90 solution 

MBG-6 H-FEFQFK-NH2 1 wt% in PBS 5.11 gel 

MBG-7 Ac-FEFQFK-NH2 PBS 6.06 aggregation 

MBG-8 H-FEFNFK-NH2 1 wt % in PBS 5.50 gel 

Figure 2 : Static release experiment of 
FL (0.1% w/v) from MBG-1 hydrogel 
(1% w/v in water/PBS 1:1 v/v) 
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Fig. 1 Scanning electron microscopy images of (a) antiamoebin, 1 min; (b) paracelsin, 7 h; (c) 

antiamoebin, 24 h; (d) paracelsin, 24 h; min and h refer to time of evaporation. 

a b 

c d 
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Introduction 
Self-assembly of peptide building blocks into higher order structures is of fundamental 
importance for mechanisms of disease and nano-biotechnology [1]. Peptaibols are natural 
antimicrobial polypeptides isolated from filamentous fungi, with a high content of the achiral 
residue 2-aminoisobutyric acid (Aib) and a C-terminal amide-bonded 2-amino alcohol (-ol) [2]. 
They display preferably helical structures in polar solvents [3]. Our experiments on antiamoebin 
(AAM) (Ac-Phe-Aib-Aib-Aib-Iva-Gly-Leu-Aib-Aib-Hyp-Gln-Iva-Hyp-Aib-Pro-Pheol) and 
Paracelsin A (PC) (Ac-Aib-Ala-Aib-Ala-Aib-Ala-Gln-Aib-Val-Aib-Gly-Aib-Aib-Pro-Val-Aib-
Aib-Gln-Gln-Pheol) are indicative of intriguing supramolecular self-assembled spherical and 
tubular structures. These fundamental “building blocks” are proposed as tailored scaffolds for 
integration in bio-nanotechnological applications.  
 
Results and Discussion 
By using an assortment of crystallization techniques, such as evaporation and vapor diffusion, 
we observed an ensemble of self-assembled motifs, from the nano to the micro scale through 
hierarchical packing mechanisms.  Conditions have been optimized towards formation of self-
assembled structures for two antimicrobial peptide samples. Such conditions include: initial 
concentration, heat treatment, one or two solvent systems and concentration shifting.  
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All these variables promote reliable self-organization through the transition of a system from a 
stable to a metastable state at the point of saturation. One or two such transitions will be 
discussed for each peptide sample. First, we followed the self-assembly kinetics of AAM. For 
an initial concentration of 10 mg/ml, a two solvent system was used: methanol (good solvent) 
and ultrapure water (bad solvent); after heating at 60 °C and sonication, the samples were left 
for cooling and evaporation in room temperature, AAM forms crystal spikes at the scale of 
millimeters within a few hours. In a time lapse observation using electron microscopy (Fig. 1) 
we have observed an initial state of concrete nanospheres (Fig. 1a) and a slow change from 
nucleation to crystal spike growth (Fig. 1c). Due to similarities in size and composition between 
AAM and PC, we also followed the aforementioned procedure for the PC solvate. Nanospheres 
(Fig. 1b), similar to the ones observed for AAM were initially observed progressively coming 
together to form nanotubes (Fig. 1d). Within a few hours, the spheres have completely 
transformed to nanotubes and the transition is complete. Interestingly, by modifying the 
processing history of the sample, different assembled motifs occur. In a hanging drop 
experiment (vapor diffusion technique), scaling from a 100% MeOH solution to 45% MeOH 
and 55% water, PC formed elongated thin nanowires. Intriguingly, the solvent defines the 
conformation of the peptide, which dictates the self-assembly packing. For instance, when using 
PC in a 100% MeOH solution, dendritic wires were observed, inferring that methanol facilitates 
one-directional packing for this specific peptide. When water is introduced into the solvate, 
contours appear, inducting a second direction in self-assembly, thus affording nanotubular 
structures.  
In conclusion, the results confirm the self-assembling propensity of amphiphilic peptaibols. This 
will shed light into their mode of action, as well as open an avenue for integration in medicine 
and nanotechnology. Medically, Aib-rich peptides could be used as coating for efficiently 
bacteria-warded medical equipment. In nanotechnology, the nanostructures can be used as 
templates for inorganic nanoparticles or tissue engineering scaffolds, to name a few 
applications.  
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Introduction 

The recent appearance of a growing number of bacteria resistant to conventional 
antibiotics has become a serious medical problem. In invertebrates, antimicrobial peptides 
represent the major humoral defense system against infection, most of them being involved 
plasma membrane disturbance and lethal alteration of microbial integrity (El-Gamal et al. 2013, 
Sitaram, 2006). Several peptides from the hemolymph of molluscs and arthropods exhibit a 
broad-spectrum of antimicrobial activity (Conti et al. 2013, Defer et al. 2013). Antimicrobial 
peptides (AMPs) are important components of the innate immunity. Recently, a series of active 
peptides and glycopeptides with different physiological functions were extracted from marine 
molluscs (Conti et al. 2013).  

We also identified several novel proline-rich antimicrobial peptides with molecular masses 
between 3000 and 9500 Da from the hemolymph of Rapana venosa snails. Some of them 
showed strong antimicrobial activities against Staphylococcus aureus (Gram+) and Klebsiella 

pneumonia (Gram-) (Dolashka et al. 2011). We here report on the primary structure and masses 
of peptides isolated from the extract of the molluscan garden snail Helix lucorum, and compare 
with that of other peptides isolated from the hemolymph of the marine snail Rapana venosa. 

Results and Discussion 
Extract collected from the garden snails Helix lucorum is a complex mixtures of 

biochemically and pharmacologically active compounds. We have isolated and analysed the 
oxygen-transporting protein ‘hemocyanin’ with molecular mass of 9000 kDa (Velkova et al. 
2011). Several peptides with molecular masses up to 10 kDa were also isolated. They were 
separated in Fraction 1 with masses between 0-3 kDa and Fraction 2 with masses between 3-10 
kDa. The mass spectrum of Fraction 1, containing peptides with masses between 1 and 3 kDa, is 
shown on Fig. 1. 

 

Figure 1. MALDI-MS spectrum of Fraction 1, 
containing peptides with masses between 0-3 
kDa. 
Several peptides were identified by its MS 
analyses.The molecular masses of the isolated 
fractions were determined by MALDI/MS. Three 
peptides with masses of 1526.65,1808.77 and 
2553.3 Da were analysed by their MALDI-
MS/MS spectra. The primary structure of peptide 
with molecular mass of 2553,3 Da, is shown in 
Fig. 2.  
Following the series of y- and b-ions the sequence 
GSGGADDGCL(I)PVYRRFPANMLL(I)GGK 
was deduced. The amino acid sequence of the 
three peptides determined by MS/MS analysis 
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Several antibacterial and antifungal peptides rich in Cys, Pro, Ser or Gly residues have 
already been isolated and characterized in the past, also from molluscs other than Helix 

lucorum.  
The cysteine-rich  peptide mytimacin-AF from the Achatina fulica snail, composed of 

80 amino acid residues, and  the mytilins A and B from the hemocytes and plasma of the 

bivalve mollusc Mytilus galloprovincialis, composed of 40 residues, exert the strongest  
antimicrobial activity against S. aureus (Zhong, et al. 2013).  

Eleven proline-rich peptides with molecular weights ranging from 3000 and 9500 Da 
were isolated from the hemolymph of Rapana venosa snails, some of them exhibiting high 
antimicrobial activity against S. aureus and low activity against K. pneumoniae (Dolashka et al., 
2011). The sequence of the presently characterized peptides from the extract of H. lucorum 
show high homology with this category of peptides. 

 

The N-terminal sequences, identified by Edman degradation of the peptides from R. 

venosa were compared with amino acid sequences of three peptides determined by mass 
spectrometric analysis. Figure 3 indicating the existence of three novel proline-rich peptides in 
the extract of garden snail H. lucorum.  
 

Hlpeptide 1     V P P K A R V M T S G K K K          

Hlpeptide 2   R T V P F G G A E E E L L D L G V G        

Hlpeptide 3  G S G G A D D G C L P V Y R R F P A N M L L G G K  

Peptide 2     S P P N Q P S I M T F D Y A K T N K      

Peptide 4    S L P P T L E E E F N M K K M G         

Peptide 5     S P P S E Q L G K S F N F           

Peptide 6     S P P P G E S K V D M S F N Y A L S N P A Q  

Peptide 7     A P P P G L S A G V              

Peptide 8     A P P P G Y A M E S D S F S          

Peptide 9     F P P P G E S A V D M S F F Y A L S N P    

 

Several peptides were observed in MS spectrum of Fraction 2 as ions at m/z 6522.27, 
6573.64, 6644.54 and 6763.63 (M+H)+ (Fig. 4). 

 

Figure 2. MALDI-MS/MS  
spectrum of peptide with  
mass 2553.3 Da. 

Figure 3 N-terminal sequence 
comparisons of peptides from 
Fraction 1 of the extract of H. 

lucorum determined by MS/MS 
analyses with peptides from the 
hemolymph of the marine snail 
Rapana venosa determined by 
Edman degradation. Proline and 
glycine residues are in boldface 
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Figure 4. MALDI-MS spectrum of 
Fraction 2, containing peptides with 
masses between 3-10 kDa. 

Understanding the function and 
mechanism of action of antibacterial 
peptides from the hemolymph of H. 

lucorum may contribute to the great 
potential in anti-infection therapeutics. 

In this work we describe the 
characterisation of different peptides, 
dissolved in the extract of garden snail H. 

lucorum, with different molecular masses 
containing. Pro and Gly residues.  



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Editors) 
European Peptide Society, 2014 

215 

 

Isolation of two partial hemocyanin gene transcripts from 
Eriphia verrucosa (class Malacostraca) 

M. Ivanov1*, M. Radkova1, E. Todorovska1, A. Dolashki2 , P. Dolashka2 

1AgroBioInstitute, Agricultural Academy, 8 Dragan Tsankov blvd., 1164 Sofia, Bulgaria, e-mail: 

m.v.ivanov2010@gmail.com, Mobile No: +359887624197; Fax: +359 2 9635408 
2 Institute of Organic Chemistry with Centre of Phytochemistry, BAS, 9 G. Bonchev str., 1113 Sofia, 

Bulgaria 

Introduction  
Hemocyanins are proteins that participate in many important physiological processes such as aerobic 
breathing, growth and active immunity and immunostimulation [1]. Hemocyanin is a complex 
multicomponent molecule assembled in hexamers (2-hexamer, 4-hexamer, 6-hexamer, 8-hexamer and 
bigger aggregates). The Arthropod’s hemocyanins are organized in 6-hexamer aggregates. Studies on 
hemocyanin carbohydrate structures in phylum Mollusca and Arthropoda indicate that hemocyanin 
proteins have both antitumor and antibacterial properties [2,3]. Here we show the successful isolation and 
characterization of two partial 5’ transcripts encoding hemocyanins from Eriphia verrucosa (phylum 
Arthropoda), their amino acid sequence and phylogenetic affiliation.  
Results and Discussion  
Two partial 5’ transcripts of the species Eriphia verrucosa (EvTranscript 1 and EvTranscript 2) encoding 
different hemocyanin (Hc) subunits were isolated using 5`/3` RACE approach from hepatopancreas tissue. 
For the successful amplification of cDNAs an universal 5` oligo dT adaptor primer and a specific primer 
based on the known amino acid sequence from Eriphia verrucosa [3] were used. As a result, two different 
transcripts were isolated. The open reading frames of the transcripts encode polypeptides with a length of 
111 amino acids (AA) for EvTranscript 1 (EvT1) and 112 amino acids for EvTranscript 2 (EvT2), 
respectively.  
Due to the complexity of the hemocyanin molecule and the limited number of species for which all 
subunits responsible for hemocyanin hexamer aggregation are known, the main focus of our study was to 
determine and validate the appetence of our transcripts to specific subunit/s. The BLASTp analysis 
performed with the available in the NCBI database (www.ncbi.nlm.nih.gov) hemocyanin proteins from 
Arthropoda showed that E. verrucosa EvT1 exhibits the highest sequence identity (84%) with the not 
classified Callinectes sapidus hemocyanin subunit (class Malacostraca). It also revealed slightly lower 
sequence identity values when compared to the Cancer magister subunits 4 (79%), 5 (78%) and 6 (77%). 
Eriphia verrucosa EvT2 showed highest sequence identity of 87% with a hemocyanin subunit from 
Portunus pelagicus (class Malacostraca) and a sequence identity of 81%, 79% and 80% to Cancer 

magister subunits 4, 5 and 6, respectively. The presence of an additional AA (Lys) at position 2 in the N-
terminal end as well as the 8 different amino acid residues at positions 20, 24, 25, 27, 29, 50, 82, 89 of the 
EvT2 transcript in comparison to EvT1 is an evidence for the presence of two distinct transcripts 
corresponding to two subunits of the hemocyanin molecule (Fig. 1). The reported here result is insufficient 
to precisely classify either transcripts to a specific subunit within the hemocyanin aggregate in Eriphia 

verrucosa.  

 
Fig. 1. Comparison of the N– terminal AA sequences of the polypeptides of Eriphia verrucosa (EvT1, EvT2) and 
members of class Malacostraca (Callinectes sapidus (AAF64305.1); Portunus pelagicus (ABM74407.1); Cancer 

magister (subunit 4, 5 and 6 - AAW57892.1; AAW57893.1; AAA96966.2). The different AA residues between EvT1 
and EvT2 are showed with astericks.  

Both transcripts include part of the hemocyanin conserved domain (Hemocyanin_N) which is specific for 
all arthropod hemocyanins and insect larval storage proteins, and has been found to lie between positions 
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29-153 [4]. Multiple alignment was conducted by the neighbor-joining (NJ) method with Clustal W 
software. The phylogenetic tree was constructed with the chosen sequences and have a degree of support 
for the internal branches assessed to     1 000 bootstrap replicates. In order to extend our knowledge on the 
relationships among Hc sequences of representatives of class Malacostraca, phylum Arthropoda a 
phylogenetic tree was constructed. Hemocyanins from species that show > 50% sequence identity to the 
Hc peptides from E. verrucosa (EvT1 and EvT2) were selected and used in phylogenetic analysis (Fig. 2).  

 
Fig. 2. Phylogenetic tree constructed on the base of the N– terminal Hc sequence homology between 
representatives of class Malacostraca (Cancer magister, subunit 4, 5 and 6 - AAW57892.1; AAW57893.1; 
AAA96966.2); Callinectes sapidus (AAF64305.1); Portunus pelagicus (ABM74407.1); Eriocheir sinensis 

(AEG64817.1); Marsupenaeus japonicus (ABR14693.1); Caridina multidentata (CCC55785.1); 
Macrobrachium nipponense (AGA17871.1); Homarus americanus (CAB75960.1); Palinurus elephas 

(CAD56697.1); Palinurus vulgaris (CAC69244.1) and Eriphia verrucosa (EvT1 and EvT2).  
 
The phylogenetic tree shows that the hemocyanin sequences of class Malacostraca species are grouped in 
three main clades. EvT1 and EvT2 are grouped together with the Hc of marine crabs from infraorder 
Brachyura: Portunus pelagicus, Callinectes sapidus, Cancer magister and Eriocheir sinensis. The other 
two clades include evolutionary distinct Hc of species from the Penaeidae, Atyidae, Palaemonidae, 
Nephropidae and Palinuridae taxonomic families of the same class. Our research will continue with the 
isolation and characterization of full-length hemocyanin transcripts from Eriphia verrucosa. The sequence 
data could be used as a base for further understanding of the exon-intron gene structure and for enrichment 
of the available Hc EST database. The determination of the Hc subunit’s regions with antiviral, 
antibacterial and antitumor effects will enlarge the application of hemocyanin peptides in human medicine 
and disease prevention.  
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Introduction 
The protein biosynthesis, proceeding on the ribosome is one of the most important biosynthetic 
reactions in nature. The issue of clarifying the exact mechanism and the question about the 
reasons for accelerating the peptidyl-transferase reaction, in comparison with modern peptide 
synthesis still remains relevant. The influence of the 2'-OH group is assumed as one of the 
causes for the acceleration of this reaction [1], while other authors pay attention to the role of 
nucleobases [2] and third - to the first aminoacyl residue of peptidyl-tRNA [3]. The present 
work aims to realize a successful design and synthesis of nucleoside and 2'-deoxynucleoside 
substrates with different aminoacyl (acyl) residues to conduct kinetic studies of the 
intramolecular cyclization reaction (lactamization) designed to give greater understanding and 
clarity to the influence of acyl (aminoacyl) residue in the acceleration of the peptidyltransferase 
reaction.  
 
Results and Discussion 
The substrates were synthesized, applying the methods of nucleoside, nucleotide and peptide 

synthesis, as well as amino acid modification 
and amino acylation of sugars and 
nucleosides/nucleotides. The synthetic 
scheme was realized starting from α-[p-X-
Ph]-ε-(Boc)-aminocaprylic residue and α-X-
ε-(Boc)-aminocaprylic residue in order to 
obtain necessary 2'/3'-O-acyl/aminoacyl-5'-O-
pivaloyl-adenosine and its 2'-deoxy adenosine 
analogue as substrates. The design of 
substrates was fulfilled to mimic the 
ribosomal active site and synthetic scheme 
was realized using well known methods and 
protective groups, applying in peptide and 
nucleoside/nucleotide chemistry as well as in 
the amino acid modification. The acyl part 
was synthesized separately from the 
nucleoside compound, by the following 
manner. The desired functional groups (X= -
COCH3; -OH; -NO2; -C≡N; -Cl; -CH3; -
OCH3; -OCOCH3) were introduced on α-
position together with the aromatic ring, using 
p-X-Ph-Cl/ZnCl2 at temperatures between 70-
800C (Fig.2) or directly via diazonium 
chloride (Fig.4). Then the 7-membered ring Fig.1. 2’/3’-O-[α-(p-X-Ph)-ε-(Boc)-

aminocaproyl]-5’-O-Piv-Ado and its 2’-deoxy 
analogue and 2’/3’-O-[α-X-ε-(Boc)-
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was opened in aq.HCl or aq.NaHSO4 in MeOH at 800C. After that, ε-NH2-group was protected 
with di-tert-butyl pyrocarbonate ((Boc)2O) in aq.KOH at 00C. Thus, the protected ε-amino acyl 
part was converted to its cyanomethyl activating ester by chloroacetonitrile in DMF/Et3N. 
Condensation of the amino acyl part with 5’-O-Piv-Ado leads to 2’/3’-O-[α-(p-X-Ph)-ε-(Boc)-
aminocaproyl]-5’-O-Piv-Ado or 2’/3’-O-[α-X-ε-(Boc)-aminocaproyl]-5’-O-Piv-Ado, whereas, 
when 5’-O-Piv-2’-dAdo was used as nucleoside part, condensation was realized with-[α-(p-
X-Ph)-ε-(Boc)-aminocaproic acid or α-X-ε-(Boc)-aminocaproic acid, using TBTU/DIPEA in 
CH2Cl2/DMF. Also, caprolactam was prepared from cyclohexanone, by the Beckmann 
rearrangement of its oxime (Fig.3). 

 
Thus synthesized derivatives (X= -COCH3; -OH; -NO2; -C≡N; -Cl; -CH3; -OCH3; -

OCOCH3) will be used as substrates in the kinetic studies, that would provide more information 
concerning the effect of the amino acid residue in the acyl (peptide) component of the peptidyl-
tRNA. The expected effect from the kinetic studies of the model reaction of intramolecular 
aminolysis will be described elsewhere.  
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Fig. 2. Synthesis of 2’/3’-O-[α-(p-X-Ph)-ε-(Boc)-aminocaproyl]-5’-O-Piv-Ado and its 2’-deoxy 
analogue. In the first scheme, the synthesis of 3’-O-[α-(p-X-Ph)-ε-(Boc)-aminocaproyl]-5’-O-Piv-

Ado was illustrated, but also 2’-O-Acyl derivative is possible in large probability.  

     Fig. 4. Synthesis of α-X-caprolactam 

 

Fig. 3. Synthesis of caprolactam from 

cyclohexanone, by the Beckmann 

rearrangement of its oxime  
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Introduction 
The kinetic of the ribozyme-mimetic aminoacylation of the noted nucleosides (5’-O-Piv-Ado 
and 5’-O-Piv-2’-dAdo) was carried out at conditions, used for the synthesis of 2’/3’-O-acyl 
ribonucleosides and 3’-O-acyl-2’-deoxyribonucleosides, applying the original procedure for the 
creation of a biomonomeric bond developed by us, by the application of the oxirane/H-
phosphonate chemistry [1-3]. The observed reaction rate and the estimated rate constant, for 
aminoacylation of 2’/3’-OH-group in 5’-O-Piv-Ado was more than 600 times greater, in 
comparison to that, observed and calculated during the reaction of aminoacylation of 5’-O-Piv-
2’-dAdo. This fact is supported by the thesis that according to our previous article [4], the 
calculated minimal rate constant ratio of the aminolysis of adenosine and deoxyadenosine ester 
was ca 3600. The kinetic study of lactamization was carried out with the previously designed 
and synthesized substrates [4]. While the cyclization of the adenosine ester was instantaneous, 
the intramolecular aminolysis reaction in the deoxyadenosine ester was not over until 10 h [4]. 
Since the only difference in the substrates was the presence or not of the 2′-OH, the observed 
dramatic acceleration in the case of the adenosine ester can only be attributed to the catalysis by 
the 2′-OH group [4]. By this manner the extraordinary role of 2’-OH group in the ribose ring of 
peptidyl-tRNA was additionally proved. The present work would contribute to the revealing of 
the exact mechanism of peptide bond formation, which proceeds on the ribosome and would 
contribute to the development of new methods and catalysts in peptide synthesis. Moreover, the 
study will give us more possibilities about the design and synthesis of ribosome inhibitors 
(peptides and peptideomimetics) as a novel generation of cancer inhibitors. 
Results and Discussion 

The kinetic study of ribozyme-mimetic aminoacylation of nucleosides was carried out in 
CH3CN as a solvent. The described methodology of reaction utilizes methyl oxirane (1, 2-
propylene oxide) as a condensing reagent, as well as H3PO3 as a protecting reagent for the 

 
 
 
 
 
 
 
 
 
 

alpha-NH2 function of the amino acid on the one side, and also as an activator for the alpha-
carboxyl group from the another one. The kinetic of ribozyme-mimetic preparation of 2’/3’-O-
(L-ornithyl(Boc))-5’-O-pivaloyl adenosine 1 and its 2’-deoxy derivative 2 was followed by 
monitoring the changes in the concentration of both: the substrate (5’-O-pivaloyl adenosine/5’-
O-pivaloyl 2’-deoxyadenosine) and the corresponding product (2’/3’-O-(L-ornithyl(Boc))-5’-O-
pivaloyl adenosine 1 and its 2’-deoxy derivative 2: 3’-O-(L-ornithyl(Boc))-5’-O-pivaloyl-2’-
deoxy adenosine), using Waters Liquid Chromatograph equipped with absorbance detector 
model 441 set at 254 nm and analytical column Nucleosil 100-5C18 (12.5 cm x 4.6 mm). 

    

Fig. 1. 2’/3’-O-[Orn(Boc)]-5’-O-Piv-Ado (1) and its 
deoxy analog: 3’-O-[Orn(Boc)]-5’-O-Piv-2’-dAdo 

(2)  
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Reactions were carried out in stoppered tubes, which were immersed in a thermostated at 25oC 
water bath. The aliquots were withdrawn at appropriate time intervals, diluted with mobile 
phase and subjected to HPLC-analysis with isocratic elution, using 10 % acetonitrile in 20 mM 
TEAP buffer at pH 3, 1.0 ml/min flow at 25oC. The concentrations of the substrates and their 
reaction products were calculated from their peak areas.  

Results from the kinetic experiment describes unambiguously that the ribozyme-mimetic 
nucleosides aminoacylation reaction proceeds faster (more than 600 times) in the reaction using 
5’-O-Piv-Ado as a starting substrate, than in the case, when 5’-O-Piv-2’-dAdo was used as a 
substrate. The proposed better nucleophilicity of 3’-OH group in 5’-O-Piv-Ado, than that of 5’- 
O-Piv-2’-dAdo, is probably due to the existence of a strong hydrogen bond between 2’-OH and 
3’-OH in the ribose ring, whereas in 2’-deoxyribose moiety, this type of hydrogen bond is in 
absence. The stronger nucleophilicity of 2’-OH group in 5’-O-Piv-Ado, leads to facilitating 
attack to PANCA, created as an intermediate, during the reaction. This experiment confirms the 
crucial role of 2’-OH group in the ribose ring and proves that the dramatic difference in the 
aminolysis rate of the adenosine and deoxyadenosine esters approaches the large difference in 
reactivity of peptidyl-tRNA, during the ribosomal protein biosynthesis. The complete data, as 
well as the details about the synthetic procedure, the kinetic experiment and the rate constants of 
the reaction will be described elsewhere.   
References: 1. Devedjiev, I.T., Bairyamov, S.G., Videva, V.S. Heteroat. Chem., 19 (3), 252-
255 (2008). 
2. Bayryamov, S.G., Danalev, D.L., Vassilev, N.G. Proceedings of the 30th European Peptide 

Symposium, 1-03-157, 130-131 (2009). 
3. Bayryamov, S.G., Danalev, D.L., Vassilev, N.G. Phosphorus, Sulfur and Silicon, 186 (2), 

338-344 (2011). 
4. Bayryamov, S.G. , Rangelov, M.A., Mladjova, A.P., Yomtova, V.M., Petkov, D.D. .J. Amer. 

Chem. Soc., 129 (18), 5790-5791 (2007). 
 

 

Fig. 2. Schematic representation of the ribozyme-mimetic aminoacylation of nucleosides 

    

Fig. 3. Time course of the ribozyme-
mimetic aminoacylation of nucleosides in 
acetonitrile at 25 0C 
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Introduction 
2’/3’-O-[Bz(NO2)-Lys(Boc)]-5’-O-Piv-Ado and its 2’-deoxy analog: 3’-O-[Bz(NO2) 

Lys(Boc)]-5’-O-Piv-2’- dAdo were synthesized as substrates for the model intra-molecular 
aminolysis reaction, to affirm the proving before, important role of 2’-OH group in the 
synthesized model substrates and the role of A76 2’-OH of the ribose ring in the peptidyl-tRNA, 
on the rate acceleration of peptide bond formation during the protein biosynthesis [1]. The 
nucleoside parts as well as the aminoacyl ones were synthesized separately and individually, 
after that they were condensed together applying the method of activated esters or 
TBTU/DIPEA strategy. These pathways include differentiations in the synthesis of the 
aminoacyl component, by analogy with the previously described work [2, 3], but with more 
various and complicated conditions with main goal – approving the yields, purity and mitigating 
of the reaction conditions. With the present work authors hope to contribute to the enrichment of 
the area of synthetic chemistry, particularly to the nucleoside and peptide chemistry, as well as 
the amino acid modification. The synthesized model substrates will be applied to the kinetic 
studies of the intra-molecular aminolysis reaction, we used to demonstrate the pivotal role of 2’-
OH in the ribose ring and the extraordinary role of the substrate-assisted catalysis by the 
peptidyl-tRNA, during the protein biosynthesis on the ribosome.  
 
Results and Discussion 
The aminoacyl nucleosides were prepared by the synthesis of the aminoacyl part and nucleoside 
part separately. For their synthesis the previously described procedure was applied [2, 3], but 

with more various and complicated 
conditions*. A variety of methods, 
including selective protection of α-NH2 
or ε-NH2 groups in the lysine moiety 
revealed as a reason to start the 
realization of the two main pathways 
for the synthesis of Bz(NO2)-Lys(Boc)-
OH. Moreover, the nucleoside parts 
(5’-O-Piv-Ado and 5’-OPiv-2’-dAdo) 
were also synthesized by the different 
manners, including selective protection 
and deprotection of their functional 
groups [2, 3]*, and applying various 
methods for miscellaneous protection 
and nucleoside synthesis and 
modification. Finally, after separately 
synthesis, the aminoacyl and 
nucleoside parts were condensed 

together, using different methods, thus finalizing the pathways for the synthesis of the model 
substrates. 2’/3’-O-[Bz(NO2)-Lys(Boc)]-5’-O-Piv-Ado was prepared by condensation of 

 

Fig. 1. 2’/3’-O-[Bz(NO2)-Lys(Boc)]-5’-O-Piv-Ado and 
its deoxy analog: 3’-O-[Bz(NO2)-Lys(Boc)]-5’-O-Piv-

2’-dAdo (A), as well as their ε-NH2 deprotected 
derivatives: 2’/3’-O-[Bz(NO2)-Lys]-5’-O-Piv-Ado and 

its deoxy analog: 3’-O-[Bz(NO2)-Lys]-5’-O-Piv-2’-
dAdo (B) as model substrates. 
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cyanomethyl ester of the orthogonally protected lysine with 5’-O-Piv-Ado, using the method of 
activating esters (Fig.2). By analogy, 3’-O-[Bz(NO2)-Lys(Boc)]-5’-O-Piv-2’-dAdo was 
prepared, using two methods: 1)TBTU/DIPEA, or 2)by the method of fluoro-anhydrides (Fig.3) 

 
Immediately before kinetic studies, the model substrates were prepared by deprotection of their 
ε-NH2 group in the aminoacyl part*.The substrates for model intra-molecular aminolysis 
reaction (cyclization), which mimics the intra-complex reaction, proceeding on the ribosome, 
were synthesized, applying a variety of methods, using as in classical peptide and nucleotide 
synthesis, as well as in contemporary chemistry. These substrates will be applied in kinetic 
study of model reaction, to give more information about the role of 2’-OH group in the ribose 
ring of A76 in the 3’-terminus of peptidyl tRNA in acceleration of the aminolysis reaction. 

* The full scheme of the two pathways for the synthesis of model substrates will be 
described elsewhere. 
References 
1. Bayryamov, S.G., Rangelov, M.A., Mladjova, A.P., Yomtova, V.M., Petkov, D.D. J. Amer. Chem. Soc., 

129(18), 5790-5791 (2007). 
2. Bayryamov, S.G., Vassilev, N.G., Rangelov, M.A., Mladjova, A.P., Petkov, D.D. Prot. Pept. Lett., 16 

(4), 392-401 (2009). 
3. Bayryamov, S.G., Vassilev, N.G., Petkov, D.D. Prot. Pept. Lett., 17 (7), 889-898 (2010). 

 

Fig. 2. Aminoacylation of 5’-O-Piv-Ado by the method of activating esters 

 

 

Fig. 3. Aminoacylation of 5’-O-Piv-2’-dAdo by the TBTU/DIPEA method, or by the method of fluoro-
anhydrides. 
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Introduction 
Laminins are major components of basement membrane, consists of three different subunits, α, 
β, and γ chains, and so far, five α, three β, and three γ chains have been identified.  Laminin α 
chain plays important roles for basement membrane to maintain structure and biological 
functions.  The laminin α5 chain is expressed at higher levels in adult tissues of the lung, heart, 
bone marrow, pancreas, and kidney, with low levels in the brain and skeletal muscle and even 
lower levels in the liver, gut, and skin.  The lamininα5 chain has been associated with diverse 
pathologies, such as defective glomerulogenesis, sickle red blood cell adhesion, and diabetic 
retinopathy.  The laminin α5 chain associates with β1, β2, γ1, and γ3 chains to form laminin-511 
(α5β1γ1), -521 (α5β2γ1), and -523 (α5β2γ3).  Laminin-511 and laminin-521 were found to 
interact with integrins α3β1, α6β1, and α6β4.  The laminin α5 chain, contained 3718 amino 
acids, consist of short arm region at the N-terminus, coiled-coil domain at the middle, and 
globular domain (G domain) at the C-terminus.  The G domain interacts with various receptors 
such as integrins, α-dystroglycan, syndecan, and lutheran.  We have constructed the synthetic 
peptide library derived from the laminin sequences, and identified cell adhesive peptides.  We 
screened for integrin-binding peptides in the peptide library derived from laminin α5 chain G 
domain, and two integrin α3β1/α6β1-binding peptides ware found [1].  However active 
sequences of the short arm region and their receptor interactions have not been well understood.  
We have reported that there are active site in the short-arm region of laminin α1 and α2 chains 
by screening the peptide library [2, 3].  In this study we screened cell-binding sites using a 
recombinant protein of the short arm region and a large set of synthetic peptides. 
 
Results and Discussion 
We prepared the recombinant protein of the short arm region of laminin α5 chain, rec-α5N.  The 
rec-α5N protein promoted human dermal fibroblasts (HDFs) attachment.  We evaluated the 
effect of heparin and EDTA on the HDF attachment activity of the rec-α5N to determine the 
cellular receptors.  The HDF attachment to rec-α5N was significantly inhibited by only EDTA.  
The rec-α5N interacted with cells in a divalent cation-dependent fashion, suggesting that the 
rec-α5N promoted integrin-mediated cell attachment.  The inhibition assay using anti-integrin 
antibodies suggested that rec-α5N interacted with integrin α6β1 and αvβ3.  The rec-α5N 
includes two Arg-Gly-Asp (RGD) sites, which is recognized by integrin αvβ3 [4]. 
Next, to determine integrin α6β1-binding site, we synthesized 199 peptides covered the short 
arm region of laminin α5 chain.  Each peptide contained 12 amino acid residues in length and 
overlapped with neighboring peptides by 4 amino acids.  Cysteine residues were omitted to 
avoid the influence of disulfide bonds.  If the N-terminal amino acid was either glutamate or 
glutamic acid, one amino acid was extended at the N-terminus to avoid pyroglutamine 
formation.  All peptides were prepared by the 9-fluorenylmethoxycarbonyl (Fmoc)-based solid 
phase peptide synthesis with a C-terminal amide.  We also examined the HDF attachment 
activity of the peptides by the peptide-coated plastic plate assay.  Eleven active peptides 
exhibited cell attachment activity with HDFs (Table 1).  We evaluated the inhibitory effects of 
heparin and EDTA on cell attachment activity of the eleven active peptides.  HDF attachment to 
A5-73, A5-101, A5-105, and A5-106 was inhibited by EDTA, suggesting the peptide promotes 
an integrin-mediated cell attachment.  Four peptides (A5-16, A5-76, A5-163, and A5-164) were 
inhibited by heparin, suggesting that they interact with heparan sulfate proteoglycans (HSPGs) 
on the cell surface, and three peptides (A5-77, A5-78, and A5-117) were inhibited by both 
EDTA and heparin.  Furthermore, inhibition assay using anti-integrin antibodies on the seven 
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peptides (A5-73, A5-77, A5-78, A5-101, A5-105, A5-106, and A5-117) suggested that A5-73 
(FENFSWRGYAHM, mouse laminin α5 chain 871-882) and A5-106 (LASRFPKPPQPIILKD, 
mouse laminin α5 chain 1204-1219) interacted with integrin α6β1.  The integrin α6β1 binding 
region might be corresponding sites to A5-73 and A5-106.  The corresponding site to A5-77, 
A5-105, and A5-117 might be partially involved to bind integrins. 
The structure of laminin α5 chain short arm region is not cleared.  We focused A5-105 and A5-
106.  There are Cys residues at the either end of A5-105 and A5-106, i. e. “Cys-A5-105-Cys-
A5-106-Cys”.  We made a hypothesis that either A5-105 or A5-106 was cyclized in the protein.  
Wherein, we synthesized two cyclized peptides (cyclo-A5-105 and cyclo-A5-106) by oxidative 
disulfide bond formation, then examined HDF attachment activity.  The cyclo-A5-106 peptide 
promoted HDF attachment strongly than linear peptide A5-106.  However, the cyclo-A5-105 
peptide showed weak HDF attachment activity than linear peptide A5-105.  The region 
corresponding to A5-106 sequence might be cyclized in the protein, and the cyclic structure was 
important to bind integrin α6β1.  Furthermore, the site corresponding to A5-105 sequence might 
be stretched, and the linear structure was closely-involved in strong cell attachment. 
In laminin α5 chain, the sites corresponding to A5-73 and A5-106 sequence might have key 
roles to interact with integrin α6β1. The biological active peptides could be useful for evaluating 
the biological functions and receptor interaction of the laminin α5 chain.  
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Table 1. Biological activities of the peptides derived from laminin α5 chain short arm region 

peptide sequence EDTA/heparin inhibition Integrin 
A5-16 LENGEIVVSLVNGR heparin  
A5-73 FENFSWRGYAHM EDTA integrin α6β1 
A5-76 TSPDLFRLVFRY heparin  
A5-77 VFRYVNRGSTSV EDTA/heparin integrin α3 
A5-78 STSVNGQISVR EDTA/heparin not deretmined 

A5-101 DSEASIRLTAEQ EDTA not deretmined 
A5-105 VSSHGTFNPSSAA EDTA integrin β1 
A5-106 LASRFPKPPQPIILKD EDTA integrin α6β1 
A5-117 VEVLINGGIW EDTA/heparin integrin α2 
A5-163 LMMVLAGLEQLQ  heparin  
A5-164 LEQLQIRALFSQ heparin  
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Introduction 
Matriptase-2 (encoded by the TMPRSS6 gene) is member of type II transmembrane serine 

protease of the S1 trypsin-like family [1]. Recent studies have shown [2] that expression of 
matriptase-2 correlates with suppression of the migration and invasiveness of breast and prostate 
cancer. Previous findings have brought out a link between matriptase-2 and iron-refractory iron-
deficiency anemia (IRIDA). Matriptase-2 is one of many precise, highly specified proteins 
responsible for keeping iron concentrations in a narrow physiological range. Human iron 
homeostasis is maintained by tight regulation of iron absorption from the intestine. In short, 
matriptase-2 degrades hemojuvelin (key substrate of matriptase-2 and a co-receptor for bone 
morphogenetic proteins (BMP)) in cell membranes and subsequently inhibits  hepcidin 
(negative regulator of iron absorption produced in liver) expression leading to high iron 
concentrations [3].  
Results and Discussion 
      The main aim of our work was designing, chemical synthesis and enzymatic studies of 
matriptase-2 peptide inhibitors. We decided to use SFTI-1 as the starting structure to 
design analogues with reference to results of previous studies [4] that showed that SFTI-1 
is able to suppress activity of matriptase-1 – the protease of similar binding pocket fold to 
matriptase-2. 
     Designing inhibitors we took into consideration the model of catalytic domain of matriptase-
2 generated by homology modeling [5] using crystal structures of closely related enzymes and 
results of our recent studies [6] on selection of matriptase-2 substrates, where residues in the P4 
– P4’segment, preferred by matriptase-2 in substrates, were defined. The primary structures of 

Table 1. Primary structures of native SFTI-1, monocyclic SFTI-1 and their analogues. Modified 

positions are marked in bold. (&) indicates the cyclisation. 

Analogue Primary structure 

Native SFTI-1 &
1
Gly-Arg- Cys(&

2
)-Thr-Lys-Ser-Ile-Pro-Pro-Ile-Cys(&

2
)-Phe-Pro-Asp&

1
 

SFTI-1 Gly-Arg- Cys(&)-Thr-Lys-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

1 Gly-Arg- Cys(&)-Ile-Arg-Ala-Arg-Ser-Ala-Ser-Tyr-Cys(&)-Phe-Pro-Asp 

2 Gly-Arg- Cys(&)-Ile- D -Arg-Ala-Arg-Ser-Ala-Ser-Tyr-Cys(&)-Phe-Pro-Asp 

3 Gly-Arg- Cys(&)-Arg-Ala-Arg-Ser-Ala-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

4 Gly-Arg- Cys(&)-D Arg-Ala-Arg-Ser-Ala-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

5 Ile- Arg- Cys(&)-Arg-Ser-Ala-Ser-Tyr-Cys(&)-Phe-Pro-Asp 

6 Gly-Arg- Cys(&)-Thr-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

7 Gly- D-Arg- Cys(&)-Thr-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

8 Gly- Arg -Cys(&)-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

9 Gly- D-Arg- Cys(&)-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

10 Gly-Arg- Cys(&)-Pro-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

11 &
1
Gly-Arg- Cys(&

2
)-Thr-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&

2
)-Phe-Pro-Asp&

1
 

12 &
1
Gly- Arg-Cys(&

2
)-Arg-Ser-Ile-Pro-Pro-Ile-Cys(&

2
)-Phe-Pro-Asp&

1
 

13 Gly-Arg- Cys(&)-Thr-Arg-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

14 &
1
Gly-Arg- Cys(&

2
)-Thr-Arg-Ile-Pro-Pro-Ile-Cys(&

2
)-Phe-Pro-Asp&

1
 

15 Gly-Arg- Cys(&)-Arg-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp 

16 &
1
Gly-Arg- Cys(&

2
)-Arg-Ile-Pro-Pro-Ile-Cys(&

2
)-Phe-Pro-Asp&

1
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native SFTI-1, monocyclic (with disulfide bridge only) SFTI-1 and designed analogues and 
synthesized as potential matriptase-2 inhibitors are shown in the Table 1.  
     Results of in vivo inhibitory activity research showed that all synthesized SFTI-1 analogues 

are able to inhibit matriptase-2 and matriptase-1 and inhibition is dose-dependent. The most 
potent inhibitors of matriptase-2 were analogues 6, 7 and 11. Their inhibitory activity was 
significantly higher than determined for native SFTI-1 or monocyclic SFTI-1 used as a 
reference. Taking into account very promising results obtained for those analogues we decided 
to perform assays at several different concentrations and determine inhibitory constants (Ki) of 
inhibitors studied. The Ki values (for both enzymes) are shown in the Table 2. Results of our 
assay and determined Ki values confirm our expectation that SFTI-1 can be considered as a 
promising leading structure for designing matriptase-2 inhibitors. We obtained three potent 
inhibitors of matriptase-2.  

     We have shown that in case of matriptase-2 bicyclic compounds are more potent inhibitors in 
compare to peptides possessing a disulfide bridge, but lacking the backbone cyclization motif. 
Reversed order was observed for matriptase-1 which confirmed results obtained by Avrutina et 

al. [4]. Additionally, in case of bicyclic analogues, replacement of Lys5 (native SFTI-1) with 
Arg (peptide 11) caused improve in inhibitory activity (matriptase-2) of 11-fold. Similarly, the 
replacement of Lys5 in monocyclic SFTI-1 with Arg, yielding peptide 6 led to improved 
matriptase-2 inhibitory activity of about 12-fold. What is more, we revealed that replacement of 
L-arginine in position 2 of peptide 6 with D-arginine  (peptide 7) preserved (although decreased 
about 3-fold)  matriptase-2 inhibitory activity whereas the activity against matriptase-1 was 
dramatically lowered. Therefore analogue 7 appeared to be the most selective. This finding, will 
be very important clue in further designing of potential inhibitors of this pharmacologically 
relevant proteinase.  
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Table 2. Inhibition constants Ki of selected analogues with matriptase-1 and matriptase-2. 

Analogue 
Ki [μM] (relative activity) 

Matriptase-1 Matriptase-2 

Native SFTI-1 0.102 (1.00) 0.218 (1.00) 
SFTI-1* 0.061 (1.67) 1.365 (0.16) 

[Arg
5
] SFTI-1* (6) 0.091 (1.12) 0.115 (1.89) 

[D-Arg
2
,Arg

5
]SFTI-1*(7) 73.320 (0.0014) 0.433 (0.50) 

[Arg
5
]SFTI-1  (11) 0.269 (0.38) 0.019 (11.11) 

*monocyclic compounds 
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Introduction 
Cirrhosis is a clinical condition caused by long-term damage to hepatocytes resulting from 
excessive alcohol consumption, viral hepatitis or other pro-inflammatory states. In response to 
the damage, the liver architecture is compromised, predominantly by the deposition of collagen 
and scar tissue. The disrupted architecture increases the resistance of the portal venous blood 
flow, resulting in portal hypertension. There are numerous clinical and experimental studies 
indicating that V1a receptor agonists such as terlipressin are effective in treating complications 
of cirrosis. It has been demonstrated that terlipressin causes a significant reduction in portal 
hypertension  [1]. 
However, fully efficacious V1aR agonists cause excessive vasoconstriction at higher plasma 
concentrations and therefore have a narrow therapeutic index. We hypothesized that V1a 
receptor agonists with reduced efficacy would be safer than maximally efficacious agonists and 
could be used at much higher doses while not causing side effects associated with undesired 
excessive vasoconstriction.   
 
Results and Discussion 

In the present study we identified a series of branched vasotocin analogs (Fig. 1) which are 
potent V1aR agonists and exhibit reduced efficacy at the receptor. The peptides were synthesized 
by standard SPPS first assembling the 1-9 vasotocin sequence. Boc-Cys(Trt)-OH was used in 
position 1 and Fmoc-Dab(Mtt)-OH or Fmoc-Dab(ivDde)-OH was used in position 8 to provide 
orthogonal protection at the branching point. After the orthogonal protecting group was 
removed, the remaining sequence [2] was built on the side chain of the Dab8 residue. The linear 
peptides were cleaved from the resin, cyclized in solution and purified by prep HPLC. 

In in vitro assays at the hV1aR, 
compounds 3-11 demonstrated reduced 
maximal efficacy (Emax, 26-67%) over a broad 
concentration range as compared to full 
agonists 1 (AVP) and 2 [3], Table 1. An 
insertion of additional amino acid X 
(compounds 5 and 7) led to further decrease in 
efficacy. Modifying amino acid residue Y 
allowed for further efficacy fine-tuning at the 
V1aR. The new compounds generally 
maintained good selectivity of lead compound 
2 vs. the hV2R. In agreement with our 
previous findings [4], analogs in which the 
side chain in position 4 was extended (n = 2, 
analogs 9-11) displayed superior selectivity 
vs. hV2R over their Gln4 counterparts (n = 1). 

Selected compounds were tested in vivo in 
a rat skin blood flow (SBF) model to assess if 
the observed reduction of efficacy at the rat 
V1a receptor in vitro translated into reduced 
SBF. Full agonists 1 and 2 maximally 

decreased SBF in a dose-dependent fashion (Fig. 2) whereas compounds 7, 9 and 10 showed 
attenuated effect plateauing between 70% and 50% of baseline. Thus, a remarkable correlation 
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between in vitro and in vivo efficacy at the rV1aR has been established. This in turn suggests that 
the compounds with the reduced Emax at the hV1aR in vitro could also show reduced efficacy in 
humans. Therefore, these new agents could be used to treat patients with portal hypertension 
without the risks associated with extensive vasoconstriction and V2 receptor-mediated side 

effects. The improved therapeutic index of 
such agents could potentially expand the use 
of vasconstriction therapy in these patients 
outside of the hospital. 

 In conclusion, a series of vasotocin 
analogs showing reduced Emax at both the hV1a 
and hV1a receptors in vitro has been identified. 
Emax can be significantly modified with minor 
structural alterations. Partial agonist activity 
has been achieved with some loss of potency 
at the V1a receptor as compared to references 1 
and 2. Compounds 3-11 display good to 
excellent selectivity vs. hV2R and should be 
devoid of the V2R mediated side effects such 
as hyponatremia. Compounds were 
administered to rats at relatively high doses 
without displaying excess vasoconstriction. 
Therefore, this class of compounds may be 

useful for treating the complications of portal hypertension and is currently under clinical 
development at Ferring Pharmaceuticals.  
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   Fig. 2. Rat skin blood flow assay (SBF). Data  

   for reference full agonists 1, 2 and selected  

   analogs 7, 9 and 10 are shown.  

Table 1. Structure and pharmacological profile of analogs 1-11 

Analog 
Structure hV1aR rV1aR Selectivity a 

vs. hV2R n X Y EC50(nM) Emax(%) EC50(nM) Emax 

1 AVP 0.07 100 0.08 100 0.7 

2 [Phe2,Ile3,Orn8]VP 0.37 96 0.34 92 250 

3 1 None Ala 3.9 49 0.74 38 120 

4 1 None Lys 1.2 43 0.35 30 130 

5 1 5-Ava Ala 1.3 44 0.82 26 230 

6 1 Lys Ala 1.2 37 1.3 23 300 

7 1 Lys(Ac) Ala 0.71 39 0.22 30 590 

8 1 None Cit 2.0 40 0.58 31 140 

9 2 None Cit 1.8 45 0.82 25 >5500
b
 

10 2 None Ala 0.90 40 1.1 25 >11000
b
 

11 2 None Ala 1.7 43 >10000
c
 19 >5800

b
 

a EC50 (hV2R)/EC50 (hV1aR); b No agonism at hV2R up to 10 uM, the highest concentration tested; c No 
agonism up to 10 uM, the highest concentration tested 
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Introduction 
Heart rate spectral analysis can assess autonomic influence on the heart. Sympatho-vagal 
balance describes dual opposing effects of sympathetic and parasympathetic influences on the 
sinus node [1, 2]. The ratio between spectral power in mid (PMF), mainly sympathetic mediated, 
to high spectral power (PHF), mediated by parasympathetic branch in heart rate spectrograms 
have been used as an index of sympatho-vagal balance. 
 
Results and Discussion 
In our study we investigate sympatho-vagal balance in interpulse-interval (heart rate/60) 
spectrograms. The interpulse-interval was determined by peak and rate detector of the 
AcqKnowledge 3.8 software in terms of time between two consecutive diastolic minimums 
from blood pressure wave thereafter heart rate was calculated. The interpulse-interval 

spectrograms were derived by virtual 
instruments developed in LabView software 
from 512 successive values using Fast Fourier 
Transform algorithm (FFT). Arterial blood 
pressure wave was registered by femoral artery 
catheter in control period (40 min) and during 
ET-A receptor blockade by selective peptide 
antagonist BQ-123, (16.4 nmol/kg/ min, i.v.) in 
the course of 40 min. In control condition, 
spectral power in mainly sympathetic mediated 
oscillation PMF in SHR was lower in comparison 
to normotensive Wistar rats: 0.62±0.13 and 
1.45±0.12 ms2, (p<0.05), (Fig. 1). It has been 
established increased overall sympathetic nerve 
activity in hypertensive patients as well as in 
SHR [3, 4].  
 
 

 

Fig. 1 Spectral power distribution in mid 
(PMF) and high (PHF) frequency in 

normotensive Wistar rats and SHR in control 
period (white columns) and during BQ-123 

application in dose 16.4 nmol/kg/min (black 
columns) 

 

Fig. 2. Sympatho-vagal balance PMF/PHF in normotensive rats (Wistar) and in spontaneously 
hypertensive rats (SHR) in control condition (light columns), as well as during application of 

selective peptide antagonist of ET-A receptors BQ-123 in dose 16.4 nmol/kg/min (dark 
columns) 

 # p<0.05 difference between normotensive and spontaneously hypertensive rats 

* p<0.05 effect of BQ-123 
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There is evidence that strength of the mid frequency oscillations does not indicated mean level 
of sympathetic tone [3]. The increased mean level of sympathetic nerve activity alters the ability 
of heart rate to respond to deviations in sympathetic nerve activity around to its mean level [3, 
4]. In SHR, increased level of sympathetic nerve activity is reflected on decreased power in mid 
frequency oscillations. Interestingly, the mean values of interpulse-interval did not differ 
between normotensive Wistar rats and spontaneously hypertensive rats. The parasympathetic 
mediated fluctuations PHF did not differ between normotensive and spontaneously hypertensive 
rats (Fig.1). As a result of diminish PMF in SHR, the values of PMF/PHF ratio were lower in SHR: 
0.56±0.03 as compared to normotensive Wistar rats: 1.05±0.15 (p<0.05), (Fig. 2). These results 
are in accordance with previously established displaced sympatho-vagal balance in SHR as well 
as in hypertensive patients [3, 4].  
 The application of selective endothelin-A receptor antagonist BQ-123 led to increase 
of PMF in both normotensive Wistar rats from 1.45±0.12 to 2.43±0.15 ms2 and SHR from 
0.62±0.13 to 0.83±0.11 ms2, (p<0.05), but did not change mean values of interpulse-interval in 
both normotensive and spontaneously hypertensive rats. These results shows that endothelins 
acting by activation of Endothelin-A receptors exhibit inhibitor effect on PMF in interpulse-
inrerval spectrograms. It has been demonstrated that endogenous ET-1 has a sympathoexcitatory 
effect both in physiological conditions and in essential hypertension, possibly contributing to 
the basal sympathetic outflow [5, 6]. The selective Endothelin-A receptor inhibition led to 
increase of sympathetic mediated oscillations of interpulse interval which confirm the 
sympathoexcitatory effect of ET-1. Our results show displacement of PMF/PHF as a result of 
selective Endothelin-A receptor blockade from 1.05±0.15 to 1.60±0.18, (p<0.05) in Wistar rats 
and from 0.56±0.03 to 0.65±0.02 in SHR, (p<0.05). This results indicated that endothelin, 
acting by ET-A receptor subtype participate in the maintenance of sympatho-vagal balance, 
through modulation of sympathetic mediated oscillation of interpulse-interval in both 
normotensive and hypertensive rats, but they are not the main factor responsible for decrease of 
sympathetic oscillations as well as for displacement of sympatho-vagal balance in SHR.   
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Introduction 
Ryanodine receptor-2 (RyR2) is a calcium release channel located in the sarcoplasmic reticulum 
(SR) of cardiomyocytes, where it controls calcium flow from the lumen of SR to the cytosol. 
RyR2 plays a central role in excitation-contraction coupling (ECC), during which an electrical 
stimulus triggers cardiac muscle contraction. One of the many regulators of RyR2 is calmodulin 
(CaM), a ubiquitous calcium-sensing protein. CaM consists of four EF-hands motifs that are 
capable of binding four Ca2+ in total and exists in two forms, apo-CaM (no Ca2+ bound) and 
Ca2+/CaM (four Ca2+ bound). Both forms of CaM can bind to RyR2 and inhibit the channel [1]. 
The CaM-binding sequence in the primary structure of RyR2 is located within residues [3583-
3603], a region known as calmodulin binding domain (CaMBD) [2]. Recent studies have 
identified CaM mutations in humans with severe ventricular arrythmia and sudden cardiac death 
susceptibility [3,4]. These data indicate that deficient regulation of RyR2 resulting from its 
improper binding with special mutants of CaM may be associated with cardiac disease state. 

Aim of this study was to synthesize the peptide fragment [3584-3602] of RyR2 and evaluate 
its ability to bind normal (“wild type”) CaM in specific in vitro experimental systems. Provided 
that it is capable of binding normal CaM, the above peptide will be further used in various in 

vitro systems, in order to investigate binding of RyR2 with normal and mutated CaM.   
 
Results and Discussion 
The synthetic peptide KAVWHKLLSKQRKRAVVAC, corresponding to the sequence [3584-
3602] of human RyR2, was synthesized with the Fmoc-SPPS strategy and purified with semi- 
preparative RP-HPLC. Analytical HPLC showed 98% purity, while ESI-MS characterization 
revealed a MW value (2,222.1 Da) that is practically identical with the theoretically calculated 
one (2,220.7 Da).  
Heavy SR vesicles were isolated from porcine hearts as a source of RyR2. The presence of 
RyR2 in the SR vesicles was identified with immunoblot analysis by using an anti-RyR2 
antibody, while biological functionality of RyR2 was evaluated with [3H]ryanodine binding 
studies in the presence of increasing concentrations of Ca2+. 
6xHis-SUMO2-intein-GST-CaM (fusion-protein) and 6xHis-SUMO2-intein-CaM (untagged-
protein) were expressed in BL21 cells. GST-CaM and untagged CaM were purified using a Ni-
NTA column and then underwent SDS-PAGE and immunoblot analysis; the MW values of 
GST-CaM and CaM were identical with those expected (~43 and 17 kDa, respectively). 

The interaction between normal CaM and RyR2 was initially studied with a pull-down 
assay. Briefly, GST-CaM was captured on GSH beads, the beads were incubated (6 h) with 
solubilized RyR2 and binding between GST-CaM and RyR2 was detected with immunoblot 
analysis using an anti-RyR2 antibody; incubation was performed either in the absence or in the 
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presence of the synthetic peptide RyR2[3584-3602], at increasing concentrations. Fig. 1A shows 
immunoblot analysis data when GST-CaM and RyR2 were incubated in the absence (lane 1) or 
presence (lanes 2, 3 and 4) of increasing concentrations (1-100 µM) of RyR2[3584-3602]. As 
shown, the synthetic peptide appears to inhibit the interaction between GST-CaM and RyR2 in a 
dose-depended manner, probably by binding to GST-CaM.  

The interaction between normal CaM and RyR2 was also studied with isothermal titration 
calorimetry (ITC) experiments. More specifically, direct interaction between RyR2[3584-3602] 
and CaM was studied on a ITC200 microcalorimeter, in the presence of 1mM CaCl2; the 
experimental data  are presented in Fig. 1B (Kd= 8.70±1.02 µM). 
Fig. 1. A. Immunoblot analysis following a pull-down assay between GST-CaM and RyR2, in the 

absence (lane 1) or presence (lanes 2,3,4) of RyR2[3584-3602] at increasing concentrations (1, 

10, 100 µM, respectively). B. ITC experimental data showing direct interaction between CaM 

and RyR2[3584-3602] in the presence of 1mM CaCl2.   

In conclusion, a peptide of the CaMBD region of RyR2 (RyR2[3584-3602]) was synthesized 

and its ability to bind to normal CaM was evaluated through pull-down and ITC experiments. 
Synthetic RyR2[3584-3602] will be further used in various in vitro experimental systems, 
including ELISA-type assays, in order to study binding of RyR2 with normal and mutated CaM. 
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Introduction 
Peptides microarrays are widely used for biomarker discovery, immuno-monitoring, 
multiplexed epitope mapping or for detection and validation of many other protein interactions 
[1]. Recently, it has been found that N-lipidated peptides immobilized regularly on cellulose 
surface via rigid aromatic linker are able to form binding pockets and then act as molecular 
receptors, very efficiently recognizing the shape, size, chirality and polarity of docking ligands 
[2]. This linker, prepared from 1,3,5-triazine derivative and m-phenylenodiamine, has been 
found important for binding ligand, due to appropriate rigidity and presence of structural 
fragments allowing π-π interaction. However, the really good linker have to allow both, strong 
attachment of the podands to the solid support, as well as the cleavage of the intact podands 
from the cellulose, in quantitative yield, and under mild condition. Therefore, to reach this goal 
it was necessary to design a new type of anchoring fragment which allow the cleavage of N-
lipidated peptides from the cellulose support under mild conditions and verification their 
structure by classic analytical methods. 
Results and Discussion 
For the synthesis of new type of cleavable linker (Fig. 1) it has been used m-aminobenzoic acid 
anchored to cellulose via isocyanurate derivative, which quantitatively hydrolyzed under mild 
conditions which ensure the integrity of the peptide fragment. The presence of m-aminobenzoic 
acid and 1,3,5-triazine derivative ensured both proper rigidity and π-π interaction with docked 
guest molecules. The new linker 4 was prepared in the complex multistep procedure. In the first 
step 2,4-dichloro-6-methoxy-1,3,5-triazine was immobilized on the cellulose surface by reacting 

selectively with exposed primary hydroxymethyl groups of the 
support affording 1. In the second stage, after treatment of 1 with 
N-methylmorpholine, salt 2 was formed. Then, “superactive” 
triazine ester 3 was obtained in reaction of 2 with N-protected m-
aminobenzoic acid. The new linker was obtained after thermally 
induced O→N migration of acyl group leading to isocyanuric 
derivative 4 [3]. Optimization of the isomerization process was 
done in the solution. It has been found that activation of Fmoc 
protected m-aminobenzoic acid is completed in 45 minutes, but 
thermal isomerization requires 8 hours treatment of immobilized 
product in refluxed toluene. 

 

Fig. 2. Synthesis of N-lipidited peptides immobilized on cellulose via 
isocyanuric – m-aminobenzoic acid linker. 
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Synthesis of receptors on the support functionalized with the new isocyanuric linker 4 
proceeded according to methodology typical for SPPS. The array of dipeptides containing Met, 

Lys, Pro, His, Glu, Ser, Phe at C-terminal position, and Ala, Pro, Trp at N-terminal position was 
prepared using4-(4,6-dimethoxy-[1,3,5]triazin-2-yl)-4-methylmorpholinium toluene-4-sulfonate 
(DMT/NMM/TosO-) as coupling reagent [4]. The same reagent was found efficient for N-
acylation of dipeptide array with decanoic and pentanoic acid residues to accomplish the last 
stage of synthetic procedure and complete the structure of 42 elements library of receptors.  
In order to verify the correctness of synthetic procedures, m-aminobenzoic acid derivatives 
acylated with N-lipidated peptide were cleaved from the cellulose by treatment with aqueous 
1M LiOH, and their structure was confirmed by LC/MS.  
Binding profile of receptors array was studied using Bromochlorophenol Blue and Brilliant 
Black as ligands. For the former ligand the characteristic, highly diversified binding, strongly 
dependent on receptor structure was identified (see Fig. 3; left panel), analogous to observed for 
this ligand in the case of classic linker obtained from 1,3,5-triazine and m-phenylenodiamine 
[2]. For the later ligand, which was selected as superior reporter dye for receptors anchored with 
the classic linker due to its uniform binding pattern, very weakly diversified coloration was 
obtained (see Fig. 3; right panel). These results confirm that structure formed from N-acylated 
peptides anchored via modified isocyanuric linker to cellulose are capable to host-guest 
interactions leading to efficient molecular recognition and can be successfully applied as 
chemical receptors.   
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Fig. 3. Profile of binding color ligand by N-lipidated petides (1-42 appropriate structers N-
lipidated peptide: 1-pMA, 2-pMP, 3-pMW, 4-pKA, 5-pKP, 6-pKW, 7-pPA, 8-pPP, 9-pPW, 10-
pHA, 11-pHP, 12-pHW, 13-pEA, 14-pEP, 15-pEW, 16-pSA, 17-pSP, 18-pSW, 19-pFA, 20-pFP, 

21-pFW, 22-dMA, 23-dMP, 24-dMW, 25-dKA, 26-dKP, 27-dKW, 28-dPA, 29-dPP, 30-dPW, 31-
dHA, 32-dHP, 33-dHW, 34-dEA, 35-dEP, 36-dEW, 37-dSA, 38-dSP, 39-dSW, 40-dFA, 41-dFP, 

42-dFW: p- pentanoic acid residue, d- decanoic acid residue 
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Introduction 

Multiple Sclerosis (MS) is an inflammatory autoimmune disease of the Central Nervous System 
(CNS). MS is thought to be a coordinated attack of the immune system against the myelin 
sheath, resulting to the inflammation and the appearance of neurological dysfunction. Myelin 
major protein epitopes such as MBP, MOG and PLP, regarded so far as auto-antigens, are 
involved in the pathogenesis of MS [1]. Myelin Basic Protein (MBP) is a polylipid protein, 
which consists of 170 amino acids and forms a flexible structure. A further characteristic of 
MBP is the large number and varieties of post-translational modifications [2], which are 
common biological processes that alter specific parts of a protein after synthesis One of these 
modifications, deimination, is an enzymatic reaction, referred as citrullination and involves the 
conversion of arginine (Arg) to citrulline (Cit). This transformation is irreversible and is 
catalyzed by a family of calcium-binding enzymes, the Peptidyl-Arginine Deiminases (PADs). 
Citrullination, therefore, is leading to the decrease of the positive charge of the whole protein 
which is turning into a non-compact structure of MBP, accessible to proteolytic enzymes and 
readily degradable. Furthermore, citrullination of MBP results to a progressive breakdown of 
the whole protein and the creation of new citrullinated antigenic epitopes that could trigger an 
immune response [3]. Modern therapeutic approaches have been developed in order to modulate 
immune responses, such as the use of Altered Peptide Ligands (APLs) of immunodominant 
myelin epitopes, in which the critical primary TCR contact residues are substituted. In the 
present work, citrullinated modified peptide analogues of MBP82-98  (Dirucotide), namely linear 
and cyclo MBP82-98 (Cit97) were synthesized for the first time, in order to be evaluated in vitro 
and in vivo.  
 

Solid Phase Peptide Synthesis.  
The synthesis of MBP82-98 (Cit97) was carried out in solid phase using the Fmoc/tBu 
methodology, utilizing the 2-chlorotrityl-chloride (2-CLTR-Cl). For the total synthesis, Na-
Fmoc protected L-amino acids were used, while N,N’-diisopropylcarbodiimide (DIC) and 1-
hydroxybenzotriazole (HOBt), were used as coupling reagents in N,N’-dimethylformamide 
(DMF). The couplings were accomplished on 3 hours time and controlled by Chloranil test and 
Thin Layer Chromatography (TLC). The Fmoc group removal was achieved by a treatment with 
a solution of 25% piperidine in DMF.  
 

Cyclization Procedure 
The protected linear peptide was used for the synthesis of cyclo MBP82-98 (Cit97). To a mixture 
of the linear protected peptide in DMF, 2,4,6-collidine and 1-hydroxy-7-azabenzotriazol 
(HOAt) was added. The solution after a 15 min of stirring, was added dropwise to a solution of 
O-benzotriazol-1-N,N,N’,N’-Tetramethyluromium tetrafluoroborate (TBTU) in DMF for 3 h 
and left for 22 h.The solvent was removed from the reaction mixture under reduced pressure, 
affording a light-yellow oily residue. Precipitation of cyclic protected peptide was accomplished 
using H2O  and was dried in vacuum for 12 h. The protected linear and cyclic peptides were 
treated with the deprotection mixture TFA/DCM/Anisole/H2O/Triethyl-silane/Dithiothreitol  
(90/5/1/1/2/1, v/v) for 3 h at room temperature. 
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Fig.1. Structure of A) linear MBP82-98 (Cit97) and B) cyclo MBP82-98 (Cit97) 

 

Table 1. Citrullinated analogues of ΜΒP82-98 
*Conditions: 5% to 100% solvent B (solvent A: 0.08% TFA in H2O, solvent B: 0.08% TFA in CAN) in 40 
min at a flow rate of 1 ml/min.Column: XBridgeTM C18 (3.5 µm, 4.6 x 150 mm). 

Results and Discussion 

In this study, modified citrullinated analogues of MBP82-98 (Dirucotide) were synthesized. The 
synthesis of these peptides was performed in solid phase using 2-chlorotrityl-chloride resin and 
Fmoc/tBu strategy. The conventional couplings of step by step synthesis were completed within 
3 h. This method resulted in the reduction of the reaction time and contributed to the decrease 
of racemization. A short time coupling, in combination with DMF and isopropanol (iPrOH) 
washes, lasting about 1 min each one, resulted to high purity of crude peptides. Furthermore, 
the high purity of crude peptides is due to the correct choice of ratio and reaction time of 
deprotection mixture TFA/DCM/Anisole/H2O/Triethyl-silane/Dithiothreitol (90/5/1/1/2/1, v/v). 

Cyclization was achieved using TBTU, 
HOAt and 2,4,6-collidine, allowing fast 
reaction and high yield cyclization 
product. Citrullinated crude peptides, 
before and after purification and 
lyophilization, were analyzed by 
Reverse Phase HPLC, using a 
XBridgeTM C18 column (3.5 µm, 4.6 x 
150 mm). Separation was achieved by 

gradient elution of 5% to 100% solvent B (solvent A : 0.08% TFA in H2O, solvent B : 0.08% 
TFA in ACN) in 40 min at a flow rate of 1ml/min. The final peptides were identified by Ultra-
Performance Liquid Chromatography-tandem mass spectrometer (UPLC-MS/MS).  
 
 

Sequence Symbolization M.W(g/mol) HPLC:TR(min) 

Asp82 Glu Asn Pro Val Val His Phe Phe

Lys Asn Ile Val Thr Pro Thr98
Cit
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Introduction 
Helicobacter Pylori is the gram-negative pathogen causing chronic gastritis and ulcers on the 
gastroduodenal tract, and it is linked with the development of gastric cancer and mucosa-
associated lymphoid tissue lymphoma. Moreover, there are observations suggesting that H. 

Pylori infections can initiate autoimmune diseases such as rheumatoid arthritis (RA) [1], and 
arteriosclerosis [2]. It has been proposed mechanisms based on the molecular mimicry, where a 
bacterial antigen shares sequences or structural similarities with human proteins. Due to this 
resemblance, host cells and tissues associated with the protein bearing fragments similar to 
pathogen epitope are destroyed as a result of the ‘wrong’ immune response [3]. The problem is 
serious considering, that according to epidemiological data about 50% of the world population 
is infected by H. Pylori.  
Results and Discussion 
In the literature it is described only one epitope of H. pylori urease, which interacts with 
antibodies which are present in sera of patients suffering from atherosclerosis [4]. In our 
research we attempted to systematically examine immunological properties of H. pylori urease 
focused attention on identification of epitopes, able to interact with an antibodies RA patients 
sera. The 81 elements library of decapeptides covers α and β subunits (UreA and UreB) of H. 
Pylori urease was prepared on cellulose membrane using SPOT methodology. The library of 
non-overlapping decapeptides was synthesized on cellulose matrix by using triazine based 
coupling reagent a) [5] and isocyanuric linker b) for anchoring peptides to the cellulose [6].  
 
 
 
 
 
 
 
 
 
 
Figure 1. Coupling reagent a), linker used for anchoring peptides b), and cellulose dot matrix of 
peptides c) used in the SPOT methodology.  
We found this modification of the standard synthetic protocol advantageous because rigid 
isocyanuric linker b) more efficiently expose potential epitopes then classic, flexible peptide 
linkers, and still enables cleavage from the support of synthetic product under mild conditions.  
The prepared library was treated with polyclonal antibodies against Jack bean urease. This 
revealed that 6 peptides from UreA (fragments: 11-20, 21-30, 31-40, 161-170, 191-200, 211-
220) and 7 peptides from UreB (fragments: 1-10, 11-20, 171-180, 241-250, 261-270, 401-410, 
471-480) were able to create an immunological complex. In the next stage, the selected epitopes 
were mapped with frame shift 4 from C- and N-terminus to find the most immunologically 
regions involved in creation complex with antibodies. After epitope mapping the library of 
overlapping decapeptides consisting 54 fragments of UreA and 59 fragments of UreB was 
obtained. Peptide array was again subjected to dot blot reaction with antibodies against Jack 
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bean urease. The strongest reaction with antibodies were observed for 20 peptides from UreA 
and 15 peptides from UreB. Then, the complete set of epitopes was used in reaction with 
antibodies of rheumatoid arthritis patients sera. In parallel, the same set of peptides was tested 
with sera of healthy blood donors (Figure 2). It has been found that within the set, 19 peptides 
create immunological complexes with an antibodies of rheumatoid arthritis patient’s. The most 
interesting is, that 7 of them (fragments from UreA: 191-200, 192-201, 193-202, 209-218, 210-
219, 211-220 and one fragment from UreB: 174-183) has not reacted with sera from healthy 
donors at all, but reacted strongly / moderately with antibodies patients sera. 

 A1: 14-23 α subunit 
A2: 15-24 α subunit 
A10: 191-200 α subunit 
A11: 192-201 α subunit 
A12: 193-202 α subunit 
B1: 208-217 α subunit 
B2: 209-218 α subunit 
B3: 210-219 α subunit 
B10: 211-220 α subunit 
C1: 13-22 β subunit 
C2: 174-183 β subunit 
C3: 175-184 β subunit 
C4: 241-250 β subunit 
C6: 400-409 β subunit 
C7: 401-410 β subunit 
C8: 402-411 β subunit 
C9: 405-414 β subunit 
C10: 474-483 β subunit 
C11: 475-484 β subunit 

 
Figure 2. Interactions of selected epitopes with antibodies in rheumatoid arthritis (RA) patient 
sera in comparison with healthy blood donors sera.  
The weakest response was observed for the peptide 208-217 from UreA, with no difference in 
reaction with rheumatoid patient’s sera and healthy patient’s sera. More interesting results were 
obtained in reactions involving fragment 15-24 UreA, fragment 175-184 UreB subunit and 
fragment 405-414 UreB. In this case the differences between reaction with rheumatoid patients 
sera and sera from healthy blood donors were not high, although in all cases, sera from RA 
patients still reacted significantly stronger in comparison with healthy blood donors [7]. The 
most unambiguous for diagnostic purpose were results obtained with fragments 191-202 UreA, 
208-220 UreA, 174-183 UreB, 241-250 UreB, and 402-411 UreB. For the last epitope, with the 
sequence IKRYLSKYTI, no weak response was observed for rheumatoid patients but all 
reaction were substantially stronger then results obtained for the healthy blood donors. 
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Introduction 
Multiple sclerosis (MS) is primarily a CD4+ T cell mediated chronic inflammatory disease of 
the Central Nervous System (CNS). Susceptibility to MS is associated with the human 
Histocompatibility Leukocyte Antigen (HLA)-DR haplotypes (HLA-DR1, HLA-DR2 and 
HLA-DR4). Previous studies had implicated the DR2 (DRB1*1501) haplotype in patients with 
MS and demonstrate the importance of autoantigens presentation in the disease [1]. Myelin 
epitopes has been observed in MS patients, in particular presented by HLA-DR1, HLA-DR2 
and HLA-DR4. It has been suggested [2] that APLs of myelin immunodominant epitopes cause 
an antagonistic effect (ie. loss of T cell activation) by loss of H-bond contacts between the APL, 
presented by the HLA molecules and inactivate the T-cell receptor (TCR). In this study we 
found that linear and cyclic peptide analogues based on the immunodominant human MBP 
epitope MBP82-98 bound strongly to HLA-DR2 and HLA-DR4 allele.  
 

Experimental. Peptide Synthesis.  
All tested peptides were synthesized on a 2-chlorotrityl chloride resin using Fmoc/tBu 
methodology protocol. The purity of the peptides used was over 95% as determined by HPLC 
analysis Water Alliance Separation Module, 2695, (XBridgeTM C18 column (3.5 µm, 4.6 x 150 
mm). Separation was achieved by gradient elution of 5% to 100% solvent B (solvent A: 0.08% 
TFA in H2O, solvent B : 0.08% TFA in ACN) in 40 min at a flow rate of 1ml/min. The final 
peptides were identified by Ultra-Performance Liquid Chromatography-tandem mass 
spectrometer (UPLC-MS/MS).  
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Fig. 1. Chemical representation of Linear MBP82-98(A91) 

Competition Binding Studies.  
Binding of peptides to HLA-DR2 and HLA-DR4 were performed in Department of 
Biochemistry in University of Tubingen as previously described by Dr H. Kalbacher’s group 
[4]. Briefly, EBV transformed homozygous human B cell lines HTC-Lan (DRB1*1501, 
DRB5*0101) and BSM (DRB1*0401) were used for isolating MHC class II molecule. HTC-
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Lan cell pellets were lyzed by nonidet P-40 and HLA-DR2 isolated from homogenates by 
affinity chromatography using the monoclonal antibody L243. The purity of the preparation was 
checked by SDS-PAGE, HPSEC and western blotting (not shown). Competition binding assays 
for MBP82-98 APLs were carried out using Fluorescent AMCA-labelled allele-specific 
MBP83-99 for HLA-DR2b chain. Solubilized HLA-DR2 and HLA-DR4 (0.66 mM) were 
incubated for 48 h at 37oC with competitors-labeled peptide dissolved in 150 mM sodium 
phosphate, pH 6.0, containing 15% acetonitrile, 0.1% Zwittergent-12 (Calbiochem).  
Table 1. : Linear and Cyclic peptide analogues of MBP83-99 and MBP82-98 epitopes used in this 

study 

No Pepides % Competition Binding (10xfold) 

1 MBP83-99 63,1 
 

2 Cyclo(83-99) MBP83-99 8,9 
 

3 MBP 82-98, 52,9 
 

4 Cyclo(82-98)MBP82-98 16,05 
 

5 Linear MBP82-98(A
91

) 34,6 
 

Competition assays were performed in a 1µM solution of AMCA peptides. Different MBP 
APLs were added at 5, 10 and 50 fold excess compared to the AMCA-peptides. All samples 
were analyzed on a Pharmacia Superdex 75 HR 5/20 high performance gel filtration column. 
The column was operated at a flow rate of 0.3 ml/min using the HPSEC buffer, pH 6.0. The 
eluent passed through a Shimadzu fluorescence spectrometer (350/450 nm) and a Merck 
ultraviolet detector (214 nm) set in series. Fluorescence and UV signals eluting with the HLA-
DR dimers were recorded by a model D 2500 integrator (Merck-Hitachi).  
 
Results and Discussion.  
Many therapeutic schemes use peptide analogues that could play an immunomodulatory role in 
diseases. Furthermore the development of molecules that mimic the immunomodulatory activity 
of MBP epitope peptides and maintain an advantage over regular peptides in term of stability, 
HLA binding and immune regulation is a necessary step before these molecules can be used for 
therapeutic purposes. In this study four MBP peptide analogues were synthesized and tested for 
their binding ability to HLA-DR2 and HLA-DR4 alleles. The linear and cyclic MBP82-98 
analogues were well bound to HLA-DR2 and DR4 with the linear analogues bound better and 
significantly to the immunodominant MBP 83-99 epitope. Cyclic synthesized peptides were 
strongly bound both to HLA-DR2 and DR4, are promising candidates for immunotherapy of 
MS and should further be evaluated for their effect to PBMCs of MS patients and to animal 
models of MS. Finally APL MBP82-98 (A91) gave a promising result as it binds significantly 
compared to the immunodominant epitope MBP83-99 and it can be used in further experimental 
assays.  
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Introduction 
Since collagen elongated fibrils are abundant in the extracellular matrix, the decrease in 
collagen turnover is largely responsible of major skin aging signs, such as elasticity loss and 
wrinkles formation. During the last decades, the life span enlarge arose a widespread interest in 
“cosmeceuticals”, a hybrid category of products lying on the spectrum between drugs and 
cosmetics. These products are not tested and approved as drugs, but their appearance in the 
consumer arena is rather due to theoretical benefits from in vitro studies of active ingredients. 
Cosmetics based on peptides are a rapidly expanding category in cosmeceuticals [2]: they are 
widely versatile, as their biological effect and bioavailability can be modulated via conjugation 
to diverse nonproteic molecules. Coherently with the increasing demand for cosmeceuticals, the 
main intent of our study is the synthesis and biological activity screening of newly designed 
peptides targeting collagen turnover, either enhancing its production (A) or interfering at the 
degradation pathway level (B). 
 
Results and Discussion 
(A). Collagen production enhancer peptides. SERPINA1 or A1AT (α1-antitrypsin) is a 52 kDa 
single chain glycoprotein, belonging to the Serine Protease Inhibitor Family, whose main 
physiologic substrate is neutrophil elastase. In the context of tissue damage, elastase is secreted 
by neutrophils and degrades ECM components thus allowing cytokines infiltration. SERPINA1, 
upon elastase inhibition, hampers the inflammation spreading in adjacent areas not interested by 
the damage: its absence or reduced expression in chronic lesions suggests key implications in 
wound healing [3]. Within such background, during the last decade, L. Congote and colleagues 
conducted studies on chimeras [4,5] as potential agents for wound healing, obtained combining 
recombinant SERPINA1 and IGFs (Insulin Growth factors), which are also involved in tissue 
remodeling processes. They found out that the SERPINA1 component of the chimeras has cell 
proliferating activities independent of the conjugated IGFs and, during further inquiries, they 
attributed to the C-terminal portion of the protein the ability to increase collagen production in 
cultured NHDFs [6]. The active hydrophobic peptide is the 26 amino acid section of the protein, 
corresponding to the β-sheet moiety of the proteolytic 36 amino acid fragment. 
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Figure 1. Collagen amounts expressed in terms of absorbance at λ 450 nm, measured in NHDFs 

culture media, during the screening of peptides SA1-II (A) and SA1-III (B). a. tGF- β1 is employed

as a positive control, b. peptide, 80 µM, c. peptide, 40 µM, d. peptide, 20 µM, peptide, 10 µM, f. 

non-treated cells. 
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Basing on these premises, we selected three overlapping 26-mer peptides of SERPINA1 C-
terminus (SA1-I, SA1-II, SA1-III), aiming to identify any shorter sequence, still maintaining 
SERPINA1-C26 activity as a collagen production enhancer. 
The peptides were obtained through standard Fmoc-tBu SPPS and their ability to impact 
collagen turnover was evaluated by treating cultured NHDFs (3< pdl <17) with each peptide 
dissolved in DMEM (at concentration 10, 20, 40, 80 µM). After 72 hours incubation, cell 
viability was evaluated through MTS assay, culture media were withdrawn and soluble collagen 
type I was measured via sandwich ELISA. Among the preliminarily screened fragments, SA1-
III resulted the most promising in stimulating collagen production: media of cells treated with a 
10 µM solution displayed an 84.2% increase in soluble collagen amount if compared to non-
treated cells (Fig. 1). We did not report results obtained for fragment SA1-I, which we do not 
consider an interesting candidate for further integration in cosmeceutical products, due to its 
poor solubility in water. 
(B). Matrix metalloproteinase inhibitor peptides: the main cause of collagen degradation are 
zinc-dependent matrix metalloproteinases MMPs, whose activities are regulated by endogenous 
tissue inhibitors, TIMPs. In the current study, we focused our attention on the inhibition 
mechanism of human TIMP-1 and human MMP-3, which degrades collagen types II, III, IV, 
IX, and X, and activates other MMPs such as MMP-1and MMP-9, thus playing a crucial role 
in connective tissue remodeling. The crystal structure of the complex formed between the 
catalytic domain of MMP-3 and TIMP-1 shows that the core of the interaction site is a 
continous ridge stabilized by a disulfide bond between Cys-1 and Cys-70, that links the N-
terminal four residues (1CTCV4) with residues (68SVC70) [7]. Such considerations provide 
foundation for designing a class of synthetic inhibitors, based on the central two-segments of 
TIMP-1, 1CTCV4 and 68SVC70. We synthesized a small collection of short peptides, by using the 
Fmoc/tBu SPPS protocol; cysteines, which are involved in the TIMP-1 sequence in the 
formation of disulfide bridges, have been employed in our synthesis as Fmoc-L-Cys (S-Allyl)-
OH, considering its activity against collagenases. Moreover, some sequences have been 
conjugated at the N-terminus with caffeic acid, which is reported to be a potent antioxidant and 
anti-inflammatory agent and to suppress UVB-induced photoaging, by ihibiting MMPs [8.  
The inhibitory activity of peptides towards MMP-3 has been evaluated by in vitro fluorimetric 
assays, which showed the best results for the two fragments called MMP3-VI and MMP3-VII, 
bearing caffeic acid on their N-terminal portion (IC50 of 98 and 140 µM, respectively). 
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Introduction  
Plasmin (PL) is a serine protease generated from a conversion of plasminogen by plasminogen 
activators in plasma. As the key role of PL in fibrinolysis is well known, PL inhibitors such as 
ε-aminocaproic acid (EACA) and tranexamic acid (Tra) are used in the clinical treatment of 
hyperfibrinolysis-associated bleeding events, which can occur during surgery, disseminated 
intravascular coagulation (DIC), hemophilia, menorrhagia, etc. On the other hand, PL generated 
at the cell surface is involved in degradation of extracellular matrix (ECM) inducing tissue 
remodeling, cell invasion, metastasis among other events. PL also activates matrix metallo-
proteinases (MMPs) to degrade other ECM components resulting in ECM degradation, and to 
alter the expression of cytokines resulting in inflammatory responses. With the growing 
evidence on the importance of PL in many physiological processes, the potential benefits of PL 
inhibitors have been projected for inflammatory diseases, lymphoid malignancies and 
angioedema. PL inhibitors may act as anti-inflammatory and anticancer agents in addition to 
therapeutic use as anti-fibrinolytic agents.  
YO-2 [IC50 = 0.53 and 5.3 µM for PL and urokinase (UK), respectively] is a potent and 
selective PL inhibitor, and consists of three components: Tra, Tyr(OPic) and octylamine [1]. 
Docking experiments with the UK- and PL-YO-2 complexes revealed structural differences in 
the binding pockets between UK and PL. The binding pocket of UK contains an insertion loop 
between S2 and S3; the S2 extra pocket is absent. In contrast, no insertion loop exits in the 
binding pocket of PL, and the S2 extra pocket is present [2]. A larger P2 residue would be 
acceptable by the PL binding pockets, but would not fit the UK binding pockets. Furthermore, 
PL has wider S’1 area than that of UK, is known. In this report, we describe the modification of 
YO-2 at the Tyr(OPic) and octylamine residues. 
 
Results and Discussion 
Protected peptides were synthesized by a solution method using Boc-chemistry. Final products 
were identified by analytical HPLC and MALDI (ESI)-TOF mass spectrometry. 
First, the (4-pyridinyl)methyl (Pic) residue on the OH-Tyr (P2 residue) was modified using 
smaller or larger moieties. To evaluate the effect of the Pic, it was shorted to hydrogen (1), tert-
butyl (2) and benzyl (3) groups. The compounds having a smaller moiety decreased the PL 
inhibitory activity (IC50 = 67 and 17 µM for 1 and 2, respectively). Compound 3 retained a 
moderate PL inhibitory activity (IC50 = 1.7 µM), demonstrating a preference of aromatic group 
over aliphatic group at the OH-Tyr. Additional incorporation of CF3 group at the m- and p-
positions (5 and 6) made a slight enhancement on PL inhibitory activity (IC50 = 0.60 and 0.96 
µM, respectively), while the incorporation of CF3 group at the o-position diminished PL 
inhibitory activity (4: IC50 = 3.0 µM). This implies that 
the PL S2/S3 binding pocket tolerates an aliphatic 
extension at the m- and p-positions, and not at the o-
position on the OH-Tyr. Aromatic extensions were 
performed to give 7-12.  Among them, compounds 
bearing (naphthyl-2-yl)methyl, (naphthyl-1-yl)methyl, 
(quinolinyl-2-yl)methyl and (quinolinyl-8-yl)methyl 
groups exhibited comparable PL inhibitory  activity  
(IC50 = 0.71, 1.6, 0.22 and 0.34 µM for 7, 8, 9 and 10,         Fig. 1. Chemical structure of YO-2. 
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IC50 (µM) IC50 ratio IC50 (µM) IC50 ratio

PL UK/PL PL UK/PL

YO-2 0.53 10 7 0.71 >140

1 67 0.92 8 1.60 >62.5

2 17 >5.88 9 0.22 >350

3 1.70 >58.8 10 0.34 >294

4 3.00 >33.3 11 0.75 >128

5 0.60 >166 12 0.97 >9.4

6 0.96 >104

Compd Compd

IC50 (µM) IC50 ratio

PL UK/PL

YO-2 0.53 10

13 13 NT

14 300 NT

15 280 NT

16 220 NT

17 3.2 NT

18 1.3 NT

19 5.8 NT

  Compd

Table 1. PL inhibitory activity of compounds 1-12 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Table 2. PL inhibitory activity of compounds13-19 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
respectively) to YO-2 (Table 1). Those extensions improved the selectivity (PL/UK) by 60-

290 fold, as well as PL inhibitory activity. 
Second, the octylamine group (P’1 residue) was substituted with triethylene glycols (14-16) 

or amino-alcohols (17-19). As a reference, 1-octanol was incorporated (13: IC50 = 13 µM).  All 
compounds possessing a triethylene glycol exhibited an IC50 value more than 200 µM, implying 
that the triethylene glycol moiety is likely unable to fit properly in the S’1 binding pocket. 
Compounds 17-19 showed the PL inhibitory activity with IC50 values in µM range, indicating 
that the position and number of oxygen atoms may be considered. 

 In conclusion, the modification of P2 and P’1 residues was performed. The PL binding 
pocket accepted both aromatic and aliphatic expansions at P2. The substitution of octylamide 
with an ethylene glycol-ester group dramatically reduced the PL inhibitory activity. The ester 
bond seems to be less beneficial than the amide bond in connecting the P2 and P’1 residues.   
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Introduction  
The study of neuropeptides, i.e. peptides occurring in central nervous system (CNS), is one of 
the fastest-growing areas in neurobiology today. Novel peptides from the brain with actions 
related to functions such as pain, analgesia, sleep, etc. are being discovered at an increasing rate. 
Searching for biologically active peptidomimetics as a new direction in modern pharmacology 
requires complex, interdisciplinary researches. On the basis of well known active peptides are 
created new active molecules as potential pharmacological agents with improved 
pharmacokinetic properties. Object of the present study are two newly active molecules 
synthesized on the basis of well-known active peptides: P1 (Tyr-MIF-1 analogue and P2 
Nociceptine analogue) [1]. Having in mind their molecular design- very similar to some 
neurotransmitters in the central nervous system we decided to study their effects on CNS. Our 
previous data demonstrated that the new compounds are biological activity in dose 4 mg/kg and 
has low oral and intraperitoneal toxicity without prolonged toxicity or delayed effect. Purpose of 
the study: To study their  effects on cognitive functions of Albino ICR male mice  as well as 
their interaction with barbiturates. 
Results and Discussion 
Methods: Male Albino ICR mice were treated with effective daily dose of 4 mg/kg b. wt. 
intraperitoneally (i.p.) of two new compounds /P1 and P2/ for 3, 7 and 14 days. Cognitive 
functions of animals were studied using next methods: step through test (for learning and 
memory) [2], Rot-a-rod test (for muscular coordination) [3] and Hole board test (for exploratory 
activity) [4]. Possible interaction of the new compounds- P1 and P2 with model substance 
hexobarbital (HB- 100 mg/kg b. wt. i.p., sodium salt) was measured as changes in duration of 
HB sleeping time in minutes [5]. 

  Fig. 1     Fig. 2  
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  Behavioral tests: On the 3-rd day of the study it wasn’t found significant effect of 
compounds on cognitive functions of animals, but on the 7-th day of the treatment P1 decreased 
curiosity (according the test for exploratory activity) and improved significantly the memory (by 
60 % in comparison to controls) according step through test (Fig.1 and Fig. 2).  Compound P2 
has significant effect only on the third minute reducing exploratory activity. On the 14-th day 
improving effect of compound P1 on the learning and memory /established on the 7-th day/ 
disappeared. In the same time neuro-muscular coordination was improved by both compounds - 
P1 and P2 comparing to controls (Fig. 3). 

Interaction with Hexobarbital: The activity of the new compounds on the CNS was 
studied evaluating their influence on the hexobarbital sleeping time (HB – 100 mg/kg b. wt.- 
i.p.). Hexobartal was used as central nervous active agent, but also as known model substrate of 
hepatic cytochrome P-450 monooxygenases. An effective dose 5 mg/ kg i.p. of new compounds 
was applied 10 minutes before Hexobarbital administration. The changes in duration of HB 
sleeping time (in minutes) were estimated in the groups according to the reflex of reversal. 
Surprisingly we established in our experiments that P1 and P2 decreased duration of HB 
narcosis (P1shortens it by 40%, and P2 by over 50%), but the mechanism is still unknown. It is 
possible that the new substances accelerate the elimination of HB via its hepatic metabolism. 
But we suggest that established drug interaction can be due predominately to functional 
antagonism between HB and new neuropeptides on the level of central nervoussystem and/or to 
receptor interactions. Only further experiments can clarify whether the mechanism of this 
interaction is on the metabolic level or on central nervous system level (Fig. 4). 
Conclusion: The two newly synthesized neuropeptides are biological active substances with 
significant improving effect on the cognitive functions and curiosity in animals. Both of them 
shorten significantly    HB sleeping time in mice. Future research will clarify the mechanisms 
underlying of established activities. 
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Fig. 4.  Effect of P1 and P2 on Hexobarbital sleeping 

time 
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Introduction 

Neuropeptides are small proteinaceous substances produced and released by neurons through 
the regulated secretory route and acting on neural substrates. Neuropeptides are the most diverse 
class of signaling molecules in the brain engaged in many physiological functions. Acting as 
messengers in the body, these molecules perform specific functions. They influence activities in 
the brain and body, such as analgesia, food intake, learning and memory.Two newly synthesized 

neuropeptides [1] are analogues of 
Tyr-MIF-1 (P1) and Nociceptine 
(P2). Purpose of the study: To 
investigate the basic 
pharmacological and toxicological 
effects of of Tyr-MIF- 1 (P1) and 
nociceptine (P2).  

  

Results and Discussion 
Methods: 

1.Toxicological studies: Some basic toxicological characteristics of neuropeptides applied in 
several doses (5, 10, 20 and 50 mg/kg b. wt intraperitoneally- i.p.) were studied The observation 
on their effects and toxicity was till the 48th hour. The studies for prolonged toxicity continued 
till 5thday following changes in body growth, appetite and behavior. Dissection of the bodies 
was performed on the 48th hour as well as on the 5th day after compounds application 

2. Effects of P1 and P2 on central nervious system- CNS: The activity of the new 
compounds on the CNS was studied evaluating their influence on the hexobarbital sleeping time 
(HB – 100 mg/kg b.wt.- i.p.) [2]. An effective dose 5 mg/ kg i.p. of new compounds was applied 
10 minutes before Hexobarbital administration. The changes in duration of HB sleeping time (in 
minutes) were estimated in the groups according to the reflex of reversal.  

3. Studies for analgesic effect: The two compounds applied in an effective dose of 4 mg/kg 
were studied for analgesic activity using Acetic acid test [3]. The number of abdominal cramps 
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for 20 minites after acetic acid application was measured. Dose-dependence of analgesic 
activity of compound P2 was studied in doses 4, 8 and 16 mg/kg b. wt. i.p. according to the 
same method.  

Results:       
    1. Acute Toxicity: On the 48th hour after the application of the studied doses (over 50 mg/kg b. 
wt.) mortality was not observed. Acute dose of 50 mg/kg b. wt. of the compounds produced 
transit ataxia, respiration changes and sedation. Changes in the body growth, appetite and 
behavior of animals after treatment with P1 and P2 (in doses 5, 10 and 20 mg/kg i.p.) compare 
to the controls were not found.    
    2. Prolonged toxicity: Toxicity was not established on the 5th day. Pathological changes in 
the internal organs of the treated animals were not observed either.  
   3. Influence of compounds on the HB-sleeping time: It was found that P1 and P2 decreased 
duration of HB narcosis (P1shortens it by 40%, and P2 by over 50%), but the mechanism is still 
unknown (Fig. 1). 
The established drug interaction can be due to functional antagonism between HB and new 
neuropeptides on CNS and/or to receptor interactions. Further experiments can clarify if this 
action is only on CNS level or include also interaction on metabolic level. 
    4. Analgesic effect: The new compounds had different effects on the nociception– P1 
increases it (by 262%) but P2 decreased it significantly (by over 25%) Analgesic effect of P2 is 
dose-dependent (Fig. 2). The mechanism of the analgesic effect of P2 is not clear. Maybe it is 
related to the chemical structure of P2  close to this of the mediator nociceptine and because of  
possible interactions with some CNS receptors  as pain modulation. 
Fig.1                                               Fig.2

                  

Conclusion:  

Newly synthesized neuropeptides P1 and P2 demonstrated low toxicity and significantly 
antagonized HB sleeping time in mice. Nociceptive analogue - compound P2 has significant 
dose-dependent analgesic effect after acute treatment. 
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Introduction 

Microtubules are one of the major targets of cancer chemotherapy. Several microtubule-
targeting agents have already been used for treatment of various cancers. Previously, we have 
designed and synthesized a clinical candidate plinabulin (1) and its benzophenone (BP) 
derivative KPU-105 (2), which exhibit potent anti-microtubule activity and cytotoxicity [1,2]. 
These previous study revealed that branched alkyl chains at the 5-position of the imidazole ring 
were critical for generating potent activity in plinabulin. However, The modification of this 
critical moiety in the KPU-105 yielded the corresponding derivative 3, which retained its potent 
cytotoxicity in comparison to plinabulin. Thus, we focused on the imidazole moiety in the KPU-
105 to synthesize a series of new diketopiperazine (DKP) derivatives. 

Results and Discussion 
The new BP-DKP derivatives 4a-e were synthesized via a tandem Aldol condensation with 

two aldehydes onto the DKP ring (Scheme 1). Cytotoxicities of the synthesized derivatives were 
evaluated against HT-29 cells. For the potent activity in DKP-derivatives, a pseudoplanar 
tricyclic structure formed by hydrogen bonding between the DKP-amide NH group and the 
imidazole nitrogen is thought to be critical; therefore, the position of the nitrogen atom in the 
aromatic ring was considered in modifying. The introduction of a simple 2-pyridyl ring in place 
of the 5-tert-butylimidazole ring yielded the derivative 4b (KPU-300), which intriguingly 
showed a sufficiently potent cytotoxicity. In contrast, the cytotoxicities of the other pyridine 
derivatives 4c and 4d bearing 3- and 4-pyridyl rings, respectively, were lost, whereas the phenyl 
and 2-pyrimidyl derivatives 4a and 4e showed reduced but significant activities (Table 1) [3]. 

 

Scheme 1. Synthesis of DKP derivatives 
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These results suggested that the nitrogen atom at the 2-position of the pyridine ring in 
derivative 4b could form a hydrogen bond to the DKP ring, thereby retaining the pseudoplanar 
tricyclic structure critical for eliciting potent anti-microtubule activity. An X-ray crystal analysis 
revealed that the 2-pyridyl and DKP rings retained their planarity, and the DKP-amide NH and 
2-pyridyl nitrogen atoms were proximally positioned to permit hydrogen bonding in the 
derivative 4b. The observed lower activity of the phenyl derivative 4a was attributed to a lack of 
planarity due to repulsion between the DKP and phenyl rings. However, the introduction of a 
nitrogen atom at the other sites on the pyridine ring reduced the activity. The complete loss of 
activity in the 3- and 4-pyridyl derivatives 4c and 4d was most likely due to the unfavorable 
effects of the nitrogen atom, in addition to preventing hydrogen bond formation. These results 
suggested that the hydrogen bond was necessary for maintaining the pseudoplanar tricyclic 
structure, which was critical to the anti-microtubule activity of the DKP-type compounds. 

The effects of the derivative 4b on microtubule function were investigated by evaluating 
this derivative for both tubulin binding and tubulin depolymerization activities. As a result,  
compound 4b had a tubulin binding dissociation constant (KD =1.3 µM) similar to that of 
plinabulin (1.0 µM). The IC50 value of 4b (1.2 µM) for tubulin polymerization was slightly 
lower than that of plinabulin (1.8 µM). These results suggested that the new derivative 4b 
interacted with tubulin in a fashion similar to that of other DKP derivatives. The cytotoxicity of 
the compounds toward other cancer cell lines was tested using HeLa and A549 cells. The 
derivative 4b showed a potent cytotoxicity against both cell lines (IC50 values = 5.4 and 14.2 
nM, respectively). These results suggested that the cytotoxicity of 4b arose mainly from the 
anti-microtubule activity.  

Finally, the effects of 4b on the formation of the mitotic spindles were examined by the 
immunostaining of HeLa cells. Cells treated with derivative 4b could not form a normal mitotic 
spindle. At lower concentrations of the derivative 4b (7 nM), multipolar spindle formation was 
observed, whereas at higher concentrations the cells completely lost the ability to form spindles. 
The results suggested that derivative 4b mainly affected the tubulin and inhibited their 
polymerization in a manner similar to that of plinabulin. 

In conclusion, we designed and synthesized a series of BP-DKP anti-microtubule 
derivatives based on the structure of KPU-105 and developed a potent 2-pyridyl derivative 4b. 
Derivative 4b was found to bind strongly to tubulin and inhibit tubulin polymerization, and 
displayed a strong cytotoxicity against several human cancer cells. Inhibition of tubulin 
polymerization induced abnormal mitotic spindle formation during metaphase in HeLa cells. 
These results suggested that derivative 4b affected cancer cells by obstructing the tubulin 
function. Based on the derivative 4b, further structure-activity relationship studies are in 
progress.  
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Table 1. Cytotoxicities of DKP derivatives 

 

*The values represent the mean ± SD from at least three independent dose response curves. 
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Introduction 
The problems associated with existing anticancer drugs are that many patients are unable to 
tolerate the high toxicities associated with chemotherapy (serious side-effects and toxicity 
associated death). Thus, there is an urgent need to develop new first-line agents with reduced 
toxicity and fewer side-effects. The term ”Molecular hybridization” has been used for the 
incorporation of two or more pharmacophoric subunits to create new bioactive compounds 
[1,2]. We hypothesized that new innovative anticancer drugs can be developed by creating a 
simple 3-component “A-B-C” structure which targets simultaneously two or more different 
molecular targets or molecular mechanisms and this approach should increase potency, 
minimize toxicity and reduce the likelihood of drug resistance. Our new generation compounds 
had to meet five criteria before we would consider them as lead compounds: 1) low molecular 
weight (500-700 Daltons); 2) easy and inexpensive to manufacture (only 2 peptide bonds); 3) 
stable to proteolysis (non-natural components); 4) the new structures must demonstrate 
synergistic activity over individual components; and 5) have potent anticancer activity in the 
nanomolar range against a large variety of human cancer cell lines. 
  
Results and Discussion 
Our initial anticancer compound, BKM570, with an “A-B-C” structure was found to be superior 
to the widely used but highly toxic cisplatin used against Small Cell Lung Cancer in vivo [3,4]. 
BKM570 in combination with temozolomide (TMZ) was more effective than TMZ alone 
showing its potential for the treatment of glioblastoma [5]. Recently, we designed new 
generations of this simple 3-component “A-B-C” structure where GH101 was our starting  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                
Fig. 1. New generations of BKM570 
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Table1. Highest compound activity against human tumor cell lines for each cancer type 
Cancer Type/Cell line Anticancer Small Molecules (GI50, nanomolar)

a
 

 BKM570 GH101 GH501 GH503 GH1001 

Breast/MCF-7 760 452 51 69 913 

Colon/HCT-116 943 1030 145 237 929 

CNS/SNB-19 863 765 132 240 859 

Leukemia/HL-60(TB) 951 453 119 44 1430 

Melanoma/LOX IMVI 823 986 150 220 841 

NSCLC/NCI-H522 928 743 113 163 1090 

Ovarian/OVCAR-4 949 1040 171 251 913 

Prostate/PC-3 917 1590 278 336 964 

Renal/SN12C 852 1400 292 312 1220 

aGI50 The concentration (nanomolar) that inhibits growth by 50% 

prototype. In these new compounds, GH101, GH501 and GH503, the “A” component contains 
the non-steroidal anti-inflammatory drugs (NSAIDs) felbinac, flurbiprofen and ibuprofen 
(Figure 1) [6,7]. GH1001 has an aminobisphosphonate component at the “C” position with the 
major advantage that it can be preferentially deposited in bone and surrounding soft tissue 
making it possible to treat and co-target bone cancers and their microenvironment, particularly 
prostate cancer bone metastasis [8]. 
 A comparison study of BKM570 and our newly designed “A-B-C” compounds was 
completed by the US National Cancer Institute (NCI) in vitro against 60 human tumor cell lines 
of nine cancer types. GH501 and GH503 were superior to BKM570 and our starting prototype 
GH101 in all nine cancer types. GH501 differs from GH101 in a methyl group on the α-carbon 
and a fluorine atom on the phenyl group in unit “A”. GH503 differs from GH101 in a methyl 
group on the α-carbon and the phenyl group is replaced with a 4-carbon alkyl group. These 
subtle changes have dramatically increased the activity of GH501 and GH503 (Table 1). 
 Preliminary results have suggested the target for GH501 and GH503 is EZH2, a 
Histone H3 Lys 27 (H3K27) Methyltransferase. This enzyme plays a critical role in regulating 
gene expression and is highly expressed in a wide range of cancer types, including bladder, 
breast, colon, lung, melanoma and pancreatic cancer. 
 NCI study results confirmed that GH501 and GH503 small molecules (500-700 Dalton 
range) with a simple “A-B-C” structure are highly potent anticancer compounds against human 
cancers. Further studies on their detailed mechanism of action are in progress. 
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Introduction 
Currently a great interest is the involvement of melanin (one of the most common pigments 
including in human skin) in malignant melanoma, the most life-threatening skin tumors. 
Tyrosinase (EC 1.14.18.1.) is a metaloenzyme containing Cu+2 in the active side that catalysis 
two districts reactions of melanin synthesis. Recently, tyrosinase inhibitors attract a lot of 
attention because of their ability to block this key enzyme and to decrease the hyper 
pigmentation due to tyrosinase action. 
Herein, we will report on the construction of new tyrosinase based biosensor as well as on our 
investigation of reactions of inhibition of enzyme by peptide containing galanthamine 
derivatives. We designed this series of inhibitors which analogy of this C-terminal modification 
with natural substrates of tyrosinase –L-DOPA and L-tyrosine we investigated the ability of 
these new compounds to inhibit tyrosinase activity. 
Results and Discussion 

I. Synthesis of sol-gel hybrid membranes  
The synthesis of hybride membrines are done according to figure 1: 

 
II. Designed series of 

inhibitors 
which contained 
benzylamide.Function in their 
peptide C-terminus. 
Peptides containing aspartic or 
glutamic acid residues usually do 
not bind very well to tyrosinase. 
Strong tyrosinase-binding peptides 
always contain one or more 
arginine residues, often in 
combination with phenylalanine, 
while lysine residues can be found 
equally among nonbinding 
peptides as well as moderate 
tyrosinase-binding peptides. The 
presence of the hydrophobic, 
aliphatic residues valine, alanine 
or leucine appears to be important 
for tyrosinase inhibition. 

Therefore, good tyrosinase inhibitory peptides preferably contain arginine and/or phenylalanine 
in combination with valine, alanine and/or leucine.  
Three derivatives of galantamine containing peptide moiety were studied for inhibition activity 
to tyrosinase. Primary structure of newly synthesized compounds is presented on fig.2 and table 
1. 
Research results show that all three peptide which are galanthamine derivatives have excellent 
tyrosinase inhibitory properties by inhibiting the formation of melanin to a period - longer than 
15 days. 
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Fig.1. Scheme of sol-gel synthesis of hybrid membrane. 
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Table 1. Data for syntheses peptide 
N: Compound Mass exact Formula brute 

I1 Boc-Asp(norGal)-Asp-Leu-β-Ala-Val-NH-Bzl 975,5 C50H69N7O13 

I2 Boc-Asp(norGal)-Asp-Leu-Ala-Val-NH-Bzl 975,5 C50H69N7O13 

I3 Boc-Asp(norGal)-Val-Asn-Leu-β-Ala-Val-NH-Bzl 1073,58 C50H69N9O13 

 

 
Fig. 2 Chemical structure of newly synthesized galantamine derivatives 

 
The calibration curves made by means of biosensor for determination of tyrosinase for all of 
these inhibitors exhibited linear response in the concentration range 5.10-6 ÷ 100.10-6M. All 
newly synthesized inhibitors are uncompetitive inhibitors of tyrosinase. All inhibitors exhibit 
similar properties.  

Conclusions 
Our investigation reveal that the newly synthesized compounds can be used to inhibit tyrosinase 
and antibrowning agents of melanin pigmentation. Galantamine is one of the most selectively 
inhibitors of AChE which is one of the commonly used inhibitors to treat patients with mild to 
moderate AD. The results showed that two of our inhibitors (I1, and I3) have inhibitory effect 
towards the enzymes tyrosinase and AChE. Inhibitor I2 doesn’t have inhibitory effect toward 
AChE, but have inhibitory effect toward tyrosinase. 
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Fig. 3. Effect of inhibitor (I2) on the speed of formation of melanin after 15 days (left) and 30 
days (right) incubating the samples. 
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Introduction 
Prothymosin alpha (ProTα) is a conserved mammalian polypeptide with an intracellular 
biological role associated with cell proliferation and apoptosis and an extracellular one 
associated with potentiation of cell-mediated immunity [1]. The N-terminal fragment [1-28] of 
ProTα is identical with the immunostimulating peptide thymosin alpha 1 (Τα1) [1]. Although 
Τα1 was considered as the immunoactive region of ProTα, recent data suggest that ProTα may 
exert a discrete immunomodulating action, through  the C-terminal decapeptide [100-109] [1] or 
its central region [2], targeting Toll-like receptor-4 (TLR4) [2].  

The aim of the present work was to develop a radiolabelled derivative of the C-terminal 
fragment ProTα[100-109] and, subsequently, to investigate whether this radiolabelled probe of 
ProTα could be specifically bound on human neutrophils. 

 
 
Results and Discussion 
A specific derivative of the C-terminal decapeptide of ProTα (ProΤα-D1) was synthesized 
manually following the Fmoc/tBu solid-phase peptide synthesis (SPPS) strategy. Other 
fragments of ProTα along with a negative control peptide (scrambled ProTα[100-109]) were 
also synthesized with the Fmoc/tBu SPPS. The amino acid sequences of the synthetic peptides 
are shown in Table 1. The crude products were purified by semi-preparative RP-HPLC and 
characterized with analytical RP-HPLC and ESI-MS. The purity of the final products was ≥ 95 

%. 
ProΤα-D1 was first evaluated in well-established in 

vitro immunological tests employing human neutrophils 
[3] and found to retain the biological activity of the 
parental polypeptide. Then, ProTα-D1 was radiolabelled 
with 99mTc (99mTc-ProTα-D1), through the tripeptidyl  
dmGSC-moiety [4,5]. Radio-RP-HPLC analysis 
indicated radiolabelling yield ≥ 98 % and stability 
studies assured that the radiolabelled probe remained 
stable up to 24 h post-labelling. 

Cell-binding studies were performed by incubating, 
under suitable conditions, 99mTc-ProTα-D1 with human 
neutrophils derived from the peripheral blood of healthy 
drug-free volunteers, following their written informed 

Fig. 1. Cell-binding studies: 
saturation experiments. Specific 

cell-bound radioactivity was 
calculated after incubation (60 

min, 37 oC) of human neutrophils 
(7x105 cells/tube) with increasing  
concentrations of 99mTc-ProTα-D1. 
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consent. In saturation binding studies, neutrophils were incubated with increasing 
concentrations of 99mTc-ProTα-D1 and cell-bound radioactivity (“total” and “non-specific”) was 
measured in a gamma counter. Total radioactivity corresponded to cells incubated with 99mTc-
ProTα-D1, while non-specific radioactivity corresponded to cells incubated with 99mTc-ProTα-
D1 in the presence of 100-fold excess of non-radiolabelled ProTα[100-109]; specific cell-bound 
radioactivity was calculated by subtracting non-specific from total radioactivity. Saturation 
binding experiments revealed specific direct binding of 99mTc-ProTα-D1 on human neutrophils 
(Fig. 1), which was time-dependent. In inhibition binding studies, neutrophils were incubated 
with a fixed concentration of 99mTc-ProTα-D1 concomitantly with increasing concentrations of 
non-radiolabelled putative inhibitors. Cell-binding of 99mTc-ProTα-D1 was potently inhibited in 
the presence of increasing concentrations of non-radiolabelled ProTα[100-109], as well as intact 
ProTα (product of Thymoorgan).On the other hand, the synthetic fragment ProTα[1-28], which 
is identical with Τα1, and the scrambled version of ProTα[100-109] (negative control peptide) 
could not displace cell-bound radioactivity, even at high concentrations. Lipopolysaccharide 
from Escherichia coli -the “prototype” ligand of TLR4- was also employed in these studies and 
found to inhibit binding of radioactivity on human neutrophils.  

Overall, the above results support the existence of binding sites for ProTα on human 
neutrophils, which could recognize the C-terminal decapeptide ProTα[100-109] and the 99mTc-
ProTα-D1 derivative. We propose that these binding sites may be associated with TLR4.  

Further studies with the new 99mTc-radiolabelled probe are currently in progress, which are 
expected to significantly enrich our basic knowledge on both the in vitro and in vivo 
extracellular mode of ProTα’s action. Moreover, these studies may help evaluate the possibility 
of any future clinical exploitation of the ProTα polypeptide or smaller active fragments thereof.     
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Table 1. Amino acid sequence of the synthetic peptides used in the in vitro cell-binding studies 

Synthetic peptide Amino acid sequence (one letter code) 

ProTα[100-109] T100KKQKTDEDD109 

Scrambled  
ProTα[100-109] KETDKDKTDQ 

ProTα-D1 dmGSC-Aca-T100KKQKTDEDD109 

ProTα[1-28]/Tα1 AcS1DAAVDTSSEITTKDLKEKKEVVEEAEN28 

dmG: dimethyl Gly;  Aca: aminocaproic acid;  AcSer: acetylated Ser. 
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Introduction 
The Humanin (HN) family of peptides comprises a group of peptides with cytoprotective 

and neuroprotective properties against insults related to Alzheimer’s disease (AD) [1] 
demonstrated through many in vitro and in vivo studies. Humanin (HN) is the 24-mer parental 
peptide (MAPRGFSCLLLLTSEIDLPVKRRA) identified in 2001 as a molecule which can 
abolish the death of neuronal cells induced by familial AD-causative genes and the β-amyloid 
peptide (Aβ) in vitro [2].  

Colivelin (CL, SALLRSIPAPAGASRLLLLTGEIDLP) is a 26-amino acid hybrid peptide, 
reported as the most potent member of the HN family [3].  CL is composed of the activity-
dependent neurotrophic factor ADNF-9 (SALLRSIPA) C-terminally attached to the modified 
bioactive core of the neuroprotective HN sequence (PAGASRLLLLTGEIDLP).  

As part of the investigation of the mode of action of HN and CL, in the current work we 
present the design and synthesis of suitable biotinylated derivatives of HN and CL. These 
derivatives were applied in ELISA-type studies in the search of the putative interaction between 
HN and CL with Aβ, the hallmark of AD pathogenesis.  

Results and Discussion 
The biotinylated derivatives of HN and CL (HN-biotin, CL-biotin, Fig. 1) were synthesized 

manually according to the Fmoc-solid phase peptide synthesis strategy.  Biotinylation of HN 
and CL was directly performed on the solid-phase resin, at predetermined sites of the peptide 
sequence. More specifically, in the first case, biotin was attached to the N-terminus of HN 
sequence, whereas in biotinylated CL the labeling moiety and the peptide were built up through 
the Nα and Νε amino groups of a “bifunctional” Fmoc-Lys(Dde)-OH anchored on the resin. 

 

 

 

Fig. 1. Schematic representation of the structures of biotinylated Humanin (HN-biotin, left) and 

biotinylated Colivelin (CL-biotin, right). 
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After their synthesis, HN-biotin and CL-biotin were purified with semi-preparative RP-
HPLC and characterized with analytical RP-HPLC and ESI-MS. CL-biotin was further analyzed 
with NMR, in parallel with parental synthetic CL, as previously reported for synthetic HN [4]. 
As shown, the biotin moiety did not induce any essential changes to the CL conformation. 

 
 
  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
The in vitro interaction between HN and CL with Aβ(1-40) was studied through in-house 

developed ELISA-type assays, employing the biotinylated derivatives HN-biotin and CL-biotin 
and following different assay-platforms (format A, format B), as shown in Fig. 2. Very low OD 
values were obtained for all the negative controls tested in assay-format A, which assured data 
reliability, while a rather high background OD signal was observed in assay-format B.  In both 
assay formats, HN-biotin and CL-biotin appeared to directly interact with increasing 
concentrations of Aβ(1-40) in a dose-dependent manner [5]. Our data are consistent with a 
previous report supporting interaction between HN and Aβ(1-40) [6] and, moreover, 
demonstrate for the first time in vitro binding between CL and the β-amyloid peptide; this 
finding may help to further elucidate the mode of the neuroprotective action of CL. 
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Fig. 2. Schematic representation of the main steps of the ELISA-type assays, format A 

(upper) and B (lower), in which HN-biotin and CL-biotin were used; format A has led to 

optimal results. 
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Introduction 
Neurotensin (NT) is a 13 amino acid containing neuropeptide expressed in both the central 
nervous system (CNS) and the periphery such as the gastrointestinal tract and the cardiovascular 
system. The physiological and biochemical actions of NT are mediated through binding to NT 
receptors (NTRs). Up to now, three subtypes of NT receptors have been cloned. All three 
receptors recognize the same C-terminal 8–13 hexapeptide sequence Arg8-Arg9-Pro10-Tyr11-
Ile12-Leu13. However, peptides are rapidly metabolized in plasma by endogenous peptidases, 
terminating their biologic effect under physiologic conditions. The two main cleavage bonds in 
the metabolic deactivation of NT (8–13) are Arg8–Arg9 and Tyr11–Ile12. To avoid such 
degradation, the terminal Arg unit was replaced by canavanine (Cav), which was recently 
described as a non-proteinogenic Arg analogue. Because lysine was shown to be an attractive 
alternative residue at position 9 of the parent peptide, lysine/or sulfolysine (sLys) replacement 
of the second arginine moiety was also performed. Herein we present the chemical synthesis of 
five new NT (8-13). Our pilot studies on their toxicity, and central nervous activity were 
presented in comparison to NT as standard.  
 
Results and Discussion 
All peptides (Fig. 1) were synthesized using standard solid-phase method. The peptide chain 
was assembled on a Wang resin (0.1 mmol scale) with Fmoc/Boc strategy. Coupling of each 
amino acid was performed in the presence of 3 mol excess of Fmoc-amino acid, 3 mol excess of 
HOBt, 3 mol excess of DIC and 5 mol excess of DIPEA. The cleavage step from the resin and 
the final deprotection of all remained protecting groups was done in a standard cocktail 
containing TFA, TIPS, thioanisole, and water (92.5: 2.5: 2.5: 2.5).  
 
 

Fig. 1. Neurotensin (8-13) analogues. 
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The yields of each product were over 40%, and the products were obtained in high purity 
(generally > 95% after column chromatography). The success of synthesis of peptides was 
confirmed by ESI -MS. 

The activity on the central nervous system (CNS) of the five newly synthesized analogues 
of NT was also studied. Male Albino ICR mice were treated daily with new NT analogues (4 
mg/kg b.w. i.p, for 3 or 7 days). The effects were compared with controls treated with saline as 
well as with referent compound Neurotensin (NT). All experimental researches were conducted 
with the permission of the Ethical Committee for Scientific Research in the Bulgarian Academy 
of Science.Next methods were used: For learning and memory Step trough test [1], for analgesic 
activity- acetic acid test [2], for interaction on CNS level - Hexobarbital (HB) sleeping time 
(100 mg/kg b.wt. intraperitoneally-i.p.) [3]. 

On the 7th day of treatment only NT 1 significantly improved the learning and memory (by 
60%). (Data are not presented). Compounds NT2 and NT3 (as well as the referent NT) 
exhibited significant analgesic activity- more pronounced in the first 5 and in the last 5 minutes 
(Fig.2). 

       
Fig. 2.     Fig. 3.  

The referent compound NT and its analogues NT4 and NT5 shorten significantly HB 
narcosis in animals probably because of antagonism with HB on the level of central nervous 
system. The effect of NT4 is the strongest (with23.5%). Surprisingly, the opposite effects on HB 
narcosis (Fig.3.) of analogues NT1, NT2 and NT3 were found, more pronounced of NT3 (by 
88%).  

Conclusion: Studied newly synthesized compounds can be divided in 2 groups on the basis 
of their biological activity- first group: analogues- NT4 and NT5, antagonized the narcotic 
effect of HB but without effect on the nociception, and on cognitive functions. The second 
group of NT analogues NT1, NT2 and NT3, prolonged HB narcosis (more pronounce by NT3). 
Compounds NT2 and NT3 have also significant analgesic activity. Only NT1 can improve the 
learning and memory of animals in compare to controls. 

The Newly synthesized NT analogues are biologically active compounds and are 
perspective for further experimental development. 
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Introduction 
Multiple Sclerosis (MS) is a chronic, inflammatory, demyelininating disease of the central 
nervous system (CNS). Recent studies have shown that one of the metabolic degradation of 
Tryptophan (Trp), the Kynurenine pathway (KP), is likely to be involved in the pathogenesis of 
MS [1]. Our hypothesis is that in MS patients Trp level is disregulated, thus leading to an 
abnormally high level of Kynurenine in the organism during the course of the disease. This may 
lead to the production of anti-kynurenine protein autoantibodies as possible relevant biomarkers 
of MS. Using the “chemical reverse approach” [2] previously developed by our team, we 
synthesized Kynurenine-containing peptides based on the previously designed beta-turn 
structure, the CSF114 peptide sequence to be used as synthetic antigenic probe for the detection 
of autoantibodies possibly directed against Kynurenine in sera of MS patients. 
 
Results and Discussion 
Kynurenine [2-amino-4-(2-aminophenyl)-4-oxobutanoic acid] is a non-natural amino acid, 

coming exclusively as a metabolite of Trp through the major route of the 
so called “kynurenine pathway” (KP), which ultimately leads to the 
synthesis of nicotinamide adenine dinucleotide (NAD) [3]. Two 
enzymes are involved in the activation of the KP: Tryptophan-2,3-
Dioxygenase (TDO) and Indoleamine-2,3-Dioxygenase (IDO) [4]. IDO 
activation plays a key role in autoimmunity, as it has been shown that it 
affects inflammation and immunomodulation [5]. Although the exact 
role of KP in MS remains unclear, it has been shown that Trp 
metabolites might be involved at several levels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Structure of 

kynurenine 
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Fig. 2. Results of SP-ELISA screening 

 
Peptides synthesized are based on the sequence of the 21-mer CSF114, with its type I’ β-turn, 
which exposes the modification at position 7. 
The N-glucosylated peptide CSF114(Glc) has been shown to recognize specific  autoantibodies 
in a subtype of patients suffering from MS and it has been  validated as clinical tool for the early 
diagnostic of the disease [6]. It is used as a reference to assess the efficiency of the new 
kynurenine-containing peptides as molecular probes. 
Kyn7CSF114 sequence is modified on the top of the β-turn (position 7) with Kynurenine. 
Kyn18CSF114 sequence is modified at position 18 with Kynurenine. 
Peptide synthesis was performed following SPPS Fmoc/tBu strategy (4 eq. AA/activator on a 
low-loading Wang polystyrene resin), using the commercial Fmoc-L-Kynurenine-OH as 
building block (represented by a W* in the sequences above, Table 1). 
 
The three synthetic peptides Kyn7CSF114, Kyn18CSF114, and CSF114(Glc) were tested to 
verify their ability to recognize autoantibodies (IgG and IgM) by Enzyme Linked 
ImmunoSorbent Assays (ELISA). Data are reported in Figure 2. 
The panel of sera used includes 7 Normal Blood Donors (NBD) and 9 MS patients (reported as 
MS or BR). Cut-off is calculated separately for each test and based on NBD sera. 
In agreement with previous published data [7], the N-glucosylated peptide, CSF114(Glc) is 
detecting IgG autoantibodies in sera of 4 MS patients (44%). Moreover, both Kyn7CSF114 and 
Kyn18CSF114 did not display any IgG Ab titre. As expected the NBD sera did not detect any 
IgG Ab titre with any of the tested peptides. Screening will have to be extended to a larger 
cohort of patients and controls to be statistically significant. 
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Table 1. Peptides synthesized 

Peptide Sequence Rt (min) 
m/z (as [M+2H]2+) 

Found Calculated 

Kyn7CSF114 TPRVERW*GHSVFLAPYGWMVK 1.67a 1261.5 1261.5 

Kyn18CSF114 TPRVERNGHSVFLAPYGW*MVK 1.51a 1225.6 1225.4 

CSF114(Glc) TPRVERN(Glc)GHSVFLAPYGWMVKb 2.64c 1304.9 1304.5 

a UPLC gradient 20-60% CH3CN 0.1% TFA in H2O 0.1% TFA in 3 mins at 0.6 mL/min using a column Waters 
Acquity UPLC BEH C18 1,7 mm 2,1*50mm; b as reported in [8]; c HPLC gradient 20-60% CH3CN 0.1% TFA in 
H2O 0.1% TFA in 5 mins at 0.6 mL/min using a colum Phenomenex Kinetex C18 2,6 mm 3*100mm. 
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Introduction 
Endogenous non-opioid analgesic peptide kyotorphin (Tyr-Arg, YR) demonstrated 
thermoregulation effects and inhibited cardiac and respiratory activity in hibernating animals 
[1]. YR inhibition of isoprenaline-induced increase in rat heart muscle twitch tension was 
mediated by opioid peptides and reversed by YR antagonist Leu-Arg (LR) [2]. LR was found in 
hibernating ground squirrel tissue extracts thus pointing out that it could play a certain 
physiological role [3].  
In order to reveal the role and putative mechanism of YR in hibernation and its interplay with 
LR we studied the cardiac activity of these peptides on the heart ventricle muscle preparations 
obtained from hibernating ground squirrels. 
Experimental 
Ground squirrels, Spermophilus undulatus, were trapped in August-September in the Lena River 
valley of the Yakutsk region (Sakha, Russia). They fell in spontaneous hypothermic phases 
(torpor) in October till April, interrupted by short (12-24h) active periods (arousal). During 
torpor (from a few days to up to 3 weeks), body temperature was maintained within 2-3 ºC 
degrees and heart rate was within 3–4 beats per min. During awakening the core body 
temperature rose to 36°C and the heart rate restored rapidly to near-normal levels (300–400 
beats per min). After arousal the animals re-entered torpor. At the torpor period the animals 
were anesthetized with diethyl ether and killed by decapitation. Hearts were rapidly excised and 
placed in bicarbonate-buffered Tyrode solution, oxygenated with 95% O2/5% CO2, at room 
temperature. All experiments followed the European Convention for the Protection of 
Vertebrate Animals used for Experimental and other Scientific Purposes 1986 86/609/EEC. 
Papillary muscles (PM)(length 1.5–4.0 mm, cross-sectional area 0.8 ± 0.07 mm2) were excised 
from the right ventricle and mounted horizontally in a temperature-controlled chamber (30oC). 
Driving stimuli (125% of the intensity threshold) were provided from bipolar Ag–AgCl 
electrodes by 5-ms square-wave pulses. The isometric force was monitored and recorded. Prior 
to each experimental protocol, PMs were stimulated (0.3 Hz) for 2 h for complete mechanical 
stabilization. All stimuli responses were recorded 15 min after the effector addition.  
LR and YR were synthesized in solution by the activated ester method from N-
hydroxysuccinimide esters of Boc-Leu or Boc-Tyr(tBu) formed during the preactivation step 
(with DIC), and Arg. After the deprotection with 95% TFA the peptides were purified by RP-
HPLC on C18 Zorbax SB column, elution with CH3CN gradient in water/0.1% CH3COOH.   
Results and Discussion 
YR (3x10-6 M) had no influence on the hibernating ground squirrel PM contraction force curve, 
when the stimulation frequency was low (< 1 Hz). However, YR reduced the force of 
contraction at increased stimulation frequency (>1 Hz) in comparison to the Tyrode solution 
only (control) (Figure 1, A). In the presence of YR the contraction force dependence upon 
stimulation frequency curve for the PM of hibernating animals resembled the same curve for 
PM of active animals [4]. So, YR acted as a normalizing agent, yet heart muscles of the 
hibernating animals had enough energetic potential for responding to the external stimulus with 
a greater amplitude. Naloxone (3x10-6 M) did not reverse the YR effect (figure 1,B), hence this 
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YR activity was not realized through opioid peptide release stimulation or YR interaction with 
opioid receptors. 

      
Fig. 1. YR influence on the hibernating ground squirrel papillary muscle contraction force:        A 

– YR vs control; B – naloxone vs (naloxone+YR); C – reversal of YR effect by LR. Number of 
animals in each group: 5.  * - p<0.05. 

YR antagonist, LR (3x10-6 M), alone did not influence the cardiac PM contraction, but blocked 
the effect of YR on the high frequency-stimulated heart muscle contraction, when co-
administered with YR. These results show that the cardiac effects of YR in hibernating animals 
are not stipulated by opioid peptides and their receptors, but point out to the presence of putative 
YR-specific receptors, which can be blocked with LR.   
YR influences the rhythmoinotropic characteristics (force-frequency relationship) of the PM 
from the hibernating ground squirrel heart. Since YR makes this relationship look like the one 
characteristic for the PM of active ground squirrels, YR may play an adaptive role in the 
hibernation process, avoiding quick shifts of the cardiac contraction in response to stressful 
conditions. There can be an interplay between YR and its antagonist LR in regulating the force-
frequency relationship of the cardiac muscle contraction. This YR effect is not mediated by 
opioids. 
Such YR activity makes YR and its agonists of potential interest for cardiac surgery, since they 
can mitigate heart muscle response upon stimulation and hence save its energetic potential, 
when the heart contraction is restarted after open-heart surgery. Since YR is quickly degraded 
by peptidases, its effect is a short-term one and will not require further blockage or regulation.  
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Introduction 
A high proportion of Rheumatoid Arthritis (RA) patients produce a policlonal and 
heterogeneous family of Anti-Citrullinated Protein/Peptide Antibodies (ACPAs). ACPAs 
recognize different self proteins, such as filaggrin, fibrinogen, vimentin, enolase and histone H4 
[1], but also exogenous sequences derived from Epstein-Barr Virus (EBV)-encoded proteins [2] 
the arginyl residues of which have been post-translationally deiminated into citrullyl residues. 
Because of their high disease specificity, ACPAs are considered marker antibodies [3] and they 
are monitored in patients’ sera through diagnostic immunoassays employing citrullinated cyclic 
peptides (CCPs) as gold standard probes. The association of ACPAs with erosive arthritis has 
suggested a role of the antibodies in inducing inflammation and joint damage and antibody 
affinity is known to be one of the parameters affecting pathogenicity. 
In this work the Surface Plasmon Resonance (SPR) biosensor Biacore has been employed with 
the aim of revealing and characterizing the affinity and the kinetic of the interaction between 
purified ACPAs and three citrullinated Multiple Antigen Peptides (MAPs). 
 
Results and Discussion 
Three diagnostic citrullinated peptides, VCP1 and VCP2, derived from EBV-encoded proteins 
and HCP1, derived from histone H4, were synthesized, by the company Toscana Biomarkers, as 
tetrameric MAP and immobilized on sensor chips CM5 type in a Biacore T100 instrument. The 
three MAPs containing one cysteine residue in the C-terminal were individually linked 
according to the ligand thiol coupling strategy to reach an immobilization level of about 4000 
resonance units for each ligand.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 a)Fitted sensorgrams showing a lower affinity interaction with immobilized VCP2 peptide. 
b) fitted sensorgrams showing a higher affinity interaction with immobilized HCP1 peptide. 
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This coupling approach introduced reactive disulfide groups into the dextran matrix of the 
sensor chip which was activated with two injections of 0.1M N-hydroxysuccinimide and 0.4M 
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (50:50); then active disulfide groups on the 
chip were introduced by twice injecting a 120mM solution of 2-(2-pyridinyldithio)ethaneamine; 
each peptide was solubilized in the previously selected immobilization buffer, in order to 
maximize the electrostatic interaction between peptides and chip surface, then coupling 
occurred through thiol-disulfide exchange with thiol groups on the peptides. Unreacted 
disulfides on sensor chip surface were blocked injecting a 50mM solution of cysteine and a 1M 
solution of ethanolamine pH 8.5. Reference channel was activated and directly blocked with the 
same reagents.  
A total of 15 purified anti-peptide antibody fractions were obtained, by the laboratory of 
Clinical Immunology of the University of Pisa, by affinity chromatography from 5 RA sera 
using each of the three citrullinated MAPs. The binding to the three peptides of purified 
antibodies was analyzed. Each sample was diluted to 6 different concentrations and flowed over 
each immobilized peptide in an individual cycle of analysis based on the following steps: 
sample injection, washing with running buffer, and chip surface regeneration with a 10mM 
solution of glycine pH 2.5 and 0.1M NaOH.  
Results were elaborated for each sample fitting the experimental values to the theoretical 1:1 
binding model, according to which the kinetic parameters of ka (association rate) and kd 
(dissociation rate) and the affinity constants KD (kd/ka) were calculated.  
Two ACPA subfamilies have been identified: antibodies to viral citrullinated peptides VCP1 
and VCP2 characterized by slower association, faster dissociation and consequently lower 
affinity (10-6M > KD > 10-7M); antibodies specific for the histone peptide HCP1 characterized 
by higher affinity (KD = 10-8M)4. The interaction between purified anti-VCP2 antibodies from 
patient RA3 and VCP2 is shown in Figure 1a as a representative example of lower affinity 
interaction (KD = 0.9 × 10-6M); on the other hand a representative example of higher affinity 
interaction (KD = 2.5 × 10-8M) between anti-HCP1 antibodies from patient RA1 and 
immobilized HCP1 is given in Figure 1b. 
On the whole this biosensor analysis confirmed the high heterogeneity and cross-reactivity of 
ACPAs, indeed each purified antibody fraction obtained by affinity chromatography on a given 
peptide, also react with the other two peptides. The results also indicated that binding to 
citrullinated peptides was characterized by wide differences in affinity that could be explained 
considering that the two EBNA-derived peptides contain a glycine-citrulline stretch that 
represents the same well known epitope targeted by RA autoantibodies and a second non-
overlapping epitope is located on the N-terminal portion of VCP2, thus the structural similarity 
of VCP1 and VCP2 can be the reason of the similar affinity of ACPAs that bind the two 
peptides. HCP1 is structurally different, it doesn’t contain any glycine-citrulline stretch and it 
has a strong positive charge due to several lysine residues and it interacted with antibodies with 
a higher affinity. These findings could have potencial prognostic and clinical relevances because 
the peptides here used are currently employed in solid phase assays for the diagnosis of RA. 
From this point of view it will be very interesting to test ACPAs purified from patients in 
different phase of the disease in order to understand if there is a change in the affinity of ACPAs 
interaction with a certain peptide during the progression of the disease or if a subfamily of 
autoantibodies is specific and so detectable in one phase of the disease and not in the other ones.  
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Introduction 
Antibodies are a hallmark in Multiple Sclerosis (MS), and a group of them can be measured 
using CSF114(Glc), a synthetic peptide bearing an N-glucosyl group on Asn side chain, 
possibly because the peptide reproduces aberrant post-translational glycosylations on myelin 
proteins as target of autoantibodies [1].  
It has already been demonstrated that in vitro panning procedures allow to obtain structure 
sensitive antibody fragments [2], and it is widely accepted that a single variable heavy (VH) 
domain isolated from natural antibodies may contribute to antigen binding with comparable 
affinities and specificities to whole antibody [3,4]. We reasoned that antibodies raised against 
this probe could have been relevant for MS.  
The aim of this work was the isolation of a panel of soluble hVH antibody fragments against the 
glucopeptide CSF114(Glc) from a synthetic human domain antibody library [5].  
 
Results and Discussion 
The human domain antibody library was panned searching for antibody clones that could 
effectively and efficiently recognize the antigenic probe CSF114(Glc). 

Selection strategy was based on CSF114(Glc) 
peptide modified with biotin immobilized on 
streptavidin-coated paramagnetic beads. This 
ensured an efficient recovery of binders after 
three rounds of selection, as assessed by phage 
ELISA on individual phage clones harbouring 
different hVH antibody variants. The resulting 
hVH domains were further engineered to 
withstand antibody aggregation induced by heat 
on the phage and showed a folding without the 
loss of binding activity after cooling. These 
hVH domains were further tested in surface 
plasmon resonance (SPR) to evaluate binding 
and specificity to glycopeptide CSF114(Glc) 
and results are summarized in Figure 1. 
Given the translational defects evidenced in the 
CDs of three clones of the four candidates, we 
proceeded to the production in soluble form of 
the clone 22, hereinafter referred to as hVH-
CSF114(Glc)6xHis, the sole that could be 

expressed with His-tag in amber non-suppressor strains such as E. coli HB2151. The candidate 

SPR: binding to immobilized CSF114(Glc)
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Fig. 1 Binding of individual phage clones 
to glycopeptide CSF114(Glc) by surfarce 

plasmon resonance. 
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hVH-CSF114(Glc) 6xHis was purified by affinity chromatography, and characterized in its 
binding properties to glucosylated peptide CSF114(Glc) by SPR (Figure 2). At this purpose 
glycosylated peptide CSF114(Glc) and the corresponding unglucosylated sequence CSF114 
were immobilized on sensors chips and soluble clone was flowed over the peptides to verify the 
specificity of hVH-CSF114(Glc)6xHis to the glycosylated asparagine. Results showed that 
hVH-CSF114(Glc)6xHis binding to the glucosylated peptide raised much higher signals (higher 
than 80%) with respect to the non-glucosylated counterpart. The direct dependence of signals on 

antibody concentration further indicated a specific interaction mainly linked to the presence of 
the N-glucosyl moiety. 
In conclusion, a soluble clone against glycopeptide CSF114(Glc) has been  identified and 
isolated. The obtained SPR results confirmed the specificity of hVH-CSF114(Glc)6×His to the 
sugar moiety in the glucopeptide sequence, fundamental in our goal of reproducing biological 
conditions. Further experiments must be aimed at studying the properties of the isolated human 
anti-CSF114(Glc) hVH domain antibody and the affinity of the interaction.  
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Fig. 2. Stability values registered by surface plasmon resonance at the different 
concentrations (in µg/ml) with CSF114 (dark) and with CSF114(Glc) (grey)  
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Introduction 
Primary Biliary Cirrhosis (PBC) is a multifactorial autoimmune liver disease, characterized by 
the presence of highly specific serum anti-mitochondrial antibodies (AMAs) in 95% of patients. 
The immunodominant epitopes of AMAs were mapped to the inner lipoyl domain of 
dihydrolipoamide acetyltransferase, the E2 component of the pyruvate dehydrogenase complex 
(PDC-E2). In particular, the highly conserved amino acids surrounding the lipoylated K173 of the 
linear peptide AEIETDKATIGFEVQEEG corresponds to hPDC-E2(167-184) [1]. The 
importance of the lipoyl-Lysine seems to be confirmed by its relevant localization within the 
protein. Indeed, conformational studies indicate that K173 is exposed on the tip of a type I beta-
turn [2, 3]. 
Factors leading to PBC onset remain poorly understood. It was hypothesized that PBC tolerance 
breakdown could be elicited by aberrant post-translational modifications (PTMs) on the 
immunodominant epitope hPDC-E2(167-184) [4]. 
In this scenario, we decided to focus on 3 different aspects: 
1) The importance of lipoic acid and its chiral center at C-6. Both the natural and non-natural 
diastereoisomers of lipoylated immunodominant epitope were synthesized: [(R)-Lipoamide-
Lys173]PDC-E2(167-186)-KKKK and [(S)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK, 
respectively. The unlipoylated form of the peptide was also synthesized to elucidate the role of 
lipoic acid: [Lys173]PDC-E2(167-186)-KKKK. 
2) The role of lipoyl-Lysine as minimal epitope, and 3) the relevance of K173 exposition on the 
tip of the beta-turn. We have previously identified CSF114, a 21-mer peptide able to expose 
optimally post-translationally modified residues on the tip of a type I’ beta-turn [5]. In order to 
verify the hypothesis of lipoyl-Lysine as minimal epitope and of K173 exposition in PDC-E2 we 
have synthesized: [(R)-Lipoamide-Lys7]CSF114, [(S)-Lipoamide-Lys7]CSF114 and 
[Lys7]CSF114.  
 
Results and Discussion 
The synthetic putative probes [(R)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK, [(S)-
Lipoamide-Lys173]PDC-E2(167-186)-KKKK, [Lys173]PDC-E2(167-186)-KKKK, [(R)-
Lipoamide-Lys7]CSF114, [(S)-Lipoamide-Lys7]CSF114 and [Lys7]CSF114 were tested on a 
cohort of 65 PBC patients, using solid-phase enzyme-linked immunosorbent assay (SP-ELISA). 
The results obtained for PBC patients were compared with a cohort of 16 normal blood donors 
(NBDs) using a cutoff calculated as (mean value of NBDs) + 3*(standard deviation of NBDs). 
SP-ELISA results are summarized in Figure 1.  
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1) Results obtained using [(R)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK, [(S)-Lipoamide-
Lys173]PDC-E2(167-186)-KKKK allow to state that the chirality of lipoic acid at C-6 has no 
influence on the antibody (Ab) recognition. Indeed, values obtained for the (R)- and (S)- 
enantiomers are comparable. In the case of IgMs to [(S)-Lipoamide-Lys173]PDC-E2(167-186)-
KKKK, a smaller cohort of patients was tested. 
2-3) The comparison of the Ab response to [(R)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK, 
[(S)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK and [Lys173]PDC-E2(167-186)-KKKK with 
[(R)-Lipoamide-Lys7]CSF114, [(S)-Lipoamide-Lys7]CSF114 and [Lys7]CSF114 highlights that 

the minimal epitope exposed on the β-turn scaffold is not able to detect specific Abs in PBC. 
Indeed, the absorbance values observed with the type I’ β-turn CSF114 peptides are 
significantly lower than the one obtained with the PDC-E2 analogues. This discrepancy is 
particularly evident in the case of IgMs. Based on these results, we can assume that the 
aminoacid residues surrounding the lipoyl-lysine are required for Ab recognition. 
One of the most important goal of our study is to find an antigenic probe able to discriminate 
PBC patients compared to NBDs. Interestingly, the unlipoylated analog of PDC-E2, 
[Lys173]PDC-E2(167-186)-KKKK, is the most relevant one for IgM detection. This peptide is 
able to recognize 65% PBC patients, even if with lower titers compared with the lipoylated 
probes. This finding allows to hypothesize the presence of an aberrant PTM, namely a de-
lipoylation, able to uncover a neo-epitope that could trigger the autoimmune response in the 
case of PBC.  
To further verify the ability of PDC-E2 peptide probes to detect auto-Abs as specific PBC 
biomarkers, it will be necessary to enlarge the NBDs cohort and including a pathological control 
cohort, e.g. other autoimmune disease. 
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Fig. 1: PBC patients’ sera Ab response to the PDC-E2 and CSF114 peptide probes tested as 
antigen in SP-ELISA (IgG and IgM). Cutoff value is represented with a black line. Y axis: 
absorbance at 405 nm. X Axis: antigen coated on the plate: 1.[Lys173]PDC-E2(167-186)-
KKKK; 2. [(S)-Lipoamide-Lys173]PDC-E2(167-186)-KKKK; 3. [(R)-Lipoamide-Lys173]PDC-
E2(167-186)-KKKK; 4. [Lys7]CSF114; 5. [(S)-Lipoamide-Lys7]CSF114; 6. [(R)-Lipoamide-
Lys7]CSF114. 
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Introduction 
Certain antibodies (Abs) capable of hydrolyzing amide bond have active sites consisting of a 
serine proteinase-like catalytic triad [1, 2]. Their catalytic rate constants are small compared 
with conventional enzymes [3]. We hypothesized that the Abs-substrate covalent complex may 
not be hydrolyzed efficiently, resulting in low turnover number. Thus, placing water molecules 
near by the active site may help accelerate hydrolysis of the Abs-substrate complex. Producing 
Abs using the isopeptidyl phosphonates with a hydroxyl group that is located around the active 
site, the expected Abs would have enough space for water around the active site and better 
hydrolysis activity. To test our hypothesis, we have designed and synthesized novel isopeptidyl 
phosphonates which could be potentially facilitated water attack. The phosphonate derivatives 
were biochemically evaluated using trypsin as a model enzyme.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
The synthetic route for isopeptidyl phosphonate ester derivatives (1-8) as diastereomer mixtures 
was shown in Fig. 2. Boc-Asp(OBzl)-OH or Boc-Asp(OBzl)-Sar-OH was coupled with H-
Ser(tBu)-OMe or H-Thr(tBu)-OMe using DMT-MM. After removal of the benzyl group by 
catalytic hydrogenation, phosphonate diester analogue mimicking Lys (H-LysP(Boc)-(OPh)2) 
synthesized by Oleksyszyn reaction [4] was coupled. The protected isopeptidyl phosphonate 
ester derivatives were treated with TFA to remove protecting groups. The crude materials were 
purified by HPLC and the structure was confirmed by ESI-MS. Separation of single isomers of 
1-4, 7 and 8 were achieved by HPLC, but single isomers of 5 and 6 were not able to be 
separated. Ability of 1-8 was evaluated by measurement of inhibition of trypsin hydrolyzing 
activity as a model of the Abs with hydrolyzing activity. The assay results clearly showed that 
compounds are capable of protease inactivation. (R)-Diastereoisomers are more potent 
inhibitors of trypsin than their corresponding (S)-diastereoisomers. (R)-Epimer of 1 showed the 
most potent activity (kobs / [ I ] = 7.3 x 105 M-1min-1). Introducing linker caused decreasing 
activity approximately 100-folds (3, 1.1 x 104 M-1min-1; 4, 7.4 x 103 M-1min-1). Compounds (5-
8) containing 1-aminoalchol derivatives are also weaker inhibitor than 1 (7, 5.1 x 104 M-1min-1; 
8, 1.6 x 104 M-1min-1). These results suggest that 4-5 atoms between the amide bond and the 
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Fig. 1. Design of novel isopeptidyl phosphonate ester derivatives 
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hydroxyl group would be suitable for the binding. Molecular docking studies of (R)-epimer of 1 
clearly showed that the side chain of LysP in 1 at P1 position occupies the corresponding 
enzyme binding pocket (S1, Asp189) and the oxygen atom of the phosphonic group is 
hydrogen-bonded with the oxyanion hole formed by the main chain amide groups of Gly193 
and Ser195. Distance between phosphorus atom and hydroxyl group is around 8.8 Å. The result 
suggests that 1 binds to the enzyme active site and hydroxyl group could be presented around 
the covalent bond in the enzyme–inhibitor complex.  
In conclusion, we successfully achieved the synthesis of newly designed isopeptidyl 

phosphonate esters potentially capable of mimicking a water molecule. The results of 
biochemical evaluation suggest that 1 could be a promising compound to arrange a mimicking 
water molecule around the active site of the Abs with hydrolyzing activity. 
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Introduction 
The endocannabinoid system (ECS) consists of two cannabinoid receptors (CB1 and CB2), their 
endogenous ligands (arachidonoyl ethanolamide – AEA, and 2-arachidonoylglycerol – 2-AG) 
and the enzyme system involved in their metabolism [7]. In the last decade the ECS revealed 
itself as a promising aim to investigate due to its relationships with other mediatory systems 
[8,13,14]. 
The Tyr-MIF-1 family consists of four peptides (MIF-1, Tyr-MIF-1, Tyr-W-MIF-1, and Tyr-К-
MIF-1) all isolated from human`s brain. MIF-1 is the first peptide with its anti-opioid effects to 
be proven. It doesn’t bind to opioid receptors, while the other three peptides have opioid as well 
as their own, non-opioid, binding sites [10]. It’s known that Tyr-MIF-1 peptides decrease 
analgesia induced by stress (stress-induced analgesia, SIA), while the ECS modulates the 
organism’s stress reaction [2].  
In the present study we examined the combined effects of naloxone, AEA, and the peptides of 
the Tyr-MIF-1 family on SIA after exposure to low temperature (cold stress-induced analgesia - 
CSIA) in rats. 
The experiments were carried out on male Wistar rats (180-200g). The changes in nociception 
were measured by paw-pressure (PP) test. Acute model of cold stress was obtained by placing 
the animals in a cold chamber (4° C) for 1 hour.  
All drugs were obtained from Sigma and injected intraperitoneally (i.p). Naloxone (1 at a dose 
1mg/kg) was injected immediately after CSIA and 20 min before AEA. AEA (1mg/kg) 
dissolved in DMSO was injected before the peptides. The Tyr-MIF-1 peptides were dissolved in 
sterile saline solution (0.9% NaCl) and injected at a dose of 1mg/kg 10 min after AEA. All 
procedures were approved by the Animal Care and Use Committee of the Medical University of 
Sofia. 
 
Results and Discussion 
CS led to a statistically relevant increase in pain thresholds compared to controls (p<0.001) 
(Figure 1). Administration of AEA alone led to even higher thresholds compared to CS (Figure 
1). The mechanisms of SIA development have two components: an opioid and a non-opioid one. 
In CSIA the latter is the better expressed [5,9], and endocannabinoids take part of it.  
Administration of AEA (which is expected to potentiate the non-opioid mechanisms) in animals 
after CS in fact increased CSIA (Figure 1). Administration of naloxone after CS and before 
AEA decreased pain thresholds compared to CS+AEA (p<0.001) (Figure 1). 
On the 10th min naloxone administered after CS and before AEA and MIF-1 or Tyr-MIF-1 
increased the pain threshold compared to animals without naloxone (Figure 1); while for Tyr-
W-MIF-1 and Tyr-K-MIF-1 no change in respect to animals without naloxone was detected 
(Figure 2). For the remaining time of the experiment a slight decrease in pain threshold was 
observed for animals with CS+Nal+AEA+MIF-1 (on the 20th and 30th min compared to 
animals with CS+AEA+MIF-1),  and for animals with CS+Nal+AEA+ Tyr-MIF-1 (on the 30th 
min compared to animals with CS+AEA+Tyr-MIF-1) (Figure 1).  
The animals with CS+Nal+AEA+Tyr-K-MIF-1 showed a tendency to increase the pain 
threshold compared to animals with CS+AEA+Tyr-K-MIF-1 on the 20th and 30th min. A 
statistically relevant increase in pain threshold was detected for animals with 
CS+Nal+AEA+Tyr-W-MIF-1 on the 30th min (p<0.001) compared to animals with 
CS+AEA+Tyr-W-MIF-1 (Figure 2). 
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CB1-receptors are among the most abundantly expressed G-protein coupled receptors 
throughout the rodent`s and human`s brain [4]. They are localized predominantly 
presynaptically and respond to endocannabinoids synthesized ‘on demand’ in the postsynaptic 
neuron and signal in a retrograde manner [6,15]. Mu-opioid receptors, also G-protein coupled 
ones, are frequently co-localized with CB1s on neurons [1,15], both form functional 
heterodimers [3] and utilize the same pool of G-proteins [12]. Interactions between µ-opioid and 
CB1 receptors have been predicted and studied [11]. The four peptides differently influenced 
CSIA – depending on the final outcome from the combining of the antagonizing effect of 
naloxone on opioid receptors, the modulating effect of the CB1-receptors, and the effects of 
receptors stimulated by the Tyr-MIF-1 peptides (opioid and/or non-opioid ones). Each of the 
peptides has its own specific binding: MIF-1 doesn`t bind to opioid receptors; Tyr-K-MIF-1 acts 
predominantly by its own receptors; Tyr-MIF-1 and Tyr-W-MIF-1 bind to opioid receptors with 
the latter having the stronger affinity for them) [10]. In conclusion: naloxone influences the 
analgesic effects of the peptides from the Tyr-MIF-1 family applied along with anandamide 
after cold stress confirming the involvement of the opioid receptors in the mechanisms of CSIA. 
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            Fig. 1. Effects of 1 hour of cold stress (CS), anandamide 
(AEA, 1mg/kg, i.p.), MIF-1 and Tyr-MIF-1 (both at 1mg/kg, i.p.), 
and naloxone treatment. The results are represented as mean 
values ± S.E.M. CS and AEA were compared to controls 
(***p<0.001;**p<0.01). Administration of naloxone after CS 
before AEA (CS+Nal+AEA) was compared to CS+AEA 
(+++p<0.001;++p<0.01). Effects of naloxone treatment after CS 
and before AEA and MIF-1 (CS+Nal+AEA+MIF-1) were compared 
to CS+AEA+MIF-1 (xxxp<0.001;xxp<0.01). Effects of naloxone 
treatment after CS and before AEA and Tyr-MIF-1 (CS+Nal+AEA+ 
Tyr-MIF-1) were compared to CS+AEA+Tyr-MIF-1 
(000p<0.001;00p<0.01).   

Fig. 2. Effects of 1 hour of cold stress (CS), anandamide (AEA, 
1mg/kg, i.p.), Tyr-W-MIF-1 and Tyr-K-MIF-1 (both at 1mg/kg, 
i.p.), and naloxone treatment. The results are represented as 
mean values ± S.E.M. CS and AEA were compared to controls 
(***p<0.001;**p<0.01). Administration of naloxone after CS 
and before AEA (CS+Nal+AEA) was compared to CS+AEA 
(+++p<0.001;++p<0.01). Effects of naloxone treatment after CS 
and before AEA and Tyr-W-MIF-1 (CS+Nal+AEA+Tyr-W-MIF-1) 
were compared to CS+AEA+Tyr-W-MIF-1 (xxxp<0.001). Effects of 
naloxone treatment after CS and before AEA and Tyr-K-MIF-1 
(CS+Nal+AEA+Tyr-K-MIF-1) were compared to CS+AEA+Tyr-K-
MIF-1 (0p<0.05).   
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Introduction 
The endomorphins 1 and 2, isolated in 1997, proved to express a high affinity for the µ-opioid 
receptor [1] and experimental findings strongly indicated that the µ-opioid receptor played an 
essential role in mediating endomorphins-induced antinociception [2]. The analgesic activity of 
endomorphins (EMs) opens up the extensive studies on the possible use of these peptides 
instead of morphine as analgesics [3]. But such analgesic activity of the two native opioid 
peptides was blunted because of their relatively poor receptor selectivity, compared to alkaloid 
analgesics, the rapid degradation, and the inefficiency to penetrate the blood–brain barrier [4]. 
In order to overcome such inconveniences endomorphin-2 (EM-2) analogs have been 
synthesized with apposite modifications. 
The majority of opioid peptides undergo rapid enzymatic degradation, particularly in blood, by 
exo- and endopeptidases. Stabilization against peptidases in vivo leads to prolonging the half-
life, which may allow the peptide to reach the brain. The stability of native peptides can be 
increased by introducing different structural modifications. One approach is to synthesize 
unnatural amino acids containing analogs. 
Structure-activity studies on the EMs have revealed the importance of Tyr1 and Phe3 residues 
for receptor binding [5,6]; and Pro2 is important for the proper structural orientation of the 
peptide [7,8]. 
In order to increase bioavailability and biological activity of endomorphin-2, its structure has 
been modified through conjugation with deoxycholic acid (DCA) in N-termini. DCA is the most 
abundant component of bile acid, and its biological role as a detergent-like molecule important 
for emulsification, solubilization, and absorption of lipids in the body is well known. The 
introduction of DCA as an end group in the peptide chain was expected to induce self-
association of the DCA-peptide conjugate and therefore to become more resistant to the action 
of enzymes and pH differences.  
Halogenation is generally known to increase lipophilicity and permeability through blood-brain 
barrier (Gentry et al., 1999). The Phe3 residue of EM-2 was modified with the unnatural amino 
acid 4-fluoro-phenylalanine.   
The obtained EM-2-analog substituted with halogenated phenylalanine could not only keep the 
aromatic property of phenylalanine, but also resist the enzymatic degradation (Figure 1). 
The analgesic activity of the newly synthesized EM-2-analog has been then evaluated and 
compared with EM-2  in male Wistar rats (120-150g) kept at 22 ± 1°C temperature, 12-h light 
12-h dark cycle, and food and water ad libitum. Both endomorphin-2 and its analog were 
intraperitoneally (i.p.) administrated at a dose 1mg/kg. The involvement of the opioid receptors 
was demonstrated using the non-selective opioid receptor antagonist naloxone (at a dose 
1mg/kg, i.p.). Nociception was measured by Paw-pressure (PP) test.  
 

 

 Fig. 1. Chemical structure of endomorphin-2 analog.  F= 4-fluoro-phenylalanine. 

F 
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Results and Discussion 
The evaluation of pain threshold started 15 min after i.p. injection of reference or analog 
peptide. The results showed that on the 15th min of the experiment the reference peptide – EM-2 
(1 mg/kg i.p.) increased pain threshold 1,5 times as compared to controls (p<0.001). The 
analgesic effect decreased with time and was significantly lower on the 30th and the 45th, even 
being still higher than the controls (p<0,001) (Figure 2A). 
The EM-2 analog DCA-Phe(pF)3-EM-2 (1 mg/kg i.p.) increased pain threshold approximately 
0,6 times as compared to controls (p<0,001) on the 15th min after injection. Its analgesic activity 
decreased on the 30th min to fully disappear on the 45th min of the experiment (Figure 2A).  
For the whole estimated time the analgesic activity of the analog was weaker than the referent`s. 
Pretreatment with the µ-opioid receptor antagonist naloxone 20 min before EM-2 or DCA-
Phe(pF)3-EM-2 administration completely abolished the analgesic activity both for the referent 
peptide and the newly synthesized analog.  The stronger decrease in pain threshold was 
observed for the EM-2-analog which values reached hyperalgesia (Figure 2B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A.                                                                            B. 

 
Fig. 2. Nociceptive effects of EM-2 and its newly synthesized analog (both at 1 mg/kg, i.p.) after 
administration alone (A) and 20 min after naloxone (Nal, at 1 mg/kg, i.p.)(B) estimated by PP-
test in rats. Main values ± S.D. are presented. *p<0.001 vs. control. 
  
The newly synthesized analog has an analgesic effect compared to the control, yet such effect is 
weaker than the referent molecule EM-2 one`s. The opioid receptor is involved in the analgesic 
activity of DCA-Phe(pF)3-EM-2. 
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Introduction 
Molecular dynamics simulations represent a powerful tool to characterize the interactions 
between antimicrobial peptides (AMPs) and membranes, but suffer from sampling problems due 
to their relatively short time-lengths. We tried to overcome these limitations with the 
“minimum-bias” approach [1-3], performed with both all-atoms (AA) and coarse-grained (CG) 
force fields, and with the potential of mean force (PMF) method [4]. We chose the LAH4 AMP 
as a stringent test case: this peptide is known to reorient from surface-bound to transmembrane 
(TM) when the pH changes from acidic to basic, due to the presence of four His residues in its 
sequence [5]. 
 
Results and Discussion 
In agreement with solid-state NMR data, AA simulations of LAH4 with neutral His (LAH4-n) 
showed the peptide in a TM conformation. The peptide retained a helical secondary structure 
and it was buried inside the bilayer, with a tilted orientation of about 30 degrees to overcome the 
dimensional mismatch with the bilayer. Defect-free bilayers were not observed in simulations of 
LAH4 with charged His (LAH4-c), due to the interaction of these residues with polar lipid 
headgroups (Figure 1). This destabilizing effect on the bilayer structure could be related to the 
higher activity of LAH4 at acidic pH with respect to neutral conditions [6]. Moreover, peptide-
lipid interactions caused a distortion of the helical conformation, as observed in NMR 
experiments [7].  

CG MARTINI simulations were performed by employing two different water models: the 
standard (SW) and the polarizable (PW) water. We performed 30 simulations for each LAH4 
protonation state, and in all simulations we obtained a defect-free bilayer in about 60 ns. 
Trajectories of LAH4-n showed the expected TM orientation in about 75% of the trajectories, 
with both force fields. On the contrary, LAH4-c attained both superficial and TM orientations, 
with the same probability. However, the peptide was closer to the membrane surface with 
respect to LAH4-n, and in an orientation still compatible with experimental data. As a control of 
the reliability of the method, we performed simulations on PMAP-23 and magainin, which are 
known to locate at the surface of the membrane. In this case a significant prevalence of the 
superficial orientation was observed (Table 1). 

 

 

Fig. 1. Structures obtained in AA simulations of LAH4-n (left) and LAH4-c (right). Peptides and 
water molecules are reported in ribbon and stick representations, while nitrogen and 
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By employing a protocol for peptide insertion in bilayers we developed previously [8], three 
independent determinations of free energy profile were performed for each LAH4 protonation 
state as a function of peptide distance from the bilayer center. A deep minimum was observed in 
the center of the bilayer for LAH4-n. By contrast, this position corresponded to a maximum for 
LAH4-c, whose free energy profile exhibited two minima corresponding to inserted, but more 
superficial positions. In addition, both protonation states exhibited local minima corresponding 
to a surface-bound peptide position (Figure 2). 

In conclusion, the different computational methods yielded similar results, in agreement with 
the available experimental data on LAH4. LAH4-n was predicted to assume a TM orientation in 
the membrane, while the protonation of His residues promoted peptide interactions with the 
bilayer surface. 
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Table 1. Peptide orientation in CG minimum bias simulations. 

CG water 

model 

Simulations 

performed 

Bilayer 

formation (ns) 

% inserted 

structures 

LAH4-n 
SW 30 40±20 73 
PW 30 48±24 77 

LAH4-c 
SW 30 32±16 53 
PW 30 60±20 55 

PMAP-23 
SW 30 52±16 30 

Magainin 
SW 30 48±12 31 

 

 

Fig. 2. PMF free-energy profiles obtained for the insertion of LAH4-n (left) and LAH4-c (right) 
in a POPC bilayer. 
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Introduction 
Tuberculosis is a leading infectious disease and serious world health problem. Therefore there is 
an urgent need to develop new agents active against the intracellular bacteria and having 
different mechanism of action. Salicylanilides (2-hydroxy-N-phenylbenzamides) are suitable 
candidates for this purpose due to their remarkable in vitro antimycobacterial activity [1]. 
Salicylanilides inhibit a signal transmission pathway mainly involved in the bacterial cell 
homeostasis and the expression of the virulence factors [2]. 
We have studied the structure-activity relationship of the different salicylanilide derivatives. 
The in vitro antitubercular effect of the compounds was determined on Mycobacterium 
tuberculosis H37Rv cultures as extracellular model. The in vitro cytotoxicity of the 
salicylanilides was determined on human MonoMac-6 cell culture used as host cell model [3]. 
The most active compound was conjugated to macrophage - as main host cell - related tuftsin 
receptor specific peptide carrier [3, 4]. Tuftsin is a tetrapeptide (human: TKPR, canine: TKPK) 
[5] and macrophages, monocytes (e.g. MonoMac-6) express tuftsin receptors on their surface. 
Nontoxic oligotuftsin derivatives ([TKPKG]n (n=2, 4, 6, 8)) were applied as carriers and 
targeting moieties [3, 4]. The tuftsin carriers have immunostimulatory activity and chemotactic 
activity on monocytes [6]. The new salicylanilide-oligotuftsin conjugate was chemically and in 
vitro characterized.  
 
Results and Discussion 
Salicylanilides were prepared from the reaction of the substituted salicylic acids and the 
appropriate substituted anilines in the presence of phosphorus trichloride in chlorobenzene [1]. 
Minimal inhibitory concentration (MIC) of the compounds 1a-f was determined on M. 
tuberculosis H37Rv culture in Sula liquid media (pH 6.5). The inhibition was confirmed using 
Löweinstein-Jensen solid media and the colony forming unit (CFU) was enumerated. All 
compounds have outstanding inhibition activity against the extracellular bacteria (Table 1). 
The most active compound against the bacteria (1c) was modified with 4-formylbenzoic acid in 
the presence of N,N’-dicyclohexylcarbodiimide (DCC) as activating agent in  
N,N-dimethylformamide (DMF) forming ester bond (2c). Aminooxyacetylated oligotuftsin 
peptide (Aoa-OT20) was synthesized using solid phase peptide synthesis. The resulting 
salicylanilide ester with formyl group was conjugated to the aminooxyacetyl-oligotuftsin 
peptide carrier through oxime bond (3c, Figure 1).  

Figure 1. Synthesis of the salicylanilide-oligotuftsin conjugate via oxime bond 
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Table 1. In vitro antimycobacterial and cytotoxicity evaluation of the compounds and the 
conjugate. The most active substituted salicylanilide (1c) is highlighted.  

code R1 R2 Mmo calc/meas
a MIC (µM)b CFUc IC50 (µM)d SIe 

1a 5-Cl 4’-CF3 315.0/315.1 1.6 0 5.3±0.8 3.3 

1b 5-Cl 3’,4’-diCl 315.0/315.0 1.6 2 3.6±1.4 2.3 

1c 5-Br 4’-CF3 359.0/359.1 1.4 2 7.6±2.2 5.4 

1d 5-Br 3’,4’-diCl 358.9/359.0 1.4 2 3.5±2.4 2.5 

1e 5-Cl 4’-CO-Ph 351.1/351.2 14.2 3 48.0±3.7 3.4 

1f 5-Br 4’-CO-Ph 395.0/395.1 12.7 2 21.8±4.3 1.7 

2c 4-Br 4’-CF3 492.2/492.1 1.0 2 38.8±12.0 38.8 

3cf 4-Br 4’-CF3 2610.7/2611.4 1.9 10 4.4 2.3 
a Monoisotopic molecular mass, ESI-MS, Bruker Esquire 3000+ 
b Minimal inhibitory concentration against Mycobacterium tuberculosis H37Rv in Sula liquid media 
c Colony forming unit on Löweinstein-Jensen solid media 
d Half maximal inhibitory concentration against MonoMac-6 cell line, MTT assay was used 
e Selectivity index, SI=IC50 (µM)/MIC (µM) 
f The C-terminal of the peptide is in amide form 
 
The compounds were characterized by mass spectrometry (ESI-MS), NMR, IR, and melting 
point measurement. The conjugate was characterized by RP-HPLC and mass spectrometry. 
The in vitro antitubercular activity of the ester 2c and the conjugate 3c was also studied on M. 
tuberculosis H37Rv (Table 1). The in vitro cytotoxic effect (IC50) of the compounds and the 
conjugate was measured on MonoMac-6, human monocytic cell cultures, which is the in vitro 
model of the host cell macrophages. Tetrazolium-based colorimetric MTT assay was used [7] 
(Table 1). 
The significant in vitro antimycobacterial effect of the salicylanilide remained attractive in the 
conjugate. The compounds showed poor selectivity due to the cytotoxicity (low IC50 value) on 
human MonoMac-6 cells. Our further aim is to improve the selectivity and achieve the balance 
between the outstanding antitubercular effect and the in vitro cytotoxicity on human host cells. 
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Introduction 
Antimicrobial resistance is still one of the main reasons that lead to prolonged illness, greater 
risk of death and higher costs. Since new resistance mechanisms steadily emerge there is great 
demand on new and innovative antibiotics with novel activity spectra [1]. Recently, 
imidazolium based ionic liquids with antimicrobial activity have been developed by 
combination of an imidazolium based cation with an anion that has antibiotic activity [2]. In this 
study we will investigate the biological activity of mixtures out of antimicrobial peptides 
(AMPs) and ionic liquids (IL). 
 
Results and Discussion 
Two different AMPs were used in this study, namely sC18 and the LL-37 peptide. sC18 is a 
short C-terminal fragment of the cationic antimicrobial peptide cathelicidin CAP18 [3], and was 
developed by us as cell-penetrating peptide [4-7]. Furthermore, we investigated the LL-37 
peptide, which belongs to the group of cathelicidine, too. It is a two amino acid truncated form 
of FALL-39 [8]. Both peptides exhibit MIC values in the lower micromolar range. As ILs we 
used compounds IL-1 and IL-2 differing only in the length of their alkyl chain (Figure 1). The 
component mixture contains different concentrations of the ILs IL-1 and IL-2 (between 5 - 400 
µM), and the respective AMPs sC18 and LL-37 (2.5 µM). The antimicrobial activity was 
studies towards a Gram-positive bacterium (Bacillus subtilis), a Gram-negative bacterium 
(Escherichia coli) and an acid-fast bacterium (Mycobacterium phlei). The minimum inhibitory 
concentration (MIC), the lowest concentration of an compound that inhibit the growth of the 
bacteria, was determined and manually deduced from individual graphs for each compound or 
compound mixture (see Table 1). 
 
For B. subtilis and M.phlei an incubation with a mixture of the antimicrobial peptide LL-37 and 
IL-1 leads to 4-fold increased MIC values. However, when incubated with the mixture 
containing sC18 no changes were detectable. Contrasting results were obtained for E. coli, were 
the addition of LL-37 as well as the addition of sC18 led to a MIC value around 100 µM. 
Interestingly, testing the second ionic liquid we observed quite increased antimicrobial 
activities. Again, the antimicrobial effect of IL-2 is increased against B. subtilis  and  M.phlei  
when adding LL-37 to the mixture (leading to an 12-fold increased MIC value), but not when 
adding sC18. In contrast both peptide/IL mixtures had a similar MIC value of about 5 µM 
against the Gram-negative bacterium E. coli. 

 
 
 
 
 
 
 

 
 
 
Fig. 1. Ionic liquids IL-1 and IL-2 with different C-chain lengths and antimicrobial peptides used 

in this study. 
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Tab. 1: Minimial inhibitory oncentration of ionic liquids (IL-1/IL-2) with and without 
addition of 2.5 µM of antimicrobial peptides . 
 MIC [µM]  

Organism IL-1 IL-1 + 2.5 µM sC18 IL-1 + 2.5 µM LL-37 

B. subtilis (ATTC 6633) > 400 > 400 100 

E. coli K12 (MG 1625) > 400 100 100 

M. phlei (DSM 48214) > 400 > 400 100 

 MIC [µM]   

Organism IL-2 IL-1 + 2.5 µM sC18  IL-1 + 2.5 µM LL-37 

B. subtilis (ATTC 6633) > 60 > 60 5 

E. coli K12 (MG 1625) > 60 5 5 

M. phlei (DSM 48214) > 60 > 60 5 
 

 
The results of the different mixtures depicted in Table 1 generally demonstrate the positive 
effect between the AMPs and ILs concerning the antimicrobial activity against different strains 
tested. In this respect, LL-37 shows a clear increased effect. Moreover, the activity of the ILs 
tested depends on the length of the alkyl chains, an observation that was already described [9]. 
In conclusion, we describe for the first time the antimicrobial activity of mixtures out of AMPs 
and ILs. Although promising, we currently work on the covalent combination of both partners. 
In first experiments we could demonstrate the versatility of this approach [10]. 
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Introduction 
Many topical strategies may offer effective and well-tolerated alternative in skin and tissue 
therapy. Currently, lipopeptides are highly desirable class of the compounds, offering 
antimicrobial, immunomodulatory and strong repairing activities with improved permeability 
properties [1, 2]. The object of our interest is a molecule of Gly-His-Lys which is a fragment of 
ECM (extracellular matrix protein), liberated during soft tissue damage. Natural tripeptide 
activates several processes in the skin, such as stimulation of collagen and elastin synthesis, 
production of proteoglycan and glycosaminoglycan and formation of extracellular cement 
between cells. It possesses not only anti-inflammatory, anti-oxidant, antitumor properties but 
also antimicrobial activity [2, 3]. Encouraged by the results of tripeptide modifications 
described in the literature, we synthesized a series of its conjugates and study their activity.     
 
Results and Discussion 
Continuing our studies on development of Gly-His-Lys conjugates, we investigated both their 
antimicrobial and epidermal permeability properties. The novel compounds 1-11 include the 
conjugation of fatty acids with modification of the amino acid sequence in the primary structure 
of tripeptide (Fig. 1). The details of the general procedure of the synthesis of lipopeptides were 
described [4].  
Antimicrobial assay for all compounds were performed by determination of MIC and 
MBC/MFC values. MICs were determined by broth micro-dilution according to EUCAST 
recommendations and modifications described for lipopeptides [5]. The activity of the 
compounds was investigated against reference strains of gram positive (S. aureus spp., S. 

pyogenes sp., B. cereus spp.), gram negative bacteria (P. aeruginosa sp., E. coli spp.) and fungi 
(C. albicans spp.). The final concentration of lipopeptides on the 96-well plates was up to 
1500 µg/mL or 2000 µg/mL. Standard antibiotics were used as reference (Tetracycline, 
Kanamycin, Nystatin). The results of our study indicate that lipopeptides exhibit strong to 
moderate activity. Compounds 6, 7 (Fig. 2) had the most antimicrobial activity at MIC ranges: 
7.8-15.6 µg/mL (S. pyogenes spp.), 31.3-250.0 µg/mL (S. aureus spp.), 31.3-62.5 µg/mL (B. 

cereus spp.) (Fig. 2A).  
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No. Comp. X Y R1 R2 R3 

1 Hyp Lys CH3(CH2)10COO H OH 

2 Gly-Hyp Lys CH3(CH2)10COO H OH 

3 Hyp-Met Lys CH3(CH2)10COO H OH 

4 Hyp D-Lys CH3(CH2)10COO H OH 

5 Hyp Lys CH3(CH2)14COO H OH 

6 Hyp Lys CH3(CH2)14COO H NH2 

7 Hyp-Met Lys CH3(CH2)14COO H NH2 

8 Hyp Lys CH3(CH2)16COO H OH 

9 Gly-Hyp Lys CH3(CH2)16COO H OH 

10 Hyp-Met Lys CH3(CH2)16COO H OH 

11 Hyp D-Lys CH3(CH2)16COO H OH  

Fig. 1. The structure of synthesized conjugates of Gly-His-Lys analogues 
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The activity against E. coli spp. and P. aeruginosa spp. was observed at MIC ranges 31.3-
125.0 µg/mL and 375.0-1000.0 µg/mL respectively. Lipopeptide 4 expressed activity against 
S. aureus spp. and E. coli spp. at MIC ranges 250.0-500.0 µg/mL and 62.5-125.0 µg/mL. 

 
Fig. 2. Minimal inhibitory concentrations of compounds against A. bacteria B. fungi, � = mean 

Three compounds 4, 6, 7 possessed rapid bactericidal activity at 2MIC (8h) and 4MIC (4h). 
Conjugates 1-3, 5, 8 showed lower but also noticeable bacteriostatic and bactericidal effects 
against bacteria. Compounds 6-9 were the most active against C. albicans spp. (Fig. 2B). The 
important part of our work is focused on the study of the permeability through the epidermal 
barrier. The in vitro penetration process was studied in the model system, a Franz diffusion cell 
[6]. The preliminary experiments demonstrated that lipopeptides are transported through the 
membranes modeling the horny lipid layer. Solutions (pH 7.4) were taken from donor and 
acceptor cells after time intervals (2, 4, 6, 8, 24, 48, 72 h). Various instrumental techniques was 
used to study the penetration ability such as HPLC, spectrophotometry UV-vis and MS. The 
hydrophobic tail linked to peptide played an important role in permeation rate of compounds. 
Permeability coefficients for selected compounds 3, 5, 7, 8 are summarized in Table 1. The 
presented results provide new information to complete the knowledge about permeation profile 
of lipopeptides [4].  
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Table 1. Permeability of lipopeptides (mean±SD), n=3, probability level 0.95 

Comp. Cumulative % 
permeated (xcm-2) 

Results in vitro 

Ass [µg/cm2]a Aepid 
[µg/cm2]b Kp (*10-8)[cm/s] c 

5 41.0±9.8        97.5±19.5 32.5±19.5 64.0±5.5 

7 39.8±3.2        79.6±6.4 50.4±19.2 10.5±3.1 

8          6.8±8.7       15.1±15.0 114.8±50.0 2.3±0.4 
a Total amount in the skin; b Amount in epidermis; c Apparent permeability coefficient  
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Introduction 
Since the bacterial resistance to antibiotics is increasing rapidly, numerous studies have 
contributed to the design and synthesis of potent synthetic mimetics of antimicrobial peptides 
(AMPs). The bovine cationic dodecapeptide bactenecin (also called dodecapeptide) is one of the 
smallest naturally occurring antimicrobial peptides. A linear variant, Bac2A 
(RLARIVVIRVAR-NH2), in which the cysteine residues were replaced with alanines, showed 
similar activity against Gram-negative bacteria but improved activity against Gram-positive 
bacteria. The features of Bac2A, namely small size, linearity, and activity against both Gram-
positive and Gram-negative bacteria, make this peptide an ideal lead structure to develop new 
antimicrobial drugs. 
In the present work,  we focused on developing the short Bac2A (4- or 5 amino acid residues) 
possessing potent, antimicrobial activity by modulating the peptide parameters, such as charge 
and hydrophobicity. Analogues containing one, two Canavanine (Cav) residues and one or two 
Sulfoarginine (sArg residues) were designed and synthesized. The antibacterial activity of 
synthesized peptides was studied by a disc diffusion assay and by minimum inhibitory 
concentration (MIC) against selected Gram-negative  and Gram-positive bacteria . 
 
Results and Discussion 
The active fragments (1-6 and 8-11) (Figure 1) were used as the lead peptides to study the role 
of Arg residues in the N- and C-end for the antibacterial activity. These two arginine residues 
were either omitted or replaced with non-proteinogenic analogues of arginine (the Cav, sArg).  

The peptides were synthesized by standard Fmoc solid phase synthesis on 2-
chlorotrityl chloride resin with substitution, 1.4 mmol/g.  The coupling of each amino acid was 
performed in the presence of 3 mol excess of Fmoc-amino acid, 3 mol excess of N-hydroxy-
benzotriazole (HOBt), 3 mol excess of Diisopropylcarbodiimide (DIC), and 5 mol excess of 
diisopropylamine (DIPEA) in Dimethylformamide (DMF). Completion of coupling reactions 
were monitored by the Kaiser test and the Fmoc groups were removed by adding 20% 
piperidine in DMF. 

The cleavage step from the resin and the final deprotection of all remained protecting 
groups was done in a standard cocktail containing trifluoroaceticacid (TFA), triisopropylsilane 
(TIPS), thioanisole, and water (92.5: 2.5: 2.5: 2.5).  
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The crude peptides were precipitated into cold petroleum ether/diisopropyl ether (50:50). Then, 
the precipitate was dissolved in 10% CH3COOH and desalted by gel filtration on a Sephadex 
G25. The purified product was lyophilized in vacuum and characterized by analytical HPLC, 
CE and LC-MS. 

 

 

Fig. 1. Bac2A analogues 
Bacterial susceptibility assay Minimum inhibitory concentrations (MICs) were 

determined using a broth microdilution assay. Briefly, bacterial cells were grown overnight in 
BHI broth or MRS medium and diluted to105CFU/ml in corresponding culture medium prior to 
use. Two-fold serial dilutions of peptides were prepared in culture medium at a volume of 200 
µl/well in 96-well plates.  

The final concentration of peptides ranged from 0.125 to 256 µg/ml. Water was added 
to a separate well to serve as a control. The plates were then incubated at 37oC under anaerobic 
conditions for 24 h or 48 h. The MIC was defined as the lowest peptide concentration present in 
the clear well by visual inspection.  
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Introduction 
Hemocyanins (Hcs) are copper-containing respiratory glycoproteins with quaternary structure 
localized in the hemolymph of of several arthropods and molluscs. Molluscan hemocyanins are 
large glycoproteins, usually have a higher carbohydrate content (1-9 %, w/w) with different 
structures and quantities of the oligosaccharide moieties [1, 2]. Molluscan Hcs usually have are 
powerful immunogens, probably due to their high carbohydrate content and specific 
monosaccharide composition [3, 4]. One of the most investigated and widely used in 
experimental immunology and clinical practice as adjuvant and molecular bearer is Keyhole 
limpet hemocyanin (KLH) isolated from hemolymph of the marine snail Megatura crenulata.  

We have now analyzed the oligosaccharides and the carbohydrate linkage sites of the 
structural subunit βc-HlH isolated form land snail Helix lucorum using tandem mass 
spectrometry. Mass spectrometry is the method of choice for the sensitive and comprehensive 
analysis of proteins and glycoproteins. The comprehensive analysis of protein glycosylation is a 
major requirement for understanding glycoprotein function in biological systems, and is a 
prerequisite for producing recombinant glycoprotein therapeutics. 
Results and Discussion 
In total 10 potential sites for N-glycosylation (Asn-Xaa-Ser/Thr), were identified in the gene 
sequence of the hemocyanin isoform βc-HlH, but only some of them appear to be glycosylated 
[5]. However, the oligosaccharide structures of the βc-HlH hemocyanin isoform from Helix 
lucorum are not known yet. The aim of the present study is therefore to identify and characterize 
the carbohydrate structures of the hemocyanin from this garden snail gastropod based on mass 
spectrometric analysis. 

Glycopeptides were isolated after overnight digestion of the structural subunit βc-HlH with 
trypsin digestion, and the resulting peptides were subjected to reversed phase separation  using a 
Nucleosil 7 C18 column. Fractions testing positive in the orcinol test were lyophilized and 
studied by mass spectrometry,  using Q-Trap-LC/MS/MS.  

A glycopeptide, selectively detected in a proteolytic mixture by the appearance of 
collisionally induced marker oxonium ions such as m/z 163 [Hex+H]+, 204 [HexNAc+H]+, or 
366 [HexHexNAc+H]+, was sequenced.  The insert of  Fig.1A shows the LC/MS/MS total ion 
current (TIC) chromatogram of the precursor ion scan (monitoring m/z 204) of the HPLC 
fraction at time 27.1 min. The enhanced resolution scan (not shown) showed that the 
glycopeptide with mass 1781.5 eluting at this moment was doubly charged at m/z 891.25  
[M+2H]2+.  

The MS/MS spectrum (Fig. 
1B) is dominated by glycan 
fragmentation series of Y- and B-
ions, corresponding to the 
Domon/Costello nomenclature. 
However, peptide fragmentation 
(Roepstorff/Biemann cleavages) 
became more dominant when the 
collision energy was increased, 
allowing one to deduce the peptide 
sequence DHNTTR from the series 
of y- and b-ions (Fig. 1B). The ion 
b6 (m/z 725.5) or y6 (m/z 743.4) 
correspond to the peptide which 
contains one potential glycosylation 
site (-NTT-).  

A) 
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The ion y4 at m/z 491.3 correspond to the C-terminal fragment of the peptide -NTTR, and the 
ion at m/z 694.4 represents the same fragment still containing one GlcNAc moiety. This 
suggests that the linkage site -NTT- is glycosylated. The ion at m/z 946.4 corresponds to the 
intact peptide, represented as ion y6 (m/z 743.4), which is N-glycosylated with a single GlcNAc 
residue. The peptide sequence DHNTTR was determined from mass spectrometric fragmenting 
and fully consistent with the fragment of gene sequence of βc-HlH-g, at Asn 125 [5]. The 
glycan structure of this peptide could be revealed by this MS/MS spectrum, which displayed the 
typical ions: B1α at m/z 163.0 (Man), C1β at m/z 195.0 (MeMan), Y1 m/z 204.1 (GlcNAc), 
Y3αY3βY3γB3 m/z 366.2 (Man1GlcNAc1), m/z 528.3 (Man2GlcNAc1).  The MS/MS-
spectrum (Fig.1B) clearly demonstrated the presence of core-linked xylose as well as terminal 
methyl-hexose linked at the central mannose residue of the trimannosyl core: Y3αY3γB2 at m/z 
339.0 (MeMan1Man1), Y3αB2 at m/z 471.0 (D ion: MeMan1Man1Xyl1), Y3γB2 at m/z 501.1 
(MeMan1Man2), B2 at m/z 633.1 (MeMan1Man2Xyl1), Y3αB3 at m/z 674.1 
(MeMan1Man2Xyl1GlcNAc1), B3 as and C3 at m/z 836.2 and 854.2, respectively 
(Xyl1MeMan1Man2GlcNAc). Combining all data, the carbohydrate structure of 1038.0 Da 
(Xyl1MeMan1Man2GlcNAc2) could be suggested. The occurrence of xylose residue in βc-HlH 
from H. lucorum is considered to be highly immunogenic in mammalian species [3]. The 
oligosaccharide constituents of Hcs are of prime significance for its antigenicity and biomedical 
properties, knowledge on the carbohydrate structures of this glycoprotein are still incomplete.  
Therefore, they are extremely interesting for the further investigation of the structural and 
functional role of protein glycosylation. The carbohydrate chains of some Hcs are involved in 
their antiviral and antitumor effect, as well in the organization of the quaternary structure of the 
molecules [1-4]. 
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B) 

Fig. 1. Precursor scan (A)  of the ion at time 27.1 min of the chromatographic separation 
(insert) and enhanced product ion (EPI) scan of the ion (B) at m/z 891.25 [M+2H]2+. 
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Introduction 
Inflammatory, demyelinating diseases of the central nervous system (CNS) comprise a broad 
spectrum of mechanistically heterogeneous disorders of which multiple sclerosis (MS) is the 
most common [1]. There is strong evidence that antibody (Ab) dependent mechanisms 
contribute to the pathogenesis in at least a subset of patients with CNS inflammation [2]. Even if 
its role as putative autoantigen in MS and in its animal models is still matter of debate, Myelin 
Oligodendrocyte Glycoprotein (MOG) is one of the best studied candidate autoantigen. This 
hypothesis arises from its localization on the outermost surface of myelin sheaths, enabling the 
access of auto-Abs to MOG extracellular domain. Numerous studies are based on MOG and 
anti-MOG Ab detection using different protein preparations and protocols. This is the reason of 
inhomogeneous and controversial data on the role of MOG in MS autoimmune response. 
In this context, we reported the use of properly folded extracellular domain of ratMOG(1-117), 
produced in E.coli, demonstrating that anti-MOG Abs are not relevant in a statistically 
significant number of MS patients [3]. Conversely, we reported that the structure-based 
designed N-glucosylated type I’ beta-turn peptide, CSF114(Glc) is able to detect specific and 
high affinity Abs in MS patients. Therefore, we proposed that CSF114(Glc) is a mimic of 
aberrantly post-translationally modified myelin antigens [4,5].  
Based on these findings, we hypothesize that aberrant N-glucosylation of Asn31, native 

glycosylation site of hMOG, is 
involved in the 
etiopathogenesis of MS. We 
decided to develop a semi-
synthetic strategy to produce 
N-glucosylated hMOG by 
Native Chemical Ligation 
(NCL). 

Results and Discussion 
A C-terminal active ester of the 
peptide fragment 
[Asn31(Glc)]hMOG(1-34) was 
prepared to perform the 
ligation to the protein fragment 

Fig. 1. Native chemical ligation scheme.  
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hMOG(35-117) expressed in E. coli. hMOG(35-117) was modified with a selective point 
mutation (M35-C35) to include the Tobacco Etch Virus (TEV) protease consensus sequence at 
N-terminus and obtaining at the end a free Cys after cleavage. N-peptidyl-N-alkylsulfonamides 
are stable, poorly reactive with nucleophiles, and accessible by Fmoc-SPPS by scalable, robust 
procedures. Their reactivity can be modulated by addition of thiols to the ligation milieu. 
Peptidyl N-alkylsulfonamides can be obtained using the sulfamylbutyryl linker attached to an 
acid-labile resin [7]. 
Both [Asn31(Glc)]hMOG(1-34) and the non-glucosylated analogue were firstly synthesized on 
low loading resins using MW irradiation. The substitution level of the resin was determined 
spectrophotometrically. After the synthesis, on-resin methylation was performed using 
trimethylsilyl diazomethane in hexane/DCM (1:1) [8]. The reaction was monitored by UPLC-
MS and completed in ~40h. Finally, the synthesized analogues were cleaved from the resin, 
purified by RP-HPLC and characterised by ESI-MS.  
[Cys35]hMOG(35-117) extended at the N-terminus with the TEV-protease consensus sequence 
was cloned in a pET-22b vector. The protein was expressed in BL21(DE3)-Gold chemically 
competent E.coli cells, then purified by Ni-affinity chromatography, using the Äktabasic 
system. Numerous TEV-cleavage attempts were performed to maximize the amount of Cys-free 
protein. Different conditions were tested, changing enzyme units and buffer, incubation time 
and temperature. Each reaction was monitored by SDS- or Tricine-PAGE, MS-MALDI and 
analytical HPLC. The best yield was obtained incubating the reaction overnight at 20°C, using 
200 units of TEV/100 µg of protein in a buffer containing 2M Urea and 14 mM β-
mercaptoethanol.  
Work in progress concerns both the ligation between the [Asn31(Glc)]hMOG(1-34) and 
[Cys35]hMOG(35-117). The pure [Asn31(Glc)]hMOG(1-117) will be used as antigenic probe in 
immunoenzymatic assays on MS patients’ sera and compared with anti-CSF114(Glc) Abs. 
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Introduction 
Antimicrobial peptides (AMPs) are able to kill bacteria by perturbing their cellular membranes. 
Therefore, the determination of their location and orientation inside lipid bilayers is a 
fundamental step in the characterization of their mechanism of action. The synthetic amino 
acids para-cyano-Phe [(pCN)Phe] and its Cα-methylated derivative (Figure 1) exhibit useful 
fluorescence and IR absorption signals that have been shown to be sensitive to the local 
environment [1]. To assess the utility of these probes in studying peptide-membrane 
interactions, we synthesized several analogues of the antimicrobial peptides alamethicin F50 [2] 
and trichogin GA IV [3], in which selected positions were labeled with the nitrile-containing 
amino acids. In addition, peptides known to adopt a transmembrane (TM) orientation [4] were 
used as a control (Table 1).  

 
Results and Discussion 
The (pCN)Phe probe features a strong absorption band at 240 nm and a smaller peak at 280 nm. 
The fluorescence emission is centered at 301 nm. Emission spectra collected in water and with 
the peptides bound to phospholipid membranes indicated that the intensity decreases 
significantly when the probe is inserted in an apolar environment, and can thus be used to 
follow peptide-membrane association. The water-membrane partition curves resulted to be 
essentially the same for all the analogues of AlaP, confirming that perturbations introduced by 
(pCN)Phe are negligible. In addition, membrane leakage experiments performed with 
carboxyfluorescein-loaded liposomes showed that the presence of the probe does not affect the 
membrane-permeabilizing activity of the peptides.  

In order to investigate the sensitivity of the (pCN)Phe IR absorption band to the depth of 
insertion inside membranes, we measured ATR-FTIR spectra of the Tric1, Tric8, Al4, Al15, 
TM3, TM11 analogues. All the peptides showed a peak around 2230 cm-1 due to the (pCN)Phe 
absorption. The shape of this band resulted to be sensitive to the depth of insertion of the probe, 
i.e. the full width at half maximum of the band measured with TM11was almost twice that of 
TM3. Polarized ATR spectra of the amide I absorption band confirmed the effective 

 

Fig. 1. Structure of the two nitrile-containing amino acids exploited in this work 
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transmembrane orientation of the TM analogues, indicating an (average) cosine squared of the 
angle between the peptide helix and the bilayer normal of about 0.7, corresponding to an angle 
of about 30°. The different depths of membrane insertion of the probe for the two TM analogues 
was confirmed by fluorescence quenching experiments by chloride ions, showing that TM11 
was less sensitive to the quencher than TM3. 

Overall, these data indicate that (pCN)Phe and (pCN)(αMe)Phe do not perturb significantly 
the peptide behavior, offer a picture of the antimicrobial peptide insertion in the membrane and 
confirm that the two cyano-containing residues are useful probes in spectroscopic studies of 
peptide-membrane interactions. 
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Table 1. Sequences of the peptides investigated 

Acronym Sequencea 

Trichogin 
GA IV nOct-Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-Ile-Leu-OMe 

Tric1 nOct-(αMe)(pCN)Phe-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-Ile-Leu-OMe 
Tric8 nOct-Aib-Gly-Leu-Aib-Gly-Gly-Leu-(αMe)(pCN)Phe-Gly-Ile-Leu-OMe 

AlaP Ac-Aib-Pro-Aib-Ala-Aib-Ala-Glu(OMe)-Aib-Val-Aib-Gly-Leu-Aib-Pro-
Val-Aib-Aib-Glu(OMe)-Glu(OMe)-Phol 

Al4 Ac-Aib-Pro-Aib-(pCN)Phe -Aib-Ala-Glu(OMe)-Aib-Val-Aib-Gly-Leu-Aib-
Pro-Val-Aib-Aib-Glu(OMe)-Glu(OMe)-Phol 

Al9 Ac-Aib-Pro-Aib-Ala-Aib-Ala-Glu(OMe)-Aib-(pCN)Phe -Aib-Gly-Leu-Aib-
Pro-Val-Aib-Aib-Glu(OMe)-Glu(OMe)-Phol 

Al15 Ac-Aib-Pro-Aib-Ala-Aib-Ala-Glu(OMe)-Aib-Val-Aib-Gly-Leu-Aib-Pro-
(pCN)Phe -Aib-Aib-Glu(OMe)-Glu(OMe)-Phol 

TM Ac-Lys-Lys-(Leu-Ala)10-Lys-Lys-amide 
TM3 Ac-Lys-Lys-(pCN)Phe -Ala-(Leu-Ala)9-Lys-Lys-amide 

TM11 Ac-Lys-Lys-(Leu-Ala)4-(pCN)Phe -Ala-(Leu-Ala)5-Lys-Lys-amide 
a nOct=n-octanoyl, Lol=leucinol, Phol=phenylalaninol, Ac=acetyl 
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Introduction 
In previous studies [1,2] we have shown that the filamentous fungus Stilbella flavipes strain 
CBS 146.81 [3], which has recently been reclassified as Trichoderma flavipes [4], produced a 
highly microheterogeneous mixture of linear polypeptide antibiotics under submerged 
fermentation conditions. Three groups of peptaibols, named stilboflavins (SF) A, B, and C, 
could be separated by preparative TLC. The sequences of SF A and SF B have previously been 
determined by HPLC-ESI-MSn; configurational analysis of amino acids and amino alcohols was 
performed by chiral GC-SIM-MS.  
SF-A comprises of seven acidic 20-residue peptaibols, whereas SF-B consists of ten neutral 20-
residue peptaibols. Both groups are distinguished by exchange of Glu18/Gln18, Aib6/Ala6, 
Leu9/Val9 as well as the C-terminal valinol (Valol) and/or leucinol (Leuol) residue.  
Here, we report on the sequences of SF-C, representing a mixture of novel 16- and 19-residue 
peptaibols as well as one single 20-residue sequence.  
 
Results and Discussion 
A sample of SF C, which yielded one single spot on TLC [1], could be separated into five peaks 
by preparative HPLC, i.e., SF-C1 to SF-C5. A detailed analysis by analytical HPLC revealed 
that each of these five groups still represented a yet extremely microheterogeneous mixture of 
homologous and positionally isomeric peptides. Analysis of the individual sequences by online 
HPLC-ESI-MS provided the respective protonated pseudomolecular ions ([M+H]+) and their 
corresponding sodium adducts ([M+Na]+) as well as more or less complete series of diagnostic 
fragment ions of the b-type series. Combined with GC-MS data, HPLC-ESI-MS indicated that 
SF-C peptides differ from SF-A and SF-B by chain length and the presence of Ser at the 
penultimate position of most of the sequences found. The C-terminal residue was assigned as 
either alaninol (Alaol) or Leuol/Ileol (Lxxol). Representative sequences of SF C1 – SF C5 are 
listed in Table 1.  
 
The entirety of all peptaibols/peptaibiotics biosynthesised by a fungus under defined culture or 
natural conditions has been terminated ‘peptaibiome’, and the corresponding analytical 
technique ‘peptaibiomics’ [5]. Accordingly, the peptaibiome of S. flavipes CBS 146.81 
comprises of seven 20-residue peptides (SF-A), ten 20-residue peptides (SF-B) as well as a 
mixture of nineteen 16- and 19-residue peptides and one single 20-residue peptide that could 
completely be sequenced. Notably, the presence of a further 26 peptides was recognised but 
MS/MS and CID-MS experiments on the respective pseudomolecular ions revealed only partial 
sequences. Thus, at least 46 simultaneously biosynthesised, non-ribosomal polypeptides 
represent the hitherto uncharacterised mixture of SF-C peptaibols. Taking the sequences of SF-
A and SF-B into account, the peptaibiome of S. flavipes CBS 146.81 comprises at least 63 
polypeptides, 37 of which could completely be sequenced.  
We hypothesize that such armoury of bioactive peptides differing in amino acid composition, 
chain length, and amphipathicity, serves as biochemical weapon for colonisation and defence of 
the ecological niche [6,7] of Stilbella flavipes − a species that can, at least, facultatively 
parasitize fungi of the family Hymenochaetaceae [8].  
 



Peptides 2014, Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Eds) 
European Peptide Society, 2014 

295 

 

 

 

References 
1. Jaworski, A., Brückner, H., J. Pept. Sci. 7, 433-447 (2001).  
2. Jaworski A., and Brückner, H.,  In Martinez, J., Fehrentz, J.-A. (Eds.) Peptides 2000 (Proceedings of the 

Twenty-Sixth European Peptide Symposium), EDK, Paris, France, 2001, p. 657.  
3. Seifert, K.A., Stud. Mycol. 27, 1-235 (1985).  
4. Jaklitsch, W.M., Voglmayr, H., Mycotaxon 126, 143-156 (2013).  
5. Krause, C., Kirschbaum, J., Brückner, H. Amino Acids 30, 435-443 (2006).  
6. Röhrich, C.R., Iversen, A., Jaklitsch, W.M., Voglmayr, H., Vilcinskas, A., Nielsen, K.F., Thrane, U., 

von Döhren, H., Brückner, H., Degenkolb, T. Chem. Biodivers. 10, 787-812 (2013).  
7. Röhrich, C.R., Jaklitsch, W.M., Voglmayr, H., Iversen, A., Vilcinskas, A., Nielsen, K.F., Thrane, U., 

von Döhren, H., Brückner, H., Degenkolb, T., Fungal Divers. 10, in press, DOI 10.1007/s13225-013-
0276-z (2014).  

8. Seifert, K.A., Samuels, G. J., Mycologia 89, 512-520 (1997).  

 



Peptides 2014, Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Eds) 
European Peptide Society, 2014 

296 

 

Trichogin GA IV Forms Ion Channels of Well-Defined Size 
in Planar Lipid Membranes 

 
Sorana Iftemi1, Marta De Zotti2, Fernando Formaggio2, Claudio Toniolo2, 

Lorenzo Stella3*, Tudor Luchian1,4* 
1Department of Physics, A.I. Cuza University, 700506 Iasi , Romania; 2Institute of Biomolecular 

Chemistry, Padova Unit, CNR, Department of Chemistry, University of Padova, Padova 35131, Italy; 
3Department of Chemical Sciences and Technologies, University of Rome Tor Vergata, 00133 Rome, Italy, 

e-mail: stella@stc.uniroma2.it; 4Department of Interdisciplinary Science, A.I. Cuza University, 700506 

Iasi, Romania, e-mail: luchian@uaic.ro 
 
Introduction 
Trichogin GA IV is a short, antimicrobial peptaibol characterized by the presence of α-
aminoisobutyric acid (Aib) residues (Figure 1).  
 
 
Oct-Aib-Gly-Leu-U-Gly-Gly-Leu-Aib-Gly-Ile-Lol 
 
 

 

Fig. 1. Amino acid composition of trichogin GA IV (left) and chemical structure of Aib (right). Oct 
= n-octanoyl, Lol = Leucinol. 

Trichogin, as most peptaibols, contains several helix stabilizing Aib residues and no 
charged amino acids, in contrast to the highly charged cationic antimicrobial peptides. In 
addition, trichogin bears an N-terminal octanoyl moiety and a C-terminal amino alcohol.  

Trichogin exerts its function by augmenting membrane permeability. The molecular aspects 
of this pore-forming mechanism are still under debate. Several lines of evidence indicate a 
“barrel-stave” channel structure, similar to that of alamethicin, but the length of a trichogin helix 
is too short to span a phospholipid bilayer [1] (Figure 2).  
 

 

Fig. 2. Molecular model showing one molecule of trichogin GA IV, in helical conformation, 
inserted into the hydrophobic region of a bilayer. 
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We previously showed that, upon insertion in the membrane, trichogin form aggregates that 
cause a thinning of the bilayer [1,2]. As a consequence, trichogin might be able to span from 
one side to the other the thinned membrane (Figure 2). However, trichogin channels were never 
observed. Thus, in search of proofs supporting the “barrel-stave” mechanism, we performed 
electrophysiology measurements in planar bilayers.  
 
Results and Discussion 
Trichogin addition to a planar membrane induced transient currents, corresponding to reversible 
changes in the membrane conductance from a closed state to various sub-conductance levels. 
The lowest conductive substate, O1, corresponded to rather invariant values of the ion current 
mediated by the peptide, as expected from the behavior of an oligomeric channel with constant 
cross section. The subsequent conductive substate, O2, was almost double in amplitude as 
compared to O1. This may be an indication that substate O2 originates from the superposition of 
two oligomers present in the membrane in their conductive substate O1 [3].  
Trichogin-induced ion current fluctuations are consistent with the formation of transmembrane 
channels, upon oligomerization of at least three peptaibol monomers. Unlike other ‘barrel 
stave’-type, channel-forming peptides, such as alamethicin, no voltage-dependent rectification 
was observed [3]. In addition, the membrane-driven reversible accretion of monomeric trichogin 
to a membrane-residing oligomer was not detected.  
This behavior, and the small size of trichogin single channel conductance, might be related to 
the membrane deformation needed to span the bilayer from one side to the other for such a short 
peptaibol [1]. The short length of trichogin probably determines also its rapid distribution 
among both leaflets of the membrane. This action, in turn, might be responsible for the lack of 
rectifying behavior observed. 
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Introduction 
Bicelles are model membrane systems that have a natural tendency to macroscopically orient in 
strong magnetic fields. This property makes them an ideal system for magnetic spectroscopies. 
Electron paramagnetic resonance (EPR) spectroscopy in combination with bicelles can provide 
a wealth of information both on the effects of solutes on lipid packing and on solute 
characteristics in the membrane, as orientation, dynamics, and aggregation. In this work, we 
studied the interaction of bicelles with antimicrobial peptides (AMPs) of different length, charge 
and amphipathicity, namely the peptaibiotics alamethicin F50/5 and trichogin GA IV, and the 
cationic AMPs magainin 2, HP2-20, and HPA3[1]. The latter two AMPs derive from the N-
terminal region of the ribosomal protein L1 from Helicobacter pylori. 
Results and Discussion 
Bicelles. In Figure 1, we show a cartoon of a bicelle and the free radical labeling scheme. 
Bicelles are characterized by a planar region composed of long-chain phospholipids (1,2-

dimyristoyl-sn-glycero-3-phosphocholine, DMPC) and edge 
regions based on short-chain phospholipids (1,2-dihexanoyl-
sn-glycero-3-phosphocholine, DHPC). At temperatures 
between 308 and 318 K, bicelles are in the fluid phase and are 
fully hydrated. Bicelles align in a strong magnetic field with 
the membrane normal n perpendicular to the field. However, 
bicelles can be aligned at low magnetic fields (less than 1 T) 
by adding paramagnetic lanthanide ions to the solution. 
Depending on the lanthanide, the membrane normal is 
oriented parallel or perpendicular to the external field [2]. In 
this work, we used a Tm3+ salt (TmCl3·6H2O) to provide a 
parallel alignment of the membrane normal. The spin label 
needed for the EPR study can be placed either on the AMP or 
on the membrane. When labeled AMPs are used, the bicelles 
are not labeled, and vice versa, to avoid a superposition of the 

EPR signals. Labeled AMPs were prepared by the solid-phase peptide synthesis methodology 
and were labeled at various positions using the helicogenic, nitroxide-containing, amino acid 
TOAC (2,2,6,6-tetramethylpiperidino-1-oxyl-4-amino-4-carboxylic acid) [3]. TOAC is ideally 
suited to study peptaibiotics, since it can substitute for the many Aib (α-aminoisobutyric acid) 
residues that characterize their sequences: Aib and TOAC possess strictly comparable 3D-
structural propensities (both are strongly helicogenic) [4]. The membrane was labeled with  1-
palmitoyl-2-stearoyl-(5-doxyl)-sn-glycero-3-phosphocholine, 5DPC.  
Interaction of labeled AMPs with bicelles. In Figure 2, we show three EPR spectra of nitroxide-
labeled peptides interacting with oriented bicelles. The spectra were recorded at 308 K and at a 
1:100 peptide-to-lipid (P:L) ratio for [TOAC8] alamethicin and [TOAC16] alamethicin, and a 
1:60  P:L ratio for [TOAC4, K6] trichogin (analog of trichogin GA IV). The EPR spectra of the 
alamethicin analogs have been previously reported [5]. The spectrum of [TOAC4, K6] trichogin 
indicates that the peptide is almost completely bound to the bicelles, with less than 3% of the 
peptide in solution (shown by the two small sharp peaks on either side of the central line). This 
result confirms the tendency of peptaibiotics to strongly bind membranes even when polar 
residues, a positively charged Lys in the present case, are introduced in the primary structure. 
 

Fig. 1. Scheme of a bicelle

interacting with AMPs

(nitroxide labeling positions

are shown). 
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Table 1. Parameters used for fitting the spectra of TOAC labeled AMPs: correlation time (τ), 
angle between the magnetic frame and the helix axis (βD), order parameter (S), angle between 
the diffusion frame and the membrane normal (Ψ) 

Peptide τ||
 

τ⊥ βD S Ψ 

[TOAC8] alamethicin 0.5 ns 18 ns 22° 0.47 25° 

[TOAC16] alamethicin 0.5 ns 18 ns 13° 0.29 25° 

[TOAC4, K6] trichogin 1.0 ns 33 ns 40° 0.20 12° 
To quantitatively extract the motion and orientation 
parameters, the spectra were simulated as previously 
described [5] (the parameters are reported in Table 1). Ψ can 
be interpreted as the angle between the long axis of the 
peptide (corresponding to the helix axis for helical peptides) 
and the membrane normal. Alamethicin exhibits a mostly 
transmembrane orientation and adopts a fast axial motion 
[5]. Similar results were obtained for the trichogin GA IV 
analog. The simulations showed a lower order parameter for 
the trichogin analog relative to alamethicin. This 
observation is consistent with the short length of trichogin 
(10 amino acids): its helix, spanning roughly half of the 
phospholipid membrane, does not allow a strong anchoring 
of the peptide to the membrane surface. 
Interaction of AMPs with labeled bicelles. In a previous 
work [1], we have shown that AMPs, having different 
membrane disruption mechanisms, exhibit different trends 
of the order parameter (S) of the 5DPC nitroxide as a 
function of the P:L ratio. S is obtained from the simulation 
of the EPR spectra of labeled bicelles. We analyzed 
quantitatively the data (Figure 3): peptaibiotics are best 
fitted by an exponential decay function (dotted lines), 
whereas cationic AMPs are best fitted by a dose-response 
sigmoid function (continuous lines). The significance of this 
finding is not yet clear, but we can try to rationalize it in 
light of the known mechanism of membrane disruption. As 
alamethicin forms barrel-stave pores, then the exponential 
decay might suggest formation of transmembrane AMPs 
assemblies, a process that has been invoked also for 
trichogin GA IV. As cationic AMPs, like magainin 2, 
follow the Shai–Matsuzaki–Huang mechanism [6], then the 
different regions of the sigmoid might represent its different 
steps. In particular, we suggest that the height of the final 
plateu indicates whether the AMPs reaches the micellization 
of the membrane (S≈0) or stops at the toroidal pore 

formation step (S ≥0.2). 
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Fig. 2. EPR spectra of TOAC labeled 

AMPs (black) and their simulations 

(grey). 

Fig. 3. 5DPC order parameter S as 

a function of the peptide-to-lipid 

ratio. 
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Introduction 
The widespread use of antibiotics led to the development of antibiotic-resistant microbial strains, 
resulting in an urgent need for new antimicrobial agents. Cationic antimicrobial peptides (AMPs) 
are considered potential drug candidates, with a new mode of action. Synthetic cationic peptides 
have positive charge, in order to interact with the negatively charged bacterial membranes, a 
substantial portion of hydrophobic residues and can adopt amphipathic helical conformations, 
which facilitate the disruption of the bacterial membranes. AMPs have a broad-spectrum of 
action against both Gram (-) and Gram (+) bacteria, fungi and viruses [1-3]. In the present study, 
cationic helical peptides of the following types were synthesized in order to develop new 
antibiotics: H-RWLRLLWRFLRL-NH2, (RWLRLLWRFLRL)2K-Ahx-NH2,  anoplin analogs 
XLLKFIKKLL-NH2 (where  X = G, K, R) and aurein analogs GLFDIIKKIAESF-NH2 (where  G 
was substituted by A, V, L) [4]. The above peptides were tested for their antimicrobial activity 
against Gram (-) bacteria, Gram (+) bacteria and fungi. The peptides were also tested for their 
hemolytic activity against human erythrocytes. 

Results and Discussion 
The design of the proposed peptides was based on the Schiffer-Edmundson-  helical wheel 
projection in order to form  amphipathic α-helices with opposing hydrophobic and hydrophilic 
faces, which may favor the disruption of the bacterial membranes.   
The synthesis of the peptides was carried out by the stepwise solid-phase synthesis procedure, 
SPPS, on a Rink Amide AM resin using the Fmoc (9-fluorenylmethyloxycarbonyl) 
methodology. Fmoc groups were removed using 20% piperidine in dimethyl - formamide 
(DMF). The coupling reactions were performed using a molar ratio of Fmoc - amino 
acid/HBTU/HOBt/DIEA/resin 3/3/3/6/1 (HBTU: O-benzotriazol-1-yl-N,N,Ν,Ν΄-tetra-
methyluronium hexafluorophosphate, HOBt: 1-hydroxybenzotriazole, DIEA: (N,N-
diisopropylethylamine).  
Completion of the coupling reactions was ensured by the use of ninhydrin test Kaiser. Crude 
linear peptides were purified by RP-HPLC, while the purity of the peptides was checked by 
analytical HPLC. The correct molecular masses were confirmed by electrospray ionization  
mass spectrometry  (ESI-MS). 
The peptides were tested for their antimicrobial activity against Gram-negative bacteria: 
Escherichia coli DH5a, Zymomonas mobilis ATCC 10988 , Gram-positive bacteria: 
Mycobacterium smegmatis mc2155, Bacilus subtilis DELTA, Staphylococcus aureus and Fungi: 
Candida Parapsilosis. E. coli is a representative potent pathogens, and Z. mobilis possess 
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natural multi-drug resistance. The selection of the Gram positives was based on differences of 
their membrane lipid components. The antimicrobial activities were expressed as the minimum 
inhibitory concentration (MIC) at which 100% inhibition of growth was observed. The 
hemolytic activity of the peptides was determined using fresh human red cells (RBC). 
 
Table 1.  Minimum inhibitory concentration (MIC, µΜ) of peptides against various 
microorganisms 

Peptides E.coli 

DH5a 
Z.mobilis 

ATCC 10988 
B.subtilis 

DELTA 
M.smegmatis 

mc 2 155 
C.parapsilosis 

RWLRLLWRFLRL-NH2 17.4 28.9 - 28.9 57.9 
(RWLRLLWRFLRL) 2 K-

Ahx-NH2 
- 13.6 - 13.6 81.5 

GLLKFIKKLL-NH2 256,1 5,9 25,6 12,8 34,1 
K…………….. NH2 321,8 8,0 32,2 12,1 24,1 
R…………….. NH2 314,7 7,9 31,5 31,5 23,6 

Table 2.  Minimum inhibitory concentration (MIC, µΜ) of aurein peptides against various 
microorganisms 

Peptides E. coli 
DH5a 

Z. mobilis 

ATCC 10988 
Μ..smegmatis 

mc2155 
C.parapsilosis S.aureus 

GLFDIIKKIAESF-NH2 
 

67.5 
 

135.1 135.1 67.5 135.1 

A--------------------  NH2 
 

200.8 
 

133.8 133.8 267.7 - 

V--------------------  NH2 
 

328.5 
 

328.5 197.1 131.4 328.5 

L--------------------- NH2 
 

260.4 
 

260.4 195.3 65.1 195.3 

The  peptide  RWLRLLWRFLRL-NH2  exhibited MIC  17.4-28.9 µΜ  against  all  used bacteria 
and it was not toxic. The peptide (RWLRLLWRFLRL)2K- Ahx- NH2 exhibited MIC 13.6 µM 
against Gram (-) Z. mobilis ATCC 10988  and Gram (+) M. smegmatis mc2 155 bacteria and it 
was not toxic. The anoplin analogs GLLKFIKKLL-NH2, KLLKFIKKLL-NH2 , RLLKFIKKLL- 
NH2  exhibited the lowest MIC 5.9, 8.0 and 7.9 µM respectively against Gram (-) bacterium Z. 

mobilis ATCC 10988 and they were not toxic (Table 1). Three analogs of aurein 
GLFDIIKKIAESF-NH2, a natural antimicrobial peptide, were synthesized by replacing Gly 
with Ala, Val and Leu and the influence of these structural modifications were studied (Table 
2). The original aurein peptide showed the lowest MIC (67 µM ) against almost all the tested 
microorganisms and it was not toxic. These findings indicate that glycine is necessary for the 
expression of the peptide reactivity, since substitution of Gly reduced significantly its function. 
One may assume that the small stereochemical volume of glycine, compared to the bulky and 
more hydrophobic side chains of the substituted residues (Ala, Val and Leu) facilitates the 
interaction of the peptide with the phospholipids and its insertion in the membrane.  
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Introduction 
Multidrug-resistant Gram-negative bacteria (Acinetobacter 
baumannii, Pseudomonas aeruginosa, and Klebsiella 
pneumoniae) are a serious threat to human health and need the 
development of new drugs to combat microbial infection. The 
antimicrobial peptides (AMPs) have been proposed as an 
alternative. [1] 

Novel antibacterial cyclic lipopeptides (Figure 1) have recently 
been characterized from marine micro-organisms [2][3]. They 
contain unnatural amino acids such as didehydro aminobutyric 
acid (Dhb), α, γ - diamino butyric acid (Dab) and β-hydroxy 
Dab (β-OH Dab). The latter are commercially unavailable and 
need to be synthesized to allow solid phase peptide synthesis. 
We will present the synthesis of β-hydroxy Dab (β-OH Dab) 
conveniently protected to realize the preparation of new 
cyclolipopeptides. 
 
Results and Discussion 
To afford our cyclolipopeptides our primary goal was to obtain 

the β-hydroxy-α-γ-diamino butyric acid conveniently substituted 1 and 2 (Figure 2). A synthesis 
of orthogonally protected stereoisomers of β-hydroxy-α-γ-diamino butyric acid has been already 
described in twelve steps [4]. Nevertheless, the overall yield is only 0.5% from the precursor 2-
propyne amine and not suit for cyclization by side-chains. We perform a new route to our syn 
and anti precursors starting from potassium phthalimide as the key compound (Figure 3) 

Thus, the synthetic strategy to quickly access the anti-precursor diol was realized by 
nucleophylic substitution from methyl-4-bromocotonate with potassium phthalimide 3 [5]. Anti-

4 was then underwent a Sharpless asymmetric 
dihydroxylation. This intermediate anti-5 was obtained 
on a large scale with good yield (76 %). Concerning the 
syn-series, syn-6 was prepared by the method of Kamiya 
et al.[6] starting from commercially available (-)-2,3-O-
isopropylidene-D-erythronolactone to furnish the 
isopropylidene-protected vicinal diol syn-4. This 
intermediate syn-4 was deprotected with TFA in a 
THF/H2O mixture, and then was treated in methanol 
containing a catalytic amount of HCl to give the syn-6 
precursor with moderate global yield [7]. The racemic 
anti-5 and syn-6 diols underwent the same subsequent 
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steps developed by Stepan et al. (Figure 4). The treatment of our diol anti-5 and syn-6 with 
thionyl chloride and triethylamine in dichloromethane at 0 °C gave the cyclic sulfite 7. Direct 
ring opening of the sulfite was performed successfully with sodium azide in DMF overnight at 
room temperature to provide azido-alcohol 8 in 60 % yields. Subsequently, azide was swiftly 
reduced to amine using 10% Pd/C under hydrogenation conditions, followed by protection of 
the amine with Fmoc-Cl to give 10.  
At this point, the modulation of orthogonal protections was possible after deprotection of the 
phthalimide group with hydrazine [8]. To get the oxazolidine series, the amine was treated with 
(Boc)2O, then a second protection was realized with dimethoxypropane under acid-catalyzed 
conditions to afford the 2,2-dimethyloxazolidine ester 2. The allylic series, optimized for "side-
chains" cyclization, was obtained by protection of amine with allylic bromide and then 
protection of the hydroxyl group by nucleophilic substitution of chloromethylethylether. The 
enantioselective separation of racemic mixture was currently to provide eight optically active 
esters. Finally, hydrolysis of the esters gives the target syn- and anti-derivatives conveniently 
protected 1 or 2.  

In conclusion, we report a synthesis of eight orthogonally protected stereoisomers of β-
hydroxy-α,γ-diamino butyric acid starting from new precursors. Our goal was to introduce these 
unnatural amino acids to obtain the native peptide. Unfortunately our first attempt was not 
successful due to the low yield of coupling of amino acid on Dhb. Nevertheless, it is interesting 
to note that the introduction of amino acid analogs of β-OH Dab preserves antimicrobial activity 
on Gram negative bacteria. 
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Introduction 
Resistance of bacterial strains to conventional antibiotics has resulted in search for alternative 
antimicrobial agents. For this purpose, antimicrobial peptides (AMPs) are extensively studied 
[1]. Among AMPs, halictines – short cationic peptides isolated from the venom of eusocial bee 
Halictus sexcinctus were recently found as new agents with promising therapeutic effects [2]. 
Their sequences and molecular masses are presented in Table 1. Besides studies of their 
biological activities, their physicochemical properties have to be determined. Many of them, 
including charge, size and acid-base properties, can be determined by capillary electrophoresis 
(CE), which possesses a great potential for analysis and characterization of peptides [3]. 
Results and Discussion 
Purity of synthetically prepared peptides was quantified by relative corrected peak area PCA(i), 
defined by eq. (1) [4], where Ac(i) is the corrected area of the i-th peak (peak area divided by its 
migration time). Purity of halictine peptides was found to be in the range 97-100%. As shown in 
Figure 1A, two impurities were found in the analysis of peptide HAL 1/17, despite 100% purity 
degree of this peptide was found by RP-HPLC. On the other hand, 100% chromatographic 
purity degree was confirmed by CE analysis of peptide HAL 1 as demonstrated in the Figure 
1B. 

  (1) 

Because of a large number of tested peptides, we decided to investigate their physicochemical 
properties in mixtures to decrease the total analysis time. Separation of peptides is strongly 
dependent on the differences of their specific charges, therefore the peptide specific charges 
were calculated as a function of pH.  
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Fig 1. CE analyses of peptides HAL 1/17 (A) and HAL 1 (B) in the background electrolyte 

composed of 25 mM Tris, 30 mM H3PO4, pH 2.8, in fused silica capillary, (effective/total length 

29/40 cm, inner/outer diameter 50/375 µm, separation voltage 12 kV, 25 °C) . For sequences of 

peptides see Table 1. 
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Table 1. Halictines sequences and relative molecular masses. 

 

Key parameter in CE is the electrophoretic mobility, which can be used for calculation of other 
physicochemical characteristics. Figure 2 shows effective mobilities of peptides as a function of 
pH. Effective mobilities were calculated from experimental data according to eq. (2) [5]: 

 (2) 

where ltot and leff are total and effective lenghts of the capillary, respectively, Usep is separation 
voltage, tmig and teof are migration times of the peptide and the marker of electroosmotic flow, 
respectively. 
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Fig 2. Dependence of effective mobilities (meff) of peptides on pH. 
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Introduction 
Cationic Antimicrobial peptides (CAPs) are conserved components of innate immune system in 
multicellular organisms and recognized as excellent candidates to treat infections caused by 
superbugs. However, cell membrane disruption; e.g., pore formation or membrane micellization, 
is well known as their mode of action, the membrane permeabilizing activity of CAPs strongly 
depend upon the peptide secondary structure, nature of amino acid residues in the sequences, 
and the lipid compositions of cell membrane. Indeed, a great deal of researches has recently 
been undertaken to design and develop CAPs with unexploited mechanisms of action and 
improved therapeutic index in order to counteract the issue of bacterial resistance antibiotics. 
Among them, cyclic hexapeptides rich in arginine and tryptophan residues (Table 1) are of 
particular interest [1-4]. The small size and the cyclic structure cause better metabolic stability 
of the peptides and the content of particular arginine and tryptophan residues make the cyclic 
hexapeptides promising lead structures for further optimization of antimicrobial activity. With 
respect to this, molecular dynamics (MD) simulation studies in atomistic details of the 
interaction between CAPs and lipid bilayers, mimicking the microorganisms’ cell membrane, is 
a greatly applicable tool to understand the CAPs cell membrane selectivity. 
In this study, MD simulation of interaction between cyclo-RRRWFW (c-WFW) and its cyclic 
and linear derivates (Table 1) with 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-choline (POPC) 
lipid bilayer is reported. The peptides are different in terms of the nature of aromatic residues or 
cationic amino acids residues. Among them, c-WFW showed excellent antibacterial activities 
without considerable toxicity. We were interested to understand the relationship between the 
peptide secondary structure as well as the nature of each amino acids, in particular the aromatic 
motif, in interaction with lipid bilayer and the peptides different selectivity against bacterial and 
human cells. 

 
Results and Discussion 
Pre-equilibrated POPC consisting of 72 lipids was used as the lipid bilayer. In order to eliminate 
effects of unspecific electrostatic interaction between peptide and the lipid membrane, the 
peptides were put close to POPC lipid bilayer (≤ 10 Å) with the backbone parallel to the plane 
of the membrane, such that the aromatic side chains sticking down into the aliphatic region of 
the membrane and the backbone polar face and the arginine side chain pointing towards the bulk 
water. Altogether the length of MD simulation using GROMACS package [5] and 
CHARMM36 force field exceeds 0.7-µs (Table 1). Analysis of normalized average contact of 
each peptide amino acid residues with POPC during the course of simulation showed that the 
peptide hydrophobic clusters in c-WFW and c-KW had crucial role for the peptide interaction 

Table 1. Amino acid sequences of the linear and cyclic hexapeptides as well as time of their MD 
simulation in POPC lipid bilayer 

Peptide denotation Sequences 

Simulation length (ns) a 

c-WFW cyclo-RRRWFW 165 

c-RNal cyclo-RRNalNalRF 160 

c-KW cyclo-KKWWKF 143 

c-RY cyclo-RRYYRF 103 

l-RW Ac-RRWWRF-NH2 160 
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with POPC as compared with other remaining residues (Figure 1). However, this interaction 
profile was different for c-RNal and c-RY. In c-RNal, arginine and phenylalanine residues are 

suggested to drive the peptide partitioning into POPC. This indicates that increased peptide 
hydrophobicity as the result 1-naphtylalanine residues had little influence upon the peptide-lipid 
binding. By contrary, tyrosine residues in c-RY had more interaction with POPC compared with 
the remaining part of the peptide (Figure 1a). Also, we observed that l-RW had almost no 
considerable contact with POPC. These results together with the normalized values for lipid 
contact with whole peptides showed that peptides binding affinities to POPC changes as follow: 
c-WFW ≈c-RNal > c-KW ≈ c-RY >> l-RW (Figure 1b). These data are well supported by the 
antimicrobial activities as well as the experimental peptides binding to lipid membrane (1,4). 

Moreover, the average order parameter (SCD) values for the carbon atoms of the two acyl 
chains in POPC in interaction with peptides were studied (Figure 2). Interestingly, we found that 
the SCD values of POPC acyl chains in contact with peptides followed the order of l-RW ≈ c-
RY > c-KW ≈ c-RNal > c-RW which points to the high c-WFW affinity to POPC.  

Altogether, the peptides-lipid contact as well as the SCD analysis as evidence of peptides 
impact upon the balanced membrane stabilizing forces provided a clear explanation for the 
different membrane permeability and antimicrobial activity profile of cyclic peptide and the 
linear analog. Our result suggested the key role of the cyclic conformation of the peptides of 
under study here for increased activity toward lipid bilayer. In addition, we suggest the 
anchoring role of tryptophan residue for mediating peptide-lipid interaction and thus increased 
antimicrobial activities of this class of peptides. 
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Fig. 2. SCD values for the sn1 and sn2 acyl chains of POPC in interaction with the peptides 

(t = 70-105 nm, P = 1 atm., T = 310 K). 

 
Fig. 1. (a) Normalized average contact number of peptide atoms within 6 Å of POPC. 

Numbers in x-axis point to amino acid residues of peptide sequences shown in Table 1 from 
left to right. (b) Normalized contact values of whole peptide sequence within 6 Å of POPC. 
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Introduction 
The delivery of bioactive agents into sperm poses a significant challenge. At the time 
mammalian sperm are released into the seminiferous tubules, the processes of transcription and 
translation have been largely silenced thus rending conventional molecular biology techniques 
and genetic manipulation unfeasible. This limitation is further compounded by the fact that 
common and energy-dependent routes of entry, including endocytosis which facilitates the 
movement of macromolecules into the majority of eukaryotic cells, are severely restricted in 
sperm [1]. The sperm plasma membrane therefore presents a static physical barrier to the influx 
of agents capable of both modulating the activities of intracellular targets and elucidating 
intracellular signal transduction events. In an attempt to overcome the physico-chemical 
restrictions of this unique plasma membrane, the common detergent triton X-100 has been 
widely used to produce de-membranated sperm models, but often with detrimental effects on 
protein function.  There is therefore an undeniable need for cell permeable moieties, which are 
not only compatible with sperm physiology, but also possess the propensity to target those 
signalling events which reside within the sperm intracellular milieu.    
 
Results and Discussion 
We have recently reported that cell penetrating peptides (CPPs) rapidly and efficiently enter 
bovine spermatozoa [2]. Moreover, a range of structurally diverse CPPs demonstrate a 
propensity to accumulate in different sperm compartments, thus propounding their utility for the 
delivery of bioactive cargoes to specific intracellular loci (Figure 1). Rhodamine-labelled Tat 
(Rho-Tat) is largely confined to the spermatozoa head whereas the highly penetrant CPP Rho-
C105Y, accumulates strongly with the equatorial regions of the head, the midpiece and posterior 
ring and neck (Figure 1). The CPP mitoparan (MitP), which demonstrates mitochondrial homing 
properties in somatic cells [3], also co-localizes with the mitochondrial midpiece in bovine 
spermatozoa (Figure 1).    

 
During the course of our 
investigations we further provided 
overwhelming evidence that CPPs 
have no discernible influence upon 
the viability of spermatozoa, nor do 
they have any detrimental influence 
upon human spermatozoa motility 
both under capacitating and non-
capacitating conditions [2]. Given 
that CPP delivery is therefore 
compatible with sperm physiology, 
and that CPPs have proven to be 
efficient vectors for the intracellular 
delivery of large otherwise 
impermeable cargoes into somatic 
mammalian cells, studies were 
carried out to assess the CPP-
mediated intracellular delivery of 
large protein cargoes. Unfortunately, 
CPP-mediated delivery of the large 
protein avidin was inefficient 
compared to that in eukaryotic cells 

Tat C105Y

MitP

Equitorial region

Head including the acrosome 
and nucleus

Mitochondrial midpiece

Principal piece (tail)

Posterior ring & neck

Fig. 1. Differential subcellular distributions of 
rhodamine-labelled CPP. 
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and is most likely due to mature spermatozoa being devoid of endocytotic machinery, 
endocytosis being the predominant route of CPP-mediated internalization of proteins/large 
cargoes into eukaryotic cells [4]. Therapeutic intervention is seemingly therefore limited to 
lower molecular weight moieties such as signal transduction modulatory peptides and 
bioportides.  
        Derived from the primary sequences of signal transduction modulatory domains, cryptic 
CPPs (bioportides) possess intrinsic biological activity and are therefore distinct from more 
commonly used inert vectors such as tat and penetratin [5]. Identified by QSAR prediction 
algorithms designed to delineate CPPs within entire proteins or sites of protein-protein 
interactions, bioportides possess the dual features of cellular penetration and biological activity.  
We therefore synthesized STIM371-392, a candidate bioportide corresponding to the cationic 
region the STIM1-Orai1-activating domain of STIM1, an endoplasmic reticulum calcium sensor 
and regulator of [Ca2+]i (Figure 2). Initial results indicate that STIM371-392 sustains progesterone-
induced [Ca2+]i transients in human spermatozoa. Given the fundamental importance of Ca2+ 

signalling in sperm physiology, particularly hyperactivation, capacitation and the acrosome 
reaction, bioportides and CPPs offer a promising strategy for the rectification of male infertility.  
 
Acknowledgments 
We would like to thank Dr Stephen Publicover and Jennifer Morris, School of Biosciences, University of 
Birmingham, Edgbaston, Birmingham, UK. 
 
References 
1. Gadella, B.M., Evans, J.P. Adv. Exp. Med. Biol. 713, 65-80 (2011). 
2. Jones, S., et al. Hum. Reprod. 25, 1874-1889 (2013). 
3. Jones, S., et al. Biochim. Biophys. Acta. Molecular Cell Research 1783, 849-863 (2008) 
4. Mishra, A., et al. PNAS. 108, 16883-16888 
5. Howl, J. et al. Cell. Mol. Life Sci. 69, 2951-2966 (2012) 

CC2
CC3

CC1

KIKKK

EEELE

Free SOAR

CC2
CC3

CC1

STIM1

Orai1

STIM1

Occluded SOAR

Ca2+

Endoplasmic 

Reticulum
Plasma 

Membrane

Store Depletion

Fig. 2. The bioportide STIM371-392 corresponds to the cationic and helical region (CC2) of 
the SOAR (STIM1 Orai1-activating region) domain of the endoplasmic reticulum (ER) 

calcium sensor STIM1. During conditions of ER calcium store depletion, the CC2 and CC3 
regions unfold (free SOAR) to make contact with the Orai1 calcium channel on the 

plasma membrane leading to an influx of [Ca2+]i. Our data indicate  that the bioportide 
STIM371-392 prevents closure of free SOAR, thus leading to enhanced and sustained 

progesterone-induced [Ca2+]i transients in human spermatozoa.  
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Introduction 
The production of bioactive polypeptides (peptaibiotics) in vivo is a sophisticated adaptation 
strategy of both mycoparasitic and saprotrophic Trichoderma/Hypocrea species for colonising 
and defending different natural habitats [1]. Such result is also of major practical importance for 
the application of plant-protective fungi in agriculture. The detection of peptaibiotics in 
commercial Trichoderma-based biocontrol agents, which are successfully used against 
economically important bacterial and fungal plant pathogens, would certainly contribute to a 
better understanding of these complex, largely unresolved antagonistic interactions.  
 
Results and Discussion 
We analysed five commercial biocontrol agents (BCAs), namely Canna, Trichosan, Vitalin, 
Promot WP, and TrichoMax, formulated with recently described species of the Trichoderma 
harzianum complex, viz. T. afroharzianum, T. simmonsii, and T. guizhouense [2]. Using the 
well-established, HPLC/MS-based peptaibiomics approach [3], it could unequivocally be 
demonstrated that all of the investigated formulations contained new and recurrent peptaibols, 
i.e., peptaibiotics carrying an acetylated N-terminus the C-terminus of which is reduced to a 1,2-
amino alcohol. Peptaibols were also found to be the dominating secondary metabolites in plate 
cultures of the four strains obtained from four of the Trichoderma-based BCAs, contributing 
95% of the UHPLC-UV/Vis peak areas and 99% of the total ion count MS peak area from solid 
media [2].  
Three major groups of peptaibols were detected in each of the formulations, viz. 18-residue 
sequences belonging to subfamily 1 [4] as well as 11- and 14-residue sequences belonging to 
subfamily 4 [4]. The 11-residue family is widespread in 20 of 34 Trichoderma species 
investigated, whereas the 14-residue family has been detected in 11 of 34 Trichoderma species 
[5]. The 18-residue peptaibols found in this study can be divided into two subtypes:  

in Canna, Promot WP, and TrichoMax, afroharzianins or triguizins, i.e., sequences 
resembling trichorzin HA (TZ_HA) with a glycyl residue in position 2 [6], were produced, 
whereas trichosimmonsins found in Trichosan and Vitalin resemble hypomurocins B [7] and 
trichokindins [8], all carrying a seryl residue in position 2. A general building scheme for these 
18-residue SF1-peptaibols is given in Table 1. Notably, 31 of the 41 18-residue peptaibols 
sequenced are new, including positionally isomeric peptides.  
 
These results support the model of a parallel formation of membrane-modifying peptaibiotics 
and hydrolytic enzymes. Thus, a synergistic interaction of peptaibiotics and hydrolases in the 
course of mycoparasitism of Trichoderma sp. against economically important soil-borne fungal 
plant pathogens is possible [2].  
 
From an applied point of view, it is noteworthy that additional minor components, i.e., non-
peptidic plant-protective secondary metabolites, were produced by these fungi but no low-
molecular-weight mycotoxins [2].  
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Introduction 
Targeted chemotherapy is a new approach for the selective inhibition of uncontrolled cell 
proliferation, without significant side effects. Several hormone peptides are suitable for drug 
targeting, owing to their receptors that are highly expressed on cancer cells [1]. In our research, 
GnRH and somatostatin analogs were used as homing devices for the attachment of anticancer 
drugs, such as anthracycline derivatives and methotrexate [2,3]. Due to the limited number of 
receptors on cancer cells, the elevation of the amount of peptide - drug conjugates may not 
increase the treatment efficacy. Therefore, we have developed several combinations of 
components such as drugs and/or apoptosis inducing agent (butyric acid) [4] in one conjugate or 
mixing conjugates with different homing devices. 
 
Results and Discussion 
GnRH-III (Glp-His-Trp-Ser-His-Asp-Trp-Lys-Pro-Gly-NH2, where Glp is pyroglutamic acid) 
was selected as a targeting moiety for the development of drug delivery systems with potential 
applications in targeted cancer chemotherapy. This hormone peptide has own antiproliferative 
effect on many types of cancer cells and  insignificant endocrine activity in mammals. Lys in 
position 8 is a suitable conjugation site for the attachment of drug molecules. Daunomycin 
(Dau) as a well known anticancer drug was attached to the aminooxyacetylated (Aoa) side chain 
of Lys via oxime linkage, either directly (1) or through an enzymatic cleavable tetrapeptide 
spacer (GFLG) (2). The conjugates exerted significant cytostatic effect on MCF-7 human breast 
and HT-29 human colon adenocarcinoma cells. However, the IC50 values were about one-two 
orders of magnitude higher than those of the free drug. Therefore, several drug design 
approaches were further pursued in order to increase the efficacy of GnRH-III-Dau conjugates 
(Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Strategies to improve the antitumor effect of GnRH-III – drug conjugates (the cytostatic 
effect was evaluated on MCF-7 and HT-29 cells by MTT assay) 
 
According to literature data, the replacement of Ser in position 4 by Lys or Lys(Ac) in GnRH-
III is allowed, without losing the antitumor activity. Thus, these modifications (compounds 3 
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Glp-His-Trp-Lys(nBu)-His-Asp-Trp-Lys(Dau=Aoa)-Pro-Gly-NH2 (5)

Glp-His-Trp-Lys(Ac)-His-Asp-Trp-Lys(Dau=Aoa)-Pro-Gly-NH2 (4)

GnRH-III(Dau=Aoa); IC50(µM): 6.7 ± 1.9 (MCF-7), 29.9 ± 0.6 (HT-29)

[4Lys]-GnRH-III(Dau=Aoa); IC50(µM): 2.6 ± 0.8 (MCF-7)  , 8.1 ± 2.6 (HT-29) 
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Glp-His-Trp-Lys(Dau=Aoa)-His-Asp-Trp-Lys(Dau=Aoa)-Pro-Gly-NH2 (8)

[4Lys(Dau=Aoa)]-GnRH-III(Dau=Aoa); IC50(µM): 2.9 ± 0.9 (MCF-7) , 6.8 ± 1.0 (HT-29) 

Glp-His-Trp-Lys(Mtx)-His-Asp-Trp-Lys(Dau=Aoa)-Pro-Gly-NH2 (7)

[4Lys(MTX)]-GnRH-III(Dau=Aoa); IC50(µM): 5.8 ± 1.1 (MCF-7)  , 3.6 ± 1.5 (HT-29) 
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and 4) were performed in the drug containing conjugate resulting in significantly higher 
cytostatic effect. When the acetyl group was replaced by other short chain fatty acids, especially 
by butyric acid, the antitumor effect of the conjugate was elevated. Furthermore, the Lys(nBu) 
derivative conjugate (5) showed increased enzymatic stability and cellular uptake. The 
cytostatic effect of the conjugates also increased when two identical (two Dau in compounds 8 
and 9) or different (Dau and Mtx (methotrexate) in compounds 6 and 7) drug molecules were 
attached to the carrier peptide. Both drugs were attached to the amino groups of an additional 
Lys incorporated to the side chain of 8Lys (6 and 9) or they were conjugated to 4Lys and 8Lys, 
respectively, in the case of modified GnRH-III sequence (7 and 8). Finally, the Dau was 
converted to 2-pyrrolino-daunomycin (PyDau) in conjugate 5. This modification (compound 10) 
resulted in one order of magnitude improvement in the antitumor effect, which was comparable 
with the effect of free Dau.  
Selected conjugates were further tested in vivo. Significant tumor growth inhibition was 
obtained in the case of the most potent compounds on orthotopically developed colon carcinoma 
bearing mice. The antitumor effect of the conjugates was comparable with that of free Dau, 
which was used in the maximal tolerated dose (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. In vivo antitumor effect of Dau-GnRH-III conjugates on orthotopically developed C26 

murine colon (A) or HT-29 human colon carcinoma bearing mice. 

A somatostatin analog TT-232 was also applied as a homing device for drug targeting. Among 
the three conjugates (Dau=Aoa-X-D-Phe-(Cys-Tyr-D-Trp-Lys-Cys)-Thr-NH2, where X = Ø 
(11), YRRL (12) or LRRY (13) spacers), the compound 13 showed the highest cytostatic effect 
(IC50 < 1 µM). When applied in combination, compounds 5 and 13 provided an additive effect, 
suggesting that the combination targeted tumor therapy is a promising approach for cancer 
treatment. 
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Introduction 
Cancer is a leading cause of death worldwide. Unfortunately, there is no generally applicable 
therapy, but several therapeutic approaches are available. Recently, targeted tumor therapy is a 
very perspective research area, because antitumor drugs can be selectively allocated into tumor 
cells. Thereby the disadvantages of the chemotherapy e.g. the lack of selectivity, the fast 
elimination from the blood circulation and the toxic side effects can be overcome. The drug 
moiety is usually attached to a targeting molecule (e.g. peptide), that binds specifically to a 
receptor overexpressed on tumor cells resulting in selective antitumor effect. 
In a drug delivery system tuftsin analogs (based on the TKPR, TKPKG and TKPPR sequences) 
can be used as a targeting moiety. Tuftsin (TKPR) is a tetrapeptide, a proteolitic fragment (289-
292) of the IgG Fc heavy chain. It has immunstimulatory, chemotactic and antitumor activity as 
well [1]. Oligotuftsin derivatives ([TKPKG]n (n = 2, 4, 6, 8)) developed in our group earlier are 
derived from canine tuftsin (TKPK) and elongated with Gly are non-toxic, non-immunogenic 
and exhibit tuftsin-like effects [2], while another tuftsin analog, TKPPR is a pentapeptide tuftsin 
inhibitor [3]. These analogs can bind to tuftsin receptors – that are overexpressed on leukemia 
cells – and to neuropilin-1 receptors, which are coreceptors to vascular endothelial growth factor 
receptor members and are expressed on several types of tumor cells [1-3]. Daunomycin, an 
anthracycline antibiotic, can be attached to the peptides thereby preparing a cytostatic 
bioconjugate. The goal of this study was to examine the effect of the changes in the structure 
(linear or branched form, the length of the peptide chain, the presence of an enzyme-labile 
spacer, the number of the cytostatic agent) on the bioactivity of the conjugates. 
 
Results and Discussion 
Tuftsin based peptide – drug conjugates were prepared for in vitro biological investigations. The 
aminooxyacetilated peptides were synthesized on MBHA resin by Boc/Bzl strategy or on Rink 
Amide MBHA or Wang resin by Fmoc/tBu strategy. Linear monomers and dimers (and 
sometimes tetramers) of peptides with sequences of TKPR, TKPKG and TKPPR were prepared. 
The side chain of the lysine in TKPR or the side chain of an additional lysine placed at the 
N-terminus of tetratuftsin was also substituted to get a branched structure. Daunomycin was 
always attached in solution (0,2 M ammonium acetate buffer, pH 5,1) via oxime linkage to the 
peptide residues (Figure 1). 

 
All conjugates were prepared once again with an enzyme-labile spacer located between the drug 
and the targeting moiety. GFLG is cleavable by cathepsin B, a lysosomal enzyme overexpressed 

Fig. 1 Conjugation of daunomycin to the peptide 
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in cancer cells. The cleavage of this spacer can lead to more efficient drug release [4, 5]. All 
compounds were characterized by RP-HPLC and ESI-MS. 
In vitro cytostatic effect of the prepared tuftsin analog conjugates was determined on human 
leukemia (HL-60) cells by MTT assay (Table 1). TKPR and TKPPR based conjugates had 
better cytostatic effect, than the TKPKG based conjugates, and the results also indicate that the 
presence of the GFLG spacer is necessary for the effectiveness. Dimer and tetramer forms, 
furthermore conjugates with a branched form did not significantly influence the efficacy, 
however two drug molecules can increase the in vitro effectiveness. 
In vitro cellular uptake of five selected conjugates was also examined by flow cytometry on  
HL-60 cells. The results show, that the conjugates based on TKPR and TKPPR had higher 
cellular uptake rate, then the conjugates based on TKPKG. The length of the peptide chain 
influences the uptake rate, while the presence of the GFLG spacer did not have any effect on it. 
The effect on cell vitality of five selected conjugates having the best cytostatic effect was 
assessed using the XCELLigence System (Roche Applied Science). MDA-MB-231 human 
breast cancer cells and HT-29 human colorectal adenocarcinoma cells were treated with the 
conjugates, but cytostatic/cytotoxic effect was shown only by the conjugate containing two 
daunomycin residues (Dau=Aoa-GFLG-K(Dau=Aoa-GFLG)-[TKPKG]4-NH2). 
The results of the biological studies indicate that conjugates based on TKPR or TKPPR 
sequences have better in vitro efficacy, than the conjugates based on TKPKG. We also observed 
that the enzyme-labile GFLG spacer is necessary for the effective drug release, and two drug 
molecules increase the in vitro antitumor effect. 
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Table 1. In vitro cytostatic effect of some synthesized bioconjugates on HL-60 cells 

Conjugate IC50 (µM) Conjugate IC50 (µM) 

Dau=Aoa-TKPR-OH 20.9±0.8 Dau=Aoa-GFLG-TKPR-OH 1.1±0.6 

Dau=Aoa-TKPPR-OH 37.4±11.3 Dau=Aoa-GFLG-TKPPR-OH 0.5±0.2  

Dau=Aoa-TKPKG-NH2  >50 Dau=Aoa-GFLG-TKPKG-NH2 11.4±3.2 

H-TK(Dau=Aoa)PR-OH 15.65±0.5 H-TK(Dau=Aoa-GFLG)PR-OH 1.65±0.2 

Dau=Aoa-K(Dau=Aoa)-
[TKPKG]4-NH2  

21.95±0.4 Dau=Aoa-GFLG-K 
(Dau=Aoa-GFLG)-[TKPKG]4-NH2 

0.75±0.1 
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Introduction 
Helical peptides, composed of α-aminoisobutyric acid (Aib) and Ala, were recently shown to be 
soluble in water, despite lacking any charge or polar group [1]. We attributed this unexpected 
behavior to the spherical aggregates, up to 100 nm in diameter, formed by these peptides in 
aqueous solutions [2]. We also observed that silica nanoparticles, coated with Aib/Ala peptides, 
are able to enter monocytes and antigen-presenting macrophages [3]. Interestingly, besides 
forming hydrosoluble aggregates, the undecapeptide Z-(Ala)3-(Aib-Ala)4-OMe (Figure 1) is also 
able to incorporate molecules of relevant size, such as Au nanoparticles [2]. Therefore, we 
decided to investigate the ability of the water-soluble, Z-(Ala)3-(Aib-Ala)4-OMe aggregates to 
permeate cells of our immune system. To this aim we derivatized our undecapeptide with 
fluorescein isothiocyanate (FITC) (Figure 1), a useful label for cytofluorimetric analyses. 
 

    
Fig. 1. Chemical structure of Z-(Ala)3-(Aib-Ala)4-OMe (left) and FITC-(Ala)3-(Aib-Ala)4-OMe. 

Results and Discussion 
Z-(Ala)3-(Aib-Ala)4-OMe aggregates, doped with FITC-(Ala)3-(Aib-Ala)4-OMe, were incubated 
for 6 hours at 37 °C with different immune cells. Lymphocytes were directly purified from 
buffy coats of healthy donors, dendritic cells and macrophages were differentiated in vitro from 
purified monocytes with M-CSF (100 ng/ml) and IL-4 (20 ng/ml) and GM-CSF (ng/ml), 
respectively. After incubation, cells were washed and the fluorescence associated to the cells 
was directly analyzed by cytofluorimetry (Figure 2). 

 
Fig. 2. Z-(Ala)3-(Aib-Ala)4-OMe association to human immune cells. Peptide aggregates were 

doped with the FITC derivative of Figure 1. MFI: mean fluorescence intensity. 
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The results illustrated in Figure 2 clearly indicate that the aggregates formed by our 
undecapeptide discriminate between dendritic cells, macrophages and lymphocytes.  

To understand the mechanism underlying such selectivity, we performed a second 
experiment. FITC-(Ala)3-(Aib-Ala)4-OMe aggregates were incubated for 6 hours at 37 °C in the 
absence or in the presence of a large amount of non-doped Z-(Ala)3-(Aib-Ala)4-OMe 
aggregates. Cells were then washed and the fluorescence associated to the cells was directly 
analyzed by cytofluorimetry (Figure 3). The low decrease of fluorescence in the presence of the 
non fluorescent aggregates points out the low affinity of the binding (Kd about 200 µM), 
compatible with the absence of a specific receptor. 

 

 

Fig. 3. Binding affinity to human dendritic cells of FITC-(Ala)3-(Aib-Ala)4-OMe aggregates (left 

column) and of the same aggregates highly diluted with Z-(Ala)3-(Aib-Ala)4-OMe (right column). 

  
In conclusion, the preliminary results reported in this communication highlight an 

interesting, selective binding of our peptide aggregates to human immune cells. However, this 
behavior does not appear to be connected to specific receptors on the cells. Therefore, we are 
currently extending our analysis to disclose the mechanism responsible for the selectivity 
observed. 
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Introduction 
NGR (Asn-Gly-Arg) peptides received particular interest when phage display libraries were 
used to identify non-RGD integrin binding motifs. Among the non-RGD peptides the NGR 
motif was the most frequent that showed integrin binding properties [1]. 
Hovewer, it has been found that peptides containing the NGR motif, are not integrin ligands, but 
specifically bind to Aminopeptidase N (CD13) receptor, a membran-bound metalloprotease, that 
is selectively overexpressed in tumor vasculature and some tumor cells [2]. Furthermore, this 
motif is inclined to succinimide ring formation and opening that result in aspartyl and 
isoaspartyl (DGR and isoDGR) derivatives. Recent studies have shown that the resulting 
isoaspartyl (isoDGR) derivative is the potent ligand for RGD-integrins that are essential for 
tumor cell invasion and metastasis [3].  
Hence NGR-peptide-drug conjugates, through their NGR-to-isoDGR rearrangement and 
CD13/RGD-integrin switching, can serve as ideal candidates for selective tumor targeting. 
Because ring size and flanking region of the NGR sequence play an important role in 
controlling the tendency of succinimide ring formation/opening, therefore we designed various 
novel cyclic NGR-peptides and synthetised their daunomycin containing conjugates with 
enzyme labile spacers and investigated their cellular uptake in vitro on CD13+ HT1080 and 
CD13- HT-29 cancer cells.  
 
Results and Discussion  
Previously we have designed small, cyclic NGR-peptides and examined their stability under 
different conditions. Based on these results, we have chosen the most (Ac-c[CNGRC]-NH2) and 
the least stable (c[CH2CO-NGRC]-NH2) peptides and synthetised their conjugates with an anti-
tumor agent, daunomycin (Dau). To ensure selective drug release for targeted tumor therapy, we 
have incorporated enzyme labile spacers into the conjugates. For this reason a cathepsin-B labile 
spacer (GFLG) and a MMP-2 cleavable spacer (GPLGVRG) were applied. The attachement of 
the drug (daunomycin) was carried out via oxime-bond formation using the aminooxy-
acetylated peptide derivatives.  
Thus Dau=Aoa-GFLGK(c[CH2CO-NGRC]GG)-NH2 (1), Dau=Aoa-GPLGVRGK(c[CH2CO-
NGRC]GG)-NH2 (2), Dau=Aoa-GFLGK(Ac-c[CNGRC]GG)-NH2 (3), Dau=Aoa-
GPLGVRGK(Ac-c[CNGRC]GG)-NH2 (4) were prepared. The linear peptides were synthetized 
on Rink Amide MBHA resin by Fmoc chemistry. This allowed the incorporation of a Lys(Mtt), 
and the formation of branched peptides. To avoid the side reactions of the aminooxy-group 
through synthesis, we have used the 2-isopropyliden-aminooxy derivative. The cyclization in 
every cases occurred using TRIS-buffer (0.1 M, pH: 8.1), followed by deprotection of the 
aminooxy-group with 0.1 M methoxyamine in NH4OAc-buffer (0.2 M, pH: 5.0). Finally the 
daunomycin was conjugated via oxime-bond formation in NH4OAc-buffer for 48hs. 
The cellular uptake of the conjugates (c=10µM) were determined by flow cytometry on both 
HT1080 (CD13+) and HT-29 (CD13-) cancer cells.  
The result of the biological studies show that all bioconjugates have time-dependent cellular 
uptake. In contrast with our expectations, there was no significant difference in the uptake of 1 
between the two cell lines. However, 2 showed the highest uptake in both cell lines, probably 
due to its MMP-2 cleavable spacer. That results in the release of the drug-containing small 
metabolite,that may cross the cell membrane by diffusion. In accordance to our previous 
stability data, 3 showed higher cellular uptake in HT1080 fibrosarcoma cells. 4 had the lowest 
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uptake in both cell l. ines, that was probably caused by structural changes. These results can be 
explained by the observed rearrangement of the NGR-peptides. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Cellular uptake of NGR-peptide conjugates on HT1080 and HT-29 cells. 
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Introduction 
Amyloid plaques formation and accumulation is a hallmark of Alzheimer’s disease [AD] [1]. 
The development of radiolabeled peptides with binding affinity to amyloid plaques in the brain 
is therefore in the forefront of imaging biomarker research [2-3]. New 99mTc-coordinated 
moieties have been introduced for labeling small molecules, like the 99mTc-tricarbonyl 
complexes, which can be used as precursors to obtain a great diversity of potential 
radiopharmaceuticals [4]. Recently, we have demonstrated that peptide fragments based upon 
the Aβ-amyloid peptide present in AD were efficiently labeled with the 99mTc radioisotope [5]. 
In this work, we evaluated the capacity of these fragments as potential biomarkers for AD.  
 
Results and Discussion 
Based upon the (1-42) Aβ-amyloid peptide present in Alzheimer’s disease, the VGGVVIAH, 
LPFFDH, KLVFFH and VHHQKLVFFAED fragments were synthesized, purified and tested as 
potential biomarkers. By using a very convenient method [4], it was possible to carried at the 
His of β-amyloid peptide fragments, the organometallic aqua-ion [99mTc(H2O)3(CO)3]

+, 
abbreviated TcCO, directly from [99mTcO4]

- under 1 atm of CO. The results showed that we 
obtained high specific activities, very stable complexes and no intermediates could be detected 
(Figure 1). The peptides (10-4M) were efficiently labeled in the range of 87 and 94%, detected in 
TLC-SG (Al) in saline 0.9% at 90 minutes of reaction time and approximately an activity of 

99mTcCO3 around 12-14mCi. Radiochemical purity was also determined using Sep-Pak, C-18 
with values higher than 80%, with the exception of peptide VHHQKLVFFAED, which a 
fraction of the activity was retained on Sep-Pak, possibly because this peptide has twice the 
molecular weight of the other fragments. Thereby, we standardized the protocols as not yet 
described in the literature using the method of direct marking with high yields. 
 
 

 
 
 
 
 
 
 
 

 
Fig. 1. Chromatographic profile of [99mTcO4] (A) and 99mTc(CO3)-Peptides (B) in TLC-SG (Al) 

(Saline 0.9%). LM0512 (VGGVVIAH); LM0612 (LPFFDH); LM0712 (KLVFFH); LM0812 
(VHHQKLVFFAEDV). 

 
The biodistribution and uptake studies of biomarkers were performed in normal mice 

(C57BL/6), weighing 18-25g, anesthetized with isoflurane. The radiolabeled peptides were 
administered with activity (0.51 to 0.58mCi / 100mL) through the tail vein. The animals were 
sacrificed by decapitation 30 minutes after dosing. The organs of interest (brain, lungs, heart, 
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liver, stomach and kidneys) were removed, weighed and quantified in a gamma counter - in 
order to evaluate the uptake in different organs. For each experiment three animals were used. 

 
 

Table 1: Radiolabelling efficiencies and purity of 99mTc(CO3)-Peptides 

*Peptides-99mTc pH 
99mTcCO3 

(mCi) 

Radiolabelling Efficiencies (%) 
TLC-SG (Al) 
Saline 0,9% Sep-Pak C-18 

LM0512 7.0 11.9 94.0 81.5 
LM0612 7.3 14.4 94.0 94.1 
LM0712 7.5 11.9 92.0 80.7 
LM0812 7.0 13.7 87.5 68.3 

LM0512 (VGGVVIAH); LM0612 (LPFFDH); LM0712 (KLVFFH); LM0812(VHHQKLVFFAEDV). 

 
The Figure 2 shows, as an example, the uptake of peptide LPFFDH in % activity / organ. 

We found a brain uptake between 0.3-0.47% and a hepatic clearance between 10-30%, 
depending on the fragment evaluated. After 30 minutes, we observed high renal elimination, 
confirming the lipophilicity of the radiolabeled peptides. In addition, all peptides showed a 
blood clearance (1.8 to 2.5)%, suggesting that the studied time was not adequate to assess brain 
uptake. 

 
 
 
 
 
 
 
 
 
 

Fig. 2. Biodistribution study for the peptide LPFFDH. 

 
In conclusion, the VGGVVIAH, LPFFDH, KLVFFH and VHHQKLVFFAED peptides 

were efficiently synthesized and showed potentiality for the diagnosis assays of the Alzheimer’s 
disease. The tested radiolabeling strategies showed successful results. In regard to the 
radiolabeling approach, the [Tc(H2O)3(CO)3]+ complex is an extremely convenient reagent for 
labeling His residue in a peptide structure. Stable metal-peptide complexes were obtained in the 
range of 87 to 94% according to the peptide under study. Preliminary results obtained from the 
biodistribution studies showed that radiolabeled peptides were able to overcome the blood-
brain-barrier. Further studies are being conducted to standardize the biodistribution studies. We 
believe that this technology might be useful for a broad range of in vitro and in vivo diagnostics 
using this type of peptides. 
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Introduction 
Microorganisms such as filamentous fungi are rich sources of secondary metabolites, which can 
be roughly classified according to their biosynthetic pathways into terpenoids, polyketides, and 
non-ribosomal peptides. Among the latter, the so-called peptaibiotics form a large group of 
bioactive natural products and are mainly produced by Trichoderma spp. [1] According to the 
common definition, peptaibiotics are linear or cyclic non-ribosomal peptides of 4 – 21 residues 
in length and with a molecular weight in the range 500 – 2100 Da, which contain at least one 
residue (but frequently a higher number) of the non-proteinogenic marker amino acid α-
aminoisobutyric acid (Aib) and/or other α,α-dialkylated α-amino acids (e.g. isovaline). More 
than 1000 sequences of peptaibiotics have been compiled in the recently published 
Comprehensive Peptaibiotics Database [2]. Here, we present a freely accessible, updated and 
extended version named Peptaibiotics Database (PDB). As to October 2014, the presented 
PDB encompasses a total of 1297 pepaibiotic sequences [3].  
 
Results and Discussion 
The online repository comprises a database to hold the information, web applications to manage 
and access the stored data, and the frontend user interface to query the stored information. The 
PDB is implemented as a relational MySQL database in combination with Django (Version 
1.6), a python-based web framework, for the user interface and the backend application. It is 
intended to serve as a public database for sharing sequences of peptaibiotics and shall also 
contribute to i) avoid redundant publication of peptaibiotics and to ii) help to maintain an up-to-
date repository for peptaibols. This also means downloading the recently published offline 
database version [2] will become obsolete, as new sequences will be only available in the online 
repository.  
With respect to functionality, search options for the previously described database [2] have been 
fully re-implemented and extended further. Similarly to the downloadable database, it is 
possible to build complex queries by entering several search terms, which are then combined 
using the Boolean ‘AND’ operator to query the database. Besides the (position specific) search 
for amino acid residues, this includes the fields ‘Compound Name’, ‘Peptaibiotics Group’, 
‘Sequence Length’, ‘Monoisotopic Mass’, ‘Mass Tolerance’, counts of elements for the 
‘Molecular Formula’ field, ‘Peptide Category’, ‘Phylogenetic Classification’, ‘Source Fungus’, 
‘Strain(s)’ and ‘Reference’.  

In the presented PDB, also new search options for the query fields ‘Peptide Category’, 
‘Phylogenetic Classification’, ‘Source Fungus’ and ‘Strain(s)’ have been implemented. In these 
search fields, up to five search terms can be selected and combined by the Boolean ‘OR’ 
operator to create even more complex and refined database queries.  

Moreover, the sequence motif search has been adapted in such a way that queries 
containing Lxx, Vxx, Lxxol, or Vxxol do now also return search results containing Leu/Ile, 
Val/Iva, Leuol/Ileol or Valol/Ivaol. As mentioned previously [2], sequence motif queries 
containing Iva or Ala now will also yield search results containing D-Iva or β-Ala. This feature 
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becomes increasingly imperative because an ever-expanding number of peptaibiotic sequences, 
which have been obtained by LC-MS/MS approaches are published without i) complementary 
amino acid analysis or ii) without configurational analysis of amino acids. Thus, as a 
consequence of LC-MS/MS analysis, no discrimination between the above mentioned isobaric 
amino acids and/or amino alcohols is possible.  

In addition to the newly implemented features, a graphical presentation on the PDB content 
is provided in real-time. Users can now see how many sequences of individual peptide 
categories are contained in the database. Additionally, the distribution of compound groups, the 
relative proportion of the 20 mostly listed source fungi and the distribution of sequence length 
of peptaibiotics can be queried from the PDB 

For managing of the database content, several additional tools have been implemented to 
allow a simple online administration of the database. Database administrators are allowed to edit 
and correct existing entries and add new datasets either manually by using existing forms or 
automatically by uploading standardised content-formatted .tsv files. Redundant sequences are 
automatically detected by comparing putatively new sequences against the database and 
subsequently stored with new entries. Based on the peptaibiotics sequence, molecular formulae 
and monoisotopic masses can be calculated automatically and are then stored in the database. 

In addition to the newly implemented features, a graphical presentation on the PDB content 
is provided in real-time. Users can now see how many sequences of individual peptide 
categories are contained in the database. Additionally, the distribution of compound groups, the 
relative proportion of the 20 mostly listed source fungi and the distribution of sequence length 
of peptaibiotics can be queried from the PDB. 

To summarise, the presented PDB does now hold a total of 1297 peptaibiotic sequences and 
includes several improvements compared to the previously released desktop version such as 
additional search term combinations and a modified sequence motif search with motif pattern 
highlighting in the generated results. During development and implementation of the presented 
PDB, particular emphasis has been put on providing a set of tools for its convenient 
administration and to facilitate its sustainable availability. In addition, tools to contribute to the 
database are made available, which allow users to contribute their data to the database and also 
administrate their own contributions to a certain extent. As a public repository, the peptaibiotics 
database provides easy access to available peptaibiotics-related information and helps to limit 
redundant publication of identical sequences. Additionally, the database and web application 
have been designed to be easily extendable for storing and presenting complementary 
information associated with peptaibiotic compounds to accommodate future needs of the 
peptaibiomics community.  
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Introduction 
Isotopically labeled compounds are widely used in chemistry for investigation of reaction 
mechanisms, NMR studies and quantitative analysis in mass spectrometry. Derivatives 
containing isotopes of carbon, nitrogen or oxygen (13C, 15N, 18O) usually co-elute during 
chromatographic separation (HPLC), whereas in the case of deuterium-labeled compounds  
a difference in retention was observed, with relation to number of deuterium atoms and their 
location in investigated molecules [1]. Therefore the tools for comparative proteomics (SILAC, 
iTRAQ, ICAT, TMT) are based on combination of heavier elements in isobaric tags. 
 
Results and Discussion 
Recently we developed an efficient and straightforward method of hydrogen-deuterium 
exchange (HDX) of α-C hydrogens in N,N,N-trialkylglycine (betaine) residues in peptides [2]. 

The process occurs in 1% aqueous triethylamine and is 
practically irreversible under acidic conditions (Figure 1). 
The quaternary ammonium (QA) modification significantly 
improves the sensitivity of mass spectrometric (MS) 
detection of peptides [3,4].  

Taking into account that the reported chromatographic 
separation of native and deuterium-labeled peptides 
depends on localization of deuterons [5], we decided to 
analyze the precision of co-elution of a series of model 
QA-peptides after HDX in methylene group of betaine 
component of these conjugates.  

A series of QA-peptides were synthesized using Fmoc 
solid phase strategy. The quaternary ammonium group was 
formed after acylation of N-terminal amino group with 
iodoacetic acid and subsequent nucleophilic substitution of 
iodine atom with tertiary amine DABCO (1,4-
diazabicyclo[2.2.2]octane) or NMM (N-methyl 

morpholine). After HDX, peptide samples were reconstituted and subjected to the series of LC-
MS analyses. We examined the isotopomers of QA-peptides, using on-line reversed phase (RP) 
and hydrophilic interaction (HILIC) LC-MS. Mobile phase consisted of acetonitrile and aqueous 
ammonium formate (RP, HILIC), 0.1% formic acid or ammonium bicarbonate (RP). 
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Chromatographic system (Agilent 1200) was connected to ESI-MS Bruker micrOTOF-Q mass 
spectrometer operated in positive ion mode. The chromatographic conditions are presented in 
Table 1.  

The resulting chromatograms were analyzed to establish the retention times of isotopomers 
of QA-peptides, using standard software (Bruker Daltonics DataAnalysis v. 4.0). In all 
experiments we observed identical retention times for native and deuterated QA-peptides as 
well as preservation of isotopic distribution through chromatographic peak (Figure 2).  

It is worth noting that although the order of elution of the analyzed QA-peptides is in most 
cases reversed on HILIC phase as compared to RP-HPLC, in both systems peptides elute at 
relatively low concentration of stronger solvent, allowing for short analysis time. 

The quaternary modifications, employed in our projects, allow quick and inexpensive 
hydrogen-deuterium exchange and lower the detection limit for all modified peptides. The HDX 
takes place next to location of permanent positive charge in QA-peptide, which seems 
responsible for the lack of isotopic effect.  

The results prove that HDX in methylene group of betaine derivatives could be used for 
stable isotope labeling and generation of efficient isotopic markers for quantitative proteomics. 
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Table 1. Experimental conditions for analysis of peptides: liquid chromatography (RP, HILIC) with 
MS detection (LC-MS) 

Chromatography Mobile phase A Mobile phase B 

RP-HPLC (C18)
a 

0.1% HCOOH in H2O 0.1% HCOOH in ACN 

5 mM HCOONH4 in H2O (pH 3.2) ACN 

5 mM HCOONH4 in H2O (pH 6.3) ACN 

5 mM NH4HCO3 in H2O  (pH 8.4) ACN 

gradient 0 – 25% B in A in 20 min, 0.1 ml/min 

HILIC  
(cross-linked diol)b 

5 mM HCOONH4 in ACN:H2O (95:5) 5 mM HCOONH4 in H2O (pH 3.2) 

5 mM HCOONH4 in ACN:H2O (95:5) 5 mM HCOONH4 in H2O (pH 6.3) 

gradient 5 – 50% B in A in 20 min, 0.1 ml/min 

a Aeris Peptide XB C18 50×2.1 mm, 3.6 µm (Phenomenex); b Luna 50×2.0 mm, 3 µm (Phenomenex). 
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Introduction 
ACE inhibitors are the  peptides involved in reduction of blood pressure due to the inhibition of 
angiotensin-I converting enzyme (ACE) [EC 3.4.15.1]. ACE inhibitors can be released from 
food proteins by the action of proteases with different specificity. Biological activity of these 
peptides finds them as useful components of functional food and nutraceuticals [1].   
Many studies concerning the structural characteristics of ACE inhibitors have been made to find 
the relationship between the activity and structure of peptides. The structural character of ACE 
inhibitors can be determined by different methods, including bioinformatic (in silico) approach. 
In silico methods, which are applied for peptides analysis, often involve chemometrics [2].   
Chemometrics is a discipline involving mathematics, statistics, informatics and probability 
theory to design or selection of the optimal experimental procedures to provide as many as 
possible information about analyzed objects. The range of the application of chemometric 
techniques is wide and concerns the multivariate analysis. Chemometrics is strongly related to 
bioinformatics and chemoinformatics. The examples of chemometric methods used in the 
analysis of food components are: PCA (Principal Component Analysis), PLS (Partial Least 
Squares), ANN (Artificial Neural Networks) [3-5]. 
The aim of the study was to propose and evaluate the usability of PCA procedure to find the 
structural similarities between dipeptide  ACE inhibitors. 
 
Results and Discussion 
The input data was 98 sequences of ACE inhibitory dipeptides. Their measure of biological 
activity  was  log IC50 (the concentration of a peptide corresponding to its half maximal 
activity). The variables were taken  from AAindex database [6-7]. Their described the following 
properties  of amino acids being the constituents of peptides: Size (Size), average interaction per 
side chain atom  (Inter),  amino acid distribution  (Aa- dist), propensity to be buried inside  (bur-
in), molecular mass (MW), polarizability (POLAR), polarity  (POL),  steric parameter (Ster), 
hydrophobicity (HydpKD), amino acid composition  (Aa-comp). The number in brackets mean 
the abbreviations of each variable. The numbers -1 and -2 referred to the variable describing the 
N- and C-terminal amino acid, respectively. PCA was carried out by STATISTICA ® software. 

 

Fig. 1.  The results of PCA performed for ACE inhibitory dipeptides. A – VARIMAX rotation 
circle diagram; B – Cattel’s plot showing the number of the most significant components.  
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Based on PCA, four eigenvalues were obtained. They explained 32,51, 26,60, 13,54 and 14,78% 
of sum of variances, respectively (Figure 1A). First three eigenvalues explained 72,64% sum of 
variances and may be potentially involved in the activity of peptides (Figure 1B). Including the 
normalized VARIMAX rotation to interpret the data (Figure 1A), the first component was 
correlated with the variables corresponding to the properties of C-terminal amino acid residue of 
a peptide. They were: (MW-2), (Ster-2), (POLAR-2),(Size-2), (AA-dist-2) and (AA-comp-2) 
and showed both negative and positive correlations (-0,98, -0,79, -0,98, -0,94, +0,88 and  +0,93, 
respectively). Second component was referred to the variables concerning the peptide’s N-
terminal amino acid. They were: (MW-1), (Ster-1), (POLAR-1), (Aa-dist-1) and (Size-1) with 
the following correlation coefficients: +0,78, +0,96, -0,87, -0,91, +0,91, respectively. Third 
component concerned the properties of amino acid in a first (N-terminal) position such as: 
hydrophobicity (-0,81), polarity (+0,92), average interaction per side chain atom and propensity 
to be buried inside (both -0,81).  
Referring the above-mentioned physicochemical properties of dipeptides to their amino acid 
composition, we found that presence of proline at C-terminus as well as aromatic/aliphatic 
amino acid in N-terminal positions were mainly typical for the most potent ACE inhibitors. Our 
findings were consistent with the literature data [8]. 
To conclude, we found that chemometric approach such as PCA can be applied to distinguish 
the features deciding about the biological potency of food components, including biologically 
active peptides (e. g. ACE inhibitors).  
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Introduction 
Angiotensin converting enzyme (ACE, EC 3.4.15.1) hydrolyzes decapeptide angiotensin-I to an 
octapeptide called angiotensin-II. The result of the ACE action is a blood pressure increase 
(Figure 1). The action of a inhibiting agent (e.g. peptide) by inactivating the ACE causes the 
reduction of blood pressure [1]. Thus nutritionists claim that peptides reducing blood pressure 
(ACE inhibitors) derived from food proteins can be supportive food components helping in the  
therapy of hypertension [1]. 
 
Results and Discussion 
Different systems of classification of molecules are mainly based of similarity pattern 
recognition [2]. Based on this fact, the aim of our study was to find the food protein precursor(s) 
containing the fragments of sequences defined as similar to the reference peptides. Analysis of 
similarities between peptides was performed by use of Homology Similarity Search (HSS) 
software.  HSS was successfully applied by Chanput  et al. [3] to find the antioxidant  peptides 

in 14 food-derived protein chains to search for the protein 
being best source of peptides with the above mentioned 
activity. Our similarity analysis required the reference ACE 
inhibitors. Their sequences expressed in one-letter code are 
present in the Figure 2 illustrating the study procedure 
applied.   
There were not peptides similar to the reference ACE 
inhibitors in the following protein sequences: bovine light 
chain myosin, chicken C troponin and trout heavy chain 
myosin. Bovine alpha-casein contained peptides LAY 
(similar to IVY, IKW, IRP, LKP, LGP, IKP),  YVP (similar 

 

Fig. 1. Scheme of ACE action. 

 

Fig. 2. The procedure applied in the study. 
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to LIY) and FGK (similar to LGP). Other similar peptides were found in: bovine alpha-
lactalbumin (PRY to YGL), buckwheat globulin (IVY to ITT), oat globulin (GLP to IEP) and 
soybean globulin (IKW to TNP).  The procedure applied allows to discover the applicability 
potential of proteins, which so far have not been known as the „popular” source of bioactive 
fragments.  Such approach is one of the strategies to design the food with special properties.   

Similarity comparison between the peptides with biological activity is the practical 
instrument for selection of protein with the bioactivity potential. The next step of the research is 
to  apply an in vitro enzymatic hydrolysis to identify the peptides found as a good source of 
similar peptides  (by use of RP-HPLC and LC-MS). 
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Introduction 
More and more facts appear showing that specific oligopeptides exist in different parts of living 
organisms. They are not formed from specialized precursors, but are rather natural fragments of 
well studied proteins [1]. Studying of some such fragments functions has shown that they can 
serve as oligopeptide regulators [2, 3]. 

We have carried out a theoretical structure–function analysis of all possible fragments of 
the hemoglobin molecule in order to identify its regions that could serve as potential sources of 
regulatory oligopeptides. We tried also to reveal their possible functions not detected directly 
for hemoglobin oligopeptides previously. Known data on bovine hemoglobin α- and β-chain 
primary structures and information of the EROP-Moscow (Endogenous Regulatory 
OligoPeptides) database [4, 5] concerning structure and functions of natural oligopeptides were 
used along with a special computer program complex. 
 
Results and Discussion 
Primary structures of hemoglobin fragments were compared with amino acid sequences of 
presently known natural regulatory oligopeptides. The EROP-Moscow database was used as the 
source of primary structures of these oligopeptides. 

Structure and function was analyzed using a computer program complex. Complete amino 
acid sequences of protein chains serving as a source of fragments of a certain length were 
inputted into the specially designed programs, step-by-step fragmentation was performed, and 
structures of the resulting fragments and all oligopeptides of the EROP-Moscow database were 
compared. Data on natural oligopeptides containing hemoglobin fragment(s) were automatically 
included into the table of results. Then these data were processed using programs for sorting and 
choosing groups of molecules according to certain structural and functional characteristics. 
A lot of hemoglobin fragments identical to known  endogenous regulatory oligopeptides has 
been elucidated. The following specific peculiarities of natural oligopeptides containing 
hemoglobin fragments can be distinguished: 

– the presence of single fragments of different length; 
– the frequency of identical fragments in different hemoglobin; 
– the presence of identical fragments in oligopeptides obtained from different biological 

species; 
– the presence of two or more different fragments in one natural oligopeptide; 
– almost complete overlapping of natural oligopeptide by hemoglobin fragment(s); 
– complete structural coincidence of natural oligopeptide with hemoglobin fragment; 

– functional diversity (diversity of some such dipeptides is demonstrated in Figure below); 
– most of fragments exhibit properties of neuropeptides, antimicrobial agents, and enzyme 
inhibitors. 

Evidently, after entering an organism with food, proteins are cleaved in a natural way by 
proteolytic enzymes, and protein fragments are formed [6]. Hemoglobin is an example, and its 
fragments become exogenous oligopeptides. Owing to homology of its α- and β-chains and due 
to repetition of the same parts of the amino acid sequence within one chain, small fragments (di- 
and tripeptides) can be formed in significant amounts and influence different regulatory 
processes. In particular, detection of enzyme inhibitors among them shows that cleavage of food 
proteins can be inhibited by proteolysis products. 
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It should be noted in conclusion once more that by the present only a small number of the 
possible natural protein fragments have been identified in living organisms, and functional 
properties of only a few of them have been determined. The revealing of natural oligopeptides 
formed from specialized precursors is also far from complete. Also, only a single function was 
studied in most of them, whereas they may be multipotent. Every year our knowledge is 
supplemented with several hundreds of new natural oligopeptide structures. Therefore, further 
accumulation of data on their structure and functions will make possible more complete 
characterization of functional abilities of numerous, yet not studied, protein fragments and the 
use of these data in practice, e.g. in dietetics. 
 
VLSAADKGNVKAAWGKVGGHAAEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGAKVAAALTKAVEHLDDL... 
VL -  
 LS - E01607   squirrel   unknown function                                            
  SA -  
   AA - E06348   chicken   taste 
    AD - 
     DK - E10448   synthesized   enzyme inhibitor  (IC50 =510 mM) 
      KG - E10394   synthesized   enzyme inhibitor  (IC50 =3200 mM) 
       GN -  
        NV - 
         VK - E04597   buckwheat   enzyme inhibitor  (IC50 =13 mM) 
          KA - E09228   plant   enzyme inhibitor  
           AA - E06348   chicken   taste  
            AW - E04540   human   enzyme inhibitor  (IC50 =10 mM) 
             WG - E10396   synthesized   enzyme inhibitor  (IC50 =5900 mM)  
              GK - E10386   synthesized   enzyme inhibitor  (IC50 =5400 mM)  
               KV - E06690   bovine   unknown function 
                VG - E01603   bovine   enzyme inhibitor  (IC50 =1100 mM)   
                 GG - E10389   synthesized   enzyme inhibitor  (IC50 =7200 mM)   
                  GH - E10382   synthesized   enzyme inhibitor  (IC50 =3100 mM)   
                   HA - E09226   plant   enzyme inhibitor  
                    AA - E06348   chicken   taste 
                     AE - E01841   fish   taste 
                      EY - 
                       YG - E09271   plant   neuropeptide 
                                                                                              immunoregulator                                              
                                                                                              enzyme inhibitor  (IC50 =2000 mM)  
                        GA - E10381   synthesized   enzyme inhibitor  (IC50 =2000 mM)   
                         AE - E01841   fish   taste 
                          EA -   
                           AL - E01599    squirrel   transporter  
                            LE -  
                             ER - E09356   pig   neuropeptide 
                                            enzyme inhibitor  (IC50 =667 mM)  
                              RM - 
                               MF - E01333   fish   neuropeptide 
                                              enzyme inhibitor  (IC50 =44.7 mM)  
                                FL - E01597   leech   enzyme inhibitor  (IC50 =3.6 mM) 
                                 LS - E01607   squirrel   unknown function  
                                  SF - E09344   garlic   enzyme inhibitor  (IC50 =130.2 mM) 
                                   FP - E01602   squirrel   enzyme inhibitor  (IC50 =315 mM) 
                                    PT - 
                                     TT - 
                                      TK - 
                                       KT - 
                                        TY - 
                                         YF – E00285  pig    hormone... 
 
Figure. Functional characteristics of natural oligopeptides containing dipeptide fragments of the N-terminal part of the 

hemoglobin α-chain. The first line is the primary sequence of hemoglobin α-chain. Other lines demonstrate primary 

structure of dipeptide fragments, EROP number of dipeptide oligopeptide in database, the source this dipeptide (italic, 

underlined) and functional information. 
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Introduction 
Novel non-covalent inhibitors of yeast and human 20S proteasome have recently been described 
by our group [1]. The primary structure of sunflower-derived trypsin inhibitor SFTI-1 was used 
as a template to design these inhibitors. In contrast to native SFTI-1, the most active peptide 
[Arg5,Lys7,8]SFTI-1 had one cyclic motif (a disulfide bridge only) and three amino-acid 
substitutions in its primary structure. Here we report the study of a new series of analogues 
designed based on the [Arg5,Lys7,8]SFTI-1 structure. 
Results and Discussion 
Inhibitors were tested in vitro using fluorogenic substrates in the presence or absence of 0.02% 
SDS (Table 1). Peptide I and its corresponding bi-cyclic variant III reduced proteasome 
activities to a higher extent than both disulfide-deficient peptides II and IV. It worth noting that 
bi-cyclic peptide III reduced the trypsin-like (T-L) activity clearly better than the reference 
peptide I. Among the tested peptides, only acyclic IV underwent hydrolysis which led to the 
formation of a truncated analogue V deprived of N-terminal dipeptide Gly-Arg. Peptide V 
displayed the most dramatic drop in the inhibitory activities. Its Ki values were almost 158-
times (chymotrypsin-like, ChT-L), 2.8-times (T-L) and 82-times (caspase-like, C-L) higher than 
those of peptide I. Poor inhibition was also observed in case of N-terminal Arg-deficient 
peptides, such as: VI, VIII with two N-terminal Gly residues and XI with His instead of Arg. 
The common feature of these compounds is lack of the N-terminal Arg residue. Other peptides 
containing Arg in their sequence (VII and IX), as well as those in which Arg in position 2 was 
substituted by other positively charged residue such as: Nlys (XII), D-Arg (XIII), Lys (XIV), 
Orn (XV), Gnf (XVI) and Narg (XVIII) exerted considerably higher inhibitory activities 
against the ChT-L and C-L sites. These results suggest that the N-terminal positively charged 
residue is involved in binding to the enzyme. Comparing results obtained for peptide I and IX, it 
is worth noting that the minor change in primary sequence order caused notable difference in 
the inhibitory activity. Peptide IX having N-terminal Arg at first position and Gly at second 
performed weaker inhibitory activity. Peptides with two N-terminal residues containing 
guanidyl moieties (X, XVII and XIX) presented similar range of inhibition. All of them 
decreased enzyme activities more efficiently than peptide I. Among the compound tested, 
peptomer XIX having N-arginine unit in position 2 was the strongest inhibitor of the ChT-L site 
(0.076 µM). Both the longest peptides XXVI (a double sequence analogue of peptide I) and 
XXVII (a double sequence analogue of peptide V) displayed comparable inhibitory activity 
toward the ChT-L and C-L sites. In contrast, peptide XXVII had very low capability to inhibit 
the T-L site. Peptides having acylated N-terminal end with hydrophobic and bulky 
fluorenylmethoxycarbonyl amino-protecting group (XX), hydrophilic polyethylene glycol 
(XXIV) and aliphatic aminohexanoyl group (XXV) displayed similar activity against the ChT-
L and C-L sites as peptide I. Coupling of non-peptidic aliphatic chain C8 slightly enhanced 
inhibition (peptide XXIII). Conversely, shorter chains C3 and C2 caused the decrease in 
inhibitory activity. It is interesting to note that among the tested compounds all N-terminally 
acylated peptides were the strongest inhibitors of the T-L site. None of the tested peptides was 
selective for the one specific site. In most cases, both ChT-L and C-L activities were inhibited to 
the same extent, while higher concentration of inhibitor was needed to decrease the T-L activity. 
The lowest selectivity was presented by N-acylated peptides which were potent inhibitors of all 
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active sites of 20S proteasome. Is should be emphasized, that only inhibitor XXVI was able to 
decrease the ChT-L and C-L activities of human 26S proteasome (Fig. 1). 
 Table 1. Inhibitory activities (expressed as Ki values) of the tested peptides against human 20S 
proteasome (1.7 nM).  

(No) Primary structure Ki [µM] 

ChT-L 
(+SDS) 

T-L  
(no SDS) 

C-L  
(+SDS) 

The effect of cyclization on inhibitory activity 

(I) GRC(&)TRSKKPIC(&)FPD 0.31 20.14 0.68 

(II) &GRATRSIKKIAFPD&  2.24 35.97 1.16 

(III) &
1
GRC(&

2
)TRSKKPIC(&

2
)FPD&

1 
 0.45 5.14 0.51 

(IV) GRATRSKKPIAFPD  3.63 32.37 2.40 

The effect of deletion / substitution of N-terminal Gly1 and/or Arg2 

(V) C(&)TRSKKPIC(&)FPD  48.87 57.55 56.02 

(VI) GC(&)TRSKKPIC(&)FPD  9.88 43.16 11.89 

(VII) RC(&)TRSKKPIC(&)FPD  1.01 35.97 1.52 

(VIII) GGC(&)TRSKKPIC(&)FPD  10.35 35.97 9.51 

(IX) RGC(&)TRSKKPIC(&)FPD  0.93 34.53 1.12 

(X) RRC(&)TRSKKPIC(&)FPD  0.22 14.00 0.14 

(XI) GHC(&)TRSKKPIC(&)FPD  5.96 50.38 5.66 

(XII) G(Nlys)C(&)TRSKKPIC(&)FPD  0.92 41.74 0.89 

(XIII) G(D-Arg)C(&)TRSKKPIC(&)FPD  0.90 43.18 0.89 

(XIV) GKC(&)TRSKKPIC(&)FPD  1.13 39.58 1.31 

(XV) G(Orn)C(&)TRSKKPIC(&)FPD  1.23 38.14 1.43 

(XVI) G(Gnf)C(&)TRSKKPIC(&)FPD  0.54 38.86 0.38 

(XVII) R(Gnf)C(&)TRSKKPIC(&)FPD  0.12 18.00 0.10 

(XVIII) G(Narg)C(&)TRSKKPIC(&)FPD  0.37 20.86 0.40 

(XIX) R(Narg)C(&)TRSKKPIC(&)FPD  0.076 14.00 0.14 

The effect of addition of hydrophobic or hydrophilic groups 

(XX) Fmoc-GRC(&)TRSKKPIC(&)FPD  0.34 3.60 0.43 

(XXI) (CH3CO)-GRC(&)TRSKKPIC(&)FPD  3.51 14.40 3.02 

(XXII) (C2H5CO)-GRC(&)TRSKKPIC(&)FPD  1.23 7.19 1.22 

(XXIII) (C7H15CO)-GRC(&)TRSKKPIC(&)FPD  0.22 2.24 0.32 

(XXIV) O2Oc-GRC(&)TRSKKPIC(&)FPD  0.31 1.15 0.35 

(XXV) Ahx-GRC(&)TRSKKPIC(&)FPD  0.39 5.75 0.46 

The effect of doubling the primary structures 

(XXVI) GRC(&)TRSKKPIAbuFPDGRAbuTRSKKPIC(&)FPD  0.10 10.79 0.070 

(XXVII) C(&)TRSKKPIAbuFPDAbuTRSKKPIC(&)FPD  0.17 64.74 0.067 

Gnf - 4-guanidine-L-phenylalanine; Narg and Nlys – peptoid monomers; Ahx - 6-aminohexanoic acid; O2Oc - 8-amino-3,6-dioxaoctanoic 

acid; (&) - indicates both, the disulfide bridge and the amide bond between N- and C-terminal residues; Abu - 2-aminobutanoic acid 
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Fig. 1. Comparison of inhibition of the ChT-like site of 
human 26S proteasome (0.6 nM) by selected peptides. 
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Introduction 
Isolated from sunflower seeds trypsin inhibitor SFTI-1 [1] is up to date the smallest circular 
peptide derived from natural sources. Despite a small size, SFTI-1 has a very strong inhibitory 
activity against the bovine β-trypsin and cathepsin G, compared with other members of the 
Bowman-Birk family, and its analog [Phe5]SFTI-1 is a potent inhibitor of bovine α-
chymotrypsin [2]. In 2010 Łęgowska et al. [3] have shown that during the incubation of double-
sequence of SFTI-1 with the enzyme, a peptide splicing takes place. In such a process, in the 
first step, two reactive sites P1-P1

’ of these analogs (X5-Ser6 and X19-Ser20) are cleaved, the 
middle fragment is removed, followed by enzyme-assisted closing of the new reactive P1-P1

’ 
bond (X5-Ser20). In order to study mechanism of splicing catalyzed by serine proteinases, we 
designed and synthesized a series of monocyclic (with disulfide bridge only), two-peptide-chain 
SFTI-1 analogs. These peptides can be considered as modified (with hydrolyzed P1-P1` reactive 
site) SFTI-1 analogs. Their primary structures are shown in Table 1. Except for analog (1), the 
remaining ones contained at least one peptide bond which should be cleaved when incubated 
with the appropriate enzyme. Our intention was the verification of the hypothesis saying that the 
energy required for the synthesis of a new peptide bond is recovered from the bonds cleaved 
previously by the enzyme. Our recent results [4] seemed to support the statement that digestion 
of a peptide bond, and in consequence formation of the acyl-enzyme intermediate is required for 
the resynthesis of the new peptide bond in a spliced peptide. 

Results and Discussion 
Among the studied peptides (see Table 1), splicing was observed for compounds (1), (5) and 
(6). In the case of (7), the product with truncated N-terminal Lys of the second chain was  

 
Table 1. The primary structures of SFTI-1 analogs studied for their ability to subject of peptide 

splicing with catalytic amount of enzyme [3,4] 
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observed in MS spectrum, but the signal that would correspond to monocyclic SFTI-1 was not 
found. Similarly, resynthesis of peptide bond was not detected for (1). Rather unexpectedly 
peptides (2), (3) and (4) with chromophore moiety Anb-NH2 (amide of 5-amino-2-nitrobenzoic 
acid) at the C-termini of the first peptide chain were proteolytically resistant and therefore the 
peptide splicing did not take place. These results were obtained by mass spectrometry (MS). In 
order to confirm our results, we decided to apply X-ray crystallography that can give not only 
primary but also three-dimensional structure of spliced inhibitors. In our previously reported 
experiments [3, 4] we used a catalytic amount (1 – 2 mol%) of the appropriate enzyme (bovine 
β-trypsin or α-chymotrypsin). Obviously, conditions applied for crystallization of enzyme-
inhibitor complex are distinctly different. Therefore we decided to investigate the influence of 
the much higher concentration of the enzyme on the peptide splicing. Results reported here 
provide evidence that a new bond formation does not need to be preceded by the peptide bond 
cleavage in the substrate when equimolar mixture of peptide and proteinase is used. Peptide 
splicing was observed for all peptides studied when incubated with equimolar amount of 
enzyme, in particular the trypsin-assisted peptide splicing of two-peptide-chain SFTI-1 analogs 
which were proteolytically resistant (analog 2) or did not subject to the peptide chain 
rearrangement (analogs 1 and 7) when incubated with catalytic amount of trypsin (Fig.1). X-ray 
crystallography method allowed us a direct, unambiguous identification of the three-
dimensional structures of spliced products. These results are consistent with results obtained by 
MS after the incubation of the studied peptides with equimolar amount of the enzyme. 
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Fig.1. Peptide splicing of two-peptide-chain analogs of SFTI-1 catalyzed by serine 

proteinases at different concentrations.  
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Introduction 
The main pathological feature of Alzheimer’s Disease (AD is the deposition of plaques in the 
brain, composed primarily of 38-42 residue peptides known collectively as β-amyloid. It would 
be of immense diagnostic advantage to be able to image β-amyloid deposits in the brains of 
Alzheimer’s patients at various stages of their illness. Considerable success has been achieved 
with Pittsburg Compound B, a radioactive ligand of aggregated β-amyloid that is visualized by 
PET scanning [1]., Compared with control patients, AD patients showed considerable retention 
of PCB in areas of association cortex known to contain large amounts of amyloid deposits. The 
disadvantages of this technique are that individual plaques cannot be seen due to low resolution 
of PET.. The radionucleotides used have a short half-life, and must be synthesized in a location 
close to the scanner . In contrast, MRI can resolve individual plaques non-invasively, and 
contrast agents used are not radioactive. 
Ideally, an MRI amyloid binding reagent would bind aggregated β-amyloid tightly with rapid 
on-rates, would enhance the image obtained by MRI, by enhancing or inhibiting the T1 or the 
T2 responses of water molecules in the vicinity of the plaques and amyloid deposits, dissociate 
slowly over the time taken for an MRI scan (1 hour), and would break down and be cleared 
rapidly after reappearance in the peripheral circulation. 
 
Results and Discussion 
Peptides R1-R5 (Table 1) were synthesised by solid-phase using Fmoc temporary protection. 
Except for R4, the peptides contained a retroinverted sequence residues 15-20 rffvlk from Aβ 
previously shown to have high affinity for Aβ oligomers [2]. Different C-terminal sequences 
were included as potential  brain-penetration sequences viz: R1 pentadiamine; R2 Hexa-DArg 
as a CPP; R3; sequence from SynB, previously shown to penetrate brain; R5 S(Glc) 
glucosylated Serine, predicted to piggy-back the glucose transporter of the blood-brain barrier. 
R4 contained a control sequence shown not to bind Aβ. Gadolinium was ligated to DOTA, 
incorporated at the N-terminus as a tri-t-butyl protected reagent. Peptides were deprotected in 
TFA and purified by reverse-phase hplc, and incubated with 3-fold molar excess of gadolinium 
trichloride, maintained at pH7 by addition of 20mM NaOH, then repurified by hplc. Reagents 
were characterised by analytical hplc and maldi-mass spectrometry. The mass spec of the 
reagents was increased by 157, the mass of one gadolinium ion per peptide. 

Table1. Maldi mass spec analyses of DOTA-containing peptides, and with complexed 
gadolinium 

 Structure     MH+    MH+ of Gd salt 

R1  (DOTA)GrffvlkGrG-pentadiamine 1597 (1602calc)    1752(1754calc) 
R2 (DOTA)Grffvlkrrrrrr-NH2  2183 (2184calc)     2343(2341calc) 
R3 (DOTA)Grffvlkrrlsysrrrf-NH2          2626 (2633calc)     2786(2783calc) 
R4 (DOTA)rrrrrrKgttvatr-NH2               2150 (2151calc)     2308(2308calc) 
R5 (DOTA)rffvlkKGS(Glc)-NH2                    1855(1854.6calc) 2009(2012calc) 
Lower case represents D-amino acid residues 
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DOTA is 1,4,7,10-tetraazacyclododecane-1,4,7-tris(acetic acid-t-butyl ester)-10-acetic acid. 

Binding to aggregated β-amyloid was measured by Biacore. The response curves for R1-R4 are 
shown in Figure 1:  

Figure1. Response of reagents by binding to aggregated A40 immobilised on a CM5 chip on a 
Biacore T-100 biosensor at flow rates of 5ul per min. 

 

The results showed that  R2 and R3 bound β-amyloid with rapid on-rates and off-rates, whereas 
R1 and R4 (control) bound hardly at all. By measuring kinetics of a range of concentrations, R2 
was found to have a Kd of 15nM to Aβ42 and 32nM to Aβ 40. 

 Pharmacokinetic analysis of the distribution of reagents in mice showed that passage across the 
blood-brain barrier of these reagents was poor, and acceptable brain transport was achieved only 
for R2 by the additional use of focussed ultrasound and co-injection with nanobubbles. 
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Introduction 
Lipases are very prominent biocatalysts because of their ability to catalyze a wide variety of 

reactions in aqueous and non-aqueous media [1]. The natural substrates of lipases are 
triacylglycerols, but a wide range of structurally diverse esters, are accepted as substrates by 
lipases. The chemo-, regio- and enantio-specific behaviour of these enzymes has caused 
tremendous interest among scientists and industry.  

For determination of values for the kinetic parameters and ligand-binding stoichiometries 
associated with an enzyme-catalysed reaction, it is necessary to know the concentration of 
functional active sites of the enzyme. The latter value cannot be calculated simply from the total 
concentration of protein and molecular weight of the enzyme; even when the enzyme 
preparation has been shown to be homogeneous by a variety of techniques, it is possible that 
inactive enzyme is present. Therefore, before undertaking detailed kinetic investigations on any 
enzyme, it is important to determine the concentrations of the active sites that can both bind the 
ligands and are active. One of the most promising inhibitors used for active-site titration of 
lipases are organophosphonate esters. They react irreversibly with the hydroxyl group of the 
active-site serine. 

The aim of this study is to design and synthesize new fluorogenic inhibitors for active site 
titration of lipases . 
Results and Discussion 

Organophosphorus ester of 3-(benzothiazol-2-yl)-7-hydroxy-2H-chromen-2-on was 
synthesized and evaluated as active-site titrant of lipases. It has been shown that the presence in 
the third position of the coumarin ring of a heterocyclic substituent and the prolongation of the 
conjugated system have a pronounced influence on their photophysical properties. [2] 

The synthesis of the organophosphorus ester of benzothiazolyl chromenon (BTC) was 
implemented by three steps reaction (Fig. 1). On the first stage a diethyl-n-heptyl phosphonate 
was synthesized by Arbuzov reaction. The phosphonate was purified by vacuum distillation and 
then analysed by 31P NMR. On the second stage an ethyl heptyl phosphorus chloride was 
obtained and purified by fraction distillation and analysed by 31P NMR. On the next stage the 
coumarin derivative was complexed with the purified phosphorous chloride to obtain the 
fluorophore. 
 

 

 

               

 

Fig.1. Synthetic schemes for the synthesis of ethyl-heptyl-benzothiazolyl phosphonate 
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Normal phase HPLC was performed for purification of the crude compound on  “Waters-
Millipore”, UV detector “Waters”-model 441 column Thermo Quest Hypersil Silica 250x10mm 
5µ, isocratic elution, mobile phase: AcCN:H2O (85:15) , flow 0,8 ml/min at 254 nm. The 
structure and properties of the novel inhibitors were determined by different chromatography 
methods, NMR analyses, and spectroscopy methods. Typical absorption and fluorescence 
spectrums of the inhibitor are presented on Fig.2.  
 

 

 

 
 

 

Fig. 2. Absorbance and fluorescence spectrums of ethyl-heptyl-benzothiazolyl phosphonate 

Pancreatic lipase from Candida rugosa AY “Amano” was used for determination of the 
properties of the organophosphorus ester of benzothiazolyl chromenon. Qualitative 
spectrophotometric measurements were performed (Fig.3). The solution of organophosphorus 
ester of benzothiazolyl chromenon is colourless and it turns immediately into yellow when it 
reacts with the lipase. 

 

 

Fig.3. Absorbance spectrums of organophosphorus ester of benzothiazolyl chromenon, A -  

inhibitor without lipase and B  in the presence of lipase. 

The preliminary results show that the newly synthesized organophosphorus ester of 
benzothiazolyl chromenon has the advantage of high sensitivity and rapidity. It can be used as 
tool for qualitative and quantitative determination of active sites of lipases in different 
heterogeneous systems or of immobilized enzymes which are hard to follow by others spectral 
methods. 
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Introduction 
Angiotensin I converting enzyme (ACE) is a zinc and chloride dependent dipeptidyl 
carboxypeptidase. Its main function is the activation of the renin- angiotensin system (RAS) by 
catalyzing the cleavage of two amino acids from carboxyl terminus of inactive angiotensin I to 
form the active octapeptide angiotensin II, which is an extremely powerful vasoconstrictor. 
However, ACE is a nonspecific enzyme and it can cleave a wide range of substrates thus it 
impacts on variety of physiological processes as hematopoiesis, reproduction, immune response, 
and renal function. The contemporary research is directed to the introduction of novel 
biochemical test using selective fluorogenic substrates for differentiation of the activity of 
various isoforms of ACE and clarification of their physiological functions. This would improve 
significantly the demand for selective inhibitors of the different ACE isoforms with new 
effective structures, such as peptides, and peptidomimetics. Different authors have measured 
ACE activity in a variety of techniques as spectrophotometric, HPLC and ect. and determination 
is based on the reaction of hydrolysis of synthetic peptide hippuril-His-Leu by ACE. Although 
the method has been used for many years, it has some limitations and new approaches are 
required. Fluorescence spectroscopy has been proven to be highly efficient, sensitive and rapid 
method in measurement of enzyme activity.  

The aim of this study is to design and synthesize novel intramolecular quenched fluorogenic 

peptide substrates for measurements of the activity of Angiotensin I converting enzyme 

(ACE). 

Results and Discussion 
The quenched fluorogenic peptide substrates were synthesized by using a classical peptide 
approach without any spacer for introducing a DABCYL-EDANS pair [1]. A new generation of 
triazine-based coupling reagent as 4-(4, 6-dimethoxy-1, 3, 5, - triazin -2 - yl)-4-
metylmorpholinium (DMTMM) tetrafluoroborate was used for the activation of carboxylic 
acids [1]. On the Fig.1 is shown the synthetic scheme for synthesis of DABCY-peptide-EDANS  
substrates. 
 The crude reaction mixture was separated by using medium pressure liquid 
chromatography (MPLC). The MPLC equipment was composed of a Labor column, size B, 
LiChrosper® Si 60, 40-63 µm (Merck, Darmshtadt, Germany). Chromatography was performed 
with chloroform/methanol/ water (65:15:2 v:v:v) as a mobile phase, at a pressure of 2 bar and a 
flow rate of 1 ml /min. The obtained compounds were analyzed by proton one and two 
dimensional (1H) and carbon (13 C) NMR spectral techniques and their absorption and 
fluorescence spectrums were measured.   
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Fig.1. Synthetic scheme for synthesis of DABCY-peptide-EDANS substrates 

 The crude reaction mixture was separated by using medium pressure liquid 
chromatography (MPLC). The MPLC equipment was composed of a Labor column, size B, 
LiChrosper® Si 60, 40-63 µm (Merck, Darmshtadt, Germany). Chromatography was performed 
with chloroform/methanol/ water (65:15:2 v:v:v) as a mobile phase, at a pressure of 2 bar and a 
flow rate of 1 ml /min. The obtained compounds were analyzed by proton one and two 
dimensional (1H) and carbon (13 C) NMR spectral techniques and their absorption and 
fluorescence spectrums 
were measured.   

 
 
 
 
 
 
 
 
 
 
 
 
Fig2. Absorption and fluorescence spectrums of  DABCY-Leu-Phe-Pro-EDANS  substrate 
 
 The novel peptides fluorogenic substrates containing a fluorescent donor (EDANS) and 
the quenching acceptor group (DABCYL) have the advantage of high sensitivity and will be 
important tools in detection of domain substrates or inhibitors selectivity of ACE isolated from 
different fluids and tissues. 
Acknowledgments 
We gratefully acknowledge the WFS for providing WFS National Scholarship to D.P. 

References 
1.Kaminski J. M., Kolesinska B., Kolesinska J., Sabatino G., Chelli M., Rovero P., Blaszczyk 
M., Glowka M. L., Papini A. M. / J. Am. Chem. Soc., 127 ,  16912–16920(2005). 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Eds) 
European Peptide Society, 2014 

342 

 

Modular Assembly of Catalytic NHC - Peptides 
 

Martin Wolfram, Ming Li and Morten Meldal* 
 *Center for Evolutionary Chemical Biology, Copenhagen University, Universitetsparken 5, 2100 

København Ø, Denmark, meldal@nano.ku.dk 
 
Introduction 
Peptide based catalysts have already been demonstrated to present catalytic activities 
approaching those of enzymes.[1] Asymmetric substrate formation with high specificity and 
excellent conversion rates can be achieved under mild conditions with peptide catalysts on solid 
support.[2] Due to the inherent chirality and structural scaffold variations present in the peptide 
framework the opportunity of an increased substrate binding affinity and improved topology of 
the local “active site”  is featured in the catalytic process.[3]  The advantage of NHC ligands in 
catalytic peptides is found in the combination of strong ligation to transition metals, to maintain 
metal binding and assist asymmetric catalysis at high dilution.[2] 
 
Results and Discussion 
Our modular approach for ligand incorporation combines post-assembly modification of side-
chains with either NHS esters or by triazole formation via CuAAC.[4]  For this purpose, 
peptides were synthesized containing Dap(Boc) and Dap(N3), respectively. In general, peptide 
assembly was performed following the Fmoc-based SPS strategy on PEGA800 resin using the 
hydroxymethyl benzoic acid (HMBA) linker. NHC building blocks presented in our work have 
been synthesized by methods analogous to published procedures (Figure 1).[2] 

Compound 1 was coupled to Fmoc-H-F-A(β-NH2)-L-Q-G-HMBA-PEGA800 by TBTU/NEM 
coupling. After deprotection the ligand for catalyst 4 was cleaved from the resin with NaOH and 
characterized by HPLC-MS. Compound 2 was coupled N-terminally to H2N-F-A-K(Boc)-
D(tBu)-V-G-HMBA-PEGA800. The alkyne was reacted with S-2-amino-3-phenyl-propylazide 
(3) under CuAAC conditions and the peptide assembly completed, to yield the pure ligand for 
catalyst 5. The compound 1- (2-picolyl)-3-propargyl imidazolium bromide (4) was coupled to 
the azide-containing peptide Fmoc-H-F-A(β-N3)-L-Q-G-HMBA-PEGA800 to form a triazole 
between the NHC building block and the peptide backbone (compound 7, Figure 2). 
Complexation of palladium(II)  was carried out on solid support  using a mixture of BEMP and 
Pd(COD)Br2 in acetonitrile followed by base cleavage from the support. According to high 
resolution mass analysis up to 80 % (for 5 and 6)  Pd-NHC complex formation could be 
achieved with the present method (Figure 2). 
On-bead catalysts of 5 and 6 were probed in 0.01 – 0.1 mol % ratio toward a Suzuki model 
reaction of 4-iodoacetophenone and 4-anisyl boronic acid in water using CsF as a base (Figure 
3). High conversions were obtained (confirmed by NMR) after 30 minutes microwave heating 

 

Fig. 1 Schematic representation of amino acid derived 1-alkyl imidazole synthesis and their 
corresponding pyridyl imidazolium bromides[2] 
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(100 oC) accompanied by facile catalyst recovery. Catalysis performed in THF or dioxane 
showed much less effective product formation than in water.  

 

 

 

 

Fig. 2 MS (MALDI) of cleavage samples of catalytic NHC-peptide Pd complexes (5, 6 and 7). 
Lower mass regions show the corresponding peak of the individual free NHC – peptide.   

 

Fig. 3 Left panal: Scheme of a model Suzuki reaction of 4-iodoacetophenone and 4-anisyl 
boronic acid catalyzed by on-bead catalyst 5 and 6 in 0.1 mol% ratio.  Right panel: Gas 

chromatogram and corresponding mass spectrum of the reaction mixture is showing only the 
product (strong M and M – CH3 peak with fragmentation pattern). Remaining starting 

compounds are not visible due to their disability to fly in GCMS using standard methods. 
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Introduction 
Proteasome is a multicatalytical complex that consists of a catalytic core particle 20S and a 
regulatory particle 19S. It plays a major role in ubiquitin-dependent protein degradation [1]. As 
proteasome is involved in many fundamental biological processes, like the cell cycle, gene 
expression, immune responses or carcinogenesis, even the smallest disruption in its activity may 
cause very serious physiological consequences [2]. The central role of the proteasome in the 
degradation processes makes it of greatest importance to search for compounds, which allow for 
an effective and selective influence on its activity.  
Results and Discussion 
So far there is a limited knowledge regarding specificity and protein substrate(s) of human 20S 
proteasome. To fulfill this gap, we decided to investigate systematically the substrate specificity 
separetely for each activity of this proteinase in P nonprime and P prime (based on the 
Schechter Berger notation [3]) positions. 
In the first step, in order to determine substrate specificity of P4 – P1 segment, we synthesized, 
using a mix and split method, a tetrapeptide library with N-terminal ABZ moiety that serve as a 
donor and C-terminal ANB moiety that acts as acceptor of fluorescence with general formula 
given below:  

ABZ-X4-X3-X2-X1-ANB-NH2 
where: 
ABZ = 2-aminobenzoic acid; ANB =5-amino-2-nitrobenzoic acid ; 
X1 = Glu, Asp;  
X2 = X3 = X4- set of 19 proteinogenic amino acid, except Cys. 
Deconvolution in solution, applying iterative approach, of this library against of human 20S 
proteasome, yielding selection of tetrapeptide with the highest substrate specificity. In the next 
step of our research obtained peptide was incorporated into the internal quenched library with 
general formula: 

ABZ-X4-X3-X2-X1-X1'-X2'-X3'-Tyr(3-NO2)-NH2 
where: 
X1' = X2'= X3'- set of 19 proteinogenic amino acid, except Cys; 
ABZ = 2-aminobenzoic acid; 
Tyr(3-NO2) = 3-nitro-L-tyrosine 
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Fig.1. Results of deconvolution of peptide library against human 20S proteasome. 
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Table 1. Kinetic parameters of selected substrate. Enzyme concentration was constant and 
equal 1.785×10-10 M.  

 
Deconvolution of synthesized library in position X4 reveal that human 20S proteasome 

accept hydrophobic aliphatic residues like Ile, Val followed by Leu, Met (Fig. 1A). High 
fluorescent increase was observed for Arg and Lys (peptide bonds after this amino acid residues 
are cleaved by trypsin-like subunit) as well as Tyr and Phe (residues recognized by 
chymotrypsin-like subunit). The lowest fluorescence was observed for charged amino acids 
especially Glu and Asp. However the highest readout was recorded for Ile and this residue was 
chosen for further studies. In the next step, the position X3 of the libraries was inspected with 
fixed Ile in X4.  In position X3 the highest proteolysis rate was observed for Leu, Arg, Asn 
followed by Met, Ala, Arg, all other residues were accepted with low affinity (Fig 1B). Then, 
the library with a sequence ABZ-Ile-Leu-X2-X1-ANB-NH2 was incubated with human 20S 
proteasome. The highest fluorescence intensity was observed for Leu followed by Pro. The 
remaining sublibraries displayed at least three times lower fluorescence (Fig 1C). Finally in 
position X1 Asp appear to be the best hit since Glu display no fluorescence (Fig 1D). This 
peptide with sequence ABZ- Ile-Leu-Met-Asp-ANB-NH2 was found as the best sequence 
recognized by the enzymes studied.  

In the next step of our research peptide Ile-Leu-Met-Asp resulting from above described 
studies was incorporated into the internal quenched library with general formula: ABZ-Ile-Leu-
Met-Asp-X1'-X2'-X3'-Tyr(3-NO2)-NH2.Deconvolution of such library will provide a substrate 
characteristic in prime subsites of human 20S proteasome. N-terminal 2-aminobenzoic acid 
moiety will act as donor of fluorescence that will excited at 320 nm since C-terminal Tyr(3-
NO2) as efficient acceptor of ABZ fluorescence. Enzyme assisted cleavage of any peptide bond 
between the ABZ and Tyr(3-NO2) results in boost of fluorescence (monitored at 450 nm) due to 
reduction of quenching efficiency. The results of deconvolution of position X1' show strong 
preference of 20S proteasome  towards aliphatic residues Ala, Met, Leu with the highest 
fluorescent for  sublibrary with fixed Ala  in discussed position. In position X2' of the library 
ABZ-Ile-Leu-Met-Asp-Ala-X2'-X3'-Tyr(3-NO2)-NH2 most of the amino acid residues were 
accepted with preference towards in order of highest proteolysis rate: Met, Lys and Ile. 
Methionine was chosen as the best hit in this position. Incubation of single peptide that differs 
in  position X3' with 20S proteasome reveals that this protease displays a broad specificity in this 
position, however significantly higher fluorescence readout for aliphatic residues was observed. 
The most susceptible for proteolysis was a substrate with Gly in analyzed position. Kinetic 
parameters (KM, kcat and kcat/KM) were determined for the most active compound (see Table 1).  

Using combinatorial chemistry approach, in two step procedure, we were able to determine 
substrate specificity of caspase-like subunit of human 20S proteasome in both non-prime (P4 – 
P1) and prime (P1' – P3') segments. Selected fluorogenic substrate displayed high value of 
specificity constant and possessed one reactive site. 
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Sequence 
KM 

[M]×10-5 
kcat 
[s-1] 

kcat/KM 
[s-1×M-1]×10-4 

ABZ-Ile-Leu-Met-Asp-Ala-Met- 
Gly-Tyr(3-NO2)-NH2 

 

SDS+ 
1.15±0.23 3.53±0.33 30.7±3.4 

SDS- 
1.56±0.32 2.76±0.23 17.7±2.1 
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Introduction 
Cardiovascular diseases (CVD) are considered as a major threat to global health. CVD are 
currently the cause of one in three deaths globally [1]. Hence, there is an increasing demand for 
portable, rapid and low-cost biosensing devices to allow early diagnosis. During the last decade, 
a large number of biosensors have been developed for the detection of cardiac biomarkers [2,3]. 
A standard biomarker for the detection of acute myocardial infarction is the troponin complex, 
which is a structural component of both skeletal and cardiac muscle tissue and consists of three 
protein macromolecules: troponin I (TnI), troponin T (TnT) and troponin C (TnC), each of 
which is responsible for different biochemical functions. According to the research studies of 
Park et al. [4] a peptide was found, with amino acid sequence FYSHSFHENWPS, which 
exhibits high affinity for cardiac troponin I (cTnI). The aim of the present study was the 
development of a sensitive and specific impedimetric biosensor for the detection of cTnI. 
Peptide FYSHSFHENWPS was selected as sensing element of cTnI in blood serum, modified at 
the N-terminal by the addition of a cysteine residue, while the C-terminal was synthesized as 
amide. 
 
Results and Discussion 
The proposed biosensor is based on the interaction between cTnI and the Ac-
CFYSHSFHENWPS-ΝΗ2 peptide. The latter was immobilized onto the graphite electrode (GE) 
surface, prior modified with C6H5(CH2)3Br, via a thioether bond type (-C-S-C-) formation 
(Figure 1). 
 
 

 
  
 

 

Fig. 1. Schematic representation of the modification steps of the GEs and the peptide - 
protein interaction: (1) modification of the GEs surface, (2) immobilization of the peptide Ac-

CFYSHSFHENWPS-NH2, (3) coverage of non-specific sites with 4-mercaptophenol and (4) 
peptide - protein interaction and target analyte detection (cTnI). 
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The modification steps of the GEs and the response of the so-produced biosensors, in blood 
serum samples, were examined by electrochemical impedance spectroscopy measurements. The 
recorded signal is the change of the charge transfer resistance (Rct) observed in the low 
frequency area. The cTnI binding onto the electrode surface causes a decrease on the diffusion 
coefficient of the ferri-/ferro- redox probe, present within the electrochemical cell. 

From the increase on the Rct values (Figure 2a - 2c) it is obvious that the peptide has been 
successfully immobilized onto the modified electrode surface, assuming the formation of a 
thioether bond type. The diffusion coefficient of the ferri-/ferro- redox probe present within the 
electrochemical cell is decreased due to the peptide immobilization and to repulsion forces 
between the negatively charged peptide (working pH 7.0 > pI 6.7) and the redox probe species. 

Further, increase on the Rct value is observed after the immersion of the 
GE/C6H2(CH2)3Br/Ac-CFYSHSFHENWPS-NH2 modified electrode into a blood serum 
formulation diluted with 0.05 M Tris, 0.2 M NaCl, 0.001 M EDTA, 1 µΜ Leupeptin, 200 µΜ 
PMSF, 1 µΜ (1/2, v/v) Pepstatin, pH 7.0 (Figure 2d). This can be attributed to a complex 
formation between the immobilized peptide and the blood serum contained cTnI, thus causing 
further decrease on the diffusion coefficient of the redox species. Unlike, as can be seen from 
the Nyquist plot (Figure 2e), no Rct changes were observed during the immersion of the 
modified electrodes into a negative blood serum sample. Finally, studies on biologically 
important samples are still in progress. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 2. Nyquist plots of (a) bare GE, (b) GE/C6H2(CH2)3Br, (c) GE/C6H2(CH2)3Br/Ac-
CFYSHSFHENWPS-NH2, (d) GE/C6H2(CH2)3Br/Ac-CFYSHSFHENWPS-NH2 immersed in positive 

blood serum sample, and (e) GE/C6H2(CH2)3Br/Ac-CFYSHSFHENWPS-NH2 immersed in negative 
blood serum sample. Experimental conditions: electrolyte: 5 mM [Fe(CN)6]3-/4- in 50 mM 

PBS/0.1 M KCl pH 7.0; bias: +190 mV; excitation amplitude: 10 mV (rms); frequency range: 105 
– 10-1 Hz. 
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Introduction 
Neutrophils play an important role in host defence against infection and inflammation, but these 
cells are thought to be involved in the pathogenesis of various inflammatory lung disorders 
including interstitial lung diseases (ILDs) [1]. Neutrophil products that may mediate tissue 
injury at sites of neutrophil-dominated inflammation include the neutrophil serine proteinases: 
elastase (HNE), cathepsin G (CG), proteinase 3 (PR3), and newly discovered fourth neutrophil 
serine protease (NSP4) [2, 3]. HNE and PR3 are structurally as well as enzymatically most 
closely related enzymes [4] which cleave their substrates after small hydrophobic residues. The 
analysis of the substrate specificity allowed the scientists to conclude that the enzyme’s subsites 
S2, S1 and S2’ are the key elements distinguishing substrate specificity for both enzymes [5]. 
Taking into consideration the results reported in the literature, we decided to obtain new, 
selective intramolecular quenched substrates of HNE and PR3 using combinatorial chemistry 
approach, perform measurement of concentration of these enzymes in BALF (bronchoalveolar 
lavage fluid) samples and see if it is possible to discriminate enzyme’s activity between 
different lung disorders. 
 

Results and Discussion 
Here we report the design of new selective fluorescent substrates for HNE and PR3 using 
combinatorial chemistry approach (split and mix method and Tenta Gel S RAM resin as a solid 
support). All substrates were optimized in non-prime (P3, P2, P1) as well as in prime (P1’, P2’, 
P3’) positions and contained ABZ/Tyr(3-NO2) as a donor/acceptor fluorescence resonance 
energy transfer (FRET) pair. The general formula of peptide libraries were: ABZ-peptide-X1’-
X2’-X3’-Tyr(3-NO2)-NH2, where in positions X1', X2', X3' the set of 19 proteinogenic amino 
acids residues except Cys were presented. “Peptide” sequence for HNE was selected in the 
previous step (ABZ-Met-Pro-Val-ANB-NH2, data not published) and for PR3 ABZ-Tyr-Tyr-
Abu-ANB-NH2 [6]. The synthesis was carried out manually with the Fmoc chemistry, syringe 
technology and the DIPCI/HOBt as a method of forming a peptide bond.  
     Deconvolution of the peptide library was performed by the iterative method in solution using 
Omega fluorescent plate reader (BMG, Germany). The excitation and emission wavelengths 
were 320 nm and 450 nm respectively. Enzymatic hydrolysis of peptide library was performed 
in 100 mM TRIS-HCl (pH 7,5) buffer with 500 mM NaCl at 37°C. Each experiment was 
repeated three times (Figure 1). 
     BALF sample collection procedure from the patient as well as preparation and evaluation of 
obtained material was carried out in accordance with the recommendation of the Polish 
Respiratory Society for bronchoalveolar lavage (BAL) sampling, processing and analysis 
methods [7]. Exemplary results of the measurements of enzyme activity in the BALF samples 
are presented in Figure 2. 
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a)                    b) 
 
Fig. 1. The results of last steps of deconvolution a) ABZ-Tyr-Tyr-Abu-X1’-X2’-X3’-Tyr(3-NO2)-
NH2 library against PR3 and HNE, b) ABZ-Met-Pro-Val-X1’-X2’-X3’-Tyr(3-NO2)-NH2 library 
against PR3 and HNE. 

 
 

 

 

 

 

 

 

 

Fig. 2. The results of measurement enzyme’s activity in BALF samples. 

     Here we report the synthesis and enzymatic studies of new intramolecular quenched 
substrates for HNE and PR3 which at the same time are not hydrolyzed in the presence of a 
second enzyme. This project concerns the evaluation of BAL fluid from patients diagnosed with 
different types of ILDs (sarcoidosis, interstitial pulmonary fibrosis, proteinosis or allergic 
alveolitis), treated as well as untreated pharmacologically. Other factors that could also have 
affected the results were: sex and age of patient, the fact whether the person smokes cigarettes 
or the environment in which the patient lives and works. And above all, date of sampling. 
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Introduction 
Since their discovery [1], carbon quantum dots (CQDs) have represented a fascinating class of 
water-soluble carbon nanostructures. CQDs show peculiar photoluminescence properties, such 
as multi-color emission depending on the excitation wavelength. Several procedures to prepare 
CQDs have been reported, according to both the bottom-up and top-down approaches. Recently, 
microwave-assisted hydrothermal treatment of amino acids has been proposed as a direct route 
for the production of CQDs starting from abundant and inexpensive precursors [2]. In this work, 
we present the synthesis and microstructure formation of a CQD/poly-γ-benzyl-L-glutamate 
conjugated (CQD/PBLG) system, obtained by N-carboxyanhydride ring-opening (NCA-ROP) 
polymerization [3]. 
 
Results and Discussion 
Multi-emitting CQDs were synthesized by microwave-assisted hydrothermal treatment using 
Arg and 1,2-ethylenediamine as starting materials in order to maximize the available number of 

amino moieties. XPS provided a deeper insight on the 
different chemical species introduced by the synthesis and 
permitted us to obtain the hypothetic chemical structure of 
a single CQD (Figure 1). The XPS survey spectrum shows 
the C 1s, N 1s and O 1s photoemission lines centered at 
binding energies (BE) of 284.9 eV, 399.8 eV and 531.6 eV, 
respectively. The observed elemental composition (C 74.3 
%, N 18.8 % and O 6.9%) is in good agreement with that 
of the elemental analysis. The detailed scans of C 1s and N 
1s lines were deconvolved into single chemically-shifted 
components. The multicomponent analysis of the C 1s line 
confirms the presence of C-N bonds (285.2 eV) as well as 
that of several oxygen-bearing functional groups, such as 
C-O (286.5 eV), C=O (288.0 eV) and O-C=O (288.9 
eV).12 The weak component on the low BE slope of the 

main peak can be attributed to C atoms around vacancy sites (283.8 eV). The fit of the N 1s line, 
on the other hand, shows five different chemical components corresponding to pyridine, amine, 
pyrrole, graphite and pyridine oxide groups, respectively. 
Primary amines can be used to promote controlled NCA-ROP processes [4]. Thus, BLG-NCA 
was polymerized using CQDs as the amino-bearing initiators, obtaining a star-shaped structure 

 

Fig. 1. Schematic representation 
of the preparation of the 
CQD/PBLG conjugates. 

 

Fig. 2. TEM and SEM images of the microstructures generated by self-assembling of 1 (A) 
and 2 (B), respectively. 
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where several polypeptide chains are grown over a discrete CQD core (Figure 1, CQD/PBLG-
NH2 compound 1). Like pristine CQDs, 1 shows a dependence of its emission spectra on λex, 
thus maintaining its characteristic photoluminescence properties. Conjugate 1 was further 
modified at its N-termini by reaction with a large excess of succinic anhydride to produce the 
corresponding carboxylic acid derivative, CQD/PBLG-NH-CO-(CH2)2-COOH. The carboxylic 
acid groups of this intermediate were further derivatized by activation with diphenylphosphoryl 
azide and reaction with a large excess of CQDs, eventually obtaining the CQD/PBLG/CQD 
compound 2 (Figure 1). 
We studied the self-aggregation properties of hybrids 1 and 2. The compounds were solubilized 
in a THF/DMF 7:3 v/v mixture and dialyzed against water for 48 h. The resulting milky, light-
brown (1) and dark-brown (2) solutions were submitted to a size-exclusion gel-filtration (water 
as eluant) and the main fractions were collected and examined by TEM and SEM, as shown in 
Figure 2. In both cases, spherical aggregates with diameters ranging from 100 to 300 nm were 
observed. In the case of 1, the surfaces of the aggregates showed a smooth profile (Figure 2A), 
whereas in the case of 2 the surfaces appear rough, with limited flat areas (Figure 2B). This 
finding is compatible with the exposition of the hydrophilic CQDs on the surface of the 
aggregates formed by 2. Furthermore, the aggregated structures obtained in this last case still 
displayed the multicolor emission characteristics described previously for CQDs and hybrids 1 
and 2. 
In conclusion, in this work we reported the preparation and characterization of CQDs bearing 
amino groups at their edges, as demonstrated by elemental and XPS analyses. Functionalization 
of the dots with PBLG gave the first reported CQD/polypeptide system with a star-shaped 
fashion that was further decorated with an outer shell of CQDs. Finally, we self-assembled 
supramolecular aggregates of spherical shape with evidence of rough surface profiles in the case 
of CQD-capped hybrid materials, which may indicate the presence of aggregated areas of CQDs 
on the external layer. These microstructures are able to retain the characteristic emission 
proprieties of the native CQDs. The approach developed in this study is facile, but highly 
efficient, leading to the synthesis of fluorescent, peptide-based materials. These compounds are 
attractive for many applications including optical sensing, biolabelling, imaging, targeted drug 
delivery, and UV-protection for optical devices. 
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Introduction 
Self-assembly has emerged as a powerful process for the production of well-ordered 
supramolecular structures at the nanometric scale. Among them, spherical (micellar and vesicle-
like) architectures are attracting much attention due to their promising applications in 
biomedicine and nanotechnology [1]. In the literature, there are many examples of 
supramolecular vesicles and micelles formed by high-molecular-weight polypeptide domain, but 
spherical nanostructures based exclusively on low-molecular-weight peptides are much less 
common. We have already described a symmetrically α,α-disubstituted glycine, bis[p-
(phenylazo)benzyl]glycine (pazoDbg) that contains two side-chain azobenzene moieties and 
undergoes reversible cis-trans isomerization upon exposure to light of the appropriate 
wavelength [2]. In this work, we expanded the use of our pazoDbg amino acid to the synthesis 
of the “octopus” system 1 (Figure 1) to generate photoresponsive C4-symmetrical, dendrimer-
like, multi-azobenzene systems [3]. 
 
Results and Discussion 
Tfa-(pazoDbg)-OH (Tfa, trifluoroacetyl) reacting with pentaerythritol in presence of N,N'-

diisopropylcarbodiimide and N,N-dimethylaminopyridine 
afforded 1 in a remarkable 90 % yield. The resulting system is 
characterized by as many as eight azobenzene moieties and 
can be viewed as a central core surrounded by a shell of 
azobenzene groups at the periphery. Up to eleven (out of the 
possible fifteen) discrete states produced by trans-to-cis 
isomerizations of the individual azobenzene units were 
observed by reverse-phase HPLC depending on the time of 
exposure of 1 (in a MeOH solution) to the UV light (350 nm). 
This process is fully reversible (cis-to-trans) under Vis light 
irradiation for several cycles. 

Moreover, the self-assembly properties of 1 were 
investigated in an aqueous environment. This system shows a 
high propensity to self-assemble in a variety of organic 

(DMF, DMSO, THF, MeOH, CH3CN)/aqueous solutions (even at low concentration, below 1 

 

Fig. 1. Chemical structure of 
the octopus system 1. 

 

Fig. 2. TEM images of the light-driven, reversible, vesicle-to-sponge-to-fiber microstructure 
transitions. 
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mM) to generate supramolecular vesicles as revealed by TEM experiments (Figure 2A). These 
vesicles were able to rearrange, depending on the exposure time to UV light, to: (i) a sponge-
like microstructure (10 minutes) (Figure 2B and inset) and (ii) fibers (40 minutes) (Figure 2C). 
These microstructure rearrangement was reversibly controlled under exposure to Vis light, 
which produced sponge-like microstructures (20 minutes) (Figure 2D), followed by a mixture of 
fiber, sponge-like and spherical microstructures (1 hour) (Figure 2E), and eventually by almost 
only spherical microstructures (2 hours) (Figure 2F). 
The vesicle-to-sponge-to-fiber microstructure transitions occurring for 1 were additionally 
studied by AFM. Vesicles and fibers were observed, while the sponge-like microstructures were 
characterized in a mixture with fibers, under the same conditions as those reported for Figure 
2B. 

In this work, we reported the synthesis and the self-assembly ability of a C4-symmetrical 
derivative containing the α-amino acid pazoDbg. The well-ordered supramolecular 
nanostructures observed, in addition to their photoresponsive behavior, highlight the potentiality 
of the non-coded pazoDbg as a building block for the fabrication of light-sensitive self-
assembled nanostructures. 
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Introduction 
Crystallization of proteins happens only in buffer solutions containing additives (organic 
compounds and/or inorganic salts) [1]. Finding the appropriate conditions – type, concentration, 
pH of buffer, as well as type and concentration of additive/s is a quite complicated task and in 
many cases it turns impossible. Factors helping protein crystals formation are intensively 
studied. In several papers the benefit of dissolved amino-acids or their derivatives on the 
stability and crystallization behaviour of some proteins is reported [2-4]. Another promising 
way to facilitate and enhance protein crystallization is by including of solid additives with 
specific surface chemistry and/or topography [5,6]. This study presents preliminary 
investigations of the influence of small (micrometer-size) insoluble crystalline particles of two 
different types: L-Valine containing derivatives and zeollites on the crystallization of two model 
proteins - chicken egg white lysozyme and horse spleen ferritin. 

Results and Discussion 
Crystallization was performed by applying of a vapour-diffusion method in the sitting drop 
mode. Compact Clover plates*, designed exactly for such type of experiments were used. 
Chicken egg white lysozyme was crystallized in 0.1 M sodium acetate buffer, with additive of 
15% NaCl at constant temperature (24 °C). Lysozyme concentrations used were in the range 1.0 
÷ 4.3 mg/ml. Tetragonal crystals were observed under these conditions. Crystallization of horse 
spleen ferritin was achieved by applying of 0.2 sodium acetate buffer, 3.2 % CdSO4 and 1.5 to 
2.0 mg/ml protein at the same temperature (24 °C). Octahedral crystals grew at such conditions. 

Two types of crystalline solids were added to the 
protein solutions in order to investigate their influence on 
the crystallization behavior of the two proteins, namely 
cubic crystals of zeolite NaA (alumosilicate) [7] and 
elongated rods of peptidomimetics (L-Valine derivatives) 
[8]. Both seeds posses well developed cryslalline faces 
are well structured at the micro-level, as it is visible on 
the microphotographs in the Fig. 1. Dispersed in water 
solutions, these crystalline fibres are usually in 
aggregates, which are even visible under the microscope.. 

Preliminary results show influence of both solid 
particles – zeolite and organic compound on the 
crystallization of the two studied proteins.  

Zeolite seeds: We found that the number and size of 
the obtained protein crystals depend both on the amount 
of the zeolite and the concentration of protein. It should 
be emphasized that the concentration of protein crystals 
produced at the lower concentrations of zeolite (0.1÷0.2 
mg/ml) is higher than that of the control samples (grown 
without zeolite seeds) and those grown at the higher 
concentrations of zeolite >1 mg/ml. 

 

Fig. 1 Solid crystalline paricles 
used as seeds: a) zeolites;  

b) peptidomimetic Z-L-Val-anilide 
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Organic L-Valine seeds: The L-Valine containing heterophase was used only in low 
concentration (0.1÷0.25 mg/ml). Its presence led to decreased in number, but increased in sizes 
protein crystals compared to the controls (without seeds) and also compared to the influence of 
zeolite. This result complies with the data published by other authors [4], indicating for 

suppression of lysozyme crystallization in the presence of soluble hydrophobic aminoacid 
additives. Obviously, the suppresion of protein nucleation lead to smaller number of grown 
crystals, which allows the already nucleated ones to grow bigger. 

Conclusions 

L-Valine derivatives suppress the crystal nucleation of both studied here proteins - lysozyme 
and ferritin. On the other hand, the rarely nucleated crystals grow bigger than these growing 
without such additive. Compared to the results obtained from droplets with zeolite seeds, the 
suppressive effect is better pronounced in case of the organic seeds. 
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Fig. 2. A. Crystallization of Lysozyme from solutions containing 1.0 mg/ml lysozyme:  
a) control; b) additive -zeolite 1,13 mg/ml; c) additive-organic compound 0.25 mg/ml 
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Introduction 
Choanoflagellates are free-living, single-cell and colony forming eukaryotes ubiquitous in 
aquatic environments [1]. They are considered to be the closest known relatives of animals [2]. 
Since the progenitors of animals cannot be studied directly, choanoflagellates could serve as 
model organisms to investigate the evolution of multi-cellularity and the origin of animals. 
Therefore the development of methods to genetically manipulate choanoflagellates is 
mandatory. 
However, until now it was not possible to transfect choanoflagellates using common methods 
like electroporation, lipofection or retroviral gene transfer. A relatively new method for non-
viral gene transfer is the use of so-called cell-penetrating peptides (CPPs). These peptides are 
able to translocate themselves as well as covalently and non-covalently linked cargoes into a 
wide spectrum of different cell types [3]. 
Recently, we designed branched CPP derived of the human peptide hormone calcitonin and 
used them for oligonucleotide delivery [4,5]. 
Aim of this study is to investigate in a first set of experiment the general applicability and 
toxicity of CPP in choanoflagellates. 
 
Results and Discussion 
Three different well-described CPP were used, penetratin [6], MAP [7], and the N-E5L-
hCT(18-32)-k7 peptide that was recently developed by us [5]. All peptides were synthesized 
using solid-phase peptide synthesis, and following Fmoc/tBu strategy. Table 1 shows sequences 
and analytical data of all peptides. For fluorescence microscopy studies we additionally labeled 
the peptides with 5,6-carboxyfluorescein (CF). 
 
Table 1. Peptides used in this study. 

Peptide  Sequence MW [g/mol] 
CF-N-E5L-hCT(18-32)-k7 
 

  CF-GLLEALAELLEKFHTFPQTAIGVGAP-NH₂ 
KKRKAPKKKRKFA┘ 
 

4677,3 
 

CF-Penetratin 
 

CF-AGYLLGKINLKALAALAKKIL-NH₂ 
 

2538,7 

CF-MAP 
 

CF-KLALKALKALKAALKLA-NH₂ 
 

2120,5 
 

 
 
Then, we investigated the internalization of these CPP in the fresh water choanoflagellate strain 
Salpingoeca euryoecia. This species contains a theca that surrounds the protoplast and contains 
predominately cellulose or other polysaccharides. Therefore, the peptide uptake might be 
hampered since the peptides need first to overcome the theca and then the cell membrane. 
However, we incubated the different peptides at 25 µM with the choanoflagellates for 30 min, 
and inspected the samples using a fluorescence microscope. The organisms looked healthy, and, 
thus, tolerated the peptide addition very well [seen also by movements of the flagellum, data not 
shown]. Figure 1 shows the uptake of the three different peptides investigated. A slightly more 
efficient internalization of N-E5L-hCT(18-32)-k7 compared to the other two CPPs was 
observed. In all samples, the peptides distributed homogeneously within thy cytosol, 
interestingly no punctual staining could be observed. However, when incubating the 

CF: 5,6-Carboxyfluorescein 
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choanoflagellates with the same peptide solutions at 4°C no peptide translocation occurred [data 
not shown]. This points to an energy-dependent entry mechanism. 
 
In conclusion, we show here for the first time CPP uptake in choanoflagellates. These single 
cells tolerated well the incubation procedure and internalized the peptides in an energy-
dependent process. However, the exact mechanism has to be elucidated in further studies. 
Currently we investigate the applicability of our CPPs as gene delivery vectors in 
choanoflagellate strains. 
 
 

 

Figure.1 Internalization of Salpingoeca euryoecia with 25 µM peptide solutions (30 min, 37°C). 
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Introduction 
CXCL14 consisting of 77 amino acid residues is a member of CXC-type chemokine family. It 
initially cloned by Hromas R. et al. in 1999 [1]. Although many kinds of chemokine and their 
receptors have been identified, the receptor for CXCL14 has yet to be clarified. Recently, we 
revealed that CXCL14 binds to CXCR4, the receptor of CXCL12, and inhibits the CXCL12-
mediated chemotaxis [2]. It was also reported that the N-terminus of CXCL12 is important for 
binding to its receptor. Whereas, CXCL14 lacks the corresponding N-terminal region. It seems 
that CXCL14 interact with CXCR4 in a manner distinct from that of CXCL12. In this study, we 
attempted to disclose the receptor binding region of CXCL14 and to develop CXCL14-based 
agonist and antagonist for CXCR4. 
 
Results and Discussion 
First, we focused on the C-terminal (51-77) fragment (C Fr) of CXCL14. It was composed of 
highly conserved α-helical region and four aromatic amino acid residues (F61, W64, Y65, 
W68) were accumulated in one side on the α-helix. We speculated that the receptor interaction 
should be mediated by this region and attempted to evaluate the function of CXCL14 (51-77)-
derived peptides. Diverse CXCL14 derivatives were successfully synthesized [3], and evaluated 
their binding potency to CXCR4 and inhibitory potency of CXCL12-mediated chemotaxis 
(Figure 1). As expected, CXCL14 C Fr and CXCL14 (∆29-49) bound to its receptor and the C-
terminal disulfide dimer (SSdmCXCL14 C Fr) showed higher affinity than that of the monomer. 
Moreover, the dimer also showed the inhibitory activity in CXCL12 mediated chemotaxis. On 
the other hand, the chimeric protein CXCL14-CXCL12 possessing C-terminal region of 
CXCL12 did not show the binding affinity to CXCR4. These data suggest that C-terminal 
region of CXCL14 plays an important role for its receptor binding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 a). Competitive inhibition of the CXCL14 binding by CXCL14 peptides. 

b). Inhibitory activity of CXCL14 peptides in CXCL12-mediated chemotaxis. 
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We next attempted to enhance the inhibitory potency through the synthesis of several 

mutated dimer of CXCL14 C Fr. We hypothesize that α-helical structure is a key conformation 
for its receptor binding and decided to introduce the Glu-Lys mutation at i and i+4 positions to 
enhance the α-helicity by formation of intrahelical salt bridge [4]. Additionally, we also 
synthesized oxime dimers to enhance the stability under biological conditions (Table 1). In the 
evaluation of the peptides, CG2O demonstrated high affinity and inhibition activity in CXCL12-
mediated chemotaxis (Figure 2). 

In conclusion, we found that CXCL14 binds to CXCR4 with its C-terminal α-helical region 
(51-77) and the dimer of this region inhibits the chemotaxis mediated by CXCL12. Moreover, 
we successfully developed novel highly active inhibitor of CXCL12 by mutation of CXCL14 C 
Fr with incorporation of intrahelical salt bridge [3]. 
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Table 1. Synthetic mutants of CXCL14 C-terminal region. 

Fig. 1 a). Competitive inhibition of the CXCL14 binding by mutated 
CXCL14 C-terminal peptides. b). Inhibitory activity of mutated CXCL14 C-

terminal peptides in CXCL12-mediated chemotaxis. 
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Introduction 
            Neutrophils are a type of leukocytes that play vital roles in innate defense system. 
Namely, when infection or tissue injury occurs, neutrophils immediately infiltrate and migrate 
from bloodstream into the inflammatory site. They are then activated, and produce superoxide 
to sterilize and phagocytose toxic cell debris. In addition, they secret inflammatory chemokines 
to attract several kinds of leukocytes including macrophages into the damaged sites. Such roles 
of neutrophils are important for initial defense mechanisms, but the functions often trigger 
induction of critical symptoms. For example, neutrophils infiltrate and accumulate in the 
damaged tissues induced by ischemia-reperfusion injury dramatically and rapidly, resulting to 
cause irreparable damage. It is known that N-formylated peptides derived from microorganisms, 
complement factors including C5a, and some of CXC chemokines such as interleukin 8 are 
substances that cause infiltration and migration of neutrophils to damaged tissues. However, we 
assumed existence of the alternative substances that promote initial neutrophilic migration and 
activation, because infiltration of neutrophils into injury sites is often seen before the production 
of various chemokines. Therefore, we have tried to isolate and purify these substances that 
induce migration and activation of neutrophils from healthy porcine hearts. We succeed to 
identify a family of novel neutrophil-activating peptides, mitocryptide-1 (MCT-1), 
mitocryptide-2, and mitocryptide-CYC, which were fragmented peptides from mitochondrial 
cytochrome c oxidase subunit VIII, cytochrome b, and cytochrome c, respectively [1-3]. We 
also found existence of many neutrophil-activating peptides derived from various mitochondrial 
proteins. Thus, we named such endogenous functional cryptic peptides within functional protein 
sequences as “cryptides” in general [4]. However, their physiological roles and involvements in 
various diseases are not elucidated yet. We are therefore attempting to prepare specific 
monoclonal antibodies against various mitocryptides (MCTs) for the investigation of 
physiological and pathophysiological functions of MCTs, and recently succeeded to obtain anti-
MCT-1 monoclonal antibody (MAb), MCT-1-B-1 MAb, with the neutralizing activity against 
phagocytosis induced by MCT-1 [5].  
            Here, we characterized MCT-1-B-1 MAb and investigated whether the MAb also 
inhibited MCT-1-induced migration in neutrophilic cells.  
 
Results and Discussion 
            For the mapping of MCT-1-B-1 MAb epitope, antibody-peptide interaction was 
measured by competition ELISA by MCT-1 derivatives. MCT-1-B-1 MAb was pre-incubated 
with various MCT-1 derivatives, and the MAb solutions were added into 96-well plate 
immobilized MCT-1 conjugated with keyhole-limpet hemocyanin. Then, MAb bound to the 
plate was evaluated by the enzyme reaction of horseradish peroxidase conjugated with anti-
mouse IgG.  
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            MCT-1 (9-17) decreased a quantity of the MAb bound to the plate, although the ability 
was less than that of MCT-1, and MCT-1 (10-17) did not prevent the binding. These findings 
indicated the importance of Trp9 of MCT-1 for recognition of the MAb. Moreover, MCT-1 (9-
21) inhibited the MAb binding to the plate at the same potency as MCT-1 itself. These results 
demonstrated that MCT-1-B-1 MAb was able to bind to MCT-1 (9-21) efficiently, suggesting 
that this MAb had an epitope within MCT-1 (9-21) region.  

            Previously, we reported that MCT-1-B-1 MAb specifically bound to MCT-1 and 
prevented MCT-1-induced phagocytosis in HL-60 cells differentiated into neutrophilic cells [5]. 
In the present study, the inhibitory effect of MCT-1-B-1 MAb on MCT-1-induced chemotaxis 
was examined in the differentiated HL-60 cells. As a result, the MAb concentration-dependently 
inhibited MCT-1-induced migration of HL-60 cells differentiated into neutrophilic cells from an 
upper chamber to a lower chamber at the concentrations over 0.3 µM, showing that MCT-1-B-1 
MAb is a neutralizing antibody against neutrophilic migration promoted by MCT-1 (Table 1). 

            In conclusion, we obtained specific MCT-1-B-1 MAb against MCT-1 whose 
epitope were located within MCT-1 (9-21). The MAb neutralized the biological functions of 
MCT-1 including not only MCT-1-induced phagocytosis but also migration in neutrophilic 
cells. This MCT-1-B-1 MAb was expected to be utilized to elucidate physiological and 
pathophysiological roles of MCT-1 in vivo.  
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Table 1. Inhibitory effect of MCT-1-B-1 MAb on chemotaxis induced by MCT-1 

MCT-1-B-1  
[µM] 0 0.1 0.3 1 

 
Migration a) 

100 95±5 68±10 ** 3±1 *** 

 

Firstly, differentiated HL-60 cells into neutrophilic cells were added to chemotaxicell cambers (pore 
size, 3 µm; Kurabo). These chambers were placed on 24-well microplate filled with 1 ml of 1 µM 
MCT-1 solutions pre-incubated with various concentrations of MCT-1-B-1 MAb or PBS for 2 h. The 
microplate was incubated at 37oC for 1 h. These chambers were removed from the microplate and 
cell numbers migrated into lower chambers were counted. a) The inhibitory effect of MCT-1-B-1 
MAb was expressed as a percentage of migrated cells induced by 1 µM MCT-1 without vs with 
MCT-1-B-1 MAb at various concentrations. The Values were expressed as mean ± S.D. of four 
independent experiments. **, P < 0.01 and  ***, P < 0.001. 
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Introduction 
The use of antimicrobial peptides (AMPs) appears as one of the most promising strategy to 
circumvent the emergence of bacteria strains resistant to antibiotics. Peptaibols are a specific 
class of AMPs containing α-aminoisobutyric acid (Aib) as well as an amino alcohol in C-
terminus. In order to investigate the molecular mechanism of the bacterial membrane 
permeabilization,[1] a structural analysis of fluorine-labeled peptaibols using solid-state 19F-
NMR spectroscopy is pursued.[2] To incorporate the 19F-reporter group, each Aib residue is 
substituted individually with the (R)- or the (S)-α-trifluoromethylalanine (α-TfmAla).  
We report here the automated solid phase peptide synthesis of Harzianin HK-VI (HZ), a 11-mer 
peptaibol isolated by the fungus Trichoderma pseudokoningii and its 19F-labeled analogues 
containing the α-TfmAla residue at positions 1, 5 and 9 starting from leucinol-2-chlorotrityl 
resin. The incorporation of the α-Tfm-Ala was performed using ready-to-use fluorinated 
dipeptide building blocks prepared in solution.[3] 

 
Results and Discussion 
The Harzianin HK-VI wild type was synthesized in 12% yield (> 96% purity) according to a 
Fmoc/tBu SPPS protocol starting from a leucinol-2-chlorotrityl resin (Figure 1).[4] The circular 
dichroism spectra of HZ in different membrane models show that the HZ adopts a 310 helix 
conformation irrespective of the membrane charge and the temperature (Figure 1). 
 

 
 

 
 
 
 

Figure. 1. Synthesis and circular dichroism of Harzianin wild type. 
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Because of the decrease of nucleophilicity of the amino group of the (R)- and the (S)-α-
trifluoromethylalanine (α-TfmAla), these amino acids could not be incorporated directly in the 
peptide by SPPS. This difficulty was circumvented by the incorporation of dipeptide building 
blocks prepared in solution (Figure 2). 
 

 
 

 
 

 
 
 

 
Figure 2. Synthesis of the Tfm-amino acid containing dipeptides 

 
 
The fluorinated dipeptide building blocks were 
then incorporated into the Harzianin HK-VI 
sequence. The six novel 19F HZ peptides 
incorporating the (R)- and the (S)-α-
trifluoromethylalanine at position 1, 5 and 9 
were synthesized with > 90% to > 98% purity 
(figure 3).  
 

 
 
 

Figure. 3. Synthesis of the 19F labeled Harzianins  
The circular dichroism spectra of the six 
synthesized 19F labeled Harzianins were 
recorded and showed a similar structure than 
the wild type. That means that all the labeled 
HZ adopt a 310 helix conformation 
 
 
Figure. 4. Circular dichroism spectra of the six 
19F labeled Harzianins   
 
To conclude, Harzianin HK-VI (HZ) and 19F-
labeled HZ were synthesized by automated 
SPPS. The circular dichroism spectra of 19F-labeled HZ show preservation of the secondary 
structure. The solid-state 19F-NMR structure analyses are ongoing in order to investigate the 
orientation of Hz in membrane model. Antimicrobial activity is also under evaluation. 
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Introduction 
Antimicrobial peptides (AMPs) kill bacteria by forming pores in their cell membranes. 
However, they might also interfere with vital cellular functions taking place in the membrane, 
by perturbing bilayer dynamics and structure (“sand in a gearbox” model) [1]. We previously 
observed that the cationic AMP PMAP-23 profoundly affects lipid motions in the membrane 
[2]. To further test the “sand in the gearbox” model, we extend this study to melittin and 
magainin, whose mechanism of pore formation is well characterized. 
 
Results and Discussion 
Peptide effects on the fluidity of the membrane were determined by measuring the steady-state 
(Figure 1) and time-resolved (Figure 2) fluorescence anisotropy of probes located at different 
depths from the membrane center: NBD-PE, Laurdan and DPH. Fluorescence anisotropy 
measures the rotational mobility of the probe, and it is an indication of the local viscosity of the 
membrane. Both peptides caused a significant decrease in membrane fluidity, reducing the 
motions of the probes. 

The peptide-induced membrane stiffening was confirmed also by the reduction of water 
penetration into the bilayer, demonstrated by the spectral shift of the membrane probe laurdan. 
The polarity-sensitive spectra of this probe, quantified by the generalized polarization 
parameter, indicated that both peptides significantly reduced the presence of water molecules in 
the hydrophobic core of the membrane (Figure 3). In addition, pyrene excimer-formation 
experiments showed a peptide-induced reduction in lipid lateral mobility.  

 

Fig. 1. Steady-state anisotropy of NBD-PE 
(1%) in PC/PG (2:1) liposomes, in the 

presence of increasing peptide 
concentrations. 

 

Fig. 2. Effects of magainin on time-resolved 
fluorescence anisotropy. 
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The experiments reported here indicate that cationic AMPs cause a significant perturbation of 
membrane dynamics, reducing bilayer fluidity, lateral mobility of the lipids and water 
penetration. These phenomena are probably induced by a tightening of the bilayer, driven by the 
strong electrostatic peptide-lipid interactions.  
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Fig. 3. Generalized polarization of laurdan (1%) spectra in PC/PG (2:1) liposomes, in the 
presence of increasing peptide concentrations. 
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Introduction 
The hydrogens bound to heteroatoms in backbone and side-chain functional groups of peptides 
and proteins undergo hydrogen-deuterium exchange (HDX) within a few minutes. The α-carbon  
(α-C) hydrogens of amino acid residues are usually not exchangeable. In our previous work we 
developed a new method of HDX of α-C hydrogens in N,N,N-trialkylglycine residues in 
peptides and applied the obtained deuterium-labeled quaternary ammonium (QA) analogs in 
quantitative analysis of peptides as well as in the analysis of peptide fragmentation mechanisms 
during CID experiments [1,2]. Although the N-methylglycine (sarcosine) residue appears in 
several biologically active peptides, the HDX of α-C hydrogens of sarcosine has not been 
explored yet. 
 
Results and Discussion 
The aim of this work was to investigate the HDX at the α-C in peptides containing N-substituted 

glycine and their quaternary ammonium (QA) derivatives, 
influenced by 1% triethylamine (TEA)/D2O (pD = 12.3) 
solution (Figure 1).  A series of model peptides containing 
sarcosine (Sar), N-benzylglycine (Bgl) and N-methylalanine 
(MeAla) were synthesized. Model peptides were designed to 
determine the influence of peptide sequences on HDX at the  
α-C. The described HDX at the α-C of sarcosine residue was 
not observed even after a 2-week incubation of model peptide 
in D2O (neutral pD), since only deuterons connected to 
nitrogen atoms were observed (Figure 2B).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. ESI-MS spectra of model oligosarcosine peptide, dissolved in A) H2O containing 0.1% 
HCOOH; B) D2O; C) D2O containing 1% TEA after 1 day; D) D2O containing 1% TEA after 10 
days; E) H2O containing 0.1% HCOOH, after lyophilization from 1% TEA/ D2O. 

 

 

 

 

1% TEA/D2O  

     24 h 
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The addition of TEA catalyzed further HDX and after a 1 day incubation in the mixture of 
1% TEA/D2O the increased m/z value was observed. This suggests that some α-C hydrogens 
were exchanged by deuterons (Figure 2C). It was found that after 10 days of incubation in basic 
conditions the most intensive signal (m/z 460.362) corresponds to the complete HDX of all α-C 
hydrogens, although the isotopic distribution indicates that some unexchanged fractions remain 
(Figure 2D) [3]. To give an independent evidence that the observed HDX occurs at the α-C of 
sarcosine residue, the 1H NMR analysis of model peptide Ac-Sar-Ala-NH2 after incubation in 
1% TEA/D2O solution (Figure 3B) was performed and compared to the spectrum of peptide 
dissolved in D2O (Figure 3A). The obtained results revealed the observed isotopic exchange. 

 
 
  
 
  
 
 
 
  
                                      

  
 

Fig. 3. A) 1H NMR spectrum of model peptide Ac-Sar-Ala-NH2 dissolved in D2O; B) and after  
1 day incubation in 1% TEA/D2O solution. 

 
During our studies we found a significant acceleration of QA group as a fixed charge tag on 

the HDX of α-C hydrogens in QA-derivatized oligosarcosine peptide. The complete deuteration 
was found even after 2 days incubation in 1% TEA/D2O solution [4]. Additionally the presence 
of fixed charge tag allows the HDX of the α-C hydrogen of N-methylalanine residue in peptide, 
although this process is significantly slower than in the case of sarcosine residue. The most 
intensive signal corresponding to the deuterium incorporated on the MeAla was observed after 
24 h incubation in 1% TEA/D2O. However, the isotopic distribution indicates the presence of 
unexchanged form of model peptide. A further incubation in basic conditions did not result in 
the complete exchange even after 10 days. Such phenomenon was not observed in peptides 
unmodified by QA-group.  

This work opens a wider applicability of the HDX reaction in peptide chemistry and mass 
spectrometry. The presented results may be useful in investigations of the HDX mechanisms 
and in analysis of ESI-MS and MS/MS spectra of sarcosine containing peptides such as 
cyclosporine after incubation in D2O with basic catalysts. The obtained results suggest that the 
observed process proceeds more rapidly in the presence of fixed charge tag as compared to the 
unmodified peptides. This methodology may be particularly useful in the quantitative analysis 
of the biologically important compounds. 
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Introduction 
The target of one of the novel themes in the areas of materials science, nanochemistry, and 
biomimetic chemistry is the construction of supramolecular architectures characterized by well-
distinct shapes and functions [1]. The self-assembly process of polymers through non-covalent 
interactions has a great potential for creating such supramolecular architectures. Polypeptides 
are fascinating and unique for their ability to self-assemble into ordered structures, making them 
attractive in those many applications where well-organized architectures are essential to 
accomplish a function. In this work, we present novel fullerene (C60) end-capped, rod-like 
polymers (Figure 1), obtained by one-pot thiol-ene chemistry [2]. We chose the well-known 
rod-like α-helical polypeptide poly(γ-benzyl-L-glutamate) (PBLG) and we functionalized the N- 
and C-termini of this polymer using thiol-ene chemistry to prepare mono and bis C60-PBLG 
conjugates [3]. 
 
Results and Discussion 
Polymer 1 (Figure 1) was synthetized via ring-opening polymerization (ROP) of γ-benzyl-L-
glutamate N-carboxyanhydride (BLG-NCA) using Trt-cysteamine (Trt, triphenylmethyl) as 
initiator (Figure 2). Polymer 1 was recovered after precipitation with methanol in an 81% yield 

(MW = 19100, PDI 1.11 by SEC). Then, the Trt-protecting 
group was removed yielding polymer 2. The subsequent 
functionalization with C60 was carried out via thiol-ene 
chemistry in toluene/DMF in presence of AIBN. Polymer 3 
was obtained as a brown solid in 85 % yield (MW = 19550, 
PDI 1.09 by SEC). Moreover, 3 was N-end capped with a 
large excess of pre-activated Trt-mercaptopropionic acid, 
yielding polymer 4. Polymer 4 was C-terminus Trt-
deprotected (as described before, affording polymer 5) and 
then reacted under the same conditions as those for the 
synthesis 3, to generate the bis-conjugate C60-PBLG-C60, 
polymer 6 in 78 % yield (MW = 20300, PDI 1.11 by SEC). 
Since all the synthesized polymers possess the same PBLG 

 

Fig. 1. Molecular structures of 
the H-PBLG-C60 (3) and C60-

PBLG-C60 (6) polymers. 

 

Fig. 2. Synthesis of H-PBLG-C60 (3) and C60-PBLG-C60 (6) polymers. 

3

4 

6

4 



Proceedings of the 33rd European Peptide Symposium 
Emilia Naydenova, Tamara Pajpanova, Dancho Danalev (Eds) 
European Peptide Society, 2014 

369 

 

part, the differences in MWs determined by SEC constitute a first evidence for the addition of 

one or two fullerenes. Polymers 1, 3 and 6 were further characterized by UV-Vis absorption 
spectroscopy giving an additional evidence for the covalently attachment of fullerenes. The 
observed spectral patterns are close to that of C60, which shows strong UV absorption maxima 
around λ=287, 330 nm and tails spanning over the 600 nm region. We assign the observed 
absorptions of mono and bis fullerene-conjugates to the  
 
 
C60 moiety, considering the small differences in frequency with respect to that of the isolated 
C60. They are due to perturbations of the electronic structure caused by the covalent bonding 
with the polymer. The weight percentages of the components (polymer 3, C60/PBLG 4:96 %; 
polymers 6, C60/PBLG 7:93 %) determined by thermogravimetric analysis (TGA, 100-700 °C, 
under N2 flow) are in agreement with those of the SEC analysis. 

Finally, we studied the self-assembly ability of mono and bis C60-PBLG conjugates in 
water. From polymer 3, doughnut-like morphologies were generated, as milk-like suspensions, 
starting from a solution of 3 (20 mg in 10 mL of DMF/THF 3:7 v/v), dialyzed (membrane cut-
off, 12 KD) against ultrapure water (48 h) (Figure 3A, B). Sphere-shaped aggregates were 
generated from polymer 6 under the same conditions (Figure 3C, D). These aggregates 
displayed an internal cavity, as shown from the TEM image reported in Figure 3D. Thus, the 
observed spherical morphologies can be attributed to hollow, vesicle-like microstructures. 

In this work, we reported the one-pot synthesis of two novel PBLG polymers C- and C/N-
termini capped with fullerenes, using thiol-ene chemistry. The self-assembly in water of such 
rod-like systems led to the formation of bulky, toroid-like or vesicle-like, nanostructures 
depending on the fullerene position over the main chain of the polymer. In conclusion, such 
polypeptide-fullerene conjugates may be interesting systems to prepare organized, fullerene-
based devices at the nanoscale level. 
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Fig. 3. TEM images of the resulting self-assembled nanostructures obtained from polymers 3 
(A and B) and 6 (C and D). 
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Introduction 
Hepatitis C virus (HCV) envelope proteins E1 and E2 are the first to contact to human immune 
system and elicit antibodies in the host organism. However, because of the high variability of 
these proteins in HCV genetic variants E1 and E2 are not employed in anti-HCV 
immunodiagnostic test-systems. Detection of antibodies against HCV core and non-structural 
proteins makes an early HCV infection diagnostics unlikely, since core and non-structural 
proteins become accessible to the host immune system after the virus replication and disease 
development. Envelope proteins have several conserved sites [1,2]. Previously we showed the 
presence of antibodies to certain conserved fragments of HCV E1 and E2 proteins [3]. However, 
not all conserved sites were tested, and no correlations to the disease development were studied.   
 
Results and Discussion 
20 conserved sites of E1 and E2 HCV proteins were covered by octapeptides overlapped by 7 
residues; a set of the most frequent variants of N-terminal octapeptide fragment of hypervariable 
region 1 (HVR1) of E2 protein was prepared as well [2] (Table 1). These peptides were 
biotinylated at their N-termini upon multiple parallel solid-phase synthesis [4] and attached to 
streptavidin, adsorbed onto ELISA plates. Patient sera were tested for the presence of 
antipeptide antibodies by direct ELISA using horseradish peroxidase-conjugated anti-(human 
IgG) antibodies. Sera from 24 HCV-infected patients and 2 patients with non-infectious hepatic 
injury (alcoholic hepatitis, hepatitis (control) were used for testing; an informed consent was 
obtained from each patient. Among HCV-infected patients, 18 were diagnosed as having 
chronic hepatitis C, 4 were diagnosed as having acute hepatitis C, one was diagnosed as 
seropositive for the first time with no signs of disease, and one had hepatitis A with 
seropositivity for HCV, but no HCV RNA.   
No peptide-interacting antibodies were detected in control sera. Among 24 sera samples from 
HCV-infected patients, 22 contained antibodies reactive to at least one octapeptide from 
conserved HCV envelope protein sites, and 14 contained antibodies reactive to at least one N-
terminal HVR1 octapeptide. Figure 1 shows examples of testing patient sera for the interaction 
with HCV envelope protein fragments.  
 

Figure 1. Peptide scanning for antibody specificity in hepatitis C patient sera (serum dilution 
1:50) 
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Specificities of immune responses to HCV envelope protein linear fragments were variable and 
individual for each patient. No correlation was found between the antibody specificity and 
disease stage or duration, HCV genotype and viral load, except the fact that antibodies with 
several specificities to HVR1 N- terminal octapeptide variants were detected only in chronic 
hepatitis C patients. One patient with acute hepatitis C and one with active chronic hepatitis C 
did not elicit antibodies against linear fragments of HCV envelope proteins. Patients with acute 
hepatitis C and most patients with latent chronic hepatitis C with no detectable viral load, 
elicited antibodies reactive with less than 10 envelope protein linear antigenic determinants. 
Some patients with chronic active hepatitis C elicited a wide set of envelope protein fragment-
reactive antibodies, while the others elicited antibodies of a limited anti-peptide specificity.    
Table 1 shows that conserved sites 5 (CR1) and 20 (CR5) were the most immunogenic in HCV 
envelope proteins. 80% of HCV-infected patient sera contain antibodies reactive with one of 
these regions. It is consistent with our previous data; however, some other conserved regions 
have been determined as immunogenic (e.g. 4, 7, CR3, 17, 18, CHR) only in this studies. 
Envelope protein linear fragment-specific antibodies may not be employed for the early HCV 
infection determination, because they appear at the same time as antibodies against other HCV 
proteins. However, after a more in-depth studies and development of a convenient micro-assay 
procedure they can be used in prognostic research and immunotesting.  
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Table 1. Statistics of immune responses against HCV envelope protein linear antigenic determinants  
HCV envelope protein 

site a   Sequence position Number of  
octapeptides 

Number and % of 
reactive sera 

1 224-232 2 3(12,5%) 
2 276-286 4 4 (16,7%) 
3 289-296 1 2 (8,3%) 
4 302-312 4 7 (29,2%) 

5(CR1) 311-329 13 18 (75%) 
6 349-358 3 5 (20,8%) 
7 363-372 3 9 (37,5%) 

8(GLR) 414-433 12 9 (37,5%) 
9(PRR1) 481-491 4 6 (25%) 
10(CR2) 502-521 13 9 (37,5%) 

11 529-536 1 5 (20,8%) 
12(PRR2) 547-557 4 9 (37,5%) 

13 558-565 1 3(12,5%) 
14(CR3) 580-596 9 10 (41,7%) 

15 596-607 5 7 (29,2%) 
16(CR4) 609-624 10 12 (50%) 

17 626-640 5 11 (45,8%) 
18 642-652 4 10 (41,7%) 

19(CHR) 653-666 8 10 (41,7%) 
20(CR5) 679-704 20 14 (58,3%) 
HVR1 389-416 44 13 (54,2%) 

a Numbers and designations according to [1, 2];  bSequence positions according to HCV polyprotein  
enumeration. 
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Introduction 
Small peptides exhibit a variety of physiological function and biological effects, therefore they 
are a subject of numerous studies in order to determine their physicochemical properties, 
structure and biological activity. The objective of this study was the synthesis and spectral 
elucidation of some dipeptides containing different amino acids, with respect to correlation IR-
spectroscopic characteristics–structure. The synthesis of dipeptides from amino acids containing 
hydroxyl groups in the side chain as serine, threonine and tyrosine is carried out. A synthetic 
scheme in a solution with a minimum protection of the functional groups was proposed as the 
hydroxyl groups in the side-chain remain unprotected during the reactions. Correlation 
structure/IR-spectroscopic properties of the dipeptide in solid-state is elucidated by means of the 
IR- linear-polarized (IR-LD) spectroscopy of oriented colloid suspension in nematic host, which 
is a very useful method for vibrations interpretation of systems in solid-state [1-3]. 
Results and Discussion 
Three different methods for the synthesis of dipeptides (Fig.1) in solution with minimum 

protection of functional groups in the side chains of amino 
acids were applied. The Phe-Tyr dipeptide was prepared using 
a DCC-method using a water-soluble reagent EDAC. Serine-
containing dipeptide was obtained by the method of mixed 
anhydrides of Piv-Cl as a reagent. Dipeptide Thr-Met is 
prepared by the method of activated esters, and the methionine 
is introduced into the reaction completely unprotected. The 
final dipeptides were purified by column chromatography on 
silica gel with CH3CN:H2O (4:1). At the obtained dipeptides 
conventional and IR-LD- spectral analysis was carried out. 
Modern vibrational approaches for these systems and protein 
structure have been applied by Chou and all [4,5]. The peptides 
possess a complicated spectroscopic IR-pattern requiring the 
application of specific techniques. The analysis of peptides 

containing aromatic amino acids is embarrassed from the large number of characteristic IR- and 
Raman bands belonging to aromatic fragments. The linear-polarized IR-spectroscopy of 
oriented solid samples as a colloidal suspension in nematic liquid crystal covers these 
difficulties in significant level. The non-polarized and difference IR- spectra of the investigated 
compounds show a significant degree of orientation of the suspended particles. In the all IR-
spectra a multiple character of the IR-bands within 3100–2300 cm-1 is at hand, corresponding to 
asymmetric and symmetric νas

NH3+ and νs
NH3+ vibrations of protonated NH3

+-group in 
zwiterionic structure (see Table 1). The observed pairs of maxima at 3250 cm-1  and 3230 cm-1 
(Phe-Tyr), 3347 cm-1 and 3315 cm-1 (Thr-Met), 3070 cm-1 and 3207 cm-1 (Ser-Met) belong to 
stretching νNH and  νOH modes of NH and OH groups in the molecule of the dipeptides. The 
observed low-frequency shifting of the last band is associated with the participation of the OH-
group of Thr-side chain in strong hydrogen bonding. The bands between 3100–2500 cm-1 
(νasNH3

+, νsNH3
+) and at 1683 cm-1 (νasNH3

+) in Phe-Tyr-OH observed in the IR-spectra are 
low-intensive or disappeared in corresponding Raman spectra. The same is valid for the νC=O 
(Amide I) and νC=O (COOH) stretching vibrations for this peptide. In 1700–1400 cm-1 region 
are observed maxima at 1655 cm-1 (νC=O, Amide I), 1576 cm-1 (δasNH3

+, NH3
+), 1612 cm-1 

(νasCOO-), 1537 cm-1 (δNH, Amide II), 1506 cm-1 (δsNH3
+) and 1405 cm-1 (νsCOO-), 

respectively for Thr-Met. The same IR-spectroscopic region for Ser-Met dipeptide is 
characterized with a bands at 1687 cm-1 (νC=O, Amide I), 1610 cm-1 (δasNH3

+, NH3
+), 1564 cm-

1 (νasCOO-), 1484 cm-1 (δNH, Amide II) 1501 cm-1 (δsNH3
+) and 1397 cm-1 (νsCOO-). The peak 

A B

C  

Fig. 1. Dipeptides: A) Tyr-
Phe, B) Thr-Met, C) Ser-Met 
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at 715 cm-1 belongs to νSC [6]. The obtained data correlated well with the theoretical IR-spectral 
data for pure amino acids [7]. 
 
In contrast to Thr-Met dipeptide [8] the δNH is observed in low frequency region, typical for 
cis- or cisoide-configurated O=C-NH amide fragments in Ser-Met dipeptide [9]. For Phe-Tyr 
the bands are at 1670 cm-1 (νC=O (Aмид I), 1681 cm-1 and 1650 cm-1 (νasNH3

+, δ’asNH3
+), 1630 

cm-1 (δsNH3
+), 1573 cm-1 (δNH (Aмид II)), 1525 cm-1 (νasCOO-), 1396 cm-1 (νsCOO-) 

respectively. On the other side the characteristics IR- out-of-plane modes of the aromatic 
residue of the amino-acid at 837 cm-1 (11-γCH(Tyr)), 748 cm-1 (11-γCH(Phe)) and 701 cm-1 (4-γAr 
(Phe) are low-intensive in corresponding Raman spectra. The application of the reducing-
difference procedure for polarized spectra interpretation was demonstrated for Phe-Tyr 
dipeptide (Fig.2). The elimination of the 3230 cm-1(νNH) peak provoked disappearance of the 
band at 1670 cm-1 (νC=O (Aмид I, Fig. 2.2), showing their νNH and νC=O character and trans-
configuration of the amide fragment. The elimination of 1681 cm-1 peak (Fig. 2.3) leads to 
vanish of the modes at 1614 cm-1 and 1585 cm-1. This elimination indicated a collinear 
disposition of δasNH3

+ and A1-in-plane peaks of p-disubstituted benzene system. On the other 
hand the Fig. 2.3 shows a disappearance of the νasCOO- maximum at 1525 cm-1. The obtained 
results correlated well with the theoretical predicted structure of zwitterionic Phe-Tyr-OH [10]. 
The application of the procedure for Thr-Met dipeptide leads to the same result - simultaneously 

elimination of the νNH and νC=O (Amide I) supposed again 
trans-configuration of NH-C=O amide fragment 
Acknowledgments 
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Fig. 2. Non-polarized IR-(1) and 
reduced IR-LD spectra of Phe-

Tyr after elimination of the 
bands at 1670 cm-1 (2) and 

1681 cm-1 (3); 

Table 1. IR-spectral characteristics of studied compounds 

Assignment ν (cm-1) 

Phe-Tyr Thr-Met Ser-Met 

νas
NH3+, ν’as

NH3+, νs
NH3+  3300 – 2100 cm-1  

νOH 3250 3315 cm-1 3070 cm-1 
νNH 3230 3347 cm-1 3207 cm-1  
δas

NH3+, δ’as
NH3+ 1681, 1650 1577 cm-1  1610 cm-1  

νC=O (Aмид I) 1670 1655 cm-1 1687 cm-1  
δs

NH3+ 1630 1506 cm- 1501 cm-1  
δNH (Aмид II) 1573 1537 cm-1  1484 cm-1  
νas

COO- 1525 1612 cm-1  1564 cm-1  
νs

COO- 1396 1405 cm-1  1397 cm-1  

11−γCH 
837 cm-1 (11-γCH(Tyr) 
748 cm-1 (11-γCH(Phe) 

  

4−γAr 701 cm-1, 746 cm-1   
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Introduction 
Developments in the field of chemistry and biotechnology have opened new therapeutic and 
diagnostic approaches that target intracellular molecules. The main challenge in these areas is 
the development of molecules which are able to enter the cell membrane and transfer the 
biocargo to the position of its action. This is a complex procedure, which can increase 
biocargo's affectiveness and also limit potential side effects. The design of this type of 
molecular transporters took advantage of the accumulated knowledge in our laboratory 
concerning the functionalities of a foldamer class of carriers formed by the repetitive (Lys-Aib-
Cys) triad (SOC) [1]. The Cys residue offers the possibility of disulfide bond formation between 
the carrier and the biocargo. The S-S bond could be subjected to an intracellular redox 
procedure taking advance of the existence of a redox gradient between intra- and extracellular 
space. In order to study the transport and the cargo-release capability of the proposed carrier, we 
synthesized conjugates Ac-[Lys-Aib-Cys-Cys(1000-1008)]4-NH2 (Figure 1), carrying as 
biocargo the peptide corresponding to cytoplasmic domain 1000-1008 (L1000EEDDEEGE1008) of 
αIIb integrin subunit, which could act as inhibitor of platelet aggregation [2].  

 
 
 

 

 

 

 

Materials and Methods 

Peptide Synthesis and Characterization 
The synthesis of the peptide Ac-C-(L1000EEDDEEGE1008) and Ac-(SOC)4-NH2 carrier was 
performed in solid phase using the step-by-step Fmoc strategy. The Fmoc protecting groups 
were removed with 20% piperidine in DMF. The coupling reactions were done using a molar 
ratio of amino acids: DIC:HOBt:resin 3:3:3:1. Cleavage of the peptides from the resin and 
removal of the protecting groups of side chains of the amino acids was done using the reagent 
mixture: 92,5% TFA/2,5% DMB/ 2,5% Tis/2,5% EDT . The peptides were purified by semi-
preparative HPLC. The purity of the peptides was checked by analytical HPLC and their 
molecular masses were identified by ESI-MS, The activation of the cysteine of the peptide was 
done by adding DTP (2,2-dithiodipyridine) in CH3COOH:H2O 3:1 (v/v). The activated peptide 
was extracted with CH3COOEt to remove the excess of DTP and the resulted thiopyridine 
(pyS). The ratio of peptide/DTP was 1:5 (w/w). The carrier-peptide conjugate was accomplished 

Figure 1. Conjugate of the 
carrier and the biocargo. 
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by adding in portions the solid carrier in a concentrated solution of the peptide in CH3COOH. 
The final molar  ratio of peptide/carrier was 4:1. The reaction mixture was extracted with 
CH3COOEt and the aqueous phase was lyophilized. The crude conjugate was purified by semi-
preparative HPLC. The purity of the activated peptide and the conjugate were checked by 
analytical HPLC and the molecular masses were identified by ESI-MS (Figure 2). 

 
 

Biological experiments 
The biological activity of the peptides was studied by the technique of light transmittance 
aggregometry (LTA) in platelet rich plasma (PRP). Briefly, blood was obtained from healthy 
volunteers with ACD anticoagulant in the ratio 9:1 (v/v), and it was centrifuged at 900x g for 
receipt of PRPs. Then PRPs, in a concentration of 2.5×105 platelets/µL, were incubated for 1 
minute with the intracellular peptide, the carrier and the conjugate separately, which previously 
were dissolved in DMSO. Following ADP was added, in a final concentration of 7.5 µM, and 

accumulation was 
recorded for 4 
minutes. 

 

 
 

Conclusions 
The fact that the conjugate inhibits the platelets’ aggregation, in a quite good concentration, 
means that the carrier is able to transfer the biocargo intracellular. Further experiments are in 
progress for estimating the intracellular releasing of the biocargo. 
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Peptide Concentration µM % Inhibition of PRPs’ 

L1000EEDDEEGE1008 125 0 

Ac-(SOC)4-NH2 125 0 

Ac-[Lys-Aib-Cys-
Cys(1000-1008)]4-NH2 

125 46 

109 34 

94 26 

63 19 

pal-L1000EEDDEEGE1008 125 30 

Table 1. The % 
proportion of 
inhibition of the 
PRPs’ aggregation  
for different peptides. 

Figure 2. ESI-MS and 
analytical HPLC of the 
conjugate Ac-[Lys-Aib-Cys-
Cys(1000-1008)]4-NH2. 
Expected MW: 6153.28 g/mol, 
found: 6158.62 g/mol. The 
molecular ion [M + 4H]4+ = 
1540.65 corresponds to the 
MW of the desired conjugate. 
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Introduction 
Opioid receptors are an important class of receptors which are involved in the modulation of 
pain. Compared to the well studied µ-opioid receptor, δ-opioid receptor (DOR) is relatively less 
studied. The activation of DOR mediates antinociception and antihyperanalgesia under different 
conditions, such as stress, chronic pain, opioid-induced hyperalgesia, and tolerance to opiates. 
The δ-opioid signaling strongly interacts with the µ-opioid system, resulting in a modulation of 
the transmission of pain. 
In order to perform the study of DOR, different methods are being applied: biological, 
molecular and bioinformatical. With the advances in the sphere of computer technologies in 
silico methods are becoming increasingly important in the study of different biological objects. 
There are many algorithms for studing the interactions between receptors and ligands (enzymes 
and substrates). Different scoring functions and criteria for selection of suitable candidates were 
used. Ideally, the universal scoring function should be applicable to all sites. In practice, 
however, the success rate of predicting the correct method of attachment varies widely with the 
different combinations of target proteins and scoring function.  
GOLD 5.2 is one of the widely-used programs for docking in the study of interactions between 
the receptor and the substrate. It provides a choice of four scoring functions set out in the 
software: ASP, ChemPLP, GoldScore and ChemScore. Each of them has its advantages and 
disadvantages in the study of specific sites-receptor and ligands. Therefore, the idea of this 
investigation is to select a suitable scoring function for determining the interaction of the ligand 
with the DOR. The degree of correlation between the data of the in vitro test and the values 
obtained for the scoring function is the criterion of whether the function is а suitable one.  
The objects of study are δ-opioid receptor (DOR) [1], [2] and δ-selective enkephalin analogues. 
For this purpose the crystal structure of the DOR (PDB id: 4ej4) [3] and ten enkephalin 
analogues were used together with DPDPE - δ-selective agonist. The biological activity of these 
compounds was determined from in vitro tests. 
Results and Discussion 
The ability of enkephalin analogues to interact with DOR was tested with the aid of docking 
with GOLD 5.2. All four scoring functions [4-11] set out in the software were applied to find 
the most suitable one for the determination of structure-biological activity. We were looking for 
a correlation between the values of the scoring functions and the three values obtained from in 

vitro test IC50 (potency), KA 
(affinity), erel (efficacy).  
As it can  be seen in the data in 
Tab.1 there were significant 
correlations only in the cases 
when ChemPLP and ASP scoring 
functions were being applied. The 
correlations are shown in Fig.1. 
There is an inverse correlation 
between the values of the scoring 
function and relative efficiency. 
Higher values of the scoring 
function correspond to smaller 

Table 1. Pearson’s correlation for different values. 

Functions   IC50  KA  erel  

ASP  0.09075  -0.03759  -0.6366  

ChemPLP  0.07770  -0.1747  -0.6742  

GoldScore  0.1238  -0.09102  0.4393  

ChemScore  -0.05391  0.09302  -0.01962  
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values of relative potency. Hence, in order to carry out the ligand-receptor activity it is not 
necessary a stable complex to be created, even if, on the contrary, the complex should be 
relatively unstable so as not to block the receptor. 
A very important interaction in the active site of DOR is hydrogen bonding with Asp128 (Fig. 
2). Considering the obtained docking results we found out that this interaction can be predicted 

by using the four scoring functions. In the 
case of CysBzlMet-enk however this 
interaction is stronger, i.e. it refers to the 
electrostatic interaction. This ligand will 
bind more strongly to the receptor, thus 
blocking it.  
The data of the in vitro test show that the 
corresponding ligand has the lowest value of 
the dissociation constant, which is 
confirmed by the docking. The lower 
dissociation constant corresponds to tighter 
binding to the receptor. 
Conclusion  
As a conclusion, it can be said that the most 
appropriate scoring function the use of the 
crystal structure of the DOR and enkephalin 
analogues is ASP. Its values correlate best 
with the data from in vitro tests, and also it 
gives a satisfactory explanation of the 
interactions occurring between the ligand 
and receptor. It can be successfully applied 
for finding a more effective ligand for DOR.  
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Fig. 2:  Interactions in the active site of DOR 
with DPDPE (best pose - A and worst pose - B) 
and CysBzlMet-enk (best pose - C and worst 

pose - D) 
 

A B

 

Fig. 1: Pearson’s correlation between: erel and 
ASP scoring function (A); erel and ChemPLP 

scoring function (B).  
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