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Preface

The 29th European Peptide Symposium was held in Gdansk, Poland from Sunday, September 3rd,
to Friday, September 8th, 2006. The venue of the Symposium was Baltic Philharmonic Hall,
conveniently located on the Olowianka Island in the centre of the town. The thousand-year-old
city of Gdansk is situated on the Bay of Gdansk and the southern coast of the Baltic Sea. With
its Hanseatic background, Gdansk played an important role in commercial relationships between
countries in Europe. Gdansk is one of the most beautiful cities in Poland, famous for its history
(including the three last decades of the past century) and architecture. The city is a perfect place to
combine science, history and tradition.

Almost 900 scientists, accompanying persons and exhibitors from 42 countries attended the
Symposium.

Following the tradition of the previous EPS meetings, Dr. Bert L. Schram Young Investigator’s
Mini-Symposium preceded the official opening of the conference. Twelve young researchers
competed for two awards sponsored by the ESCOM Science Foundation. Co-chair persons of two
scientific sessions Drs. Jirina Slaninova, Jean Francois Hernandez, Botond Penke, Piotr Mucha and
David Andreu, the Scientific Affairs Officer of EPS, served as judges of this competition. The
Dr. Bert L. Schram Awards were granted to Markus Muttenthaler (Australia) and Susana Gordo
(Spain) plus a honorable mention to Nir Qvit (Israel). After welcome greetings by distinguished
guests representing University of Gdansk and local administration; the official opening of the
Symposium was followed by in memoriam of Prof. Bruce Merrifield presented by Prof. David Andreu.
Then, Prof. Jean Martinez, Chairman of the EPS announced the laureates of EPS awards; the
Joseph J. Rudinger Memorial Lecture Award was given as a shared prize to Profs. Ettore Benedetti
and Claudio Toniolo, and the Zervas Award received Dr. Carlos Garcia-Echeverria. After presenting
the awards to the winners (unfortunately Carlos Garcia-Echeverria was not present), Ettore Benedetti
gave his lecture entitled: “Structure-activity relationships in peptides: from modelling to the rational
drug design”, followed by a talk by Claudio Toniolo entitled: “An adventure in peptide conformation.”
Carlos Garcia-Echeverria delivered his lecture entitled “Antagonists of intracellular protein-protein
interactions: a new class of targeted anticancer agents” on Wednesday afternoon.

Keeping up the tradition of European Peptide Symposia, the 29th EPS covered all aspects of the latest
developments in peptide research, providing researchers with different backgrounds an opportunity
to present and exchange ideas. The overall quality of lectures and posters were excellent. As in Prague,
the Program Committee had severe difficulties in selecting the speakers and to keep the proper
balance between various European and other countries.

The first scientific session started Monday morning, whereas the last one was on Friday afternoon.
The program was divided into fourteen sessions. Sixty-eight oral presentations were scheduled,
including eight key-lectures delivered by Profs. Frank Bordusa, Jutta Eichler, Fred Nyberg,
Claudio Toniolo, Shuguang Zhang and the Nobel Prize laureate Kurt Wuthrich. In addition, over 540
communications were presented as posters during three afternoon sessions. This very tense scientific
program kept participants busy through the all days of the Symposium. The organizers hope that the
social events: the philharmonic concert of Polish Baltic Philharmonic Orchestra (Monday evening),
speakers’ dinner (Tuesday evening), soccer game (Wednesday afternoon), and concert of Capella
Gedanensis, followed by the Farewell Party at the Polish Maritime Museum in Gdansk (Thursday
evening), helped participants to regenerate their physical strength for the next days of hard work. The
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scientific program and abstracts of all presentations were published in the journal of Peptide Science,
Vol. 12, Suppl., 2006. Most of the results presented are published in the Proceedings, and now it is
our pleasure to forward them to all participants.

One of the aims of the EPS symposia is to promote young researchers who are just at the beginning
of their careers. Money collected in the Travel Grant Fund, allowed the organizers to refund partial
expenses of 54 young participants. In addition, five researchers under the age of 30 or engaged in
studies towards their Ph.D. degrees were also awarded for their poster presentations. These awards
were sponsored by the ESCOM Science Foundation, the Rector of the University of Gdansk and
Thieme Chemistry. The Poster Competition Committee consisting of 16 distinguished scientists,
and headed by David Andreu, selected among over 100 presentations, the following winners: David
Ireland (Australia), Kevin Pagel (Germany), Meritxell Teixido (Spain), Yi-Pin Chang (Taiwan) and
Zvi Hayuka (Izrael). All young laureates received their prizes at the official part of the Farewell Party.

The Symposium in Gdansk contributed to the long tradition of the truly international meetings of
researchers dealing with various aspects of peptides. The strength of the conference was (and is) a
broad participation of young scientists who have a perfect opportunity to learn and exchange the
ideas with top-researchers from Europe and all over the world. We do hope 29th EPS fulfilled the

expectations of all participants.

We would like to thank the EPS Executive Committee and members of all Committees for excellent
collaboration during preparation of the Symposium and for their invaluable help with selection
of speakers, laureates, and young scientists who received travel grants and awards. It is also our
pleasure to thank all sponsors and exhibitors, without whom the conference would not be possible
to organize. Last but not least, we do appreciate help of all teams contributing to the success.

Finally, we would like to wish Hilkka Lankinen,
a Chairperson of the next 30th EPS, all success
in organization of the next meeting in Helsinki,
which, we are sure, everyone will enjoy at both
scientific and social levels.

Krzysztof Rolka
Piotr Rekowski

Jerzy Silberring

Chairpersons of 29th EPS: Jerzy Silberring (lef?),
Piotr Rekowski (next from left, Krzysztof Rolka (right),
together with the Nobel prize Winner, Kurt Wiithrich
(second from right).
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The European Peptide Society

WWW.eurpepsoc.com

The European Peptide Society was founded in 1989. Its most important activity is the organisation in
Europe of the biennial international symposium, which regularly attracts about 1000 participants from
all over the world. The Society also supports financially smaller local meetings and workshops. It is an
editor of the six-monthly Newsletter and the Society’s official journal, the Journal of Peptide Science.
The Society has a membership of about 1200 (from some 30 countries) who pay no subscription at
present. The principle was established at the outset that there would be no subscription in order to
ensure that all peptide scientists in Europe would be able to enrol. The Society administers the Josef
Rudinger Memorial Lecture Award and the Leonidas Zervas Award, and a fund to assist younger
members to attend symposia.

European Peptide Society Executive Committee:

Jean Martinez Chairman

Ettore Benedetti Treasurer

Ferenc Hudecz Secretary

David Andreu Scientific Affairs Member

European Peptide Society Council (2006 - 2010)

Austria: Horst J. Ahorn
Belgium: vacant, to be elected
Bulgaria: Ljubomir Vezenkov
Croatia: Branka Vranesic
Czech Republic: Jirina Slaninova
Denmark: Thomas Hoeg-Jensen
Finland: Hilkka Lankinen
France: Solange Lavielle
Germany: Michael Bienert
Greece: Paul Cordopatis
Hungary: Botond Penke
Israel: Chaim Gilon

Italy: Claudio Toniolo
Latvia: Inta Liepina
Netherlands: Wim M.M. Schaaper
Norway: Qystein Rekdal
Poland: Jan Izdebski
Portugal: Hernani L.S. Maia
Russian Federation: vacant, to be elected
Slovakia: Michael Zeman
Slovenia: Primoz Pristovsek
Spain: Ernest Giralt
Sweden: Lars Baltzer
Switzerland: Gabriele Tucherer
United Kingdom: Brian M. Austen

Co-opted members:

David Andreu Ettore Benedetti Alex Eberle
Ferenc Hudecz Jean Martinez
The European Peptide Society Newsletter Journal of the Peptide Science
Editor: Paul Cordopatis, Greece Editor-in-Chief: John H. Jones, UK
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Travel Grant Committee:

David Andreu Spain
Ettore Benedetti Italy
Paul Cordopatis Greece
Jerzy Silberring Poland

Dr. Bert L. Schram Young Investigator’s Mini-Symposium Committee:

David Andreu Spain

Jean Frangois Hernandez France

Piotr Mucha Poland

Botond Penke Hungary

Jirina Slaninova Czech Republic

Poster Competition Committee:

Paul Alewood Australia

David Andreu Spain - Chairman
Alex Eberle Switzerland

Jutta Eichler Germany

Assaf Friedler Israel

Ronald Frank Germany

Jan Jezek Czech Republic
Ana-Isabel Jiménez Spain

Yuji Kobayashi Japan

Adam Lesner Poland - Secretary
Gdbor Mezo Hungary

Alle Nervanen Finland

Paolo Rovero Italy

Costas Sakarellos Grece

Masahatsu Tanaka Japan

Cecille Unson USA
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European Peptide Symposia

Symposium Year
First 1958
Second 1959
Third 1960
Fourth 1961
Fifth 1962
Sixth 1963
Seventh 1964
Eighth 1966
Ninth 1968
Tenth 1969
Eleventh 1971
Twelfth 1972
Thirteenth 1974
Fourteenth 1976
Fifteenth 1978
Sixteenth 1980
Seventeenth 1982
Eighteenth 1984
Nineteenth 1986
Twentieth 1988
Twenty-first 1990
Twenty-second 1992
Twenty-third 1994
Twenty-fourth 1996
Twenty-fifth 1998
Twenty-sixth 2000
Twenty-seventh 2002
Twenty-eighth 2004
Twenty-ninth 2006

International Peptide Symposia

Location

Prague, Czechoslovakia
Munich, GFR
Basel, Switzerland
Moscow, Russia
Oxford, UK
Athens, Greece
Budapest, Hungary

Noordwijk, The Netherlands

Orsay, France
Abano Terme, Italy
Vienna, Austria

Reinhardsbrunn, GDR

Kiriyat Anavim, Israel
Weépion, Belgium
Gdansk, Poland
Helsinger, Denmark
Prague, Czechoslovakia
Djuréniset, Sweden
Porto Carras, Greece
Tiibingen, GFR

Barcelona, Spain

Interlaken, Switzerland

Braga, Portugal
Edinburgh, UK
Budapest, Hungary
Montpellier, France
Sorrento, Italy

Prague, Czech Republic

Gdansk, Poland

First 1997 Kyoto, Japan
Second 2001 San Diego, USA
Third 2004

Fourth 2007

Prague, Czech Republic
Cairns, Queensland, Australia

Participants by Continent

12% 5%

1%

'] Europe
B Americas
B Asia

Il Australia / New Zealand / Africa / Middle East

72%

Participants by European Countries

Belgium 3%
Spain 8%
France 4%
Denmark 4%
Russia 3%
Poland 23%
Switzerland 7%
Greece 4%

The Netherlands 3%
Czech Republic 3%
Germany 21%

Italy 6%

Sweden 2%
Hungary 6%
UK 4%

Others: Belarus, Bulgaria, Croatia, Estonia, Finland,
Ireland, Latvia, Norway, Portugal, Turkey




Josef Rudinger Memorial Lecture Award

This Award was established by Ferring Pharmaceuticals in 1984, as a commemoration of
Josef Rudinger’s role in the foundation of the European Peptide Symposia and diverse
contributions he made to peptide chemistry. Previous winners are listed below.

1986
Robert Schwyzer
(ETH Ziirich, Switzerland)

1988
Erich Wiinsch
(Max-Planck-Institute fiir Biochemie, Miinich, Germany)

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

1992
Viktor Mutt
(Karolinska Institute, Stockholm, Sweden)

1994
Robert C. Sheppard
(MRC, Cambridge, United Kingdom)

1996
Ralph Hirschmann
(University of Pennsylvania, Philadelphia, USA)

1998
Shumpei Sakakibara
(Peptide Institute, Osaka, Japan)

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

2002
Sdndor Bajusz
(IVAX-Institute of Drug Research, Budapest, Hungary)

Kélmdn Medzihradszky
(Department of Organic Chemistry, Edtvos L. University, Budapest, Hungary)

2004
Luis Moroder
(Max-Planck-Institute fiir Biochemie, Martinsried, Germany)

2006
Ettore Benedetti
Department of Biological Science & CIRPeB, Univerity of Naples “Federico II”, Naples, Italy

Claudio Toniolo
Department of Chemistry, University of Padova, Italy
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Claudio Toniolo

During more than 25 years Claudio Toniolo (C. T.) has been working on the synthesis in solution
and 3D-structural determination of peptides based on C-alfa-tetrasubstituted alfa-amino acids.
Inter alia, some of these residues characterise the sequence of membrane active peptaibols (the term
peptaibol was introduced by C. T. in 1982). Other fields where this type of peptides studied by
C. T. has found application involve their exploitation: (i) as spacers between chromophoric, photo-
excitable and redox dyads, (ii) as templates for the construction of mini-receptors in supramolecular
chemistry and in catalysis, and (iii) as analogues with reinforced structure of bioactive peptides.
C. T. is author or co-author of more than 700 papers and is Editor or member of the Editorial Board
of Chem. Eur. J., ChemBioChem, Chem. Biodiver., J. Pept. Sci., Chem. Biol. Drug Design, and
Biopolymers (Pept. Sci.). C. T. has also recently been co-Editor of the five-volume series “Houben-
Weyl, Methods of Organic Chemistry” on the synthesis of peptides and peptidomimetics. In 2005
he was awarded the gold medal “Piero Pino” for organic stereochemistry from the Italian Chemical
Society (Division of Organic Chemistry).

C.T. has been Visiting Researcher (or Professor) at the Polytechnic Institute of Brooklyn, N. Y;;
Portsmouth Polytechnic, U. K.; State University of New York at Binghamton, N. Y.; Indian Institute
of Sciences, Bangalore, India; University of California at San Diego, CA; National University of
Somalia, Mogadishu, Somalia; Osaka University, Osaka, Japan. He is currently Professor of Organic
Chemistry in the Department of Chemistry, University of Padova.
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Fttore Benedetti

Ettore Benedetti, born in Napoli (Italy) on June 7, 1940.
Professor of Chemistry, University of Napoli “Federico 117
Director of the Interuniversity Research Centre on Bioactive Peptides.

Ettore Benedetti (known to friends as “Bibi”) received his Ph.D. in Chemistry in Napoli and he did
postdoctoral studies at Polytechnic Institute of Brooklyn at New York with Prof. Murray Goodman,
with whom he collaborate scientifically since then.

Bibi has served as Assistant Professor, and Associate Professor of Chemistry at the Science Faculty
of the University of Napoli “Federico II”, where in 1984 he was appointed Full Professor of
Chemistry.

Bibi has been a Visiting Professor at Cornell University, a Brown and Williamson Professor at the
University of Louisville, and a Fulbright Visiting Scholar at the University of California at San
Diego.

Bibi is the organizing Chairman of the “Naples Workshops on Bioactive Peptides”. In 2002, he was
Chairman of the 27" European Peptide Symposium.

He also serves as member of the Advisory Board of Biopolymers and of the Editorial Board of
Biopolymers—Peptide Science, of the Journal of Peptide Science, of Peptide Research and Therapeutics,
and of Protein and Peptide Letters.

Bibi’s research interests lie in peptide and protein chemistry: the relationships between structure
and activity of numerous peptide and protein systems have been the object of his investigations,
carried out with a variety of experimental and theoretical techniques, for the understanding of the
mechanism of action of biologically relevant systems.

He has authored approximately 450 scientific articles in peer-reviewed journals, review articles and

book chapters.
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Leonidas-Zervas Award

This award was established by Bachem Inc. USA in 1984, in commemoration of Leonidas Zervas
and the outstanding contributions he made to peptide chemistry. Previous winners are listed below.

1988
Alex Eberle
(University of Basel, Basel, Switzerland)

1990
Michal Lebl
(Czechoslovak Academy of Sciences, Prague)

Jean Martinez

(CNRS, Montpellier, France)

1992
Giinther Jung
(University of Tiibingen, Tiibingen, Germany)

1994
Ernest Giralt
(University of Barcelona, Barcelona, Spain)
Fernando Albericio
(University of Barcelona, Barcelona, Spain)

1996
Morten Meldal
(Carlsberg Laboratory, Valby, Denmark)

1998
Annette G. Beck-Sickinger
(ETH Ziirich, Switzerland)

2000
Antonello Pessi
(Istituto di Ricerche di Biologica Moleculare P. Angeletti, Pomezia, Rome, Italy)

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

2004
Helene Gras-Masse
(Institut Pasteur de Lille, France)

2006
Carlos Garcia-Echeverria
Novartis Institutes for BioMedical Research, Basel, Switzerland

XIV



Carlos Garcia-Echeverria

Dr. Carlos Garcia-Echeverria received his Ph.D. degree in organic chemistry under the supervision
of Profs. Fernando Albericio and Miquel Pons. After a 3-year post-doctoral stay at the University of
Madison-Wisconsin with Prof. Daniel Rich, he joined the Exploratory Research Unit of Ciba-Geigy
(now Novartis Institutes for BioMedical Research) in 1993, and the Oncology Research Group in
1995. He has been the medicinal chemistry sponsor and team head of different programs involving
tumour cell growth control and apoptosis. Recently, he has been appointed Executive Director,
Head Drug Discovery Oncology. His research activities have been mainly focused on the synthesis
of phosphopeptides and the identification and development of inhibitors of protein and lipid
kinases (e.g. IGF-IR, c-Met, PKB, PDKI1 and PI3K), proteolytic enzymes (e.g. 20S proteasome)
and protein-protein interactions (e.g. Grb2-SH2 and p53/hdm?2). He is an inventor on 20 patents
(issued or pending), and has published 10 book chapters and more than 100 articles and review
papers. He has been honoured with the Novartis Leading Scientist Award (2002) and the Novartis
Oncology President’s Award (2003) for his seminal contributions to oncology drug discovery. He is
Senior Editor of Drug Discovery and Chemical Biology and Drug Design. and a board member of
Drug Design Reviews-Online, Expert Opinion on Therapeutic Targets, Journal of Peptide Research
and Therapeutics, Current BioData, Recent Patent Reviews on Anti-cancer Drug Discovery and The
Open Cancer Journal.




Dr. Bert L. Schram Young Investigator’s Mini-Symposium:
Sponsored by ESCOM Science Foundation

Winners:
Markus Muttenthaler ~ University of Queensland, Brisbane, Australia

Susana Gordo ~ University of Barcelona, Barcelona, Spain

Honorable Mention:

Nir Qvit -~ Hebrew University of Jerusalem, Jerusalem, Israel

Young Investigator’s Poster Competition:

Dr. Bert L. Schram Young Investigator’s Poster Competition
Sponsored by ESCOM Science Foundation

David Ireland ~ University of Queensland, Brisbane, Australia

Kevin Pagel ~ Free University, Berlin, Germany

Young Investigator’s Poster Competition:

Sponsored by the Rector of the University of Gdansk

Yi-Pin Chang - National Chung Cheng University, China-Yi, Taiwan

Meritxell Teixido ~ University of Barcelona, Barcelona, Spain

Young Investigator’s Poster Competition:

Sponsored by Thieme Chemistry

Zvi Hayuka -~ Hebrew University of Jerusalem, Jerusalem, Israel
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Twenty-Ninth European Peptide Symposium

Travel Grants

COUNTRY NAME LAB
Eastern Europe
Belarus Paulava Martunova
Bulgaria Minchev Vezenkov
Danalev Vezenkov
Todorov Naydenova
Croatia Gredicak Horvat
Matkovic Mlinaric-Majerski
Czech Rep. Ciencialova Jiracek
Sebestik Hlavacek
Estonia Sailik Pooga
Hungary Banoczi Hudecz
Jakab Mezo
Hetényi Filop
Latvia Liepina
Russia Smirnova Baratova
Tereshkina Shaitan
Kuraeva Kolesanova
Moskalenko Panarin
Australasia & S. America
Australia Muttenhaller Alewood
Brasil Hayashi Kerkis
India Vikram Rahul Jain
Iran Astaneh Bolourtchian
Japan Sohma Kiso
Taiwan Chang Yen-ho Chu
Western Europe & Israel
France Upert Condom
Sweden Norgren Arvidss
Belgium Lukashuk Tourwé
Verzele Madder
Britain Jones Howl
Winsor Ward
Israel Hayouka Friedler
Linde Gilon
Ttaly Paolini Papini
Guryanov Toniolo
Kieres D’Ursi
Ronga Benedetti
Rubini Ruzza
Portugal Henriques Castanho
Mano Pedroso de Lima
Spain De la Torre Andreu
Gordo Giralt
Quintanar-Audelo Albericio
Germany Coin Beyermann
Manea Przybylski
Rat Fahrenholz
Manzenrieder Kessler
Kusebauch Moroder
Pagel Koksch
Rennert Beck-Sickinger
Hampel Heinzel
Strijkowski Eichler
Weigelt Sewald
Greece Galanis Cordopatis
Galanakis Spyroulias
Switzerland Vadas Rose

XVII



Twenty-Ninth European Peptide Symposium
Number of active participants per country

Australia 17
Belarus 4
Belgium 8
Brazil 2
Bulgaria 13
Canada 14
China 4
Croatia 3
Czech Republic 15
Denmark 8
Egypt 2
Estonia 2
Finland 8
France 21
Germany 74
Greece 36
Hungary 32
Iceland 1
India 6
Iran 18
Ireland 2
Israel 8
Italy 53
Japan 62
Latvia 3
New Zealand 1
Poland 87
Portugal 6
Russia 26
Russia/Chile 1
Singapore 1
South Africa 1
South Korea 1
Spain 26
Sweden 8
Switzerland 8
Taiwan 4
The Netherlands 5
Turkey 2
UK 12
Ukraine 1
USA 36
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Twenty-Ninth European Peptide Symposium
and so it all converged in Gdansk in 2006. ..
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AZIRIDINE-MEDIATED SYNTHESIS OF MULTITOPIC
B-LACTAM SCAFFOLDS FOR p - AND y-TURN
STABILIZATION

Claudio Palomo, Jesus M. Aizpurua, Jose I. Ganboa, Ana Benito,
Raluca M. Fratila, Iraida Loinaz, Eva Balentova, Lourdes
Cuerdo, Azucena Jimenez, Jose Ignacio Miranda and Joseba
Oyarbide

Departamento De Quimica Organica-1, Facultad De Quimica, Universidad Del
Pais Vasco, San Sebastian, Spain

Introduction

Of a methylene bridge between the C*(i+1) and the N(i+2) atoms in an open peptide
(I) to mimic simultaneously the C*H(i+1) and HN(i+2) protons (B-Lactam Scaffold
Assisted Design - B-LSAD) has proven to be a practical tool for the preparation of
monotopic B-turn peptidomimetics (I, R* = R? = H), according to the principle of
separation of constraint and recognition elements [1].

In this work we report a short, general, and stereocontrolled synthesis of multitopic
B-lactam scaffolds of type VI. a-Alkyl serinates Bf III are converted into the
corresponding enantiopure N-nosyl-aziridines IV which undergo in situ ring-
opening with amino acids V. Subsequent base-promoted cyclization affords the N-
protected a-alkyl-a-amino-B-lactams VII.

fi-Lactam bridge Multitopic receptor
o] H Iil'- =} p-LSAD
JL o ) C—
M N N aCH + HN — CH, i o
Y
H o[ WH Minimum constraint }% e Y
group E Y
M O P sy

| - Random peptide Il - Turned pseudopeptide
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IJH,_;HARS
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R RGOSR v NsHN
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- short synthetic sequence, good overall yields
- access to fi-lactam scaffolds with increased molecular diversity
Incorporation of the novel scaffolds into linear and cyclic peptides and their

conformational features are also presented, most of them showing stabilized - and
y-turn conformations.
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TheavB3 integrin receptors play an important role in human tumor metastasis and
growth. The inhibition of these receptors by antibodies or by cyclic peptides
containing the Arg-Gly-Asp( RGD) sequence may be used as selectively treatment
to suppress the disease [1].

Our research group has previously described that the formal introduction of a single
carbon atom to bridge the C* (i) and N(i+1) contiguous residues of a linear or cyclic
peptide leads to a-amino-B-lactam peptidomimetics containing predictably placed
B-turn and y-turn motifs, respectively [2]. The combination of these results with the
well-known capacity of RGD tripeptide for inhibition of the biological answer in
integrin led wus to the design of the following cyclic peptide.

The adhesion and cell-growth “in vitro” assays using human umbilical vein
endothelial cells (HUVEC), as well as “in vivo” assays with xenograph mice
revealed that the RGD peptidomimetic was active to micromolar concentrations,
slightly better than the reference compound in this field: Cilengitide® [3, 4].
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Introduction

Human cystatin C (hCC), a monomeric cysteine proteases inhibitor belongs to the
amyloidogenic proteins shown to dimerize through 3D domain swapping
mechanism [1]. The hCC dimerization is preceded by an opening movement of L1
loop from B2-L1-B3 hairpin and separation of the B1-helix-f2 fragment from the
remaining part of the molecule. However the analysis of the hCC amino acid
sequence suggests that local interactions within and in the proximity of the N-
terminal fragment of the a-helix might also promote partial loosening of the
monomer structure contributing to the dimerization process. The N-terminal part of
helix does not posses any of the preferred residues in the 12 a-helix unique
positions [2]. Moreover, there are Glul9 and Glu20 that are classified as strongly
avoided at N’ and Ncap positions.

hCC a-helix
B1 B2
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|
| | | |
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GT S P E E Residues L K H G G P

PN D D PTed m kK H PD
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positions

DS N P D of g-helix S G

Fig. 1. Amino acid sequence within and around hCC a-helix (12 unique positions
of helix are shown in italics).

Results and Discussion

The peptide fragment of hCC a-helix and its seven analogs were synthesized and
studied using CD spectroscopy. The random coil was the predominant structure of
the peptide corresponding to the a-helix and its N-truncated analogs. An increase of



a-helix content was observed only in conditions promoting the helical structure.
Surprisingly, the attachment of Ser, known to be preferred in N-cap position of o-
helix also didn’t influence helix content. The replacement of Arg25 by Ala didn’t
change the helix content greatly. However, the substitution of Arg24 or Asp28 by
Ala did significantly increase the helix content. These results indicate the presence
of the electrostatic interactions between Arg24 and Asp28 which destabilize the
helical structure of the studied hCC fragment.

Table 1. a-Helix content calculated from the CD spectra of peptide analogs of hCC
helical fragment using the Selcon3 program [%].

30% 20 mM 20 mM

peptide PBS* TFE in SDS in H,0 SDS in
PBS* PBS* H,0
EGVRRALDFAVGEYNKA 11 39 53 6 55
RRALDFAVGEYNKA 11 30 35 4 22
RALDFAVGEYNKA 11 15 26 1 22
LDFAVGEYNKA 3 23 3 2 2
SEGVRRALDFAVGEYNKA 16 43 40 4 53
EGVARALDFAVGEYNKA 23 19 84 36 87
EGVRAALDFAVGEYNKA 15 25 45 5 17
EGVRRALAFAVGEYNKA 17 55 76 17 78

*10 mM phosphate buffer, pH = 7,4

The distances between potential hydrogen side chain donors and acceptors (N...O)
are as follows: 9.95 A (Glu2l«Arg24), 4.10 A (Glu21<Arg25) and 3.09
(Arg24—Asp28) (PDB 1G96). The corresponding distances in hCC monomer taken
from its model build on the bases of the crystal structure of dimer are 6.33, 4.30 and
8.60, respectively [3]. This data suggested the presence of ion-pair interactions
between Glu21-Arg25 in monomer and dimer. However, in the dimer a new strong
salt bridge seems to appear between Arg24 and Asp28. We suppose that
electrostatic interaction between Arg24 and Asp28 could be one of the factors
promoting the formation of the hCC dimmer.
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Introduction

Peptides characterized by single or multiple N-methylated, C*-trisubstituted (e.g.,
protein) amino acids are of great interest in medicinal chemistry. Several naturally-
occurring peptides, remarkably stable to enzymatic attacks, are based on N-
methylated residues. The classical conditions (CH;I/Ag,O in DMF, 24 hours, room
temperature) for N-methylation of the peptide function [1] are a useful tool for
distinguishing solvent exposed from intramolecularly H-bonded -CO-NH- groups
in cyclic peptides [2]. In this work we have extended this reaction to a set of No-
acetylated, pivaloylated or para-bromobenzoylated, linear homo-peptides to the
pentamer level based on the helicogenic C*-tetrasubstituted a-amino acids Aib (-
aminoisobutyric acid) or (aMe)Nva (C*-methyl norvaline) residues (Fig. 1) [3].

HLC CH HsC CH,—CH;—CH

3 \C/ k] 3 \C/ 2 z ]
Aib _[|\J/ \“CD— _P[Jf M‘CO— {xMe)Mva

H H

HLC CH HsC CH,—CH;—CH
2 o 3 3 N 2 2 3

i PN g
MeAib —r|~J Co— —rld CO— Me(ciMe)Nva

CHs CH;

Fig. 1. The Co-alkylated a-amino acids studied in this work.
Results and Discussion

Our results indicate that, in all peptide substrates investigated and under the
classical conditions for N-methylation used, the N-terminal acylamide function is
indeed modified, but this is not so for any internal or C-terminal peptide bond
between two sterically demanding, C*-alkylated, residues.

Our FT-IR absorption, NMR, and X-ray diffraction (Fig. 2) conformational analysis
clearly shows that the N-terminally N-monomethylated peptides investigated are
still B-turn folded or 3¢-helical, although with some distortion. In particular, the
new tertiary amide bonds are trans. Conversely, the molecular packing in the



crystalline state is remarkably altered. These 3D-structural data are not surprising in
view of the known observation that, for the formation of the intramolecular H-
bonds stabilizing the B-turn and 3(-helical structures, peptide molecules do not take
advantage of the N(1)-H group as a donor, but rather that this functionality is
massively involved in the intermolecular H-bonding schemes typical of the
turn/helix aggregation modes.
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Fig. 2. X-Ray diffraction structure of Ac-L-Me(aMe)Nva-[L-(aMe)Nva]4-OtBu with
atom numbering.

The present findings also suggest that this N-methylation approach cannot be
exploited, as in cyclic peptides formed by coded amino acids, to detect the chemical
reactivity and, indirectly, the preferred conformation of peptides based exclusively
on C%alkylated o-amino acids. Finally, we confirmed previous findings that the
peptide bond following the N"-methylated amino acid is unstable even to mild
acidic conditions.

References

1.  DasB.C., Géro S.D. and E. Lederer, Biochem. Biophys. Res. Commun., 29 (1967) 211.

2. Yamada K., Ueno M., Kobayashi K., Oku H., Yamamura H., Araki S., Matsumoto H., Katakai R.
and M. Kawai, J. Am. Chem. Soc., 124 (2002) 12684.

3. Moretto A., Crisma M., Kaptein B., Broxterman Q.B. and C. Toniolo, Biopolymers (Pept. Sci.), 84
(2006) in press.



TWO-DIMENSIONAL INFRARED SPECTROSCOPY
DISCRIMINATES BETWEEN 3,)- AND o-HELICES

Alessandro Moretto', Claudio Toniolo', Quirinus B.
Broxtermanz, Hiroaki Maekawa® and Nien Hui Ge®

'Department of Chemistry, University of Padova, 35131, Padova, Italy, "DSM
Research, Life Sciences, Advanced Synthesis and Catalysis, P.O. Box 18, 6160 MD,
Geelen, The Netherlands and *Department of Chemistry, University of California,
92697-2025, Irvine, CA, USA

Introduction

Two-dimensional (2D) IR spectroscopy [1] is one of the most promising techniques
for studying peptide 3o- to a-helix transitions and equilibria because it can be used
to obtain a cross-peak pattern of the amide-I (C=O stretching) modes. Cross-peaks
appear in the spectra only if the vibrational modes are coupled, the coupling
strength largely depending on the peptide secondary structure.

Furthermore, the time resolution of 2D IR spectroscopy is less than a few
picoseconds for the amide-I bands of peptides, as determined by the time required
to fully characterize the decay of vibrational coherences created and manipulated by
femtosecond IR pulses. These unique characteristics have made 2D IR spectroscopy
a powerful tool to elucidate structure and dynamics of peptides. In this work we
applied femtoseconds 2D IR spectroscopy to the homo-octapeptide Z-[L-
(aMe)Val]g-O7Bu in solvents of diverging polarities to acquire spectral signatures
that distinguish between 3o- and a-helical structures.

Results and Discussion

We already described a slow 3- to a-helix transition in HFIP solution for this L-
(aMe)Val octamer using far-UV CD [2, 3]. More recently, we showed that under
these experimental conditions the conformational transition is accompanied by an
acidolysis of the tert-butyl ester function (unpublished results). This peptide is
much more chemically and conformationally stable in either CDCl; or TFE
solution.

Suppression of diagonal peaks by controlling polarization of IR pulses clearly
revealed cross-peak patterns that are crucial for peptide secondary structure
determination. A doublet feature is observed when the peptide ester forms a 3 -
helix in CDCI; and TFE (Fig. 1a, 1b), and when it is at the initial stage of the 3¢- to
a-helix transition in HFIP (Fig. 1c). This is the first report on the experimental 2D
IR signature of a 3)p-helical peptide. By contrast, the 2D IR spectrum exhibits a
multiple peak pattern after the peptide ester has acidolyzed and become an a-helix
in HFIP (Fig. 1d). The time evolution of the 2D IR cross-peak pattern in HFIP
highlights the change in the amide-I mode vibrational couplings that accompanies
the 3;,- to a-helix transition.

These results, using a short model compound, demonstrate the powerful capability
of 2D IR spectroscopy to discriminate between different peptide helical structures.



Fig. 1.2D IR absolute magnitude spectra of Z-[L -(aMe)Val]s-OtBu measured
under <mn/4, -/4, Y, Z> polarization configuration in different solvents: (a)
CDCl;; (b) TFE; (c, d) HFIP. The spectra in HFIP were measured (c)
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immediately and (d) 34 days after sample preparation.
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Introduction

Foldamers, including oligopeptides, represents a modern area of growing interest
for fundamental and applied research activities because such compounds offer
unique scaffolds for the development of molecular functions. However, the
configurational factors controlling details of their 3D-properties, e.g. chirality of the
side chain of the constituent monomeric unit, are, in general, still poorly
understood. In this work we have contributed to a deeper knowledge of this
problem by investigating the conformational properties of the four diastereomeric
hexapeptide sequences -Aib-Xxx-(Aib),-Yyy-Aib-, heavily based on a host
template rich in the strongly helicogenic, achiral, Aib residue, and each
characterized by an L-Ile/L -allolle (Fig. 1) (Xxx and Yyy) guest dyad [1].

COOH COOH
H,N——H H,N——H
H,C——H H——CH,

CH, CH,

CH, CH,

L-lle L-allolle

Fig. 1. Fischer's projections of L-Ile and L-allolle.
Results and Discussion

A detailed FT-IR absorption, NMR, CD, and X-ray diffraction (Fig. 2)
conformational study allowed us to validate our working hypothesis that all four
peptides are folded in well-developed 3;y-helical structures.

In addition, the helical structures of all peptides investigated are found to privilege
the right-handed screw sense, thus implying that the chirality of the amino acid a-
carbon is more influential on this 3D-structural parameter than that of the B-carbon.
These results should be compared with the published data on the Ile versus allolle
homo-hexamers and heptamers, which clearly demonstrated a significantly higher
stability for the self-associated B-sheet structure of the Ile oligomers [2]. Moreover,
interestingly enough, here too the signs of the CD Cotton effects typical of the
intermolecularly H-bonded [-sheet conformation reflect only the a-carbon
configuration.



Fig. 2. X-Ray diffraction structure of the terminally protected, right-handed, 3 ;)
helical, hexapeptide Z-Aib-L -allolle-(Aib),-L-Ile-Aib-OtBu with atom
numbering. The four intramolecular C=0<**H-N H-bonds are represented by
dashed lines. Only the major conformer [at the allolle’ C°-atom] is shown.
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Introduction

Antimicrobial peptides are used as the first defensive barrier of the organism
against microbial infection. They possess positive charge, a substantial portion of
hydrophobic residues and adopt amphipathic conformations when interacting with
bacterial membranes [1]. Our approach is based on the design, synthesis and study
of helical sequential polypeptides (Arg-X-Gly),, where X = Ala, Val, Leu and
amphipathic Aib-containing peptide models of various chain-lengths, Ac-(Aib-Arg-
Aib-Leu),-NH, (n = 1 - 4). The presence of Aib, which induces and stabilizes
helical structures, in combination with the hydrophobic amino-acids and the
positive charge of Arg side-chain, for the interaction with the negatively charged
phospholipid membranes, target to the development of new antimicrobial peptides.

Results and Discussion

The sequential polypeptides (Arg-X-Gly), were synthesized by polymerization of
the pentachlorophenyl active esters of the appropriate tripeptides, while synthesis of
the peptides Ac-(Aib-Arg-Aib-Leu),-NH, (n = 1 - 4) was performed by the
Fmoc/tBu strategy on a Rink-Amide AM resin [2]. Coupling reactions were
performed using a molar ratio of amino-acid/HBTU/HOBt/DIEA/resin 3/3/3/9/1.
Removal of Fmoc protective groups was achieved using piperidine/DMF and the
acetylation was performed using acetic anhydride/pyridine. Peptides were cleaved
from the resin using 95% TFA / 2.5% H,0 /2.5 % TIS, purified by HPLC and
characterized by ESI-MS.

Table 1. Antimicrobial activity: minimal inhibitory concentration (MIC).

MIC, pgfml
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Fig. 1. Hemolytic activity.
Proteolytic stability

The enzymatic degradation of peptides with trypsin was carried out at 37 °C for 4h,
proteolysis stopped by adding an appropriate trypsin inhibitor at different time
points and the samples were tested for their residual antimicrobial activity.

Conformational studies

CD spectra of peptides (10 M) in 10* M TFE/H,0 (50:50), SDS and PBS indicate
that the dimer, trimer and tetramer of Aib-Arg-Aib-Leu adopt helical
characteristics.

Conclusions

The peptides Ac-(Aib-Arg-Aib-Leu);-NH, and Ac-(Aib-Arg-Aib-Leu),-NH,
exhibit the best activity against bacteria and retain their antimicrobial activity after
treatment with trypsin. The non-toxic polypeptides (Arg-X-Gly),, where X=Val,
Leu exhibit antimicrobial activity, but become inactive after treatment with trypsin.
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Introduction

Peptides and proteins that form membrane-spanning pores comprise a diverse class
of molecules ranging from short peptides, that are unregulated and create non-
selective pathways, to large ion channel proteins, that are higly regulated and
exhibit exquisite selectivity for specific ions. Numerous pore-forming peptides
(native or re-engineered to create targeted and regulable cell-killing agents) are
currently in development as antimicrobial agents, with additional potential
applications as antiviral and antitumor agents. Moreover, pore-forming peptides are
also being developed as biosensors, which could deliver a configurable binding site
for analytes encoded in a readily measured electrical signal. However, the structural
bases of pore formation and assembly have been determined experimentally only in
a few cases.

In this work we investigated the biophysical characteristics and the pore formation
dynamics of the naturally occurring major component of the neutral fraction
(F50/5) of the peptaibol antibiotic alamethicin and two selected synthetic analogues
forming membrane-spanning channels by using isolated red outer segments (OS) of
reptilia and amphibia recorded in the whole-cell configuration. Once blocked the
two OS endogenous conductances (the cGMP channels by light and the retinal
exchanger by removing one of the transported ion species, i.e. K', Na" or Ca™",
from both sides of the membrane), the OS membrane resistance (R,,) could be >5
GQ. Therefore, any exogenous current can be studied down to the single channel
level.

Results and Discussion

The amino acid sequences of alamethicin F50/5 and its two analogues
[Glu(OMe)”'*"] and [Glu(OMe)'*"] investigated in this work are listed in Fig. 1.
Their syntheses by solution methods and their characterizations are described in
reference [1].



1 5 10 15 18
Ac-Aib-P ro-gib-2la-Aib-Ala-—GIn—-dib-Val-Lib-GlyL euAib-P ro-\al-Aib-Aib-—Gln-—-GIn-—-Phol
Glu(OMe) Glu{OMe)-GIUOMe)
Glu{OMe-GIUOMe)

Fig. 1. Amino acid sequences of alamethicin F50/5 and its analogues exploited in
this study.

Macroscopic currents of amplitude ~300 pA were recorded in symmetric K or Na"
(>100 mM) and Ca®*" (1 mM) concentrations from the commercially available
alamethicin mixture, the synthetic alamethicin F50/5 and the two analogues applied
at 1 pM concentration and at 20 mV. Once applied and removed the peptide, the
current activates and deactivates with a time constant of about 160 ms. The
synthetic analogues [Glu(OMe)"'®'"] and [Glu(OMe)'®'’] produce a current of
about 100 pA at 1 puM concentration and show a strong activation by
hyperpolarization as alamethicin F50/5 itself. Clear single channel events were
observed when the concentration of all of the alamethicin peptides was reduced to
<250 nM.

These results indicate that the three GIln residues at positions 7, 18 and 19 of
alamethicin F50/5 are not an absolute requirement for pore formation and its
conduction properties. In general, pore assembly and disassembly are very fast and
cooperative events.
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Fig. 2. Recorded macroscopic currents in the whole-cell configuration when a 5
UM solution of alamethicin F50/5 is applied and the potential is varied
from +20 mV to 40 mV.
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Introduction

B-Peptide molecules possess interesting conformational characteristics and
biological properties [1]. They represent a new class of foldamers potentially useful
as templates and spacers. The three-dimensional structures of B-peptides have been
experimentally investigated using X-ray diffraction and a variety of spectroscopic
techniques, but they have never been doubly spin labelled and studied by EPR. To
this aim, we took advantage of the B-amino acid residue trans-(3R,4S)-B-TOAC
(Fig. 1), recently synthesized and spectroscopically characterized by our groups [2].
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Fig. 1. Chemical structures of (A) the [-amino acid residue trans-(3R,4S)-f-
TOAC and (B) the hexapeptide Boc-[(18S,2S)-ACHC-(3R,4S)-p-TOAC-
(1S,2S)ACHC] -OMe.

Results and Discussion

We synthesized by classical solution methods a terminally protected hexapeptide,
exclusively based on cyclohexyl f-amino acids, carrying four (/S,2S)-ACHC and
two trans-B-TOAC residues at central i, i+3 positions (Fig. 1) [3]. FT-IR absorption
and far-UV CD studies strongly suggested that the B-hexapeptide is largely folded
in the 34 helical conformation in structure-supporting solvents (CDCl; and MeOH,
respectively) [3].

The EPR spectra (Fig. 2A) are overwhelmingly produced by biradicals with strong
exchange (J) and dipolar (D) interactions between the unpaired electrons. The
calculated intramolecular distance d between the unpaired electrons, obtained from
our experimental parameters, was found to be ca. 6A, in good agreement with the
expected distance (5.4 A) derived from our model of the hexapeptide in the 34-
helical conformation (Fig. 2B).



Fig. 2. (A) EPR spectrum of the hexapeptide in MeOH solution at different

temperatures and (B) model of the hexapeptide in the 3;,-helical structure,
highlighting the distance between the two nitroxyl probes, one on top of
the other after a complete turn of the ternary helix.
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A NOVEL SUITE OF CYCLOTIDES: SEQUENCE
VARIATION AND THE IMPLICATIONS FOR
STRUCTURE, FUNCTION AND STABILITY
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Australia

Introduction

Cyclotides are a growing family of head-to-tail macrocyclic plant-derived peptides
[1]. Typically 28-37 amino acids, they are defined by their unique knotted disulfide
topology linking six conserved cystine residues and their characteristic cyclic
backbone. This feature, referred to as the cyclic cystine knot (CCK) motif,
engenders cyclotides with remarkable thermal, chemical and enzymatic stability
[2]. Aside from a fundamental interest in their protein topology and their in-planta
cyclization mechanism, their proposed native function as a combinatorial template
for which to target an array of insect pests and pathogens together with their
remarkable chemical properties suggest that they may have applications in drug
design programs.

Results and Discussion

To further our understanding of the natural diversity of cyclotides and the
implications of sequence variation on structure, function and stability, we set out to
characterize the suite of cyclotides expressed in the plant Viola odorata. Cyclotides
were isolated from winter and summer extractions using RP-HPLC, monitored by
UV and mass spectrometry. Peptides were then sequenced by tandem mass
spectrometry and their composition confirmed with quantitative amino acid
analyses. We characterized six new bracelet and seven new Mdbius cyclotides.

1007
80
2 - Fig. .1. Hemolytic. activities  of
= cyclotide naturalvariants from V.
£ 4o odorata relative to the well-known
= synthetic hemolytic agent melittin.
S
201
0.0 0.5 1.0 15 2.0
Log Concentration (uM)
¢ Cycloviolacin 024 = kalata B1
o Cycloviolacin 013 v Cycloviolacin 015
» Cycloviolacin 02 s Cycloviolacin O14
v varvA o Melittin

A selection of the new cyclotides
was tested for their stability against proteolytic degradation to investigate how



tolerant the characteristic proetolytic resistance of the cyclotide framework is to
sequence variation. Kalata B1 was included for comparison, as was a linear control
peptide. No degradation by proteases was observed for any of the cyclotides tested
while the linear control peptide was completely degraded.The insecticidal activity
of cyclotides has been proposed to result from damage to membranes within the
insect gut [3]. Accordingly, in this study we used hemolytic activity as a marker for
bioactivity for a selection of the new cyclotides. Fig. 1 shows that the hemolytic
activity of the various sequences does vary considerably.

The presence of the CCK motif in the new cyclotides was confirmed by
determining the structure of cycloviolacin O14 in solution using NMR methods
(Fig. 2). It was chosen as an example that is most different in properties than the
other cyclotides, being the most hydrophilic, with the strategy being that if it adopts
the CCK motif then the other new cyclotides that have more similar sequences to
previously characterized cyclotides are also likely to adopt the motif.

Gly1

Fig. 2. Structure of cycloviolacin O14.
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Introduction

Upon platelet activation by agonists the integrin receptor ollbB3 converts from a
resting to an active conformation, resulting in platelet aggregation [1]. The
membrane — proximal segments of the platelet integrin allb and B3 cytoplasmic
domains are thought to directly interact to constrain the integrin in an inactive state
[2]. Perturbation of this interaction by intracellular proteins, such as talin [3], results
in allbB3 activation (inside-out signaling). The aim of this work is to develop
peptide analogues based on the cytoplasmic tail sequences of both allb and B3
subunits that could inhibit platelet aggregation by specifically disrupting the inside
— out signaling pathway.

Results

Peptides were synthesized using the Fmoc/tBu protection strategy. The fluorescein-
labeled peptides were generated by coupling N-hydroxysuccinimide fluorescein to
the amino-terminal end of the resin-bound peptide. Palmitoylated (Pal) and
carboxyfluorescein-labeled (CF) analogues were prepared by acylation of the a-
and e-amino groups of the N-terminal lysine by palmitic anhydrite and NHS-
fluorescein  respectively. The protein derived cell-penetrating  peptide
GRKKRRQRRRPPQ

(Tat fragment 48-60) was used in order to mediate the cellular internalization. All
peptides were purified by RP-HPLC and the correct M.W. was confirmed by ESI-
MS. In Table 1 are shown the synthesized peptide analogues.

Table 1. Peptide analogues of the cytoplasmic domain of integrin allbf3.

Cytoplasmic Domain of e;n,p; Peptide Sequence
ay, 997-1003 RPPLEED
g, 997-1003 CF- RPPLEED
y, 997-1003 Pal-K-RPPLEED
o, 997-1003 Pal-K(CF)-RPPLEED
@y, 1000-1008 LEEDDEEGE
0y, 1000-1008 CF- LEEDDEEGE
ayp, 1000-1008 Pal-K-LEEDDEEGE
ayy 1000-1008 Pal-K(CF)-LEEDDEEGE

Ps 743-750 Tat-NNPLYKEA-NH,

B, 743-756 Tat-NNPLYKEATSTFTN-NH,



Inhibition of the platelet aggregation was measured using Human Platelet Rich
Plasma (PRP) and washed human platelets to a final concentration of 250.000
platelets/ul. The tested peptide was added to 500 pl of PRP or washed platelets.
After 5 or 15 minutes of incubation, the agonist was added (ADP 2-5 pM, thrombin
0,5 U/ml). Inhibition effect was determined on the basis of the light transmittance
changes. In Table 2 are summarized the biological results.

Table 2. Inhibitory activity and ICs) values.

Peptide Incubation Concentration %o Inhibition ICg
Sequence Time of the peptide of the human (uM)
(min}) (M) platelet
aggregation

PRP Washed PRP Washed PRP Washed PRP Washed

tyy, 997-1003 5 15 1000 1000 29 16513 - 1231

ayy, Pal 997-1003 5 15 1000 1000  80+6 87+l1 445 105

dyy, 1000-1008 5 15 1000 1000 68 26 625 770

oy, Pal 1000-1008 5 15 1000 1000  92+2 100 616 150

[; Tat 743-750 15 - 500 - G6+6 - - -

[; Tat 743-756 15 - 500 - 47+3 - - -
Discussion

The peptides derived from the cytoplasmic domains of the allbB3 receptor can
inhibit human platelet aggregation. The inhibition potency of the peptides increases
upon palmitoylation probably due to increased internalization of the peptide into the
platelets. The low ICs, value for the peptides Pal-KR*’PPLEED'®” and Pal-
KL'"’EEDDEEGE'"® of the allb cytoplasmic domain, in the experiments with
washed human platelets, indicates a specific interference to the mechanisms
involving the platelet activation.
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Introduction

In a previous study HLA-DQ2 and DQ?7, highly correlated to autoimmune diseases
as Sjogren’s Syndrome (SS) and Systemic Lupus Erythematosus (SLE), were
modeled on the basis of the crystal structure of HLA-DQS [1, 2]. By the combined
application of Taylor, TEPITOPE and MULTIPRED common and/or similar T cell
epitopes were identified. The best aligned epitopes were placed into the binding
groove of the modelled DQ2 and DQ7 to perform energy minimization studies. Six
epitopes were attributed to the HLA-DQ7 and nine to HLA-DQ2. In this study,
molecular dynamics (MD) simulations were performed with TINKER molecular
modeling software package to examine the binding of the modeled HLA-DQ7
complexed with six potential T cell epitopes of the La/SSB autoantigen. The
proposed T cell epitopes, classified according to their binding efficiency, could act
as immunotherapeutic drug-like molecules.

Result and Discussion

The six predicted T cell epitopes of the La/SSB autoantigen within the modeled
HLA-DQ7 were subjected to molecular dynamics simulations in continuum
solvation GB/SA at 300K of 150 ps duration and compared with the crystal
structure of HLA-DQS8-insulin-B peptide complex used as template. The averages
of the root mean square deviations (RMSD) and the radius of gyration were
computed only for the Ca atoms of the complexes as a function of time and the
averages of the solvent accessible surface areas (SASA) of the 9-mer central core of
the predicted epitopes during the MD simulations within the binding groove of
HLA-DQ7 were calculated (Table 1). The potential energy of interaction, AE;y,,
between the modeled HLA-DQ?7 and each one of the potential T cell epitopes and
the free energy of binding, AGy,g, of the complexes, using the LIE method were
also measured (Table 2). According to the calculated averages the six predicted
epitopes of the La/SSB autoantigen within the modeled HLA-DQ7 did not show
any significant variation thus indicating their residence into the binding groove of
the modeled HLA-DQ?7. Furthermore, the potential energy of interaction, AE;,, and
the free energy of binding, AGy;,g, showed the thermodynamic stability of the HLA-
DQ7/peptide complexes.

Table 1. Calculated averages of the radius of gyration (in A), solvent asseccible
surface area, SASA, (in A2 and RM.S.D (in A) for the DQ-peptide
complexes for 0-150 ps.



Cemplex Radius of SASA  RMSD
Gyvr ation

I Q8-peptide 23,801 1425768 04160

DO7-(68-79) 3718 1386478 03883

DQT-(78-00) #4371 132 496 02386

DOLC4R 161 MEE METE 0525
DORCLSR168) 23788 1402447 03672
DOR(LS-167) 23438 1330070 02042
DOR(86-290) 41 1363715 02502

Table 2. The calculated potential energy of interaction, AE;,, and the free energy of
binding, AGp;,q of the DQO-peptide complexes, in Kcal/mol.

Complex AEw AL

DQSpiptide 74778 16466
DOR(68-19) 51345 19742
DO7-(286.209) 60358 15765
DO7-(150.165) 28388 14623
DR800y 72785 +100.02
DOT(154167) 65479 .68.04
DOT(49.161) 12263 .27
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Introduction

Atherosclerosis is a multistep process and the underlying cause of heart disease and
stroke in humans [1]. It is considered to be an immune-inflammatory disease,
associated with LDL oxidation [2, 3]. The antiatherogenic properties of HDL are
widely accepted [4, 5]. Apolipoprotein A-I (apoA-I), the major protein component
of HDL, is a 243 amino acid amphipathic protein, and plays a crucial role in many
mechanisms, such as promotion of reverse cholesterol transport [6 - 8]. In order to
examine the antioxidant role of Met112 of human apoA-I, we have synthesized
apoA-I helix 4 region 104-117, peptide (1) Ac-FQKKWQEEM'?ELYRQ-NH, and
its lipopeptide analogue (Metl12 — amino-tetradecanoic acid), peptide (2). Both
peptides were tested for their ability to prevent human plasma LDL oxidation in
vitro, induced by Cu®’. LDL-associated PAF-AH activity was also measured in the
presence of the peptides, in order to examine their protective role against the
inactivation of PAF-AH during the LDL oxidation. Conformational studies of
peptides (1) and (2) were also performed using CD spectroscopy.

Result and Discussion

Peptide syntheses. The peptides were synthesized manually by the solid-phase
peptide synthesis and the Fmoc/tBu strategy, on a rink amide AM resin. The purity
of the peptides was performed by semi-preparative HPLC and confirmed by
analytical HPLC and ESI-MS.

Conformational study. CD experiments showed that both peptides adopt helical
conformation in PBS, pH 7.4, and SDS comparable with that of apoA-I. In
particular, peptide (2) exhibits pronounced helical characteristics ~50%.

Biological study. The LDL oxidation curves (dose-dependent experiments) in the
presence of peptides (1) and (2) are presented in Fig. 1. PAF-AH activity was
measured in the presence of peptides (1) and (2) before and after human plasma

LDL oxidation and the results are shown in Fig. 2 as the % reduction of PAF-AH
activity after LDL oxidation.
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Both peptides inhibit human plasma LDL oxidation. Lipopeptide (2) is a better
oxidant scavenger at 4-fold lower concentrations compared to (1), indicating that
Met is not a prerequisite for the expression of the antioxidant activity.

It is assumed that both peptides, in accordance with their antioxidant properties,
inhibit the PAF-AH inactivation.
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CONJUGATES: DISTANCE AND ORIENTATION
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Introduction

When two chromophores are chirally oriented and close enough to one another in
space, their excited states couple and become non-degenerate. This phenomenon,
termed exciton coupling, produces a typical, bisignate, CD curve. The intensity of
the CD couplet is dependent on the molar extinction coefficient and the distance
between the interacting chromophoric moieties, while the sign is governed by the
angle between the effective electron transition moments. In particular, exciton
coupling over a long distance can be observed only with strongly absorbing
chromophores, e. g. porphyrin derivatives, characterized by their extremely intense
and sharp Soret band near 415 nm [1].

In this work we examined by the exciton coupled CD method the combined
distance and angular dependencies, generated by the seven conformationally
restricted B-turn and 3, helical spacer peptides -L-Ala-[L-(aMe)Val],- (n =1 - 7),
on a system formed by two intramolecularly interacting 5-carbamido-5,10,15,20-
tetraphenylporphyrin (TPP) chromophores (Fig. 1) [2, 3].
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Fig. 1. The bis- and mono-porphyrin/peptide conjugates here described.
Results and Discussion

Our FT-IR absorption and 1H NMR results clearly show that the L-Ala/L-(aMe)Val
peptide spacers 1 - 7 overwhelmingly adopt the B-turn and the 3)¢-helix
conformation in CDCls, a structure-supporting solvent.



The CD measurements in the visible region described in this work represent the
first extensive experimental investigation of the exciton coupled CD phenomenon
over a full set of sterically hindered oligopeptide spacers (from di- to octapeptide)
with an ordered secondary structure of progressively increasing length (evolving
from a single B-turn to a completely developed 3;¢-helix). Our data show that the
intramolecular porphyrin...porphyrin exciton coupling is still clearly detectable
over the long interchromophoric distance of about 30 A (compound 5). We also
highlight a relevant role for the angular dependence between the effective transition
moment directions of the two chromophores (compare the curves of compounds 3
and 5). Finally, our findings strongly confirm the view [1] that porphyrin
derivatives are extremely promising reporter groups for extending the exciton
chirality CD method to the still unexplored area of the conformational analysis of
large biopolymers.
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Fig. 2. CD spectra in the 400-440 nm region of TPP-CO-L-Ala-[L-(aMe)Val],-
NHC4H,;)-NH-CO-TPP in CDCl; solution. (A): n = 1, 4 and 7 (1, 4, 7);
(B):n=2and5 (2,5); (C): n =3 and 6 (3, 6). Peptide concentration
1x10° M. The NH-C4H,-NH moiety  refers to trans-1,4-
diaminocyclohexane.
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Introduction

Beside the classical a-helix and B-pleated sheet conformations, the only other
principal long-range secondary structure that occurs significantly in peptides and
globular proteins is the 3jo-helix [1]. A complete characterization of this helix is
solution and in the crystal state has been achieved by our group using a number of
physico-chemical techniques, thus allowing its unambiguous differentiation from
the conformationally closely related a-helix [2].

Results and Discussion

More recently, we investigated this helical dimorphism in the crystal state and the
solvent-driven equilibria between these two helical structures. Peptides with a
specific main-chain length and amino acid sequence behave as molecular springs.

We applied rigidified pB-turns (the basic unit of the 34-helix) and fully developed
310-helices to systems where the donor...acceptor groups are linked to the N- and
C-termini of the peptide main chain [3]. By increasing the number of intervening
residues in the peptide spacer, the donor...acceptor separation can be easily and
precisely modulated.

Fig. 1. The bis-porphyrin/peptide conjugate (top) with the longest peptide spacer
still producing an observable CD exciton split phenomenon at the Soret
band (415 nm)). In the computer model of the 3y-helical conjugate
(bottom) the centre-to-centre interchromophoric distance is indicated.

In particular, we analyzed the exciton split phenomenon arising from the interaction
of two porphyrin chromophores by CD (Fig. 1), the electron and energy transfers
between fluorophores and quenchers by photophysical techniques, and the



dissociative electron transfer between phthalimido and dialkyl peroxide moieties by
electrochemical techniques.

We extended our analysis to peptide systems with appropriate side-chain
decorations as templates for investigations in organic chemistry [e.g.
macrocyclization (Grubbs' catalyzed ring-closing metathesis) (Fig. 2) and catalysis
(enantioselective oxidation, kinetic resolution of a racemic alcohol, intramolecular
transphosphorylation of an RNA model substrate], in supramolecular chemistry
[e.g. molecular recognition of the [60]fullerene guest], and in physical chemistry,
[e.g. donor-acceptor interactions (nitroxide...nitroxide, studied by EPR;
fluorophore...nitroxide quencher studied by fluorescence)].

HiG_ /(c Hz)3-CH=CH
O
—HN co—

L-hhMag

Fig. 2. Minimum energy models for the two hexapeptides Ac-Aib-L-hhMag-
(Aib)-L-hhMag-Aib-NHMe (left) and its ring-closing metathesis
trans(C=C) product (right). The unperturbed 3 ;y-helix is the template for
the macrocyclization reaction.
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Introduction

The Informational Spectrum Method (ISM) allows investigation of the periodicity
of structural motifs with defined physicochemical characteristics determining
biological properties of protein and DNA sequences [1, 2]. According to this
concept, protein sequence is encoded into numerical sequence by representing
every amino acid with a parameter, the electron-ion interaction potential (EIIP),
which describes the average energy states of valence electrons in amino acids. By
discrete Fourier transformation, this numerical sequence can be presented in the
form of the informational spectrum (IS), representing the series of frequencies and
their amplitudes. ISM analysis of different HSN1 and HSN2 isolates revealed that
all contain a characteristic peak at frequency F(0.076) representing the information
which is common for analyzed HA1 proteins and probably important for their
biological function. In order to identify the domain of HA1 H5N1 with dominant
contribution to the information represented by the frequency component F(0.076),
its primary structure was scanned with peptides of different length. It was found
that N-terminus of HA1 plays crucial role in determination of this information.
Especially important is a 34 residues peptide representing the minimal part of HA1
whose amplitude is above the noise level in IS of protein. Informational spectrum of
this peptide (denoted HSN1 HA1 N-terminus segment peptide) is presented in
Fig.1.

Results and Discussion

The synthesis of the SOC,-(HSN1 HA1 N-terminus segment), conjugate was
carried out by SPPS on a PAM-resin using the Boc/OBzl methodology. The crude
product was dialyzed against water in a cut-off 1500 dialysis tybing and purified by
semi-preparative RP-HPLC. The correct molecular mass was confirmed by ESI-
MS. The H5N1 HA1l N-terminus segment, as well as the SOC,4 carrier were
synthesized separately as control peptides.

The CD spectra of the HSN1 HA1 N-terminus segment peptide were recorded with
Jasco 715 spectropolarimeter. Spectra were obtained with a 0.10 cm path length cell
by signal averaging 3 scans from 180 to 260 nm with a scan speed of 50 nm/min.
The CD spectra were smoothed after the subtraction of the solvent’s CD. Analysis
of the CD spectra with the CDNN calculation program gave a helix context about
15% under the conditions shown in Fig. 2 and equal amounts of B-sheet and random
conformation.
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Fig. 1. The informational spectrum (IS) of the 34 residues peptide of the HSN1
influenza A virus.
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Fig. 2. CD spectra of the HSN1 HAl N-terminus segment peptide in TFE and
TFE/H,0 v/v 50/50, C=100 uM.
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Introduction

The RAS pathway is responsible for the regulation of the cell increase, sending
periodically signals to the nucleus of the healthy or cancer cells.

The major objective of our study is the design, synthesis and study of peptide
inhibitors that block the ERF phosphorylation [1] in the RAS pathway of the
ERF/ERK interaction. Peptides which contain the interacting motif (FSF and FKF)
of the ERF were synthesized. For comparison, modified analogs were synthesized
and studied ( substitution of the F by A). The sequence ERF (300-307): GSHFSFSP
which contains the FSF motif, was conjugated to the Sequential Oligopeptide
Carrier SOC,-1I in 3 copies in order to enhance the inhibitory activity of the FSF
motif.

Results and Discussion
Peptide Synthesis

Peptides (1 - 4) were synthesized by the solid phase peptide synthesis on a Wang
resin using the Fmoc methodology. The peptide (5) was synthesized by the solid
phase peptide synthesis on a Pam resin using the Boc methodology.

1. SGGGSHFSFSPEDMK : ERF (297-311)
2. SSSPFKFKLQPPPLG : ERF (371-385)

3. SGGGSHASASPEDMK: [A*® A*]ERF(297-311)
4. SSSPAKAKLQPPPLG : [A*", A¥"]ERF(371-385)
5. (Aib-Lys-Aib-Gly);-(GSHFSFSP); : ERF (300-307)
Biological Assays

ERF1 and ERF2 peptides harboring the FXF motifs failed to inhibit more than 50%
the in vitro ERF-Erk interaction even at 100 fold molar excess. This minimal
inhibition appeared to be independent of the phenylalanines, since ERF3 and ERF4
gave comparable competition. These findings indicate that the FXF motifs are
necessary but not the only interaction determinants.

Conformational Study

The 'HNMR spectroscopy studies of the peptides were carried out in aqueous
solutions H,0/ D,0 95/5 (v/v) (1D and 2D '"HNMR). In Table 1 are given the



chemical shifts NH, C*H, CH, CH, C°H and C°H of the identified protons of ERF2
and the coupling constants for the peptide(2). Many and strong NOEs are observed
in Table 2 suggesting a folded conformation in the central segment (4 - 10) of the
peptide. Substitution by alanine at positions 5 and 7 (ERF4) resulted in a more
flexible conformation.

Table 1. Coupling Constants (Hz, in brackets) and Chemical Shifis (ppm) of
Assigned Proton Resonances of ERF2 Peptide in H;O/D0 (95/5 v/v)

Residue I NH C'H C'H C'H H’ H H* o
EEF: papeide
3 41 402, 480 ‘1"=]2.l Hz
A5 54
2 0 1] FL 338, 456 1“=|.]‘8HZ
T
2 1) L6l 4™ 335383 I
) =118 Hz
B am A8 AmIn 330,347
P *3 527 48 198 193 EE) 73 i ’"-13.3 Hz
55 54)
1] [ B an Ll 1314 1@ T 75
Fr &7 516 FE] 310,380 747 737 717 .T"=1:,.l Hz
5
=4 [ ) 2 435 176 165 13 168 198 T8
7] Ey (37] an 182 158 085, 091
Q o £32 a0 1818 1@ T 698
Fll A 2351w 10819 350,384
B am 136 1he 183 383368
mi I 23 HCS U F T
L4 0y LAy aM 182 163 084,020
Qs 1 3

Table 2. Depiction of NOEs of ERF2 from the NOESY spectrum in HyO/D50 (95/5 v/v).
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oN(i, i+2)
BN(i, i+2)
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Introduction

The major histocompatibility complex (MHC) has a crucial role to initiate the
immune response via the binding of the peptide fragments (epitopes) of foreign
antigens and their presentation to the T-cell receptors (TCR). Co-receptor molecule
CD4 enhances the binding TCR/MHC II. Small molecules that mimic surfaces of
the MHC II molecule may lead to blockage of the autoimmune response and the
development of drugs for immunotherapy [1]. The HLA-DQA1*0501/DQB1*0201
(DQ2) and HLA-DQA1*0501/DQB1*0301 (DQ7) are highly correlated to
autoimmune diseases as Sjogren Syndrome (SS) and Systemic Lupus
Erythematosus (SLE).

The major objective of our study is the precise determination of the non
polymorphic B regions of the modeled HLA-DQ?7, which are exposed to the solvent
and may disrupt the interaction of DQ7 with CD4" T lymphocytes. It was found,
using the GETAREA program that the regions 133-140 ( Arg-Asn-Asp-Gln-Glu-
Glu-Thr-Thr) and 59-66 (Glu-Tyr-Trp-Asn-Ser-Gln-Lys-Glu) display the highest
solvent accessibility.

Result and Discussion
Peptide Synthesis

The peptides were synthesized on a Rink Amide resin using the Fmoc/OtBu
methodology.

1. Phe-Arg-Asn-Asp-GIn-Glu-Glu-Thr-Thr-Gly-NH, p 131 (132-141)
2. Ac- Phe-Arg-Asn-Asp-GIn-Glu-Glu-Thr-Thr-Gly-NH,  Ac-p 131 (132-141)
3. Ac-Ala-Glu-Tyr-Trp-Asn-Ser-Gln-Lys-Glu-Val-NH, Ac-p57 (58-67)
4. Ala-Glu-Tyr-Trp-Asn-Ser-Gln-Lys-Glu-Val-NH, p57 (58-67)
Biological Assays

The immunomodulatory activities of the peptides 1 - 4 were tested by the direct
plaque-forming cell (PFC) test (in vitro) and the results are expressed as a PFC



number per 106 splenocytes. The results are summarized in Table 1. The peptides 1
and 2 are immunomodulators.

Table 1. PFC test

Preparation P Suppression
ngml PFCx10® +SE Student test (%)
1950 158.72
Control
p131 1 2515 10024 005 -27.02
(132-141) 10 2455 4198 0.001 -25.51
100 2035 15850 NS 2.8
Acp 131 1 2855 283.34 0.05 4419
Ac (132-141) 10 2435 10024 NS -22.08
100 2185 14097 NS -10.35

The presence of B-turn was identified in the p131 peptide. The calculated, using the
Swiss-Pdb Viewer program, ¢,y and o angle values, the distances between C*Hs of
i, i+3 residues (lower than 7A ) and O(i) and N(i+3) (lower than 3.5 A) argue in
favour of a type I B-turn in the segment Arg'**NH - OC GIn'* (Tables 2 , 3).

Table 2. Values of the ¢, o, w angles of amino acids.

Amino Q L] k3
132 PHE 17629 -119.64 142.84
133 ARG 17234 -122.44 101.33
134 ASN -176.38 63.94 -108.52
135 ASP 179.54 -10022 -5.587
136 GLN -177.91 -111.70 145.60
137 GLU 175.13 -78.66 13524
138 GLU 17324 -86.09 119.82
139 THR 178.74 -104.14 -39.05
140 THR -178.45 -98.86 158.07
141 GLY -177.87 64.69 18.77

Table 3. Distances between C*(i)- C*(i+3)and O(i)-N(i+3)of amino acids.

CUi) | C*ii | DISTANCE | O(i) | Nii+3) | DISTANCE
FHE ASP 6S9E PHE ASP A
ARG GLN SA%E ARG | GLN 30SE
AR GLU L ASN GLT 6A2E
ASP GLU A2 ASP GLU TT3E
GLN THER 935E GLN THR 695E
GLU THR 932 GLuo THR 6.13E
GLU GLY TEEE GLU | GLY §39E
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Introduction

Bioinformatic analysis revealed that a vasoactive intestinal peptide (VIP), with
sequence AVFTDNYTLRLKQMAVKKYLN, although with little sequence
similarity with NTM, RSANFTDNAKTIIVQLNESVEIV (280-306) of the C2
region of gp120, has very similar informational spectrum with that of NTM [1]. It
was also demonstrated that human natural anti-VIP antibodies reactive with C2
region of gp120 play an important role in controlling the HIV disease progression.

A novel class of carriers termed Sequential Oligopeptide Carriers (SOCn) is
successfully applied in our laboratory. SOCn is formed by the (Lys-Aib-Gly),
sequential motif, where n =2 - 7, and adopts a predetermined secondary structure of
30-helix [2]. Taking advantage of the strong immunological cross reactivity
between NTM and VIP peptides we propose to covalently attach multiple copies of
the NTM/VIP peptide on Sequential Oligopeptide Carriers (SOCn) for the
development of a sensitive, specific and prognostic ELISA assay for the detection
of anti-NTM/VIP-derived antibodies and the progression of the disease.

Results and Discussion

With the aim to formulate an accurate, sensitive and reproducible ELISA for
evaluating the occurrence of the anti-SOC,-(NTM/VIP), antibodies and correlate
them with the progression of AIDS as a valuable tool for the clinicians to follow up
HIV-infected individuals, the main core of NTM peptide (sequence FTDNAKTTI),
was conjugated, in four copies, to the Lys-N°H groups of SOC,4. The Ac-SOC,-
[FTDNAKTI]4 was synthesized manually by solid-phase synthesis using a Pam
resin and the Boc/Bzl strategy, and was purified by RP-HPLC. The correct product
was confirmed by analytical HPLC and ESI-MS.

In order to evaluate differences between titers of antibodies reactive with NTM and
VIP in sera of patients long term non progressors (LTNP) and standard HIV+
individuals we tested the activity of peptide NTM (284-291) (FTDNAKTI)
anchored to SOC, against HIV positive sera from HIV+ patients, sera from normal
progressors patients and sera from HIV+ patients LTNP in ELISA (Fig. 1).
According to the obtained results we conclude that sera of several HIV+ patients
LTNPs are specifically recognized by Ac-SOC4,-NTM,. These results are in
accordance with previous findings suggesting the protective role of anti-NTM



antibodies in HIV infection. Further optimizations of experimental conditions are in
progress.
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Fig. 1. Anti-Ac-SOC,-NTM, ELISA against LTNP, HIV+, HIV- and control sera at

different concentration of conjugate.
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Introduction

Gonadotropin releasing hormone (GnRH) stimulates production of gonadotropin
hormones (FSH and LH) through interaction with specific receptors triggering
important biological functions. A vast number of linear analogues of GnRH has
been synthesized and tested for several medicinal uses. Triptorelin, Leuprolide,
Buserelin, Goserelin, Nafarelin, Histrelin, are used in cancer treatment and
reproductive disorders [1]. In order to improve leuprolide’s biological activity and
bioavailability, two cyclic peptide analogues were designed and synthesized. Non
natural amino-acid azetidine (Aze) at position 9 was used in order to reduce the
proteolytic degradation of analogues. Moreover, substitution of Tyr with
Tyr(OMe) aimed at avoiding desensitization of GnRH receptors and introduction of
D-Leu at position 6 intented to stabilize B-turn between aminoacids 5 to 8 (Tyr'-
Gly®-Leu’-Arg®) of GnRH. Also, the usage of Pro and 3-aminobutyric acid at the N
and C terminal respectively, simulates the important for activity residues pGlu and
ethylamide of leuprolide (Fig. 1).
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Fig. 1: Synthesized cyclic GnRH analogues
[*: Pro, &Aze and Y Tyr or Tyr(OMe)].

Results and Discussion

The linear peptide was prepared on a 2-chlorotrityl chloride resin (0.7 mmol Cl/g)
using solid-phase peptide synthetic method. The first N*-Fmoc-protected amino
acid [Fmoc-Pro-OH or Fmoc-Aze-OH (1 equiv)] was coupled to the resin in 1h in
the presence of DIPEA (4.5 equiv) in DCM. The remaining peptide chain was



assembled by sequential couplings of the appropriate each time residue (2.5 equiv)
in the presence of DIC (2.75 equiv) and HOBt (3.75 equiv) in DMF for 4 - 7h. The
completeness of each coupling was verified by the Kaiser test and TLC (n-
Butanol/Acetic acid/Water, 4:1:1). The protected peptide resin was then cleaved
with the splitting solution DCM/TFE 7/3 (for 2h at RT). The cyclization was
achieved by the use of O-benzotriazol-1-yl-N,N,N',N’-tetramethyluronium
tetrafluoroborate (TBTU), HOAt and 2.4,6-collidine in DMF for highest yield
reaction (80%) [2 - 4] (Fig. 2).

TJ1o0| 00 Balb/c na SRBC

210°8

The use of HOAt speeds up the reaction rate of the cyclization when compared to
common used HOBt. Usage of 2,4,6 collidine instead of DIPEA reduces
racemization of the final product. The deprotection of the cyclic peptide was
achieved with 70% TFA in DCM in the presence of 1,2-ethanedithiol (EDTH),
anisole and water as scavengers (for 4h at RT). The purity of the final product was
verified by RP-HPLC and its identification was achieved by ESI-MS.
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Introduction

Thrombin receptors are attractive drug discovery targets because they mediate a
variety of cellular actions of thrombin, such as thrombosis, hemostasis and
inflammatory diseases. Thrombin acts on a specific receptor (PAR-1), a member of
the seven transmembrane receptor family [1] and causes a limited proteolytic
cleavage, leading to the formation of a new N-terminus capable of activating the
receptor via intramolecular interaction [2 - 4].

Thrombin binds and cleaves the N-terminal exodomain region of LDPR*' | SYFLLR
of PAR-1 generating a new N-terminus (S”FLLR*) pentapeptide which activates
PAR-1 by binding to the body of the receptor. There were several reports that
strongly suggest the potential utility of PAR-1 antagonist analogues for the
treatment of thrombotic disorders [5].

Results and Discussion

Recent structure activity studies (SARs) in our laboratory have shown that a cluster
of the two groups (phenyl, guanidine) together with an adjacent primary amino
group is important for expression of maximum biological activity by thrombin
receptor-derived analogues. In this report, we designed and synthesized a novel
non-peptide mimetic, based on S*“FLLR* which carries the pharmacophoric
features of Phe and Arg residues, incorporating with carboxyl and amino groups.
The compound namely 1-[2’-amino-3’-phenyl-propanoyl]-4-[N’-(carboxy-methyl)-
(7°’-guanidyl-hexanoyl piperidine (NATS), has four pharmacophoric groups
(phenyl, guanidine, carboxyl and amino) aiming at improving the binding affinity
with the PAR-1 receptor. As template, upon which the pharmacophoric groups are
mounted, was chosen a rigid compound (piperidine) (Fig. 1).
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Fig. 1:1-[2-amino-3'-phenyl-propanayl]-4-[M'-[carbaxy-
methyl)-( 7 -guanicdyl-hexanoylpiperidine (NATS)

NATS has been synthesized using solid and solution phase organic synthesis. It had
a strong relaxing effect upon the aortic rings pre-contracted with phenylephrine 1



pM. NATS8 induced a dose-dependent relaxing effect with a maximum efficiency
(65.3%) at a concentration of 100 uM (Fig. 2).
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Fig. 2: Relaxant activities of NATS compared to PSRNH2
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Introduction

Macrocyclic peptides may serve as artificial receptors for specific molecules.
Incorporation of azo-bond into the cyclic backbone make it sensitive to
conformation changes. One of important molecules for sensor development is
cAMP [1]. In order to facilitate discovery of macrocyclic selective receptor, we
have adopted positional scanning library method [2]. We would like to observe a
spectral change of receptor, thought the receptor is in mixture of similar compounds
with similar spectral properties, and thus special consideration must be taken during
library design. If we assume that 3.5% spectral change allows receptor
identification, a sub-library with three Xxx position has to have only three variable
building blocks.

To obtain maximal possible diversity with this limitation, we have chosen acidic,
basic and neutral but polar building blocks, such as Ser, Asp and Arg. Polarity is
necessary to ensure solubility of receptor in aqueous media. A designed library has
a general formula before azo cyclization H-Pap-Xxx-Xxx-Xxx-Xxx-(Tyr or His)-e-
Ahx-OH.

Results and Discussion

The first step in positional library synthesis is evaluation of relative reaction rates of
individual building blocks on the resin intended for use. We compare resins such as
H-Tyr(tBu)-e-Ahx-OR and H-His(Trt)-e-Ahx-OR and found similar coupling rates.
Both aromatic amino acids are capable of azocoupling with diazonium salt derived
from Pap. Acyclic sub-library precursors were prepared on Wang resin, after
detachment and cyclization in solution, 2 x 3 x 4 (24) sub-libraries with 2 x 34
(162) compounds were obtained. Screening has not revealed any active substance —
hit (Fig. 1), thus we have chosen a few randomly selected sequences and re-
synthesized them. UV-VIS spectra did not indicate any change in presence of
cAMP. Interaction with PGE1 was also evalueted with no positive result.

Conclusions

Positional scan was not successful for discovery of new cAMP receptor. This can
be explained by both, measurement-on-the-edge phenomenon and/or by absence of
active species. Further work will be aimed to macrocycles with higher count of
amino acids (wider ring), and also to more hydrophobic macrocycles, where it is
high probability for cAMP interactions.
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Fig. 1. Differences of sub-library absorbances in absence and in presence of 10 eq
of cAMP.

Acknowledgements

This work was supported from grant of Grant Agency of CR 203/04/1421. 1 thank
organizers for Travel Grant.
References

1. Sebestik J.; Hlavacek J. and 1. Stibor, Curr. Protein Pept. Sci., 6 (2005) 133.
2. Eichler J. and R.A. Houghten, Biochemistry, 32 (1993) 11035.



DESIGN, SYNTHESIS AND CONFORMATIONAL
ANALYSIS OF POTENT ANGIOTENSIN II LOSARTAN
BASED ANTAGONIST

Minos Matsoukas, Amalia Resvani, Konstantinos Kelaidonis,
Despina Lemou, John Matsoukas and Theodore Tselios

Department of Chemistry, Section of Organic Chemistry, Biochemistry and Natural
Products, University of Patras, 265 00, Patras, Greece

Introduction

The octapeptide Angiotensin I (H-Asp-Arg-Val-Tyr-1le-His-Pro-Phe-OH) is the
major factor of the Renin — Angiotensin System (RAS) and plays a significant role
in the regulation of arterial blood pressure. A number of Angll antagonist non-
peptide mimetics (Irbesartan, Tasosartan) analogues is currently used for the
treatment of hypertension. In the present study, a Losartan based analogue, 2-
methoxy-carbonyl N"-[(tetrazol-5""-yl)phenyl-4’-yl] methylimidazol, was rationally
designed and synthesized using the imidazole template on which phenyl, tetrazol
and esteric groups are bound, according to Angll structure. The conformational
analysis was carried out comparing the 3D structure of the synthesized analogue
with the lowest energy 3D structure of [Sar', Ile*]AnglI (Sarilesin) and EXP3174
(bioactive metabolite of Losartan). The CHARMm force field was used for the
simulations using the QUANTA 2005 (Accelrys) software on a Silicon Graphics
02 workstation. The scope of this study was the synthesis of a new analogue with
fewer and cost effective synthetic steps and potent antagonist activity. The synthetic
procedure includes: a) esterification of the urocanic carboxyl group, b) reduction of
the aliphatic double bond, c) tritylation of the N* of imidazole, d) alkylation of N™ of
imidazole with 5-(-4’-bromomethyl-phenyl) -2-triphenyl-methyl-tetrazol, and e)
deprotection of trityl groups. This Losartan derivative was found to be potent in
anesthetized rabbits.

Results and Discussion

The present work includes the design, synthesis and conformational analysis of
losartan based analogue 6. This analogue was designed and synthesized based on
Losartan and specifically its active metabolite, EXP3174, which was used as a drug
lead, using the imidazole template. Figure 1 presents the synthesis of analogue 6
(Fig. 1). Molecular modeling and conformational analysis of [Sar']AngII (agonist),
and [Sar'Ile*]Angll (antagonist) [1, 2] peptides were carried out in order to
determine the distances and interactions between the three aromatic rings of Tyr,
His and Phe amino-acids as well as the C-terminal that are considered to be
responsible for biological activity.
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Fig. 1: Symthetic procedure of analogue (6).

The global energy minimum structure presented intramolecular distances which
approached (£ 2,5A) the pharmacophore groups (imidazole, phenyl and tetrazol) of
EXP3174 (Fig. 2) [3].

Fig. 2: Superiraposition between EXP3174 and cormponnd 6.
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Introduction

Several studies have been carried out on the potentials of mean force (PMF) of
systems modeling like-charged side chains of proteins [1 - 4], such as, e.g,
guanidinium cations [1, 2] (modeling the side chains of arginine), between side-
chains of two lysine residues [3] and a pair of acetate-guanidine [1, 4] ions in water
to model interactions in proteins of the aspartic or glutamic acids with arginine
side-chain. The PMFs of systems modeling the charged-nonpolar side-chains were
also determined [1, 2]. The authors of papers [1 - 4] have determined PMFs
averaged over all orientations. Very recently, Masunov and Lazaridis [5] calculated
the PMFs of side chains models dependent on both distance and orientations. They
performed a series of molecular dynamics simulations for the particular orientations
as functions of distance between centers of interaction. However, these authors
considered only selected orientations.

Results

a) b)

Fig. 1. Plots “a”, “b” and “c”
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Discussion



The purpose of this study was to determine the potentials of mean force (PMF) of
the interactions between models of nonpolar amino acid side chains in water. The
potentials of mean force (PMFs) dependent on orientation were determined for
systems forming hydrophobic and diagonal complexes composed of side-chain
models of alanine, valine, leucine, proline and isoleucine, respectively, in water.
For each hydrophobic pair in water a series of umbrella-sampling molecular
dynamics simulations with the AMBER force field and explicit solvent (TIP3P
water model) were carried out and the PMFs were calculated by using the Weighted
Histogram Analysis Method (WHAM). In all cases a characteristic shape of PMF
plots for hydrophobic association were found, which was manifested as the
presence of contact minima and solvent separated minima.
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VALUATION OF TWO THEORETICAL METHODS TO
ESTIMATE POTENTIOMETRIC-TITRATION CURVES
OF PEPTIDES: COMPARISON WITH EXPERIMENT
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Adam Liwo and Lech Chmurzynski

Faculty of Chemistry, University of Gdansk, Sobieskiego 18, 80-952, Gdansk,
Poland

Introduction

In this work, we carried out potentiometric titrations of a model alanine-based
peptide, Ac-XX(A);00-NH, (XAO) (where X is diaminobutyric acid, A is alanine,
and O is ornithine) in water, methanol and DMSO, respectively. We chose this
sequence because only basic groups are present and, therefore, specific features of
conformation (such as salt bridges) cannot influence the degree of ionization.

Results
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Fig. 1. Comparison of the experimental titration curve of polylysine (triangles);
with the curve calculated by using the EDMC/PB/pH method (dashed line);

and the MD/GB/pH method (dotted line).
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Fig. 2. Comparison of experimental (solid lines) and calculated titration curves
of XAO by using the EDMC/PB/pH (dashed lines) and MD/GB/pH (dotted
lines) in water (A), methanol (B), and DMSO (C).

Discussion

It can be seen that there is qualitatively good agreement between the theoretical
titration curves and the experimental data. The calculated pKa corresponding to the
pH at the 0.5 ionization degree agrees well with the experimental value. However,
the experimental titration points form a steeper curve for lower pH values than the
curvel calculated by using the EDMC/PB/pH procedure or the curve calculated by
using the MD/GB/pH procedure.
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SYNTHESIS AND OPIOID ACTIVITY PROFILES OF
PEPTIDES CONTAINING 3,4-O-
CARBORANYLENEPIPERIDINE AT THE C-TERMINUS

Grazyna Weltrowska, Nga N. Chung, Carole Lemieux and Peter
W. Schiller

Laboratory of Chemical Biology and Peptide Research, Clinical Research Institute
of Montreal, H2W IR7, Montreal, QC, Canada

Introduction

Recently, the synthesis of 3,4-o-carboranylenepiperidine (Cbp) was reported [1].
Cbp is an analogue of tetrahydroisoquinoline (Tiq). It is slightly bulkier and more
lipophilic than Tiq. In the present study, we describe the syntheses and in vitro
opioid activity profiles of a series of di-, tri- and tetra-opioid peptide analogues
containing 2',6'-dimethyltyrosine (Dmt) at the N-terminus and Cbp at the C-
terminus. Aside from being interesting probes for opioid receptor binding sites,
Cbp-containing opioid peptides may have potential as Boron Neutron Capture
Therapy (BNCT) agents in the treatment of cancer patients. The corresponding Tig-
containing peptides were also prepared and pharmacologically characterized for
comparative purposes.

Result and Discussion

The peptides H-Dmt-Cbp (1), H-Dmt-Tiq (2), H-Dmt-D-Arg-Cbp (3), H-Dmt-D-
Arg-Tiq (4), H-Dmt-D-Arg-Phe-Cbp (5) and H-Dmt-D-Arg-Phe-Tiq (6) were
prepared either in solution or by a combination of solid-phase and solution
techniques. The in vitro opioid activity profiles of the compounds were determined
in the guinea pig ileum (GPI) and mouse vas deferens (MVD) assays and in
receptor binding assays (Table 1).

The dipeptide H-Dmt-Cbp (1) was a d antagonist with a K.-value of 301 = 76 nM in
the MVD assay and a K;° of 56.8 +8 8.3 nM in the receptor binding assay. Because
of its very lipophilic character, compound 1 is likely to have good bioavailability
and to be able to cross the blood-brain barrier. In comparison with the
corresponding Tig-analogue (2), compound 1 is about half as potent as a 3
antagonist. Both dipeptides showed 6 - 7 - fold & vs. p selectivity in the binding
assays. The tripeptide H-Dmt-D-Arg-Cbp (3) turned out to be a 5-fold more potent
1 opioid agonist in the GPI assay than the corresponding Tiq’-analogue (4). In
contrast, 3 had 11-fold lower p receptor binding affinity than 4. This discrepancy
may be due to the existence of different p receptor subtypes in the GPI and in rat
brain.



Table 1. In vitro opioid activity profiles of Cbp- and Tig-containing opioid peptide analogues

GPI MVD Receptor binding®

No.Compound ICso, "M ICs0, M K., nM® KM, M K*,nM KYKF
1 H-Dmt-Chp inactive 301 381 56.8 0.149
2 H-Dmt-Tiq 1450 (EDso)" 165 17.9 3.00 0.168
3 H-Dmt-D-Arg-Chp 364 637 349 81.5 2.34
4 H-Dmt-D-Arg-Tiq 1890 7800 3.24 96.3 29.7
5 H-Dmt-D-Arg-Phe-Cbp 78.8 47.9 11.4 138 12.1
6 H-Dmt-D-Arg-Phe-Tig 1.85 7.70 0.129 222 172

[Leu®lenkephalin 246 1.4 9.43 253  0.268

“Determined against deltorphin 1. * Partial agonist (maximal inhibition of contractions = 60%).
¢ Displacement of [BH]DAMGO (u-selective) and [3H1DSLET (o-selective) from rat brain
membrane binding sites.

The tetrapeptide H-Dmt-D-Arg-Phe-Cbp (5) was a p agonist with low nanomolar p
receptor binding affinity (Ki" = 11.4 + 0.3 nM) and considerable p selectivity
(K{%/K* = 12.1). In comparison with the Tiq4-tetrapeptide (6), compound 5 had
about 40-fold lower p agonist potency in the GPI assay and was less p-selective in
the binding assays. All peptides had very weak binding affinity for k receptors. In
conclusion, we developed selective, Cbp-containing § antagonists and p agonists
with significant potency.

References
1.  LeeC.-H., Yang D., Lee J.-D., Nakamura H., Ko J. and S. O. Kang, Synlett (2004) 1799.



PEPTIDE CONJUGATES WITH 9-AMINOACRIDINES
Jaroslav Sebestik', Ivan Stibor” and Jan Hlavacek'

'IOCB AS CR, Flemingovo Nam 2, Prague, Czech Republic and *ICT Prague,
Technicka 5, Prague, Czech Republic

Introduction

9-Aminoacridine and its derivatives play an important role in medicinal chemistry.
They are used for anti-cancer drug targeting and for treatment of severe diseases
such as rheumatic arthritis, lupus erythrematosus, AIDS and prion diseases. The
conjugation of them with peptide may improve their pharmacological properties
such as availability, potency and harmlessness.

Results and Discussion

A class of 9-aminoacridine peptide conjugates was developed with aim to influence
prion peptide DNA interaction (Figure 1). New compounds were designed, which
DNA-binding constants are higher than that of prion peptide but their constants are
kept as low as possible (for the second rule see also [1]). Peptide conjugates have
been prepared by modified SPPS [2]. The library method was used for selection of
the most potent DNA-binder of the set with formula Acr-Gly-Gly-Tyr-Gly-
NHCH,CH,NH-Acr [3].

& © GW Al

& celuarPP LLLILL] celutarona

Scrapie PrP
‘ DNA binder LLLL‘S Altered DNA

Fig. 1. Proposed mechanism of prion (PrP) — DNA interaction, where DNA serves
as catalysts of prion nucleation process. Real catalyst of prion aggregation
has not been known, yet, and thus it is called factor-X. Factor-X may be
either protein, nucleic acid, lipid or saccharide. A pathway of possible
inhibitor (DNA binder) of PrP-DNA interaction is also depicted. This scheme
can be generalized, i. e. you have to influence either prion directly or factor-
X in order to prevent prion toxicity.

Finally, we have described acridine exchange reaction, which could be responsible
for pharmacological efficiency of FDA approved drug — Quinacrine (Scheme 1) [4].
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Scheme 1. Acridin-9-yl exchange — a proposal for the action of some 9-
aminoacridine drugs. The e-amino group of lysine was suggested to serve as
moderate acceptors of acridine moiety. Thus, the covalent modification of lysine
residues side chain in hydrophobic core of prion protein aggregates could explain
the discrepancy between ability of acridine drug quinacrine to reduce efficiently an
incidence of prion protein in cell culture and its weak prion binding affinity [4].
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CYCLIC OPIOID PEPTIDE AGONISTS AND
ANTAGONISTS OBTAINED VIA RING-CLOSING
METATHESIS

Irena Berezowska, Carole Lemieux, Nga N. Chung, Brian C.
Wilkes and Peter W. Schiller

Laboratory of Chemical Biology and Peptide Research, Clinical Research Institute
of Montreal, H2W IR7, Montreal, QC, Canada

Introduction

The opioid peptide H-Tyr-c[D-Cys-Phe-Phe-Cys]NH, cyclized via a methylene
dithioether (13) has recently been reported to be a potent and selective p opioid
agonist [1]. To assess the effect of replacing the sulfurs of this peptide with
methylenes on the opioid activity profile, we prepared the dicarba analogues of 13
containing either Tyr or 2',6'-dimethyltyrosine (Dmt) in the 1-position (Fig. 1). In
an effort to develop p-selective opioid antagonists, we also prepared dicarba
analogues of 13 containing 3-(2,6-dimethyl-4-hydroxyphenyl)propanoic acid (Dhp)
or (25)-2-methyl-3-(2,6-dimethyl-4-hydroxyphenyl)propanoic acid [(2S)-Mdp] in
place of Tyr' [2].

Result and Discussion

The syntheses were performed on solid-phase (Rink amide NovaGel resin) by
assembly of the linear precursor peptides and subsequent ring-closing metathesis
between D-allylglycine’ and (25)-2-amino-5-hexenoic acid’, using a second
generation Grubbs catalyst. After cleavage from the resin, the olefinic peptides
were obtained as mixtures of cis and trans isomers and subsequent catalytic
hydrogenation yielded the saturated -CH,-CH,- bridged peptides. Opioid activities
of the compounds in vitro were determined in the guinea pig ileum (GPI) and
mouse vas deferens (MVD) assays and in receptor binding assays (Table 1).

H—YW—D—Giy—Phe—Phe—Gly—NHz

CHg-X-X-X-CHjy
N%  yyy = XX X-
1 Tyr -HC =CH-CHs- (cis)
2 Tyr -HC =CH-CH,- (trans)
3 Tyr - CH; -CH; - CHj -
4 Dmt -HC=CH-CHz - (cis)
5 Dmt -HC=CH-CH,- (trans)
6 Dmt -CHy - CHy - CHj, -
7 Dhp -HC=CH-CHz- (cis)
8 Dhp -HC=CH-CH;- (trans)
9 Dhp -CHy- CHy-CH; -
10 (28)-Mdp -HC=CH-CHz- (cis)
11 (28)-Mdp ~HC=CH-CH,- (trans)
12 (25)-Mdp - CH; -CHy - CHa -
13 Tyr -8 -CH; - 5 -

Fig. 1. Structural formulas of dicarba analogues of 13



Nearly all Tyr'- and Dmtl-cyclic olefinic and saturated cyclic peptides (1 - 6)
showed subnanomolar pu and & agonist potencies in the GPI and MVD assays, and
subnanomolar or low nanomolar p and § receptor affinities in the binding assays.
Thus, unlike the parent peptide 13, these compounds turned out to be non-selective.
These results indicate that replacement of the sulfurs in 13 with methylene groups

Table 1. In vitro opioid activity profiles of dicarba analogues of 13

GPI MVD Receptor binding®
No. ICs, nM K. nM ICs0, NM? K, oM K&, nM  K¥K!
1 0.401 0.851 0.281 0.910 3.24
2 1.34 4.51 0.332 1.53 461
3 1.05 0.740 1.04 2.24 2.15
4  0.161 0.191 0.528 0.491 0.930
5 0.407 0.0444 0.438 0.286 0.653
6 0.509 0.0655 1.54 1.20 0.779
7 32.2 P.A. (e =0.38)° 235 86.3 367
8 443 239 16.7 27.0 162
9 417 7500 8.95 39.2 4.38
10 32.4 P.A (e =0.24) 7.44 7.67 1.03
1 157 P.A (e =0.33)° 323 35.3 0.109
12 257 Ke = 147 nM* 18.3 18.7 1.02

? Determined against DAMGO. ° Partial agonist. °Antagonist; K. determined against
DPDPE. “ Displacement of [’H]DAMGO (u-selective) and [*H]DSLET (5-selective)
from rat brain membrane binding sites.

has a pronounced effect on the opioid activity profile.The Dhp'- and (25)-Mdp'-
olefinic and saturated peptides (compounds 7 - 12) turned out to be p opioid
antagonists with Ke values ranging from 25 to 157 nM. In the receptor binding
assays | antagonists 7 - 10 and 12 showed little p vs. & selectivity, whereas the
trans olefinic compound 11, surprisingly, was somewhat 8-selective (K;*/K;® = 9.2).
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PACAP PEPTIDES AS NEW A-SECRETASE
ACTIVATORS
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Fahrenholz'

!Institute of Biochemistry, Johannes Gutenberg University, D-55128, Mainz,
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Introduction

Proteolytic cleavage of the amyloid precursor protein (APP) by a-secretase within
the AP sequence precludes formation of amyloidogenic peptides and leads to a
release of soluble APPsa, which has neuroprotective properties (1).

Therefore, pharmacological upregulation of the o-secretase could be a possible
approach for treatment of Alzheimer disease (AD).The neuropeptide pituitary
adenylate  cyclase-activating  polypeptide = (PACAP) has neurotrophic,
neuroprotective as well as anti-apoptotic properties and is involved in learning and
memory processes (2). PACAP exists as a 38-residue form (PACAP-38), and as a
shorter form corresponding to the N-terminal 27 amino acids of PACAP-38
(PACAP-27). The major form in tissues is PACAP-38, with the highest
concentration found in the hypothalamus, cerebral cortex, hippocampus, posterior
pituitary, testes and adrenal gland.Its specific G protein-coupled receptor PACI is
expressed in several CNS regions including the hippocampal formation.

The main aim of the present study was to investigate a possible stimulating role of
PACAP on the a-secretase activity and to elucidate the cellular signal transduction
mechanisms involved in the activation of the a-secretase.

Result and Discussion

A major finding of the present study is that activation of the PACI receptor by its
natural agonists PACAP-38 and PACAP-27 strongly increases the o-secretase
activity.

The PACAP-induced APPsa secretion in human neuroblastoma cells was
completely inhibited by the PAC1 receptor specific antagonist PACAP (6-38)
(Fig.1A). In HEK cells stably overexpressing functional PAC1 receptors both
natural PACAP forms stimulated the a-secretase activity to the same extent,
whereas the related vasointestinal peptide VIP had no stimulatory effect (Fig. 1B).

The PACAP-induced release of APPsa was completely inhibited by two
hydroxamate zinc metalloproteinase inhibitors (3).
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Fig. 1: PACAP induced secretion of APPso. from human neural SK-N-MC cells (A)
and HEK cells overexpressing the PACI receptor (B).

Our in vivo studies show that the intranasal application of PACAP in a transgenic
AD mouse model significantly increases the generation of neuroprotective APPsa
and reduces the production of soluble Af peptides.

Conclusions
We have demonstrated in vitro and in vivo that PACAP acts as

a-secretase activator, therefore up-regulation of a-secretases by stimulation of the
PACI receptor might be valuable approach for prevention or treatment of AD.
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NEUROPROTECTIVE PEPTIDES DERIVED FROM
AMYLOID PRECURSOR PROTEIN AS TOOLS IN
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Introduction

The accumulation of the B-amyloid peptide (AP) in the brain is a central event
leading to the development of Alzheimer’s disease (AD). AP is a 40/42-residue
fragment of the amyloid precursor protein (APP), processed by amyloidogenic
pathway by two proteases known as 3- and y-secretase.

In the alternative non-amyloidogenic pathway APP is cleaved within the AP
domain by a-secretase between amino acids 16(Lys) and 17(Leu) of the AP region
[1]. The action of the a-secretase not only precludes the formation of pathological
AP peptides but also induces release of a soluble large N-terminal APP fragment
(APPsa). Secreted APPsa exerts proliferative properties in a variety of cell types as
well as anti-apoptotic and neuroprotective effects. The existence of a membrane
receptor for APPsa has been postulated for a long time, but at present the receptor
protein is completely unknown. Direct identification of the binding sites of full
APPsa will be difficult due to the binding of this multifunctional protein to several
putative receptors responsible for distinct functions.

The aim of our work is to identify a receptor responsible for the neuroprotective
effect of APPsa by using specific peptide ligands.

Result and Discussion

First we synthesized peptides of 10-(peptide I) and 20-(peptide 1) amino acids with
the C-terminal sequence of human APPsa (Table 1), which discriminates APPsa
from APPsp as the latter lacks neuroprotective function.

Table 1. Sequences of synthesized peptides.

Peptide Sequence

Peptide I (human) Ac-SEVEMDAEFR-NH-

Peptide II (human) Ac-SEVKMDAEFRHDSGYEVHHQ-NH-
Peptide III (rodent) Ac-SEVKMDAEFGHDSGFEVRHQ-NH,

a) species differences are underlined

Our results show the neuroprotective properties of these peptides against the
toxicity of 6-hydroxydopamine (6-OHDA), A,s3s and A4, by viability assay in
human neuroblastoma cells. The peptides protect human neuronal cells against



toxicity induced by 6-OHDA or AP peptides (Fig. 1) in a similar way as
recombinant APPsa. However effects in rat neuronal cells could not be observed.

The human and rodent A4y peptide sequences differ in three amino acid residues
[2] and therefore rodent 20-amino acid peptide (peptide III) was synthesized to
determine the peptide specificity of neuroprotection. This peptide has
neuroprotective properties only in rat neuronal cells whereas no effects were
observed in human cells.

100
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Fig. 1. Neuroprotective effects of peptides derived from APPso C-terminus against
AP induced toxicity in differentiated human neuroblastoma cells (SH-
SY5Y)

To identify an APPsa receptor by a classical ligand-binding assay, radioactive
ligands were synthesized by a coupling reaction between the e-amino group of
lysine in the neuroprotective 20 amino acid peptide and tritium labeled N-
succinimidyl [2, 3-*H] propionate.

Conclusions

Our results suggest that peptides derivates from the C-terminus of APPsa could be a
useful tool for identification of an APPsa receptor responsible for its
neuroprotective effects.
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Introduction

Sticholysin II (Stll), a water-soluble protein produced by the anemone
Stichodactyla heliantus, binds to membranes, lysing cells through pore formation
[1]. The monomer crystal structure has been solved [2], however, the toxin
molecular mechanism of action is not fully understood. Similarly to equinatoxin II
[3], StIl's N-terminal region is thought to play an important function in pore
formation.

To investigate the role of Stll's N-terminal sequence in membrane binding and
hemolysis, peptides corresponding to residues 1-30 (P1-30,
ALAGTIIAGASLTFQVLDKVLEELGKVSRK), 11-30 (P11-30), and sequences
where Leu/Ile were replaced by Trp (PW2, PW’, PW'2, PW'7, PW?', and PW24)
were synthesized. The peptides functional, conformational, and topographical
properties were evaluated by measuring permeabilization of erythrocytes and lipid
vesicles, analysis of their CD spectra in solution (as a function of concentration, pH,
ionic strength, and addition of the secondary structure-inducing solvent TFE) and
upon binding to model membranes (micelles and small and large unilamellar
vesicles - SUV and LUV), and fluorescence studies of their accessibility to a water
soluble fluorescence quencher, respectively.

Results

All peptides exhibited hemolytic activity and permeabilized phospholipid vesicles,
albeit to a lesser extent than the protein. P1-30, that contains the 1-10 hydrophobic
stretch, showed higher activity than P11-30. Similarly to Stll, the permeabilizing
effect of P1-30 is cooperative.

CD spectra showed that while the more hydrophilic P11-30 displayed a random
conformation, peptides containing residues 1-30 underwent aggregation with
increasing concentration, pH, and ionic strength. In the presence of TFE and upon
binding to micelles and bilayers, the peptides acquired a-helical conformation.

Fluorescence studies demonstrated that the first residues of StII’s N-terminus
penetrate more deeply into the bilayer, whereas residues 14-26 are located more
superficially.



Conclusions

The results provide a demonstration of the role of St II’s N-terminus - the
amphipathic o-helix and the initial hydrophobic segment - in the process of
membrane insertion and pore formation. The data are in agreement with the
formation of an amphipathic a-helix by residues 14-26, located at the membrane-
water interface, and the deeper insertion of residues 1-10. Moreover, the data stress
the contribution of the latter residues to the toxin’s hemolytic activity. The
combination of these functional-conformational-topographical data suggest that the
mechanism of lysis is modulated by toroidal pore formation.

This process is very likely a common molecular mechanism of pore formation for
actinoporins. This is the first study of model peptides that reproduce the pore
forming activity of an actinoporin [4].
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Introduction

The C°-tetrasubstituted o-amino acid residue Bip possesses non isolable (R) and (S)
conformationally labile atropoisomers [1]. We have previously reported that in the linear
dipeptides Boc-Bip-a-Xaa*-OMe with a-Xaa* = L-Ala, L-Val, L-Leu, L-Phe, L-(aMe)Val
and L-(aMe)Leu residues (Fig. 1), the onset of an equilibrium between two diastereoisomers
could be observed by CD and "H NMR [2]. The phenomenon of induced circular dichroism
(ICD) represents the basis for the "Bip method", an easy and fast configurational assignment
of chiral a-amino acids. We have now investigated the Boc-Bip-pf-Xaa*-OMe dipeptide
series with p-Xaa* = L-B>-HAla [3], L-p>-HVal, L-B*-HLeu, L-B*-HPro and the cyclic p>*-
amino acids (15,2S)/(1R,2R)-ACHC and (1S,2S)/(1R,2R)-ACPC (Fig. 1).
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Fig. 1. Chemical structures and diastereoisomer equilibrium of the Boc-Bip-Xaa*-
OMe dipeptides discussed in this work.



Result and Discussion

The terminally protected dipeptides were prepared in solution by coupling Boc-Bip-OH with
the f-amino ester hydrochlorides HCI.p-Xaa*-OMe. The EDC/HOALt activation method was
generally used for coupling at the sterically demanding C-terminus of Bip. In the same
manner as previously observed [2], two sets of signals, corresponding to the presence of two
diastereoisomers with unequal populations and exchanging slowly on the NMR time scale,
were usually seen at low temperature. Significantly high d.r. values (ranging from 60:40 to
74:26) were observed at 233 K in CD;0OD for all combinations of Bip with both B>~ and
eyclic p**-amino acids.
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Fig. 2. Comparative CD spectra (200-300 nm range) of the terminally protected
Boc-Bip-Xaa*-OMe dipeptides in MeOH solution.

Our analysis in MeOH solution allowed us to conclude that the ICD resulting from the
induced axial chirality in the biphenyl core of the Bip residue gives clear information on the
B-Xaa* configuration, for both $*- and cyclic p**-amino acids (Fig. 2). In all dipeptides, a P
torsion of the biphenyl axial bond of Bip is preferentially induced by the L-B>-Xaa* as well
as by the cyclic (15,25)-p**-Xaa* C-terminal residues. In conclusion, a substantial central-to-
axial induction of chirality from the C-terminal p*-Xaa*-OMe (B*-HAla, p*>-HVal, p*-HLeu,
B*-HPro) or cyclic p**-Xaa*-OMe (ACHC, ACPC) amino ester residues to the N%-Boc
protected, pro-atropoisomeric, C*-tetrasubstituted a-amino acid Bip has been unraveled in
simple linear dipeptides, thus demonstrating that the Bip residue may be used as a convenient
CD probe for the determination of the absolute configuration not only of a-amino acids, as
previously reported [2], but of f-amino acids as well.
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Introduction

Improving the intracellular delivery of synthetic oligonucleotides and their analogs
is an important goal in the development of small interfering RNA (siRNA)
therapeutics for inhibiting gene expression in cell culture and in vivo. Previously,
we have performed a systematic analysis of the ability of different structural classes
of peptides to translocate across cell membranes and deliver siRNA into cells [1].

Lead candidates were conjugated to 21-mer siRNA and their ability to effectively
knockdown TNF-a mRNA in activated human monocytes was evaluated. Previous
studies have demonstrated that longer siRNAs that are processed by Dicer can
result in more potent knockdown than the corresponding standard 21-mer siRNAs
[2]. We reasoned that conjugation of delivery peptides to these longer siRNA may
lead to greater potency. Dicer-substrate 25 - 27-mer siRNAs were conjugated via 5’
end with the most effective peptides and their cell uptake properties were evaluated.

Results

The products resulting from in vitro digestion of peptide-conjugated RNA duplexes
with recombinant human Dicer were identified using LCMS. Antisense strand (27
mer, CoP950 5’Asen) conjugated to the peptide via 5’ end and sense strand (25
mer, CoP952 5’-sen) were cleaved to the desired 21 mer products in the same
manner as non-conjugated duplex. Greater knockdown was observed when the
delivery peptide was conjugated to the 5’ end of antisense 27 mer strand versus
conjugation to the 5° end of the sense strand (Fig. 1). We did not observe an
improvement in knockdown when conjugates were transfected with lipofectamine.
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According to the latest literature, the Dicer enzyme uses the overhang as a
recognition feature and measures the cleavage site approximately 21 nucleotides
away [3]. The asymmetric 25/27-mer siRNA are designed with only one overhang
at the 3’ end of the antisense strand which biases Dicer to cleave from that end
only. By attaching the peptide to the 5’ end of the antisense strand, which is
opposite the overhang, the peptide does not interfere with this key recognition
feature. A further benefit of this design is that after Dicer processing the peptide is
cleaved from the 21/21-mer siRNA prior to RISC loading (Fig. 2). For the direct
conjugation of delivery peptides to standard 21/21 siRNA, RISC must load the
siRNA with the delivery peptide attached which may have a detrimental effect on
activity. In summary, we have synthesized a new class of peptide siRNA conjugates
which are capable of mediating TNF-amRNA knockdown in activated
macrophages.
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Figure 2. Products of inwitro dicer digestion.
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Introduction

Safe drug delivery technologies are pivotal for genetic interventiones. Nowadays all
commonly used viral vectors are bearing the risk of inflammatory reaction. Some
questions concerning the efficacy of delivery of the genetic substances, the desired
topical gene activation and targeting have to be answered. We have attempted to
develop a membrane non-perturbing delivery system which is qualified for
transport of inactivated functional genes to come into cells with smallest adverse
reactions [1]. Our concept bases on the use of peptide-nucleic-acids (PNAs)
resistant against enzymatic digest. Oligonucleotide derivates, in which ribose-
phosphate-bone has been replaced with ethylen-amin connected a-amino-ethyl-
glycine-units [2]. The achiral character leads to more stabile PNA-DNA-complexes
compared to DNA-DNA-complexes. These physico-chemical qualities combined
with the optimal drug design of PNAs (clamp PNA) leads to stable compounds in
physiological environment.

Experimental plan

Peptides were synthesized and the conjugates were composed according to the solid
phase peptide synthesis and the protecting group chemistry strategies [3]. To avoid
possible nonspecific binding the sequence of PNA was chosen excluding plasmids
as well eukaryotic DNA sequences. The PNA peptides were also conjugated
covalently non cleavable with a capronic acid spacer to the SV40 core NLS,
PKKKRKYV. The complete schematized sequence for the Clamp-PNA-BioShuttle is
the [TP -Spacer-Cys-S-S-Cys],-PKKKRKV-Spacer-[PNA ¢jamp >-

The procedures for preparing the transmembrane peptide and the PNA were almost
identical; in the case of the PNA synthesis we used a blocking step with acetic
anhydride in every step.

The synthesis was carried out on a 0.05 mmol Tenta Gel R Ram (Rapp Polymers)
0.18 mmol/g of Substitution. As coupling agent 2-(1H-Benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU) was used. For the synthesis 9-
Fluorenylmethoxycarbonyl Fmoc-protected PNA monomers with the exocyclic
aminogroups of the A, G and C bases being blocked with the benzhydroxyl (Bhoc)
group were used. The protected PNA and peptide resins were treated with 20%
piperidin in dimethylformamide for 5 minutes and further washed thoroughly with



dimethylformamide. Cleavage and deprotection of the resins were affected by
treatment with 90% trifluoroacetic acid and 10% triethylsilan.

For the condensation we utilized Fmoc-Lys(Dde)-Wang resin.

The hybridization of the ‘BioShuttle’ modules with the pDNA-EGFP-C3
(Clontech) was accomplished according to first description by Britten & Kohne.

The mixture of the conjugate-pDNA hybrid was added into the culture medium of
the cells in a final concentration of 100 pM. We tested several Tumor cells. The
incubation time was over 60 min at Jurkat, AT1 and HeLa cells. The heading at
42°C leads to the dissociation of the conjugate/ pDNA hybrid und to the activation
of the pDNA gene expression. Gene transfer into living cells and expression of the
phNIS-EGFP were determined by CLSM, fluorescence reader and flow Cytometry
methods.

Results

We found a rapid (after 60 min incubation time) and nearly 100% cellular uptake of
pDNA into DU-145 carcinoma cells. By means of GFP-fluorescence, a period of 30
seconds was sufficient for gene activation (Fig. 2;3;4). After 24 h GFP was
measured. Fig.l shows the ‘Quick-Protocol‘. Non-activated control cells do not
shown any fluorescence.

Schoeme: ClamgBioShullephNIS-EGFP

'BioShuftle - Quick - Protogal’ (1 xle sy
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‘ 2 Application ]

EHiciency of "Bioshutile'Genetr

Discussion

‘Clamp-PNA-BioShuttle* carriers could be a helpful tool for gene delivery and
research in gene therapy. We intend to use it in the differentiation process of cells in
the range of topically genetic interventiones.
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Introduction

We have recently reported that the induced circular dichroism (ICD) of the biphenyl
core of Boc-Bip-Xaa*-OMe dipeptides based on the conformationally labile Ca-
tetrasubstituted a-amino acid residue Bip could allow an easy and fast
configurational assignment for both a- and f-Xaa* amino acids [1]. In search for
other biphenyl/Xaa* architectures in which a transfer of central to axial chirality
could result in a potentially useful ICD, we considered N-substituted 6,7-dihydro-
5H-dibenz[c,e]azepine (DAZ) derivatives as interesting candidates. Here we report
the syntheses, and the '"H NMR and CD analyses of a series of DAZ-Xaa*-OMe
amino esters derived from o-, B3—, and cyclic [32’3—Xaa* residues, namely D-/L-Ala,
D-/L-Val, L-Leu, L-Ile, L-Ser, L-p>-HAla, L-p’-HVal, L-B*-HLeu, (1S,25)/(1R,2R)-
ACHC and (15,2S)/(1R,2R)-ACPC (Fig. 1). The related amide derivatives Xaa*-
DAZ have been recently investigated by Rosini et al. [2].

) (R}
— -
o = — =
_/./ "."\_--, r‘l(- -\\# ¢ Y Gy §‘
\:z(.f\h_ A . - TN
) {
A \
s N
L 1ooom h
R Ryl C00Me ey jpoome
{DAZ)Xaa® -0
R 23
nud ®=CH, {%aa"s L-Jo-Ala) nm1  R=CH,(Xaa"= L--HAla)
R = CHICH,), (Xaa* = L-/o-Val) R=H R =CH(CH,. (Xaa" = L-f-HVal)
R = CH,CHICH,}), (Xaa" = L-Leu) R = CHCHICH ), (Xaa® = LA-HLew)
R
R

= CHICH,ICH.CH, (Xaa" =L-lle) n=1 W
= CH,OH (Xaa" = L-S&r) N b e N
.-Jx._u, oo = | 1-’ »},
R e i
{15, 25-ACHC (15.25)-ACPC
nat shown © (1R 2RMACHC | (TRZRACPC

co
R

Fig. 1. Chemical structures and diastereoisomer equilibrium
of the DAZ-Xaa*-OMe amino esters discussed in this work.

Results and Discussion

The DAZ-Xaa*-OMe derivatives were readily obtained by reaction of 2,2’-
bis(bromomethyl)-1,1’-biphenyl with the amino esters H-Xaa*-OMe. The exclusive
formation of the seven-membered ring system, already established in the 1950’s
[3], has been exploited for a long time until very recently [4]. The reaction,



conducted in THF at 60 °C in the presence of an excess of DIEA, afforded the
derivatives shown in Fig. 1 in high yields. In '"H NMR, two sets of signals
corresponding to the presence of two diastereoisomers with diastereoisomeric ratios
(d.r.) ranging from ca 50:50 to 66:34, were usually observed in CD;0OD at low
temperature (ca 203 K) for all DAZ-Xaa*-OMe derivatives of a-, -, and cyclic
B*3-amino esters.
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Fig. 2. Comparative CD spectra (220-320 nm range) of DAZ-L-a-Xaa*-OMe
derivatives in MeOH solution.

CD analysis of the DAZ-Xaa*-OMe derivatives, performed in MeOH solution,
indicated that an ICD results from the induced axial chirality of the biphenyl core of
DAZ for L-Ala, L-Val, L-Ile, L-Ser, L-Leu (Fig. 2), as well as L—Bj—HAla, L—B3—HVal,
L-p*-HLeu, (15,25)/(1R,2R)-ACHC and (15,2S)/(1R,2R)-ACPC (not shown). In
general, a negative sign of the Cotton effect at ca 250 nm, associated with a P
torsion of the biphenyl axial bond, is preferentially induced by L-a-Xaa*-OMe (Fig.
2) as well as L-B>-Xaa*-OMe and (15,25)-ACHC-OMe amino esters (not shown).
Unexpectedly, however, both the wavelength maximum and the intensity of this
Cotton effect are strongly dependent on the Xaa* residue. Therefore, more
information on the factors governing the ICD is needed for the use of DAZ-Xaa*-
OMe derivatives as spectroscopic probes for the determination of the absolute
configuration of a-, p’- and cyclic p**-amino esters.
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Introduction

The formation of aspartimide (aminosuccinimide, Asu) is the first step of the well-
known degradation of Asp/Asn containing peptides and proteins at alkaline, neutral
and acidic pH, both in vitro and in vivo. The strong bases used for deprotection in
Fmoc-based SPPS promotes Asu formation especially at Asp-Gly sites and this
results in a variety of rearranged and racemized products [1]. Only temporary
protection of amide nitrogen carboxyl-terminal to Asp with Hmb or Hnb and
analogues can eliminate completely the Asu formation [2]. However, the coupling
of the residue next to Hmb-protected amino acid (except Gly) is often inefficient,
accompanied by depsipeptide formation and this result an incomplete Hmb-
deprotection. Available Hmb-protected building blocks are too expensive and
limited to fBu-side chain protection. Hmb-analogues are not commercially available
and can only partially resolve the mentioned problems.

Results and Discussion

Dmb-backbone protection is efficient in preventing secondary structure formation
at GG sites during standard Fmoc-SPPS [3]. In this work we explore the use of
Dmb, Tmb and Nbzl protecting groups (Z) for the synthesis of “difficult”/Asu-
prone peptides, in three different strategies: (A) Fmoc-Asn/Asp-(Z)Gly-OH
dipeptides; (B) Fmoc-(Z)Gly-OH monomer building blocks and finally, (C) ‘sub-
monomeric’ peptoid route [4] for synthesis of H-(Z)Gly on the resin (Scheme 1).
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(but not limited to)

Scheme 1. Peptoid “sub-monomeric” approach for synthesis of “difficult” peptides
and/or peptides free of Asu and related products.

We tested the new methods on model peptides VKD/NGYI, as well as on H-
GLFGAIAGFIENGWEGMIDGGRKKRRQRRR-OH, a peptide containing HA21-
20 and HIV-Tat(48-57) sequences, designed to deliver molecules of interest into



cells. When prepared with standard Fmoc-SPPS, both peptides showed extensive
formation of Asu and piperidide as well as the presence of various racemized and
isomerized products that makes product purification difficult or impossible.

The yield/purities of the products, prepared using strategies A-C were comparable
with those obtained with the Hmb-protected dipeptide building block, and were
found to be free of Asu/piperidides. Both the preformed building blocks (Strategies
A and B) and the peptoid “sub-monomeric” approach (Strategy C) introduce
proline-like structures, which can disrupt unwanted H-bonds during the synthesis of
“difficult” peptides. Strategy B is useful for the synthesis of Xaa-Gly sequences
(including DG) and potentially allows the incorporation of (Z)Gly at any point of
the synthesis of ‘difficult’ peptides. The more general Strategy C is efficient, simple
and flexible, it does not require separate or additional synthetic steps and is more
cost effective than Strategies A, B.

The use of 2-nitrobenzylamine for bromine displacement (Strategy C) is a new
method for the preparation of backbone-caged peptides. It can also be applied for
the synthesis of cyclic peptides and - combined with orthogonal side chain
protection of aspartic acid - for the synthesis of side chain modified Asx- peptides.
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Introduction

According to the well-documented ability of B-peptides to adopt a variety of helical
secondary structures [1], different in nature and even more stable than those
adopted by a-peptides, we found it interesting to introduce crown-ether receptors on
the side chains of B-amino acids in view of their assembly in structurally well-
defined B-peptide architectures of bis-crown compounds. In connection with the
pioneering studies of Voyer et al. [2], who explored the use of peptide scaffolds
based on crowned (L)-DOPA residues for the construction of molecular receptors
and devices, we synthesized the (S)-p’-H-DOPA analogue [3] and exploited its
catechol function to prepare new series of (S)-p*-H-DOPA[CROWN] amino acids
carrying various crown-ether receptors on their side chains. Peptides based on these
new crowned f-amino acids combined with (1S52S5)-ACHC (2-
aminocyclohexanecarboxylic acid), known as a potent 34-helix inducer [1], to the
hexamer level, with two crowned residues at the i and i+3 positions of the main
chain (a representative example, the hexapeptide Boc-{(1S,25)-ACHC-(S)-p*-H-
DOPA[21-C-7]-(15,2S)-ACHC},-OMe 6b, is shown in Fig. 1), were synthesized by
solution methods. Their conformational analysis was performed using FT-IR
absorption, NMR and CD techniques.

Fig. 1. Chemical structure of the hexapeptide 6b.
Result and Discussion

The catechol function of Boc-(S)-p’-H-DOPA-OMe [3] was used to introduce
various side-chain crown ethers by established procedures [2], to afford Boc-(S)-p°-
H-DOPA[CROWN]-OMe with [CROWN] = [15-C-5], [18-C-6] (a), [21-C-7] (b),



[Benzo-24-C-8] (c) and [(R)-Binol-20-C-6] (d). The four series of di-, tri-, tetra-,
penta- and hexapeptides Boc-(S)-B*-H-DOPA[CROWN]-(1S,25)-ACHC-OMe 2a-d,
Boc-(18,25)-ACHC-(S)-B*-H-DOPA[CROWN]-(185,25)-ACHC-OMe  3a-d, Boc-
{(15,25)-ACHC}»-(S)-p*-H-DOPA[CROWN]-(15,25)-ACHC-OMe 4a-d, Boc-(S)-
B>-H-DOPA  [CROWN]-{(15,25)-ACHC}2-(S)-p’-H-DOPA[CROWN]-(1S,25)-
ACHC-OMe 5a-d, and Boc-{(1S,25)-ACHC-(S)-p*-H-DOPA[CROWN]-(15,25)-
ACHC},-OMe 6a-d were prepared in solution.

Fig. 2 shows the FT-IR absorption spectra in the N-H stretching (amide A) region
in CDCI; solution for the representative, selected di- to hexapeptides 2b-6b. Only
for the hexapeptide 6b is the low-frequency band at about 3300 cm™ (attributed to
H-bonded N-H groups) of much higher intensity than the high-frequency band at
about 3430 cm™' (attributed to free, solvated N-H groups). However, a second band
(shoulder) present at about 3350-3370 cm* suggests the occurrence of two different
kinds of intramolecular H-bonding.
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Fig. 2. FT-IR absorption spectra in the N-H stretching region of the 2b-6b series of
peptides based on the (S)-f3-H-DOPA[21-C-7] and (18S,25)-ACHC residues.

From temperature-dependent DMSO titrations of the hexapeptides, it appears that
the NH> and NH® protons are more solvent exposed than the NH'™ protons, as
expected for a 34-helical peptide. The CD spectra of the 2a-6a, 2b-6b and 2c-6¢
series of peptides tend (for the highest oligomers) to a pattern characterized by an
intense negative Cotton effect at about 215 nm followed by a positive Cotton effect
centered near 200 nm. This dichroic spectrum is typically exhibited by (M)-34-
helical peptide structures.
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Introduction

Fluorescence spectroscopy has become a highly valuable technique for
conformational study of biopolymers, development of peptide-based chemosensors
and biochemical research in general [1]. We have designed a new fluorescent amino
acid residue, antAib (2-amino-2, 3-dihydro-1H-cyclopenta[b]anthracene-2-
carboxylic acid) (Fig. 1), which is based on a planar anthracene core and belongs to
the class of cyclic, C*"-disubstituted glycines (B-turn and helix inducers in
peptides) [2]. Peptides based on antAib combined with Ala residues have been
synthesized and their conformation analyzed.

CULCK,
NH-
antAib
Fig. 1. Chemical structure of the antAib residue

Result and Discussion

The syntheses of the terminally protected derivatives Boc-antAib-OEt, Boc-antAib-
OH, Fmoc-antAib-OtBu, and Fmoc-antAib-OH have been reported [2]. Peptides
Boc-antAib-Ala-OMe 2a, X-Ala-antAib-Ala-OMe 3b (X = Fmoc) and 3a (X =
Boc), Boc-antAib-[Ala],-OMe 3’a, X-[Ala],-antAib-Ala-OMe 4b (X = Fmoc) and
4a (X = Boc), Boc-antAib-[Ala],-antAib-Ala-OMe 5a, Boc-[Ala];-antAib-Ala-OMe
5’a, and Boc-antAib-[Ala];-antAib-Ala-OMe 6a were prepared by solution
methods.

UV-Fluorescence analysis: Typical bands related to the anthracenyl chromophore
[2] are exhibited by all antAib peptides (Fig. 2). As expected, the UV absorbance of
the hexapeptide 6a (with two antAib residues) is double than that of tetrapeptide 4a
(with one antAib residue). Evidence for marked autoquenching is provided by the
fluorescence spectrum of 6a which is much less intense than that of a twice
concentrated solution of 4a. CD analysis: CD bands of remarkable intensities are
seen in the near-UV region of the anthracenyl chromophore, but only when there
are two antAib residues in the peptide (6a; not shown).
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Fig. 2. (4) UV absorption spectra of peptides 4a and 6a in MeOH solution. (ImM).
(B) Fluorescence spectra (Ay.=358 nm) of peptides 4a and 6a in MeOH
solution. Peptide concentrations: 0.001 mM for 4a and 6a, and 0.002 mM for
4a.

1H NMR analysis: The titration of the NH protons of hexapeptide 6a (by adding the
perturbing agent DMSO, d6 to the CDCl; solution) is typical of a 3;¢-helical peptide
(with free NH' and NH? protons and H-bonded NH>-to-NH® protons) (not shown).
FT-IR absorption analysis: Characteristic FT-IR absorption spectra (3500 - 3200
cm’ region) for a set of 3;-helical peptides are given by compounds 2a-6a (Fig. 3).
Peptide self-association was shown to be of minor significance.

Absorbance

3500 3400 3300 3200

Wavenumbers (cm '1}

Fig. 3. FT-IR absorption spectra (N-H stretching region) of the peptide series 2a,
3a, 4a, 5a, and 6a in CDCI; solution. Peptide concentration: 1mM.

In conclusion, the achiral antAib residue exhibits useful UV, fluorescence, and
induced CD properties in the interesting spectral region >300 nm. As other C®-
tetrasubstituted a-amino acids, including its Ac5c parent compound, antAib, tends
to remarkably fold a peptide chain.
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Introduction

Peptides are considered no good drug candidates due to enzymatic cleavage and
lack of oral availability. Usually Lipinski’s ‘rule of five’ is used as exclusion
criterion in drug research, to have at least a chance of oral uptake [1]. But
Cyclosporin violates all the rules and is orally available [2]. Thus we speculated
that the oral availability of Cyclosporin probably owes to the high N-methylated
peptide bonds. Thus an extensive N-methyl scan of Somatostatin hexapeptide
analogue discovered by Veber et al. [3] was carried out. We were also interested in
studying the detail conformational preference of the cyclic pentapeptides of general
formula cyclo(-D-Ala-L-Alas-) imparted by higher N-methylation of the backbone.
Extended N-methylation might lead to new conformations which can be employed
as a template for the spatial orientation of the side chains and eventually be used for
‘spatial screening’ [4].
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Fig. 1. (A) Correlation between site of N-methylation and conformation of the
corresponding peptide bond.(B) Stereoview of 1.

Results and Discussion



The extended N-methylation of the pentapeptide cyclo(-D-Ala-L-Ala,-), resulted in
interesting conformations. We found that the N-methylation is allowed with
retention of overall conformation only at selected sites, which results in the outward
twist of the B-methyl groups to accommodate the bulky N-methyl group. At certain
sites, the N-methylation results in 180° twist of the peptide bond plane and at others
the N-methylation is in-tolerated completely and results in cis peptide bond. The
detailed effect is depicted in Fig. 1A.

The higher N-methylated analogues of Somatostatin were tested for their binding
affinities towards all the cloned receptors sst1-5, and seven out of thirty synthesized
peptides revealed nanomolar affinities towards sst2 and sst5. All of these seven
peptides were then tested for their oral availability in rats. Out of these seven
compounds, cyclo(-MeTrp-MeLys-Thr-MePhe-Pro-Phe-) (1) showed significant
uptake in the blood stream, with a plasma concentration of 242 ng/mL after 30 min
and 151 ng/mL after 1 h, compared to 158 and 38 ng/mL at the same time points for
the parent peptide. The detailed conformational analysis of 1 (Fig 1B) by Distance
Geometry and Molecular Dynamics, reveals that the orientation of the side chains
in the Veber peptide and 1 are similar (Fig 2), which results in the significant
binding of the peptide. However, the N-methylation of the Phe'' results in the
disruption of the BVI turn about Phe''-Pro® and along with the N-methylated D-
Trp®, the peptide is unable to adopt a ‘folded’ [5] conformation about Phe’ and
Thr'®, as the possibility of forming two y turns are nullified by these two specific N-
methylated residues.
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Introduction

We have demonstrated the superiority of the carbamoylmethyl (Cam) ester as an
acyl donor in the kinetically controlled peptide-bond formation mediated by a-
chymotrypsin [1] and some microbial serine proteases [2, 3]. Thus, major
drawbacks associated with protease-catalyzed peptide synthesis, e.g., a narrow
substrate specificity and the secondary hydrolysis of a growing peptide, can be
overcome by employing this particular ester. We have also investigated the
utilization of the Cam ester for the peptide synthesis catalyzed by a sulfhydryl
protease, papain [4]. The couplings of a series of N-Z-amino acid Cam esters with a
series of amino acid amides were examined in acetonitrile with low water content,
the coupling efficiencies being dependent on the combination of amino acid
residues. Some 2+1 segment condensations were also tried by this procedure. In
continuation of our study, we report the papain-catalyzed synthesis of partial
sequences of bioactive peptides through segment condensation employing Cam
esters as acyl donors.

Results and Discussion

Employing the immobilized papain prepared from pH 8.0 phosphate buffer [4], the
synthesis of partial sequences of some bioactive peptides was examined: substance
P (7-11)-pentapeptide (-Phe-Phe-Gly-Leu-Met-), eledoisin (6—11)-hexapeptide (-
Ala-Phe-Ile-Gly-Leu-Met-) and dermorphin (1-4)-tetrapeptide (-Tyr-D-Ala-Phe-
Gly-). In the synthesis of substance P (7—11)-pentapeptide derivative, both 2 + 3
and 4 + 1 segment condensations were tried. The racemization-free authentic
peptide was prepared by the EDC-HOBt-CuCl, method [5], while a mixture of
epimeric peptides was prepared through the same segment condensation by the
EDC method. The quantification of the aimed-at peptide, its epimer and the
hydrolysis product of the carboxyl component were done by reversed-phase HPLC
analysis. In both the segment condensations the desired peptide was obtained in ca.
80% yield (Table 1, Entries 1 and 2). Although the concomitant formation of a
small amount of the hydrolysis product of the donor esters was inevitable, no
epimeric peptides were detected on HPLC. The preparation of eledoisin (6—11)-
hexapeptide derivative was examined through a 3 + 3 segment condensation (Entry
3). The desired peptide was obtained in ca. 90% yield. The synthesis of dermorphin
(1-4)-tetrapeptide derivative, which contains a D-amino acid residue in the
sequence, was examined through a 3 + 1 segment condensation (Entry 4). The



peptide yield was not high (57%) in this case, but no racemization of the Phe
residue at the P1 position was detected.

In summary, the present results indicate the usefulness of the Cam ester as the acyl
donor in the papain-catalyzed kinetically controlled segment condensations.

Table 1. Papain-catalyzed segment condensations (after 48 h).

Entry Carboxyl component Amino component  Peptide
(%)
Boc-Phe-Phe-OCam Gly-Leu-Met-NH,  82.8
Boc-Phe-Phe-Gly-Leu-OCam  Met-NH, 78.3
Boc-Ala-Phe-lle -OCam Gly-Leu-Met-NH,  90.3
Boe-Tyr-D-Ala-Phe-OCam GlI-NH3 57.2
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Introduction

Directional control of electron transfer (ET) processes at the molecular level are
precise requirements for the realization of electronic nanodevices. Peptide scaffolds
functionalized by ET donor-acceptor (D/A) pairs show peculiar electron conduction
properties, depending on the secondary structure and side-chain arrangements.
More specifically, the electric macrodipole associated to helical peptides has been
shown to generate an electrostatic field oriented from the N- (6+) to the C-terminus
(9-), that remarkably affects the efficiency of the intramolecular ET process.

To further investigate this effect, we synthesized the following Na-protected
octapeptide amides:

Z-Aib-Api(Pyr)-L-(aMe)Nva-Aib-[L-(aMe)Nva],-Aib-Api(Boc)-NH/Bu (P2)
Z-Aib-Api(Pyr)-L-(aMe)Nva-Aib-[L-(aMe)Nva],-Aib-Api(Azu)-NH7Bu (P2AS8)
Z-Aib-Api(Azu)-L-(aMe)Nva-Aib-[L-(aMe)Nva],-Aib-Api(Pyr)-NH/Bu (A2P8)

[Aib = a-aminoisobutyric acid; Api = 4-aminopiperidine-4-carboxylic acid;
(eMe)Nva: C*methylnorvaline; Pyr = 1-pyrenyl-carbonyl; Azu = 1-azulenyl-
carbonyl].

P2AS8 and A2P8 differ by the position of the donor (Pyr) and acceptor (Azu) pair in

the chain. The two peptides, upon photoexcitation of the electron donor group, are
expected to give rise to a charge-separated species, the polarity of which is oriented
along the same direction (P2A8) or opposite to the electrostatic field direction
(A2P8). P2 was synthesized as reference compound for photophysical studies.
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Result and Discussion

FTIR absorption, NMR and CD studies indicate that in solution the peptides
investigated overwhelmingly populate a 3,o-helical conformation, as expected from
a sequence based exclusively on C*-tetrasubstituted a-amino acids. Steady-state and
time-resolved fluorescence experiments show that an excited state interaction
between the excited Pyr chromophore and the Azu group actually takes place. In
particular, the A2P8 time decay in acetonitrile (<KET>= 1.4x10% s) is definitely
faster than that of P2A8 (<kET>= 6.7x10" s™), as clearly shown by the time-
resolved fluorescence experiments reported in Fig. 1. The reported rate constants
are weighted averages over all of the populated conformers. This result confirms
the ‘helix dipole’ effect on the efficiency of the ET process [1, 2] that stabilizes
preferentially the charge-transfer state of opposite polarity, i.e. Azu(5-)--Pyr(d+).
Experiments in DMSO support this conclusion. In this solvent the measured
quenching rate constants are 6.3x10” s for P2A8 and 1.2x10° s for A2PS,
suggesting that such a strongly interacting solvent does not affect the
conformational equilibria in solution of these rigid peptides.
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Fig. 1. Fluorescence time decay of P2, A2P8 and P2AS8 in acetonitrile (J..,.=341
nm; Aey=410 nm).
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Introduction

Lanthanide chelates are currently actively explored for potential applications in
medical diagnostics, drug discovery, bioimaging and bioanalytical assays. On the
other hand, oligopeptides are extremely interesting candidates as novel,
biocompatible, smart materials, due to their ability to fold into specific structures, to
store and transfer energy or electrons, to bind to membranes or proteins, and to
transport ions and small organic molecules.

We are currently studying the ion binding properties of fluorescent analogues of
trichogin GA 1V, a natural peptide showing interesting antimicrobial activity. The
primary structure of this peptaibol, denoted in the following as FO, is

Fmoc-Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-Ile-Leu-OMe

where Aib is o-aminoisobutyric acid and Fmoc is fluoren-9-ylmethyloxycarbonyl, a
well-known fluorescent group. Fluorescence and circular dichroism (CD)
spectroscopies have been applied to investigate the FO binding properties with
Gd(IIT) and Tb(III).

Results and Discussion

Recently, we have shown by spectroscopy and molecular mechanics studies that in
solution trichogin GA IV analogues populate few ordered conformations, all
characterized by a high content of helical structures and differing by the local
arrangement of the Gly’-Gly® central doublet [1]. CD titration experiments with
Gd(I1I) and Tb(III) revealed that, upon ion binding, FO undergoes a conformational
transition shifting the equilibrium from helical to helix-turn-helix structures.
Notably, FO does not bind K, highlighting the selectivity of the peptide-ion
interaction.

Interesting results were obtained by fluorescence measurements. It has been
observed that upon ion binding the fluorescence of Tb(III) markedly increased, as
clearly shown by the experiments reported in Fig. 1. The increase in the
fluorescence intensity of Tb(III) upon complex formation can be ascribed to two
concomitant factors: 1) the release of water molecules from the coordination shell of
the peptide and ii) an energy transfer process from the Fmoc excited state to Tb(III).
The occurrence of a Forster energy transfer mechanism is suggested by the spectral



overlap between the emission of the donor molecule (Fmoc) and the absorption of
the acceptor species [Tb(IIl)]. Excitation spectra carried out at the acceptor
emission wavelength confirmed the transfer of excitation energy in the
Fmoc—Tb(Ill) direction. From these measurements the Forster critical distance
(Ry), i.e. the distance at which the energy transfer efficiency is 50%, can be easily
obtained. For the peptide investigated here we found R¢=9.8 A, suggesting that
Tb(III) might bind in the vicinity of the Gly-Gly doublet.

These results confirm the ability of trichogin GA IV analogues to bind selectively
lanthanide ions, suggesting the possibility to design a biocompatible, peptide-based,
nanosensor supporting fluorescent [Tb(III)] and magnetic [Gd(IIT)] probes for
simultaneous two-probes bioimaging.

F(a.u.)

540 560
A (nm)
Fig. 1. Enhancement of Tb(Ill) emission in acetonitrile by addition of FO. The
peptide/ion ratio (v) varies from 0 to 1.
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Introduction

Peptide self-assembled monolayers (SAMs) have shown exciting electron
conduction properties in terms of long-range and directional electron transfer (ET)
[1]. We have recently demonstrated that an hexapeptide, denoted in the following as
SSA4WA, forms a densely-packed SAM on a gold surface with interesting growth
dynamics and mobility properties [2]. The primary structure of SSA4WA, Lipo-
(Aib)4-Trp-Aib-OrBu, comprises five helicogenic a-aminoisobutyric acid (Aib)
residues and one tryptophan (Trp) residue, a fluorescent amino acid strongly
absorbing in the near-UV region. The great Au affinity of the disulfide functionality
of the N-terminal lipoyl (Lipo) group allows a covalent linking of the peptide to
gold. Owing to the high content of Aib residues, the peptide adopts a rigid, helical,
conformation despite the shortness of its main chain.

SSA4WA was covalently linked to an interdigitated gold electrode (IDE) to study
the photocurrent generated upon UV irradiation, thus measuring charge transport
under steady-state conditions with much higher sensitivity than standard gold
electrodes.

Results and Discussion

Cyclic voltammetry (CV) experiments confirmed that SSA4AWA forms densely
packed SAMs on the IDE. Photocurrent experiments in the Trp absorption region
(irradiation at 280 and 270 nm) were performed on the peptide modified IDE using
triethanolamine (TEOA) as the electron donor. The measured photocurrent intensity
follows reversibly the on/off photoexcitation cycles without apparent degradation of
the anodic current. Photocurrent measurements under the same experimental
conditions on an IDE modified by an undecanethiol SAM were also performed as a
reference (photocurrent generation was not observed in this case). When the peptide
layer is irradiated in the UV range between 260 nm and 320 nm, the Trp singlet
excited state gives rise to an ET process to the the gold electrode (Trp*—Au).
Subsequently, TEOA transfers an electron to the Trp " radical cation, giving rise to
a net, anodic, electronic current. Photocurrent intensity vs. applied potential voltage
experiments were also carried out near the maximum absorption wavelength (A=280
nm) of the Trp residue. For the peptide modified IDE a decrease in the anodic



photocurrent with an increase of the negative bias to the working electrode was
observed, measuring a null photocurrent at a given, characteristic potential (zero-
current potential). Very likely, the negative bias reduces the energy gap between the
oxidation potential of the excited Trp group and the Au Fermi level, resulting in the
decrease of the anodic photocurrent. It should be stressed that peptide SAM packing
and homogeneity are not perturbed by photoirradiation, as demonstrated by CV
measurements on the same sample before and after several cycles of photocurrent
experiments.

These results emphasize the good electron mediating properties of a helical peptide
spacer, -(Aib),-, and the role of an aromatic (indole) group in the photoinduced ET
process, suggesting the possibility to develop bio-hybrid molecular devices based
on the integration of photoactive peptide layers chemisorbed on conductive or semi-
conductive supports.
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Introduction

Crowned Co-tetrasubstituted o-amino acids with well-defined stereochemical
properties are interesting targets, allowing control of the spatial organization of the
crown-ether receptors in short-chain peptide structures for the construction of new
molecular receptors and supramolecular devices using peptide frameworks [1]. We
have shown previously that peptides based on L-Mdp[CROWN] residues derived
from C*-methyl-L-DOPA (Mdp) with [CROWN] = [15-C-5], [18-C-6] and [Benzo-
24-C-8], have a strong propensity for folded/3,o-helical secondary structures [2]. In
the same manner, peptides based on the more rigid, cyclic, Bip[20-C-6] residue
have been investigated in our groups [3]. We envisioned that introduction of a
binaphthyl unit as a part of the [CROWN] moiety would impart supplementary
structural chiral recognition properties to these receptors [4]. We report here the
synthesis of the terminally protected amino acids Z-L-Mdp[(S)-Binol-20-C-6]-OMe
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Fig. 1. (4) Chemical structures of the binaphthyl-crowned amino acid residues Z-L-
Mdp[(S)-Binol-20-C-6]-OMe la and Boc-(R)-Bip[(S)-Binol-22-C-6]-OMe
1c (B) FT-IR absorption spectra in the N-H stretching region of the la-6a
and (C) 3b-6b peptide series in CDCI; solution. Peptide concentration 1 mM.



and Boc-(R)-Bip[(S)-Binol-22-C-6]-OMe (Fig. 1A), and the 3D-structural analysis
of designed peptides to the hexamer level by FT-IR absorption and 'H NMR
techniques (Fig. 1B, 1C).

Results and Discussion

The catechol function of Z-L-Mdp-OMe was used to introduce the (S)-binaphthyl-
crowned side chain, using Cs,CO; as base and (-)-(S)-2,2’-bis(5-tosyloxy-3-oxa-1-
pentyloxy)-1,1’-binaphthyl as alkylating agent to afford the desired Z-L-Mdp[(S)-
Binol-20-C-6]-OMe 1a (Fig. 1A). The same treatment applied to racemic Boc-
(R,S)-Bip[OH],-OMe [3] afforded a mixture of Boc-(R)-Bip[(S)-Binol-22-C-6]-
OMe 1c¢ and its isomer Boc-(S)-Bip[(S)-Binol-22-C-6]-OMe, which could be
separated by chromatography. Four series of peptides based on these new amino
acids, combined with Aib and/or Ala residues to the hexamer level, with two
crowned residues at the i and i+3 positions of the main chain, Z-L-Mdp[(S)-Binol-
20-C-6]-L-Ala-OMe 2a, Fmoc-LAla-L-Mdp[(S)-Binol-20-C-6]-L-Ala-OMe 3a, Z-
{L-Ala},-L-Mdp[(S)-Binol-20-C-6]-L-Ala-OMe 4a, Z-L-Mdp[(S)-Binol-20-C-6]-
{L-Ala},-L-Mdp[(S)-Binol-20-C-6]-L-Ala-OMe 5a, Fmoc-{L-Ala-L-Mdp[(S)-Binol-
20-C-6]-L-Ala},-OMe 6a, Boc-Aib-L-Mdp[(S)-Binol-20-C-6]-OH 2b, Boc-Aib-L-
Mdpl[(S)-Binol-20-C-6]-L-Ala-OMe 3b, Fmoc-L-Ala-Aib-L-Mdp[(S)-Binol-20-C-
6]-L-Ala-OMe 4b, Boc-{Aib-L-Mdp[(S)-Binol-20-C-6]-L-Ala},-OMe 6b, Boc-(R)-
Bip[(S)-Binol-22-C-6]-L-Ala-OMe 2¢, Fmoc-L-Ala-(R)-Bip[(S)-Binol-22-C-6]-L-
Ala-OMe 3¢, Boc-{L-Ala},-(R)-Bip[(S)-Binol-22-C-6]-L-Ala-OMe 4¢, Boc-(R)-
Bip[(S)-Binol-22-C-6]-{L-Ala},-(R)-Bip[(s)-Binol-22-C-6]-L-Ala-OMe 5¢, Fmoc-
{L-Ala-(R)-Bip[(S)-Binol-22-C-6]-L-Ala},-OMe 6¢, Boc-Aib-(R)-Bip[(S)-Binol-22-
C-6]-OH 2d, Boc-Aib-(R)-Bip[(S)-Binol-22-C-6]-L-Ala-OMe 3d, Fmoc-L-Ala-Aib-
(R)-Bip[(S)-Binol-22-C-6]-L-Ala-OMe 4d, Boc-(R)-Bip[(S)-Binol-22-C-6]-L-Ala-
Aib-(R)-Bip[(S)-Binol-22-C-6]-L-Ala-OMe 5d, and Boc-{Aib-(R)-Bip[(S)-Binol-
22-C-6]-L-Ala},-OMe 6d, were prepared in solution by stepwise and/or segment
coupling(s).

The results of our FT-IR absorption analysis (for the series a and b, see Fig. 1A and
Fig. 1B) indicate that the longest peptides of the various series are folded in highly
intramolecularly H-bonded helical structures. The delineation of inaccessible
(intramolecularly H bonded) NH groups of the hexapeptide 6b, carried out by
evaluation of DMSO dependency of NH chemical shifts in '"H NMR (not shown),
confirmed our contention that these peptides preferentially adopt B-turn and 3,-
helix secondary structures.
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Introduction

Peptide synthesis using protease-catalyzed reverse reaction has been extensively
studied with a variety of amino acids and peptide derivatives as coupling
components [1 - 4]. It has been reported that the protease-catalyzed peptide
synthesis is superior compared to the chemical coupling method due to the
requirement of less side chain protection. The major drawback of the enzymatic
method, however, is the respective substrate specificity. Among several enzymes
already known, the cysteine protease ficin has proven to be a versatile low-cost
biocatalyst. Recently, Hansler et al. reported that with kinetically-controlled peptide
synthesis in frozen aqueous solutions using Bz-Arg-OEt as acyl donor component it
was possible to obtain satisfactory results [5].

Results and Discussion

Ficin-catalyzed coupling reaction of fert-butyloxycarbonyl-alanine p-
guanidinophenyl ester (Boc-Ala-OpGu) (2) and Ala-pNA to give Boc-Ala-Ala-pNA
was examined (Scheme 1). The reaction was evaluated by changing the conditions
such as the co-solvents (DMSO, DMF and acetonitrile), the pH of the medium and
the concentration of the acyl acceptor (Ala-pNA). The best yield was obtained
when the reaction was carried out using 1 mM of acyl donor (2), 35 mM of acyl
acceptor (Ala-pNA) and 0.1U of ficin in 40% DMSO-GTA (50 mM, pH 9.0) at
37°C.

A comparative study of cysteine protease and serine proteases (bovine trypsin,
chum salmon trypsin and bovine thrombin) as the catalyst of peptide coupling led
us to the conclusion that all substrates (1 - 8) (Fig. 1) behave as a good acyl donor.
The coupling yields by cysteine protease (75 — 96%) are somewhat more significant
compared with those of the serine proteases. The coupling time of cysteine protease
is considerably faster than that of the serine protease.
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Introduction

The short, proline-rich peptide family kills bacteria by selectively binding the 70
kDa bacterial heat shock protein (Hsp) DnaK and inhibiting protein folding [1].
Chimeric and combinatorial analogs exhibit 8-32 pg/mL MIC figures against a
series of Enterobactericeae pathogens. The best peptide, A3-APO, kills B-lactam,
trimethoprim, sulfamethoxazole, aminoglycoside and fluoroquinolone resistant
Gram-negative strains [2]. B-Lactamases can be inactivated by compounds that bind
the active site of these enzymes [3]. Since the proline-rich antibacterial peptides
were shown to inactivate test bacterial enzymes, our idea was to use these peptides
to inhibit all therapeutically important bacterial enzyme activity.

Results

We studied how sequential or simultaneous addition of A3-APO and amoxicillin to
clinical Escherichia coli cultures, SEQ102 and BF1023, expressing the TEM-1 -
lactamase, influences the MIC (4). The control antibiotic was the aminoglycoside
kanamycin as the main resistance mechanism proceeds through mutations in
chromosomal genes and the pathogen was the kanamycin-resistant strain E. coli
S5081. Ciprofloxacin and E. coli 045-849 were also included in the studies because
fluoroquinolones induce DnaK production in E. coli. We wondered whether
inactivation of the overexpressed Hsp would lead to increased sensitivity to
ciprofloxacin.

Two concentrations of the peptide were used: one below the MIC and one just
below the ICs, to ensure that the expected activity is dose dependent. After 1 h the
antibiotics were added and growth inhibition was measured. Amoxicillin alone was
inactive against E. coli BF1023 or SEQ102 but its activity could be fully recovered
when the culture was pre-incubated with 8-16 pg/mL A3-APO. Synergy was not
observed when the peptide and the small molecule antibiotic were added
simultaneously indicating that the -lactamase activity was manifested before the
enzyme’s folding could be inhibited. Likewise, no synergistic effect was observed
at lower peptide concentrations. The experimental results were completely different
with kanamycin and E. coli S5081 where no activity of the small molecule
antibiotic could be recovered in any circumstance. Finally, results with
ciprofloxacin and E. coli 045-849 indicated a trend that fell between B-lactam and
aminoglycoside antibiotics. Preincubation of bacteria with 8 pg/mL peptide A3-
APO in the synergy lane did result in lower absorbance readings than those



observed after ciprofloxacin or A3-APO administration alone but the effect was not
seen with co-administration of the two antibiotics.

Discussion

Lowered peptide concentration did not result in dramatic recovery of ciprofloxacin
activity, although some synergy was seen with or without preincubation, suggesting
that the peptide derivative did potentate ciprofloxacin by eliminating a fraction of
the active DnaK population that was induced by the fluoroquinolone. The mode of
action of the synergy with B-lactams is likely inhibition of protein folding. As
opposed to current B-lactamase inhibitors and combination therapies that work
against only a limited number of strains, inhibition of all protein folding in bacteria
is a universally applicable treatment option. Elimination of resistance to p-lactams
by proline-rich peptide derivatives may give renewed life to these antibiotics for
which large stockpiles are currently available.
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Insulin-like peptide 3 (INSL3) is a member of the relaxin peptide family which is
produced in testicular Leydig cells and ovarian thecal cells [1]. It comprises two
peptide chains — A and B — that are held together in a characteristic insulin-like
disposition. Gene knockout experiments have identified a key biological role in
initiating testes descent during foetal development [2]. This action is mediated via a
stimulation of gubunacular bulb swelling. This action is elicited via its recently-
identified receptor, LGR8, a member of the leucine-rich repeat-containing G-
protein coupled receptor family [3]. More recent studies have shown that in both
male and female gonads, INSL3 and LGRS represent a paracrine system important
for meiosis induction in the ovary and male germ cell survival in the testis [4]. Thus
INSL3 may have key clinical applications in fertility management. To identify the
structural features that are responsible for the interaction of INSL3 with its receptor
and to assist in the development of agonists and antagonists, a series of B-chain
alanine substituted analogs were prepared and subjected to detailed in vitro receptor
binding and activation assays. The results were analyzed in the light of the recently
acquired NMR solution structure of INSL3.

The two chains of INSL3 analogs were prepared separately by conventional
continuous flow Fmoc-solid phase synthesis. After cleavage and deprotection, these
were subjected to subsequent regioselective disulfide bond formation [5]. The crude
peptides were purified by RP-HPLC. The B-chain Ala-substituted INSL3 analogs
that were prepared were: B2, B!, B!, B!2!¢, B!620 BI21620 34 BI216.192027 e
purity of each synthetic peptide was assessed by analytical RP-HPLC and MALDI
TOF MS.

The peptides were assessed for both LGRS binding and activation ability. The data
showed clearly that five key residues within the B-chain of INSL3 are responsible
for the interaction with the ectodomain of LGRS [6]. These include Arg®'® and
Val®” with His®'? and Arg® playing a secondary role, as evident from the
synergistic effect on the activity in double and triple mutants involving these
residues. Together, these amino acids combine with the previously identified
critical residue, Trp®’ [7], to form the receptor binding surface. Correlation of this



information with the recently acquired solution structure of human INSL3 [6]
showed that these residues form a principally continuous binding region within one
face of the central B-chain a-helix. Work is in progress to exploit these findings in
the design of mimetics of INSL3 with agonist and antagonists properties.
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Introduction

Solid-phase synthesis has been developed and automated in the field of peptide
synthesis, and is currently being applied to general organic synthesis along with the
spread of combinatorial chemistry. However this procedure requires a large amount
of organic solvents. Because the safe organic solvent waste disposal is an important
environmental issure, a method for peptide synthesis in water using low toxic
reagents would be desirable. We developed solid phase peptide synthesis in water
using water-soluble protected amino acids.[1, 2, 3] Here we develop a new
technology for solid phase peptide synthesis using nanoparticulate amino acids in
water.

Result and Discussion

9-Fluorenylmethoxycarbonyl (Fmoc)-amino acids are poorly soluble in water,
precluding their use for solid-phase synthesis in water. Grinding particles to
nanosize can lead to increased specific surface area and homogenous mixing of
multiple components. We therefore predicted that conversion of Fmoc-amino acids
into homogenously water-dispersible nanoparticles would enable increased specific
surface area and homogenous mixing with the resin in water, resulting in smooth
progress of solid-phase reaction in water according to the Fmoc approach.

First, we selected Fmoc-Phe-OH, which has an aromatic ring in the side chain and
is highly hydrophobic, to convert into water-dispersible nanoparticles. A dispersion
additive poly(ethylene glycol) [PEG (mean molecular weight: 4,000)] was added to
Fmoc-Phe-OH and the mixture was ground for 2 hours at room temperature in a
planetary ball mill containing water with zirconia beads. Formulation consisted of
2.0 mmol of Fmoc-Phe-OH, 400 mg of PEG, 20 mL of water, and 80 g of zirconia
beads. The size of the resulting water-dispersible nanoparticles was determined by a
dynamic light scattering analysis (DLS) to be 265 = 10 nm. A scanning electron
microscope (SEM) image also revealed nanosize particles (Fig. 1B). Other Fmoc-
amino acid nanosuspensions were prepared in the same way described above.

To evaluate nanoparticulate amino acids, Leu-enkephalin amide was synthesized on
PEG-grafted Rink amide resin by the solid phase method in water. A water-soluble
carbodiimide [WSCD, 1-(dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride] was used as a coupling reagent in the presence of N-hydroxy-5-
norbornene-2,3-dicarboximide (HONB) and N,N-diisopropylethylamine (DIEA).
Deprotection of Fmoc group was carried out with 0.1 M NaOH in 90% ethanol
since fluorene compound derived from deprotection of Fmoc group was sparingly



soluble in water. Synthetic H-Tyr(#Bu)-Gly-Gly-Phe-Leu-PEG-grafted Rink amide
resin was treated with trifluoroacetic acid and the resulting crude Leu-enkephalin
amide was purified by HPLC. The overall yield calculated from the amino group
content of the used resin was 67%. The present study proposes a solution to address
the poor solubility of building blocks and offers a new solid-phase synthesis method
using the “environmentally friendly solvent water”. Reaction characteristics for
nanosized building blocks will be explored to trigger a new methodology for
synthetic reactions.

Fig. 1. (A) An SEM image of unprocessed Fmoc-Phe-OH, (B) An SEM image of
water-dispersible nanoparticulate Fmoc-Phe-OH.
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Introduction

A chemokine receptor CXCR4 has multiple critical functions in normal and pathologic
physiology. CXCR4 is a GPCR that transduces signals of its endogenous ligand,
CXCLI12 (stromal cell-derived factor-1, SDF-1). The CXCL12-CXCR4 axis plays an
important role in the migration of progenitors during embryologic development of the
cardiovascular, hemopoietic, central nervous systems and so on. This axis has recently
been proven to be involved in several problematic diseases, including HIV infection,
cancer cell metastasis, leukemia cell progression, rheumatoid arthritis (RA) and
pulmonary fibrosis. Thus, CXCR4 is a great therapeutic target to overcome the above
diseases. Fourteen-mer peptides, T140 and its analogs, were previously found to be
specific CXCR4 antagonists that were identified as HIV-entry inhibitors, anti-cancer-
metastatic agents, anti-chronic lymphocytic/acute lymphoblastic leukemia agents and
anti-RA agents [1]. Cyclic pentapeptides, such as FC131 [cyclo(D-Tyr-Arg-Arg-L-3-(2-
naphthyl)alanine-Gly)], were previously found as CXCR4 antagonist leads based on
pharmacophores of T140. Here is described the development of low molecular weight
CXCR4 antagonists involving FC131 analogs and other compounds with different
scaffolds including leaner-type structures.

Results

Several FC131 analogs, which have substitution for Arg2, Nal3 and D-Tyr5, were
prepared and assessed for CXCR4-binding activity based on inhibitory activity against
CXCLI12 binding to CXCR4. Recently, a novel pharmacophore of T140-related CXCR4
antagonists, such as a 4-fluorophenyl moiety, was found in addition to the original
pharmacophores of T140, Arg (x 2), Nal and Tyr. Since the phenol group of D-Tyr5
could not be replaced by the 4-fluorophenyl group with maintenance of high activity, as
seen in the D-Phe(4-F)-substituted analog, we attempted to incorporate the 4-
fluorophenyl group into the amino acid at position 1. [D-Phe(4-F)1, Arg5]-FC131
(FC602) showed potent activity, which is 10-fold more potent than that of [D-Tyrl,
Arg5]-FC131 [2].



Next, a linear type of several low molecular weight CXCR4 antagonists were developed
based on T140 analogs. Several compounds that were synthesized based on
pharmacophores of T140 analogs showed significant anti-HIV activity and binding
affinity for CXCR4. According to these results, two types of libraries based on the N-
terminal region of 4F-benzoyl-TN14003 and 4F-benzoyl-TE14011 were constructed to
find effective lead compounds. Linear-type low molecular weight compounds obtained
in this study are thought to be useful leads [3].

Previously, anthracene derivatives having two sets of zinc(I)-2,2’-dipicolylamine (Dpa)
complex were identified as the first chemosensors that can selectively bind and sense
phosphorylated peptide surfaces [4]. Several low molecular weight nonpeptide
compounds having the dipicolylamine zinc(I) complex structure were identified as
potent and selective antagonists of the chemokine receptor CXCR4 (Fig. 1). These
compounds showed strong inhibitory activity against CXCL12 binding to CXCR4 [5].
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Fig. 1. A new class of CXCR4 antagonists having the dipicolylamine-zinc(Il)
complex structure

Since CXCR4 is involved in several problematic diseases, low molecular weight
CXCR4 antagonists, involving zinc(Il)-dipicolylamine unit-containing compounds,
proved to be useful and attractive lead compounds for chemotherapy of these diseases.
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Due to aggregation, even short peptides may be sparingly soluble in aqueous
solvent systems impeding proper purification by RP-HPLC. For temporary
solubilization, Englebretsen et al. developed "solubilizing tails" for the Boc-SPPS
of poorly soluble peptides [1]. These specialized protecting groups are finally
removed with aqueous base.

Solubilizing tails attached to the N-terminus may be introduced conveniently
following SPPS. Based on an N%-protecting group described by Tesser et al. [2] we
developed an N-terminal solubilizing tail cleavable under milder basic conditions
precluding damage to the purified peptide. To test this type of modification, the
synthesis of the sparingly soluble HCV NS5B protein (407-419),
SMSYTWTGALITP was performed.

Peptides may also be temporarily solubilized by generating the isomeric
depsipeptides (i.e., O-acyl isopeptidic bonds to Ser or Thr) [3] which rearrange to
the desired peptide in the presence of bases. For comparison, this modification was
also investigated in our model sequence. The results of both approaches will be
discussed in this presentation.

Solubilizing Tail

Succinimidyl carbonate I was reacted with N-terminal H-Ser(#Bu)-OH followed by
oxidation to obtain II, which was coupled to the peptide resin. I and II are very well
soluble in most organic solvents. The protected tail Boc-(Lys(Boc)-Pro),~-NH-CH,-
CH,-S0,-C¢H4-S0O,-CH,-O-CO- is smoothly removed by 20% piperidine/DMF.
Nevertheless, II tolerates slightly basic conditions. Hence, it is compatible with
routine coupling conditions applied during SPPS. Unfortunately, the tailed
derivatives of Met and Cys cannot be obtained by this method due to their
sensitivity during the oxidation step.

The outlined strategy was followed, since an activated derivative of the tail could
not be obtained due to extreme base lability.

II (2 eq) was coupled to H-MSYTWTGALITP-CITrt-® using TATU/collidine in
DMF to produce the test sequence. A pure product (HPLC: 96%) was obtained
from the crude water-soluble "tailed" peptide (HPLC:47%) by standard RP-HPLC
followed by rapid cleavage of the tail with 2% aqueous piperidine. The desired
peptide precipitated and the solubilizing tail-piperidine adduct remained in solution.
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The motif Trp*'%-Thr*'® was chosen for generating the isopeptide link in the model
peptide. The highly active TFFH [4], which mediates the acylation of alcohols in
the presence of DMAP [5], turned out to be the most efficient coupling reagent
evaluated in this study. The esterification of Fmoc-Trp(Boc)-OH to the B-hydroxyl
moiety of terminal Boc-Thr*"® applying TFFH/DIEA and 0.2 eq of DMAP (15h, at
room temperature) resulted in a moderate yield, however in an excellent optical
purity. The remaining hydroxyl groups were blocked by acetylation. Elongation of
the peptide followed by acidolytic cleavage led to the isopeptide H-T(WTYSMS-
H)GALIPT-OH. The soluble crude product (containing capped peptide (26%,
HPLC) and traces of the D-epimer) was purified by RP-HPLC followed by ion
exchange. In the presence of NHj at pH 8, the resulting isopeptide acetate readily
rearranged to the native peptide.

Discussion

The sparingly soluble model peptide HCV NS5B (407-419) was readily purified by
RP-HPLC following either tagging or conversion to the isopeptide. Both methods
permit the specific regeneration of the target product. Albeit more laborious, the
incorporation of the N®-solubilizing tail via the linker to the N-terminal amino acid
is more generally applicable and better scalable. For increasing its solubilizing
efficiency, the tail may be elongated or modified. The isopeptide approach is more
straightforward, but the necessity of Ser- or Thr- residues in the appropriate
position limits this method. For a more efficient introduction of an isopeptide-
modification, the synthesis of the corresponding buiding blocks is suggested [6].
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Introduction

The interaction of collagen with von Willebrand Factor (VWF) requires unique
structural properties in both proteins [1]. Optimal haemostatic function requires
multimerisation of up to fifty VWF monomers in circulating plasma; higher-order
multimers bind collagen more tightly than smaller assemblies of VWEF. Several
collagens occur in the vessel wall, of which collagens I and III are considered most
important in supporting platelet adhesion to the damaged vasculature [2]. We have
identified the residues in the VWF A3 domain that bind collagen III, using site-
directed mutagenesis guided by the crystal structure of the VWF A3 domain in
complex with a monoclonal antibody (RUS5) that inhibits its interaction with
collagen [3]. However, the VWF-binding site(s) in collagen are unknown, although
progress in understanding how collagen interacts with integrin a2f1 and GPVI has
been made using short synthetic triple-helical peptide analogues of collagen [4],
including the Collagen III Toolkit [S]. We used the same approach to identify the
high-affinity VWF-binding site in human collagen III, information which may help
to develop the collagen—VWF interaction as an anti-thrombotic target.

Results and Discussion

A single Collagen Toolkit peptide, #23 GPC-(GPP)s-GPOGPSGPRGQ-
OGVMGFOGPKGNDGAO-(GPP)s-GPC-NH, (Fig 1), bound plasma—derived
human VWF with similar affinity to the full-length collagen III. The binding
interaction was abolished by a monoclonal antibody, RUS, directed against the
collagen-binding site of VWF A3 domain. A non-helical derivative of peptide #23,
with GAP rather than GPP repeats, did not bind VWF, indicating that a triple-
helical structure is required for the recognition of collagen by VWF.

We identified RGQOGVMGF as the minimum sequence within collagen III
required to bind VWF using truncated triple-helical derivatives of Col III-23 (Fig
2). An Ala-scan set was synthesised to determine the crucial residues in the
minimum sequence, and we shown than R, O, V and F are essential.
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The present work completes our understanding of the collagen—VWF interaction,
providing information on the crucial sequences in collagen that perfectly
complements our existing knowledge of the collagen-binding site in VWF. Our
detailed knowledge may assist in targeting the collagen—VWF interaction for
therapeutic purposes.
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Introduction

Insect kinins share a highly conserved C-terminal pentapeptide sequence Phe-Xaa-
Xbb-Trp-Gly-NH,, where Xaa can be Tyr, His, Ser or Asn and Xbb can be Ala but
is generally Ser or Pro [1]. They are potent diuretic peptides that preferentially form
a cis-Pro, type VI B-turn. An insect kinin analog containing (25,45)-4-
aminopyroglutamate (APy), a novel cis-peptide bond motif, has demonstrated
significant insect diuretic activity [2]. Two susceptible hydrolysis sites in insect
kinins [3] have been reported, with the primary site between the Pro® and the Trp*
residues. In this study, we evaluate the (2S,4R)-APy, (2R,4R)-APy, and (2R,4S)-
APy stereochemical variants of the insect kinin analog Ac-Arg-Phe-APy-Trp-Gly-
NH, in order to identify the optimal motif stereochemistry for the design of
peptidomimetic analogs with enhanced biostability.

Table 1. Cricket Malpighian tubule fluid secretion activity of insect kinin analogs
with stereochemical variants of the Apy motif and a native achetakinin.

Cricket (Acheta domesiicns)
Malpighian Tubule Flud
Secretion
Maxinmm
EC» (10°A) | Response
Peptide Analog [95%6 CL]) (%)
AR-II Ala-Leu-Pro-Phe-Ser-Ser-Trp-Gly-NH: 0.3 100 [3]
IK-APy | Ac-Arg-Phe-(2545)-APy-Trp-Gly-NH: 140 [136-149] Q3£10
IK-apy Ac-Arg-Phe-( 2R 4R)-APy-Trp-Gly-NH: T0 [32-172] B3+6
IK-Apy | Ac-Arg-Phe-[2R,45)-APv-Trp-Gly-NH: 7 [3.7-15.1] 936
IK-aPy | Ac-Arg-Phe-(254R)-APy-Tip-Gly-NH: 1200 [113-136] Q61

Results and Discussion



The insect kinin analogs (2R,4R)-APy and (2S,4R)-APy were found to stimulate
cricket Malpighian tubule fluid secretion at ECsy’s of 7 and 12 x 10°®*M; values
which are not statistically different from the activity (ECso = 14 x 10°*M) of the
parent (2S,4S)-APy analog [3]. However, the diuretic activity of the (2R,4S)-APy
stereochemical variant was found to be about 10-fold greater, with an ECs, of 0.7 x
10*M. All of the APy analogs approach the maximal diuretic response of the native
insect kinins. NMR spectra were acquired [2] on a Bruker ARX-500 500 MHz
instrument. Molecular modeling was performed [2] using TRIPOS Sybyl 6.3
software (Biopolymers). Based on ROESY data, the following non-trivial distance
constraints were included in the molecular modeling calculations; 13 for (2S,4S)-
APy [3], 15 for (2R,4R)-APy, 18 for (2S,4R)-APy, and 0 for (2R,4S)-APy. All
four stereochemical APy analogs demonstrate significant diuretic activity, likely
due to the ability of each to adopt an open ‘1 - 4’ turn and an aromatic surface
comprised of the Phe' and Trp* aromatic sidechains. The (2R,4S)-APy analog
proved to be considerably more flexible than the other variants. The three more
rigid APy analogs (25,4S), (2R,4R), and (2S,4R) each feature a different
stereochemistry at the APy moiety; and yet the diuretic activity is not significantly
different. Therefore, the 10-fold greater potency of the (2R,4S)-APy analog over
the other three variants may well be a function of its flexibility to adopt a better fit
with the receptor. The (2R,4S) stereochemical Apy variant is the best APy scaffold
for the design of biostable peptidomimetic analogs of this important class of insect
neuropeptides.
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Introduction

Ca’" ions play an important role in biochemical pathways. They bind to enzymes
and proteins in different processes. Aspartic (Asp, D) and glutamic (Glu, E) acid
side chains are the main ligands of Ca*, but the contribution of the backbone
carbonyl groups in the binding is also important. Generally, the binding sequence is
the so-called EF-hand motif, containing 12 amino acids, but already known that
some proteins with a non-EF-hand loop also bind Ca*". a-Lactalbumins (LAs) have
a 10 amino acid long sequence (K”’FLDDDLTDD®) for Ca®" binding [1]. In this
sequence 5 Asps are closer to each other than in EF-hand motif but only 3 Asp side
chains take part in Ca®" coordination.

Our aim is to understand the Ca®" interaction with carboxylic group rich peptides.
In the present study we focus on determining the importance of the conservative
amino acids within the Ca** binding loop of this protein, using isothermal titration
calorimetry (ITC).

Results and Discussion

At first we prepared a model with the decapeptide sequence of the calcium-binding
loop of LA. In order to monitor the precise role of the binding Asp residues (82,
87-88) and of charge density created by the nonbinding Asp residues (83, 84) in the
coordination of Ca*’, we also designed models in which the Asp residues were
substituted to Ala. In addition, some models in which Lys is deleted and substituted,
respectively, were synthesized.

The ITC measurements have been performed under different conditions: besides of
the different peptides, different solvents (Tris-HC1 buffer at pH 7.4, methanol,
ethanol, trifluoroethanol [TFE]) and different temperatures (10 °C, 25 °C and 40
°C) were used. Below we describe the most general trends observed.

In aqueous medium no heat effects appeared upon addition Ca®". With the increase
the hydrophobic feature of the solvent (water<methanol<ethanol<TFE), an
important and complex heat effects became visible. The results indicate that in
aqueous medium Ca”" does not bind to the decapeptide sequence; in apolar one
peptide binds several Ca>" ions. The poor binding tendency in aqueous medium is
certainly due to a favorable cation-water interaction (hydration of Ca®'-ions),
however, also the interaction between the solvent and the peptide importantly will
influence the ability to bind cations. Indeed, by circular dichroism (CD)
measurements we previously demonstrated that in aqueous medium the peptides
adopt an unordered secondary structure. In contrast, the CD spectra of the peptides



in TFE are representative of specific populations of turns [2]. The intramolecular
organization becomes possible by the loss of overwhelming solvent interactions in
the apolar medium.

In apolar solvents (methanol, ethanol, TFE) the first heat effect observed upon
addition of small amounts of Ca?*, is endothermic. This endothermic heat is more
important when the apolar character of the medium is more pronounced. In
methanol and ethanol, the endothermic peak is not followed by other heat effects
and the titration curves fit to a cation/peptide binding ratio (rcat) of 1. In TFE
solutions the titration profiles are more complicated and the endothermic effects
observed at small Ca®'/peptide ratios are followed by an exotherm effect when the
Ca’'/peptide ratios exceeds the ratio of 1. Moreover, depending upon de
composition of the peptide the Ca®" titration curve in TFE becomes more complex.

The results indicate that binding of Ca*" to a peptide is strongly regulated by the
polarity of the solvent and of the direct environment which surrounds the sites
suited for the coordination of the Ca** ion.
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Introduction

Compounds containing a trifluoromethyl ketone moiety form an important group of
biologically useful fluorinated molecules [1]. A trifluoromethyl group that is a to
the carbonyl functionality increases the electrophilicity of the carbonyl carbon, and
therefore makes it prone to nucleophilic substitution by the cysteine residue which
is present in the active site of cysteine proteases such as the severe acute respiratory
syndrome coronavirus (SARS-CoV). This would lead to the formation of a
tetrahedral adduct that is believed to mimic the intermediate formed during peptide-
bond hydrolysis [2] and suggests that compounds containing a trifluoromethyl
ketone moiety may play an important role as SARS-CoV inhibitors . Based on these
considerations, the synthesis of the peptides depicted in Scheme 1 (compounds 4
and 5) was embarked upon.

CO,Bu CO,Bu CO,'Bu
2 steps
Cbz. Cbz. CF
N @ ’ ' Ogi(CH ) b -
‘g d o OH
1 2 3

|
o \}/ 0

o) 4 R=0H
N

6 X
7 X=NH 5 R=NH,

Scheme 1. Synthetic pathway to the targeted SARS-CoV protease inhibitors.



Result and Discussion

B-Amino alcohol 3 was synthesized in five steps starting from N-Cbz-L-glutamic
acid. The first key step involved the introduction of a trifluoromethyl group to
oxazolidinone 1 based on a reported method, 3 thus forming compound 2, that was
converted in two steps to the desired substrate 3 (Scheme 1). B-Amino alcohol 3
was then coupled with the respective acids and further elaborated to form tri- and
tetra- glutamic acid and glutamine peptides (here exemplified by compound 4 and
5). The target peptides were subjected to biological assays, which revealed that the
compounds exhibited moderate activity against SARS-CoV. 'H and “C NMR
studies of the target compounds showed that they exist predominantly in the cyclic
form (substrates 6 and 7) rather then the open chain form (compounds 4 and 5) in
deuterated chloroform solution.
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Induction

A series of photoactiveable benzophenon derivatives of arbutin were synthesized
and characterized. Three compounds were studied as probes for BglF, the B-
glucoside PTS transporter of Escherichia coli, and they demonstrated high affinity
photolabling of the BglF. Since the PTS system is ubiquitous and unique to
bacteria, these compounds may serve as leads for the development of novel
antibacterial drugs.

The Escherichia coli BglF, a permease of the phosphoenolpyruvate-dependent-
phosphotransferase system (PTS), catalyzes transport and phosphorylation of f3-
glucosides. The PTS is a multicomponent system that catalyzes vectorial
phosphorylation of various sugars. The group translocators couples sugar transport
to phosphorylation driven by the high phosphate transfer potential of
phosphoenolpyruvate (PEP). PTS components are involved in complex signal
transduction pathways including virulence. It is ubiquitous in bacteria but does not
occur in animals and plants. Uniqueness and pleiotropic function make the PTS a
target for new antibacterial drugs.

The PTS is composed of two general PTS proteins, EI and HPr, and several sugar
specific enzymes II (Ells). Ells are composed of three domains. The domains EITA
and EIIB are involved in phosphorylation, whereas EIIC are membrane-bound and
are active in sugar permeation across the membrane. The phosphate is transferred
from PEP to the incoming sugar via EI, HPr, EIIA and EIIB. Despite extensive
studies performed on the PTS permease, the nature of the sugar translocation
channel is yet unknown.

To study the mechanism of the sugar translocation, BP group was used in order to
produce an irreversible covalent binding of the Nirbutin with the BglIF to probe the
nature of the sugar translocation channel and recognition.

In order to map the binding site of Nirbutin-00 to BglF, the radiolabaled Nirbutin-
01 was prepared. '*C-Nirbutin-01 was utilized by E. Coli. Covalent labeling of the
binding site of BgIF with '*C-Nirbutin-01 was achieved after BP irradiation. The
labeled BglF will be used to map the active site after protein extraction, digestion
and MS analysis.

In order to study the spatial structure of the BglF, especially the relationship
between the sugar binding site and Cys24 that is essential to the function of BglF,



we have prepared a series of molecules with the general structure Nirbutin-spacer-
NEM. The spacer will vary between 2 and 6 methylenes.

Results and Discussion

A series of novel BP derivatives of arbutin, were synthesized. Their biological
activity and binding to the B-glucoside permease in E. coli were studied. Nirbutin is
utilized as a B-glucoside substrate by BglF-producing E. Coli cells. Furthermore,
using photolabeling and competitive inhibition experiments, we demonstrated that
Nirbutin's are selective ligands for BglF and their binding follows saturation
kinetics. Hence, Nirbutin's are of biologically active and are appropriate
photoprobes for further characterizing of BglF.
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Figure 1 - Structures of the three arbutin BF derivatives: Nirbutin 00, Nirbutin 01 and Nirbutin 02.
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Introduction

Matrix metalloproteinases (MMPs) are involved in the degradation of components
of extracellular matrix and play an important role in apoptosis, embryogenesis, and
reproduction tissue remodeling and repair. The development of agonists or
inhibitors in controlling MMP activity continues to be of great interest for drug
discovery and life science research.

FRET peptide-based MMP assays have been widely used for measuring MMP
activity. However, most of these FRET peptides use Mca/Dnp or Edans/Dabcyl
pairs [1], which have relatively weak fluorescence signals with short wavelengths.
We designed and synthesized sixteen MMP substrates that incorporate 5S-FAM and
QXLTMS520 by Fmoc solid phase synthesis method. QXLTMS520 is an effective
quencher for fluoresceins such as FAM and FITC. The new 5-FAM/QXLTMS520
FRET peptides offer several advantages.

Results and Discussion

MMP Substrates (Table 1) were synthesized by Fmoc solid phase synthesis
methods using Rink amide MBHA resin. For special amino acids [Dap(Mtt),
Dab(Mtt), Cys(Me), Cha, Smc and D-Arg(Pbf)], couplings were performed with
two-threefold excess of activated amino acids. Upon completion of the chain
assembly, the peptide-resin was treated with 1 TFA and 3% TIPS in DCM to
remove the Mtt group. QXLTMS520 and 5-FAM were coupled to the side chain
amino group of Dap, Dab and Lys using DIC:HOBt. Complete deprotection of the
peptide and cleavage was performed with TFA:thioanisole:water:phenol:EDT.
Crude peptides were purified to homogeneity by RP-HPLC.

Compared to EDANS and Mca, the extinction coefficient of 5-FAM is 13-fold
higher and shows less interference from the short wavelength auto-fluorescence of
drug candidates. Additionally, 5-FAM is much brighter and less sensitive to the
environment than EDANS and Mca. These characteristics of 5-FAM prompted us
to design 5-FAM containing MMP FRET peptide substrates in order to increase the
sensitivity. QXL™S520 serves as an excellent quencher for the 5-FAM, since its
absorption spectrum perfectly overlaps with the emission spectrum of 5-FAM.
Additionally, QXL™S520 is a hydrophilic compound, which unlike DABCYL or
Dnp is hydrophobic. This property of QXLTMS520 increases the solubility of the
peptide substrate in aqueous buffers, alleviating the problem caused by the
hydrophobic nature of many fluorescent donors and quenchers.

Table 1. 5-FAM/QXL™520 FRET MMP substrates.



Seq# FRET Peptide Sequence
(Catalog No.)

#1 (60568-01) QXLTMS520-Pro-Leu-Gly-Leu-Trp-Ala-D-Arg-Lys(5-FAM)-NH,

#2 (60569-01) QXLTM520-Pro-Leu-Ala-Leu-Trp-Ala-Arg-Lys(5-FAM)-NH?

#3 (60570-01) QXLTM520-Pro-Leu-Gly-Cys(Me)-His-Ala-D-Arg-Lys(5-FAM)-NH,

#4 (60571-01) 5-FAM-Pro-Leu-Ala-Nva-Dap(QXLTMS520 )-Ala-Arg-NH,

#5 (60572-01) 5-FAM-Pro-Leu-Gly-Leu-Dap(QXL520 TM)-Ala-Arg-NH,

#6 (60573-01) QXLTM520-Pro-Leu-Gly-Met-Trp-Ser-Arg-Lys(5-FAM)-NH,

#7 (60574-01) QXLTMS520-Pro-Tyr-Ala-Tyr-Trp-Met-Arg-Lys(5-FAM)-NH,

#8 (60575-01) QXLTMS520-Arg-Pro-Lys-Pro-Leu-Ala-Nva-Trp-Lys(5-FAM)-NH,

#9 (60576-01) QXLTMS520-Arg-Pro-Leu-Ala-Leu-Trp-Arg-Lys(5-FAM)-NH,

#10 (60577-01) | QXLTMS520-Pro-Leu-Ala-Tyr-Trp-Ala-Arg-Lys(5-FAM)-NH,

#11 (60578-01) | 5-FAM-Pro-Cha-Gly-Nva-His-Ala-Dap(QXLTM520)-NH,

#12 (60579-01) | 5-FAM-Arg-Pro-Lys-Pro-Tyr-Ala-Nva-Trp-Met-Lys(QXLTM520)-NH,

#13 (60580-01) | 5-FAM-Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys(QXLTM520)-NH,

#14 (60581-01) | QXLTMS520-y-Abu-Pro-Cha-Abu-Smc-His-Ala-Dab(5-FAM)-Ala-Lys-NH,

#15 (60582-01) | QXLTMS520-y-Abu-Pro-Gln-Gly-Leu-Dab(5-FAM)-Ala-Lys-NH,

#16 (60583-01) | QXLTM520-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Trp-Lys((5S-FAM)-NH,

Sixteen 5-FAM/QXL™520 FRET peptides were screened by MMP-1, 2, 3,7, 8, 9,
12, 13 and 14. Each of these peptides was found to be cleaved by certain MMPs.
Seq# 14 was cleaved by all the MMPs tested and was shown to have the highest
kinetic slope (RFU/min) among all the 5-FAM/QXL™S520 FRET peptides listed in
Table 1. Serial diluted MMP-7 was incubated with Seq# 14. The results showed
that seq# 14 can detect 62.5 pM of MMP-7 with the linear range up to 4 nM.

Two FRET peptides, Dabcyl-y-Abu-Pro-Cha-Abu-Smc-His-Ala-Glu(Edans)-Ala-
Lys-NH, and QXL™S520-y-Abu-Pro-Cha-Abu-Smc-His-Ala-Dab(5-FAM)-Ala-
Lys-NH, (Seq# 14), were tested by MMP-1(4 nM) for hydrolysis. The fluorescent
signal was monitored at Ex’Em = 492 nm/518nm for FAM/QXL™S520 pair or
Ex/Em = 340nm/490 nm for Edans/Dabcyl pair. Seq# 14 showed higher sensitivity
than Edans/Dabcyl based FRET peptide since it was more efficiently hydrolized by
the same amount of MMP-1.
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Introduction

Low energy barriers between cis-isomer and trans-isomers of an amino acid (Xaa)-
Pro peptide bond allow cis-/trans-equilibrium of the bond, which exerts great
influence on SAR of peptides and proteins. Therefore, restriction of the amide bond
with (Z)- or (E)-alkene units should be one of useful means for elucidating the
bioactive geometries. We have accomplished syntheses of (E)-alkene type Ser-Pro
dipeptide mimetics using organocopper chemistry; however, we have yet to
complete the stercoselective syntheses of (Z)-alkene containing counterpart.
Recently, we have developed an efficient synthetic method for diketopiperazine
mimetics by organocopper-mediated anti-SN,’ reactions [1]. These mimetics are
potential precursors for (Z)-alkene containing dipeptide mimetics. Herein, we report
the regio- and stereoselective synthesis of cis-Ala-Pro type (Z)-alkene dipeptide
mimetic by the using the organocopper method.

Results

Scheme depicts the synthetic route for the desired cis-Ala-Pro type (Z)-alkene
dipeptide mimetic where y-phosphoryloxy-a,B-unsaturated-y-lactam 1 from L-Ala
is used as a key intermediate. Stereoselective introduction of a C3 unit onto the
lactam was achieved by the treatment of 1 with LiCu(CN)(CH,);OTBS<2LiCl<Lil
in THF. Next, we attempted to convert the incorporated a-alkyl moiety in the
resulting anti-SN,’ reaction product to alkylborane moiety, which is amenable to
the intramolecular Suzuki coupling for the construction of proline cyclic side chain
moiety. To this end, the a-alkylated product was transformed to the olefin 3 by
three steps reactions. The resulting olefin 3 was subjected to the hydroboration to
give the alkylborane 4. After survey of the suitable reaction conditions, it was
revealed that the treatment of the resulting alkylborane 4 with CsF in the presence
of PdCl,(dppf) as a catalyst gave the desired bicyclic lactam 5 in 85% yield from 3.
After the deprotection of the DMB group on 5, ring opening of the resulting lactam
6 was achieved by O-methylation-mediated lactim ether formation followed by acid
catalyzed hydrolysis. Without being purified, the resulting ester was treated with
Boc,O-Et;N to yield the desired cis-Ala-Pro type (Z)-alkene dipeptide mimetic 8 in
62% yield from 6 [2].



Scheme. Synthesis of ¢is-(Z)- Alkene Containing Proline Dipeptide Mimetic,
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Introduction

Endomorphin-2 (EM-2: H-Tyr-Pro-Phe-Phe-NH,), an endogenous opioid peptide
isolated from bovine and human brain, has high affinity and selectivity for the mu-
opioid receptor and produces potent and prolonged analgesia in mice [1]. In this
presentation, the synthesis of EM-2 analogues containing a conformationally
constrained moiety and examination of their opioid receptor binding profiles were
conducted in order to obtain more potent agonist or antagonist with stability
against dipeptidyl peptidase IV (DPP IV). The ethylene-bridged Phe-Phe unit
(eb[Phe-Phe]) or piperidine carboxylic acid (Pic) was employed in lieu of Pro.

Results and Discussion

The synthesis of eb[Phe-Phe] unit was achieved according to the procedure of
Lammek B. et al. [2]. Protected peptides were synthesized by a solution method
using Boc-chemistry. The receptor binding activity of peptides were assessed by
radioligand receptor binding assay using mu- and delta-opioid receptors from COS-
7 cell membranes expressing cloned opioid receptors.

The substitution of Pro in EM-2[K*=0.69 nM, K;>=9,200 nM] and [Dmt (2°,6’-
dimethyl-L-tyrosine)' JEM-2 [K{*=0.15 nM, K;°=28 nM] with eb[Phe-Phe] gave H-
Tyr-eb[Phe-Phe]-Phe-NH, [K*= 381 nM, K;>=3,200 nM] and H-Dmt-eb[Phe-Phe]-
Phe-NH, [Ki"= 5.66 nM, K= 105 nM]), respectively, showing 550-37-fold less
mu-receptor affinity relative to the corresponding parent peptide. The benzyl
residue on the position 3 of piperazin-2-one ring either reduced the opioid-receptor
affinities or the piperazin-2-one moiety could not impose enough conformational
constraints to induce the proper spatial orientation of Tyr and Phe for ligand-
receptor interaction.

The receptor binding activity (ICs, value) of EM-2 analogues containing Pic
derivatives is summarized in Table 1. The Pic residue with its six-membered ring is



a mimic of Pro thereby reducing its rigidity. The substitution of Pro in EM-2 gave
the following results: (i) Pic(4) decreased the mu-receptor binding activity (ICsy =
143 nM), which was 16-times lower than EM-2; (ii) on the other hand, substitution
with L-Pic(2) retained a high mu-receptor binding activity (ICso=2.13 nM). (iii)
Furthermore, incorporation of Dmt enhanced the receptor binding activities: [Dmt',
D-Pip(2)*]JEM-2 exhibited the highest mu-receptor binding activity (ICs,=0.21 nM),
while [D-Pip(2)*JEM-2 had a mu-receptor binding activity (ICso = 7.61 nM) similar
to EM-2. (iv) Substitution of Pro in [Dmt']JEM-2 with Ala dropped the mu-receptor
binding activity by half. It seems that the mu-receptor binding activity is improved
by incorporating a conformationally constrained moiety, such as Pic(2).

Table 1. Binding activity of EM-2 analogues containing Pic derivatives

Peptide Binding Activity *(ICe,:nh)
mu-Opioid Receptor®  delta-Opioid Receptor
EM-2 i
_DmEM2 e e

[Pie(4y*]EM-2 143 =10,000
[-Pic(2)2]EM-2 2.13 7.720
[I::—I'—"ic{.?‘ﬂ EM-2 .61 1,250
[Drnt! Ala®[EM-2 0.62 1,900
[Omt?, Pic(4)*]EM-2 0.41 39
[Dmt!, L-Pic(2¥]EM-2 0.41 70
[Dmt?, o-Pic{2 ) ]EM-2 0.21 16

#205-T cell membrane preparations expréssing mu- and delta-opioid
receptors were used. "PHIDAMGO was usad as a radioligand.
“[H]deltorphin || was used as a radiolidand
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Introduction

NMDA receptors belong to ionotropic group of glutamate receptors. It has been
postulated that disturbances in glutamatergic neurotransmission may contribute to
neuropathologies and brain disorders [1]. The (R,S)-(Tetrazol-5-yl)glycine (TG)
belongs to a highly potent NMDA (N-methyl-D-aspartic acid) receptor agonist with
exitotoxic effects [2]. The aim of our studies was to investigate a chelating ability
of TG towards copper(Il) ions. Copper is widely distributed throughout the body
with distinct concentration in the brain, where copper-mediated reactions play
important roles. Copper enters cells as a ligand complex and seeks out targets that
require it to function. For these reasons it was interesting to evaluate the stability
and the structure of TG — copper(Il) complexes.

Results and Discussion

The target of our studies were: (R,S)-(tetrazol-5-yl)glycine, 1,5-diamino-1H-
1,2,3,4-tetrazole [3] and tetrazole aspartic acid analogues. The equilibrium and
structural properties of complex species were characterized by pH-metric, UV-VIS
and EPR methods. In the systems dimeric species dominante at acidic pH with Ntetr
bridging elements. The bis chelated complexes were found at physiological pH. The
two ligands are bound to Cu(Il) via four nitrogen donors. This coordination mode
results in strong metal-ligand interactions and the species is very stable and
dominating in the wide pH range. Potentiometric and spectroscopic data suggest
that: 1) TG is efficient ligand for copper(Il) ions in acidic pH range whilst in the
neutral and basic pH its affinity towards Cu(Il) decreases in comparison to other
ligands present in biofluids, e.g. histidine, 2) the insertion of 1,5-disubstituted
tetrazole ring into amino acid molecule has a critical impact on the ligand chelating
ability towards Cu(Il) ions. The comparison of Cu(Il) distribution between aspartic
acid, 2-amino-3-(1H-tetrazol-5-yl)-propionic acid and 2-amino-3-(1-methyl-1H-
tetrazol-5-yl)-propionic acid leads to the conclusion that the most efficient ligand
for copper(Il) ions is 2-amino-3-(1-methyl-1H-tetrazol-5-yl)-propionic acid. The
results of our studies have revealed that the copper(Il) ions binds to TG efficiently.
This ligand can compete in copper transportation in cerebral fluids. It is very likely



that its copper complexes may affect both the ligand receptor affinity and/or the
NMDA receptor activity as ligand-gated ion-channel.
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Introduction

Continuing our studies on phytosulfokine-o (H-Tyr(SO;H)-Ile-Tyr(SO;H)-Thr-Gln-
OH) (PSK-a) (I), a sulfated plant growth factor [1], its C-terminal truncated
tetrapeptide PSK-f (H-Tyr(SO;H)-Ile-Tyr(SO;H)-Thr-OH) (II), and its analogues,
we performed a further search for its biological properties in respect to plant and
animals.

At the first stage of these investigation we undertook the studies in vitro on the
influence of PSK-a and its analogues, such as: [Phe(4-NO,)'"]- (III)
[Tyr(PO;H,)'?]- (IV) and [Phe(4-F)'*]-PSK-a (V) on the growth and development
of Phoma narcissi and Botrytis tulipae.

Five mm diameter plugs taken from 7-day-old culture of tested fungus were placed
in the middle of 90mm Petri dishes containing PDA medium (potato-dextrose-agar)
with PSK-a or its analogues at the concentration of 100, 136, 150, 200 or 400
ug-em™. Control plates contained the culture growing on PDA without any
amendments. The diameter of fungi colony was measured within 4- or 5-day
incubation at 25 °C in darkness. The data were subjected to analysis of variance and
Duncans multiple range test.

In the second part, we performed studies to determine the antinociceptive effect in
vivo of phytosulfokine-a and its selected analogues, such as: [Phe(4-NO,)']- (VI),
[D-Phe(4-NO,)']- (VII), [Tyr']- (VIII), [Tyr']- (IX), and [Tyr'*]-PSK-o (X) in rats.

The study was carried out on adult Wistar female rats. On the day of experiment
PSK-a and its analogues were injected icv through cannula at the same dose of
100nmol according to the method of Plech [2], and antinociceptive effect of
injected peptides was determined by the method of a hot-plate test [3].

Peptides were synthesized by the solid phase method according to the Fmoc-
procedure. The Tyr residue to be sulfated was introduced into the peptide chain as
Tyr(OH). The partially protected peptide-resin was sulfated by DMF-SO; complex.
Free peptide was released from the resin with 95% TFA in the presence of EDT.

All peptides were purified by HPLC on a C-18 (Beckman) column.

Results and Discussion



It was found that PSK-a has antifungal properties and inhibits in vitro the mycelium
growth of P. narcissi and B. tulipae in a dose-dependent manner. PSK-a at the
concentration of 400pg-cm-3, after a 4 days incubation, inhibited development of P.
narcissi and B. tulipae at 42% and 57%, respectively. Moreover, compound V at
the concentration of 136 pg-em™, after a 3 days incubation, inhibited growth of
mycelium P. narcissi and B. tulipae at 32% and 92% respectively. PSK-f (II)
showed inhibitory effect on the development of P. narcissi at 62%, whereas it was
inactive in relation to B. tulipae. Other peptides were practically inactive in relation
both to P. narcissi and B. tulipae.

In the second part of biological studies, we found that PSK-a induced a significant
antinociceptive effect lasting 60 min. A prolonged antinociceptive effect of PSK
suggests that the enzymatic degradation of this peptide in the rat brain is rather
slow. It is similar to that observed for several other neuropeptides described in the
literature [4, 5]. A similar effect was observed for peptides (VI - X). This effect is
probably due to interaction of these peptides with the opiate receptors of the central
nervous system of rats.
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Introduction

Oogenesis in insects is a well studied and complex process. At present, three
oostatic factors called Aea-TMOF (H-Tyr-Asp-Pro-Ala-Pro-Pro-Pro-Pro-Pro-Pro-
OH) [1], Neb-TMOF (H-Asn-Pro-Thr-Asn-Leu-His-OH) [2], and Neb-colloostatin
(H-Ser-1le-Val-Pro-Leu-Gly-Leu-Pro-Val-Pro-Ile-Gly-Pro-Ile-Val-Val-Gly-Pro-
Arg-OH) [3], isolated from Aedes aegypti (Aea-TMOF) and fleshfly Neobellieria
bullata (Neb-TMOF and Neb-colloostatin).

The subject of our paper is synthesis of Neb-colloostatin (I) and its 29 analogues.
Two analogues were modified in position 13 by Ala (II) or D-Pro (III) and other
were oligopeptides with a shortened peptide sequence such as [1-13]-(IV), [14-19]-
V), [15-19]-(VD), [16-19]-(VII), [13-19]-(VI1I]), [12-19]-(IX), [11-19]~(X), [10-19]-
(XD), [9-19]-(X1I), [8-19]-(XIIL), [7-19]-(XIV), [6-19]-(XV), [5-19]-(XV]), [4-19]-
(XVID), [3-19]-(XVIID), [2-19]-(XIX), [1-11]-(XX), [1-4]-(XX]D), [1-6]-(XXID), [1-
8]-(XXIID), [1-9]-(XXIV), [3-9]-(XXV), [3-11]-(XXVI), [4-8]-(XXVII), [2-6]-
(XXVIII) and [2-9]-colloostatin (XXIX).

Peptides were synthesized by the classical solid phase method according to the
Fmoc or Boc-procedure. All peptides were purified by preparative HPLC.

Biological effects of the Neb-colloostatin and its analogues were evaluated in vitro
by cardiotropic bioassays with the semi-isolated heart of Tenebrio molitor and
Zophobas atratus and on contractions bioassay of the oviducts in both beetles
according to the method Rosinski [4].

In this paper we discuss a cardiotropic effect of the investigated peptides.
Results and Discussion

We provide a first evidence that Neb-colloostatin exerts myotropic actions on the
insect visceral muscles in two coleopteran species, T. molitor and Z. atratus. The
peptide induces cardiostimulatory effect on the heart of T. molitor and stimulates
contractions of the oviducts in both beetles at concentration of 10”7 M. However, the
heart of Z. atratus is insensitive to Neb-colloostatin at concentrations up to 10° M
which suggests species-specific cardiotropic action of this peptide The stimulation
threshold for Neb-colloostatin on the 7. molitor heart ranged from 10” to 10® M
and the maximal response of the heart to this peptide was about 3 times smaller in



comparison to the effect induced by proctolin. Neb-colloostatin primarily causes a
positive chronotropic effect without changes in amplitude contractions in the heart
of Tenebrio. This is in contrast to proctolin, which induces a negative inotropic
effect. Theses differences in the response of the heart to Neb-collooostatin and
proctolin suggest that these peptides regulate myocardium by different mechanisms.
The site of action of Neb-colloostatin on the heart of Tenebrio is not know, and the
effect could be either on muscle fibers or on the pacemaker regions. Among of
investigated Neb-colloostatin analogues, only peptides XVII, XVIII and XIX
retained about 60% cardioexcitatory activity of native peptide in 7. molitor. Other
analogues of Neb-colloostatin were inactive. In bioassay on hearth of Z. atratus all
analogues were practically inactive.

The question whether the myotropic actions of Neb-colloostatin on the heart and
oviduct is physiologically relevant. Myostimulatory action of the peptide on these
organs can be coordinated and may constitute a complex mechanism to increase the
circulation in the abdominal cavity. On the other hand, Neb-colloostatin may
control oviposition process in both beetles. It is possible that during increased
contractions of the oviduct muscles after the peptide action the movement of eggs is
initiated and females start oviposition.
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Introduction

The RING finger domain of Mdm?2, located at the C-terminal part of the protein, is
necessary for the regulation of the tumour-suppressor protein p53 and therefore it is
an important target for studying its interaction with small anticancer drug
candidates. Due to the presence of multiple cysteine residues, the synthesis of such
small proteins is difficult to be performed using recombinant techniques. The 48-
residue Mdm2 peptide (Fig. 1) has been previously synthesized by sequential
condensation of protected fragments on 2-chlorotrityl resin [1]. Here, we report the
efficient synthesis of this peptide by applying a combination of Fmoc-based
convergent synthesis (CPS) and native chemical ligation (NCL).

I'EPCVICQGRPKNGCIVHGKTGHLMACFTCAKKLKKRNKPCPVCRQPI*

Fig. 1. The primary sequence of the Mdm2-RING finger domain.

Results and Discussion

We divided the RING domain sequence into a 22-residue peptide containing an N-
cysteine and a 26-residue thioester peptide. The 22 mer N-Cys peptide was
prepared either by conventional SPPS on 2-chlorotrityl resin or by (27-32) + (33-
48) fragment condensation. For the convergent synthesis of the thioester peptide we
investigated two alternative routes, following a “post-assembly” thioesterification
approach.

In route A, the 1-26 protected fragment was first prepared by the sequential
condensation of the protected fragments 15-19, 10-14 and 1-9 on fragment 20-26,
bound on 2-chlorotrityl resin. All Cys-residues were protected by the super acid-
labile 4-methoxytrityl (Mmt) group. Fragment 1-26, after cleavage from the resin
with a TFE/DCM (30:70) solution, was converted to the corresponding C-thioester
by reacting with a 5-fold molar excess of either methyl mercaptoacetate or
thiophenol using DIC/HOBE (5 eq.) as condensing agent in DCM. Thioesterification
reaction was in both cases complete in 6 h at RT. The HPLC-analysis of the crude
products obtained after total deprotection with TFA/TES/DCM (85:5:10), indicated
purities 75 and 60% for the methyl mercaptoacetate and thiophenyl ester,
respectively.



In route B, we followed a side-chain attachment approach. In this strategy the
Fmoc-(23-26) fragment was directly attached through the side-chain of His on Trt-
resin using the procedure previously described [2]. The resin-bound fragment (0.3
mmol/g resin), after carboxyl protection with the trityl group, was chain-elongated
to the N-direction by three cycles of single amino acid addition and then by
sequential condensation of fragments 15-19, 10-14 and 1-9, to obtain the Boc-(1-
26) fragment. The on-resin thioesterification was performed, after removal of Trt-
group with 0.5% TFA in DCM, by reacting with either methyl mercaptoacetate or
thiophenol (5 eq.) using DIC/HOBt in DCM. Complete conversion to thioester was
observed after a 2 h (two times) reaction at RT. Crude products obtained after
cleavage from the resin and side-chain deprotection were of 65% purity.

HPLC-purified 1-26 thioesters, prepared by both routes A and B, were ligated with
the N-Cys peptide in sodium phosphate buffer (pH 7.5), containing 2% thiophenol
and 2% TCEP at RT. The reaction was fast, being essentially complete in 6 h (Fig
2). The yield of the HPLC-isolated RING(1-48) was high (70%, based on thioester).

A) B) M. = 530274 Da,
‘ hl,‘ﬂ = 5302 98 Da
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Fig. 2. (A) HPLC-analysis of crude RING(1-48) after 6 h ligation and (B) purified
product.
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Introduction

The essential factor is N-terminal tyrosine residue in peptides to interact with opioid
receptor, except for nociceptin, which has Phe at N-terminal. The 2°,6’-dimethyl-L-
tyrosine (Dmt) in lieu of the above Tyr residue dramatically enhanced receptor
affinity and functional bioactivity and consistently altered receptor selectivity. The
H-Dmt-NH-CH; was found to interact with p-opioid receptor (K = 7.45 nM) in the
same range as morphine. However, the H-Tyr-NH-CH; did little interact with p-
opioid receptors (Ki* = 23,000 nM) [1]. The Tyr or Dmt were dimerized through
diaminoalkanes [2] or 3,6-bis-(aminoalkyl)-2(1H)-pyrazinones [3] as spacer, in
which Dmt dimers exhibited high receptor affinities and potent biological activities
[3]. For further studies on the role of Dmt, Dmt monomeric pyrazinone derivatives
were newly prepared by the general synthetic methods and their receptor affinities
and biological activity were examined.

Results and Discussion

The structure of pyrazinone ring-containing opioid mimetics are shown in Fig. 1. Of
the Tyr dimers, (7) exhibited the high p-receptor affinity (K" = 7.58 nM), equal to
that of morphine, and high receptor selectivity (K;%/K* = 220) compared with other
Tyr-pyrazinone derivatives (1, 3, 5: Ki* =25.7 - 70.2 nM and K;*/K;* = 17 - 65) and
substitution of Tyr with Dmt (8) enhanced p-opioid receptor affinity by 361-fold
(K#* = 0.021 nM) with much higher selectivity (K;’/K{" = 1,519). Similarly, the
affinity of 2, 4, 6 (K;* = 0.041 - 0.114 nM) increased 537- 614-fold with replace of
Tyr by Dmt, compared with the corresponding Tyr derivatives (1, 2, 3); however, in
the case of 1,4-bis-[Dmt or Tyr -NH]butane, the relative activity (RA; the activity
of Dmt derivative compared with the corresponding Tyr derivative) rose to 7,537,
on the other hand, only 4.6-fold increases with respect to endomorphin-2. From the
values of RA obtained, it was revealed that the degree of effects by replacement of
Tyr with Dmt on p-receptor affinity is depending on the structure of the parent
molecule. The 8-opioid receptor affinity of (5, 7) are non-existent (K = 2,770 and



924 nM, respectively), whereas the Dmt derivatives (6, 8) exhibited fairy high
affinity (K;° = 18.8 and 31.9 nM, respectively) with RA of 147 and 29, respectively,
and they exhibited unique in vitro biological activity in MVD assay. Regarding
Dmt-monomeric pyrazinone derivatives (9, 10, 11, 12), Dmt derivative (12)
increased p-receptor affinity by 313-fold relative to 11. Interestingly, although the
compound (10) exhibited high p-receptor affinity (K" = 0.62 nM) equal to that of
endomorphins, it did not show agonistic activity in GPI assay. These results opened
new possibility to design novel p-opioid antagonists.

Ry R,
(1) H-Tyr-NH-(CH,); H-Tyr-NH-(CH,),
(2) H-Dmt-NH-(CH,); H-Dmt-NH-(CH,);
(3) H-Tyr-NH-(CH,); H-Tyr-NH-(CH,),
(4) H-Dmt-NH-(CH,), H-Dmt-NH-(CH,),
(5) H-Tyr-NH-(CH,); H-Tyr-NH-(CH,),
(6) H-Dmt-NH-(CH,); H-Dmt-NH-(CH,),
(7) H-Tyr-NH-(CH,); H-Tyr-NH-(CH,);
(8) H-Dmt-NH-(CH,), H-Dmt-NH-(CH,);
(9) H-Dmt-NH-(CH,), -CH;
(10)H-Dmt-NH-(CH,), - H
(11)-CH, H-Tyr-NH-(CH,),
(12)-CH, H-Dmt-NH-(CH,),

Fig. 1. The structure of pyrazinone-containing opioidmimetics.
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Introduction

It is well known that the N-terminal amino acid 2’,6’-dimethyl-L-tyrosine (Dmt) in
lieu of the natural N-terminal residue Tyr enhances binding affinity and bioactivity
of numerous opioid peptide and opioid mimetic agonists and antagonists. C-
Terminal modification of the Dmt by a methyl group, H-Dmt-NH-CHj, exhibited pi-
opioid receptor affinity (K;* = 7.5 nM) similar to that of morphine; however,
antinociception was only 0.64 - 0.85% relative to morphine [1]. Dmt plays an
important role in the message domain to anchor opioid ligands into the active site of
opioid receptors, but cannot trigger biological activity. Therefore, we attempt to
prepare potent opioid agonists and antagonists, which resist enzyme degradation
and pass through the epithelium membranes of the gastrointestinal tract and the
blood-brain barrier. One approach entails dimerization of Dmt-containing
pharmacophore through diaminoalkanes [2] or 3,6-bis-(aminoalkyl)-2(1H)-

pyrazinone [3] (Fig. 1).
o | N‘x 1|:I\| R
H H
N
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H

R =Dt or H-Dimd=Tie (Tie = 1234
tetrahvdreinoguineline-3-corboxy lic acid

Fig. 1. Structure of Dmt-containing pharmacophore dimers linked with pyrazinone
ring.

Results and Discussion



Compounds 1 (R: Dmt, m = n: 3), 2 (R: Dmt, m=n: 4) and 3 (R: Dmt, m=4,n =
3) exhibited high affinity for p-opioid receptors (K* = 0.02 — 0.115 nM), agonism
(GPL, ICsp = 1.3 — 1.9 nM), and antinociception in mice after systemic and oral
administration, which verified passage through the epithelial membranes [3].
Furthermore, 1,4-bis-Dmt-NH-butane (4) and 1,6-bis-Dmt-NH-hexane (5) also
exhibited high affinity for p-opioid receptors (K;" = 0.04 — 0.05 nM), agonism (GP],
ICs0 = 3.0 - 5.3 nM), and antinociception in mice after systemic administration [2].

The tail to tail condensation of the d-antagonist Dmt-Tic pharmacophore, which has
high affinity (K;" = 0.022 nM) and extraordinary selectivity relative to the p-opioid
receptor (Ki*/K;® = 150,800), yielded potent 3-opioid receptor antagonists that
exceeded that of the prototype (H-Dmt-Tic-OH: pA, = 8.43) by orders of
magnitude (pA2 = 10.30 - 11.22) and N,N-dimethylation of 1,6-bis-[Dmt-Tic-
NH]Jhexane (6) and 3,6-bis-[Dmt-Tic-NH-propyl]-pyrazinone (7) produced potent
p-/6-opioid antagonists (pA, = 8.34 and 7.71 in GPI assay and pA, = 11.38 and
10.42 in MVD assay, respectively). p-Opioid antagonists are important
pharmacological tools not only to delineate critical biological, pharmacological and
physiological roles played by these receptors, but also to serve as clinically and
therapeutically relevant agents. N-Allylation converted the potent p-opioid agonists
[Dmt'Jendomorphin-1 and -2 into p-opioid antagonists (8 and 9; pA, = 8.18 and
8.59, respectively). Compound (9) was a potent p-opioid antagonist in dose-
dependent manner against morphine, while 300 nM [N-allyl-Dmt'][EM-1 (8)
inhibited the spontaneous inhibitory post-synaptic currents (IPSC) elevated by 60
mM ethanol (Fig. 2), without affecting baseline activity. Thus, 8 might be a
potential candidate in the alleviation of alcohol dependency.

Control
ELH 660 mi)

EAOH B0 mMiand 8 200 nkl

e

Fig. 2. Changes in spontaneous IPSC frequency in the presence of ethanol and
ethanol plus [N-allyl-Dmt' Jendomorphin-1 (8).
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Introduction

Alzheimer's disease is one of the most widespread neurodegenerative disorders. Its
main feature is an impairment of the brain cognitive functions. The presence of
many extracellular amyloid (senile) plaques consisting mainly of p-amyloid
peptides is the main biochemical hallmark of Alzheimer’s disease.

The hexapeptide TGENHR (HLDF-6), which was first identified as a fragment of
HLDF (Human Leukemia Differentiation Factor) molecule, displays a wide scope
of biological activities in vivo and in vitro [1]. It protects the neurons of cerebellum
from degeneration caused by sodium azide and prevents the disturbances of
memory and cognitive functions of animals after intracerebellar introduction of this
toxic agent. Although HLDF is expressed both in males and females, the
neuroprotective and nootropic effects of HLDF-6 were shown only on males. We
have demonstrated that HLDF-6 increase the testosterone level in male mice by
stimulation of its biosynthesis.

The goal of our study is investigation of the protective effect of HLDF-6 on the
neurons of rat hippocampus on the model of Alzheimer’s disease in vivo and on the
primary cultures of hippocampal neurons cultured in the presence of B-amyloid
peptide in vitro. We also tried to study the mechanism of neuroprotective effect of
HLDF-6.

Results and Discussion

The symptoms of Alzheimer’s disease in male rats were induced by coinjection of
B-amyloid peptide (25 - 35) and ibotenic acid into the rat hippocampus. HLDF-6
peptide precludes long-term memory loss and exploratory behavior activity
decrease in such animals that was shown with Morris water maze learning test and
passive avoidance test; furthermore, it reduces significantly the amount of pyknotic
neurons in the CA1 area of hippocampus. The neuroprotective effect of this peptide
was also demonstrated in vitro on the primary culture of rat hippocampal neurons
upon B-amyloid caused toxicity. A significant increase in dihydrotestosterone
(DHT) level was shown both in blood plasma of rats with Alzheimer’s disease
symptoms and the cultural medium of hippocampal neurons cultivating in the



presence of B-amyloid peptide. This was prevented by HLDF-6 peptide in both
cases.

The results obtained allow us to suggest the next mechanism of the HLDF-6
neuroprotective action: B-Amyloid peptides decrease the fluidity of lipid membrane
and activate the 5Sa-reductase. As a result the DHT concentration increased greatly.
DHT at the same time stimulates the binding of N-methyl-D-aspartate (NMDA) to
the receptors of pyramidal neurons in the CAl area of hippocampus in males.
Increase in the exitotoxicity mediated by NMDA receptors results in the death of
the neurons of hippocampus. HLDF-6 increases the fluidity of lipid membrane
decreasing the S5a-reductase activity and stimulates the neurosteroids genesis
shifting the testosterone metabolism to the formation of estrogens. Thus HLDF-6
prevents the overactivation of NMDA receptors and protects the neurons of
hippocampus from the death.
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Introduction

Plethora of cell-penetrating peptides (CPP) has now been described. All the
plausible mechanisms that allow transduction of one molecule from the
extracellular to the intracellular medium have been stated to explain their cell-entry
mechanism, which does not involve any chiral recognition [1]. The procedure we
have developed to quantify by MALDI-TOF mass spectrometry the intracellular
concentration of CPPs required a biotin with a linker composed of an isotope tag of
either four [H,H]glycines (H-CPP) of four [*H,’H]glycines (D-CPP) [2]. Now, we
report the design of a mass stable reporter (msr) in order to track the intracellular
peptide and get insights into the cell-entry mechanism.

Results

The msr tag, trifluoroacetyl-(a,a-diethyl)glycine-Lys(N°biotin)-(D)Lys-Cys,
required first the synthesis of the H- and D-form of trifluoroacetyl-(o,0-
diethyl)glycine [3], starting from ethyl-N-((4-chlorophenyl)methylene)-glycinate.
Dialkylation of this imine led to the H-(C,Hs) or D-form (C,Ds). Aldimine
hydrolysis and saponification yielded (o,a-diethyl)glycine, which was
trifluoroacetylated. The peptides were then obtained starting from a MBHA resin up
to the N-ter cysteine. After the last coupling, the rest of the sequence was coupled
manually with HBTU activation, except for the dialkylated residue, which required
HATU activation.

This msr tag, introduced at the N-ter of (RW),, (""RRWWRRWRR-NH,), a shorter
analogue of the CPP (RW)16 [4], was shown to be stable to protease exposure
(trypsin, chymotrypsin, pepsin and CHO-K1 lysates). The uptake into CHO-K1
cells of ™ (RW)y (7.5 uM) was found maximal after 30-60 min incubation and
remained stable for at least 4 hours. The amount of internalized intact ™'(RW),
corresponds to 27 £ 3 uM (with 1.5 pL intracellular volume and 40.0 £ 4.6 pmoles
of internalized peptide). No outflow of the full-length peptide was detected up to 18
hours.

No significant difference was detected both in the degradation fragments and in
their relative intensities, when CHO cells were pre-incubated with NH,4Cl, which
affects the acidic lysosomal pH, prior to the usual uptake experiment. Finally, KCI
addition [5] to the incubation medium evoked a marked decrease of the cellular
uptake of ™' (RW)y, at 55 mM KCl the amount of internalized ™ (RW), was reduced
by 55%.



Discussion

msr

Kinetic analysis of ™ (RW)y internalization showed that the steady-state is reached
within 30-60 min with about 25 uM of peptide inside the cells, this concentration
remaining stable for at least 4 hours. No saturation of the uptake process was
detected when the extracellular concentration of the ™'(RW)y peptide was
maintained at the same level (7.5 puM). Interestingly, these micromolar uptake
concentrations are in the range that might be needed for a drug targeting an
intracellular target with a micromolar affinity.

We showed that the membrane potential is a key element in the cell-entry
mechanism. And, the analysis of the ™ (RW), degradation as a function of time as
well as the absence of action of NH4CIl on the degradation profile, led us to
conclude that once into cells the peptide should not be in lysosomes.
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Introduction

Species of the fungal genus Trichoderma are commercially used as bioprotective
agents against fungal plant diseases in agriculture. More than 400 strains were
collected from their natural habitats and evaluated for biocontrol properties in
viticulture. The biological activity towards Eutypa dieback and Esca, which are
fungal diseases of grapevine trunks, was tested in plate bioassays. Seven of the
most active isolates were classified as Trichoderma brevicompactum, or shown to
be closely related to that species (Trichoderma cf. brevicompactum) [1].

Result and Discussion

Using recently described procedures [2 — 4], we could detect 68 novel peptaibiotics
in these seven strains mentioned above (abbreviation and number of individual
peptides produced in parentheses): 12-residue trichocryptins B (TCT-B; 14), 11-
residue trichocryptins A (TCT-A; 12), 11-residue trichobrevins A and B (TBV; 19),
10-residue trichoferins (TFR; 6) and 8-residue trichocompactins (TCP; 17).
Notably, all isolates also produced alamethicins F-30 [5]. The data support the
hypothesis that peptaibiotics may partly be responsible for the established plant-
protective activity of the Trichoderma strains tested. Representative major
sequences of new peptaibiotics are listed in Fig. /. Taken together, the differential
patterns of peptaibiotic production and as well as the production of different
trichothecene-type mycotoxins [6] clearly support DNA sequencing results [4].
Both molecular and chemotaxonomic approaches indicate the existence of two
species within what has been called Trichoderma brevicompactum, so far.



Residue

1 2 3 4 5 6 7 & 9 10 11 12
Peptaibiotic
TCP Illa Ac Aib Gly Ala Lxx Vax Gly Lxx Vxx
TCT-Alla | Ac Lax  Aib Pro  Vxx Aib Pro Aib Lxx Aib Pro Lxxol
TCT-B1IlIb | Ac Lxx  Aib Pro Vxx Vxx Aib Pro Aib Lxx Aib Pro Lol
TBV-Alla | Ac Aib - Ala Vxx Vxx Aib Pro Lxx Lxx Aib Pro Vaxol
TBV-BIllc | Ac Aib  Ser Vxx Lxx Aib Pro Lxx Lxx Aib Pro Lxxol
TFR-A /MDA Pro AHMOD Ala  Aib  Aib Lxx Ala Aib  Aib AMAE

Figure 1. Representative major sequences of new peptaibiotics from strains of the T. brevicompactum
complex. MDA, a- methyldecanoic acid; AHMOD: 2-amino-4-methyl-6-hydroxy-8-oxo-decanoic acid,
AMAE, 2-/(2 -aminopropyl)-methylamino]-ethanol.
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Introduction

In the recent years from the salivary glands of several bloodsucking animals like,
teaks, leeches, vampire bats and so forth are isolated plenty of proteins and peptides
with different molecular weight and well established anticoagulant activity. Many
of the strongest anticoagulants isolated by bloodsucking animals are found in the
extract of salivary glands of different kinds of leeches. Such leech is the
Haementeria officinalis, from which is isolated the most active inhibitor of factor
Xa (fXa) — ATS. This protein has molecular mass 15 kD consist of 119 amino acid
residues including 20 cysteines. It consists of 2 domains (domain I - Arg**-Cys-
Arg-Val-His-Cys-Pro-His-Gly-Phe-GIn* and domain II - Asn*’-Cys-Arg-Lys-Thr-
Cys-Pro-Asn-Gly-Leu-Lys’”) which were interested us because of their similarity in
the primary structure with many other later isolated peptides with high
anticoagulant activity like bdellastasin, piguamerin, ghilantens, therostasin etc. In
order to study the role of some amino acids in the process of interaction among
peptides mimetics and the active site of fXa, some fragment analogues of ATS’s
active site were synthesized: 1. by removing of some amino acids 2. by replacement
of some amino acids with the other with similar structure.

Result and Discussion

The synthesis of the following peptides Arg-Cys-Arg-Val-His-Cys-Pro-His-Gly-
Phe-Gln;  Asn-Cys-Arg-Lys-Thr-Cys-Pro-Asn-Gly-Leu-Lys; Mpa-Arg-Val-His-
Cys-Pro-His-Gly-Phe-Gln;  Mpa-Arg-Lys-Thr-Cys-Pro-Asn-Gly-Leu-Lys ~ was
realized by SPPS method and Fmoc-strategy on the Wang resin. The HBTU/DIPEA
or DIPCDI methods were used for coupling of each amino acid.

The purification of peptides were carried out by RP-HPLC. The structures of the
newly synthesized peptide were analyzed and proved by ES/MS.

The obtained peptides were studied for anticoagulant activity in respect to APTT
and ICsy values were determined (Table 1). The data for APTT in the Table refer to
values above Ref. t. 28.1 sec.

The accompanying differences in ICsy values, as measured with the APTT blood
coagulation assay, suggest that the C-terminus of ATS (amino acids 109 - 119) is an
important determinant of inhibitory potency [1]. In the previous our works we
investigated different fragment analogues of C-terminus (109 - 116) of ATS. We
observed that previously synthesized analogues of C-terminus of ATS have higher
or similar anticoagulant activity than analogues of the active site of ATS [2].



Table 1. ICsy values of newly synthesized peptides

Peptide ICsy (mol . 10'6)
Arg-Cys-Arg-Val-His-Cys-Pro-His-Gly-Phe-Gln 1.26
Asn-Cys-Arg-Lys-Thr-Cvs-Pro-Asn-Gly-Leu-Lys 0.76
Mpa-Arg-Val-His-Cys-Pro-His-Gly-Phe-Gln 1.37
Mpa-Arg-Lys-Thr-Cys-Pro-Asn-Gly-Leu-Lys 7.06

Our investigation on the structure-activity relationship of a series of new analogues
of domain I and domain I of ATS reveal that:

1. The availability of Arg32 or Asn87 isn’t significant meaning for the
anticoagulant activity

2. The chain shorting of N-terminus with an amino acid doesn’t lead to significant
decreasing of anticoagulant activity.

3. Replacement of Cys33 with Mpa haven’t influence on the anticoagulant activity

4. Replacement of Cys88 with Mpa leads to 10 fold decreasing of anticoagulant
activity.
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Introduction

Insect kinins share a highly conserved C-terminal pentapeptide sequence Phe-Xaa-
Xbb-Trp-Gly-NH,, where Xaa can be Tyr, His, Ser or Asn and Xbb can be Ala but
is generally Ser or Pro. They are potent diuretic peptides that preferentially form a
cis-Pro, type VI p-turn. An insect kinin analog containing (25,4S)-4-
aminopyroglutamate (APy), a novel cis-peptide bond, type VI B-turn motif has
demonstrated significant insect diuretic activity [1, 2]. Metal ions act as important
factors that influence the structure of oligopeptides and, therefore, may affect their
bioactivity. In this work, the interaction of copper(Il) ions with peptidomimetic
insect kinin analogs, the stereoisomers Ac-Arg-Phe-apy-Trp-Gly-NH, and Ac-Arg-
Phe-aPy-Trp-Gly-NH,, have been studied. To determine the coordination mode of
the metal ion in the peptide-metal complex, spectroscopic studies, along with
computer modelling, have been performed.

Result and Discussion

The CD spectra, electronic absorption and EPR parameters allow assignment of
stepwise bonding of nitrogen atoms to copper(Il) ion in the metallopeptide
molecule with increasing pH. Copper starts to bind the ligand at a pH 7. Once the
copper ion is “anchored” to a peptide, it can displace protons, leading to the
formation of complexes with four nitrogen donor atoms bounded. A CD signal
located at 311 - 315 nm and the EPR parameters: A =208 x10* cm™ and g|=2.174
confirm the 4N coordination in the equatorial plane. Electronic absorption spectra
characterized by a wavelength of maximum absorption at 514 nm also support the
four nitrogen donor atoms allocated in the coordination sphere of Cu(Il) ion . One
can conclude that the insertion of (2R,4R or 2S,4R)-4-aminopyroglutamate (apy or
aPy), a novel cis-peptide bond mimic influences the coordinating ability of the
peptide studied. It stabilizes a folded peptide conformation that is more favorable
for the formation of two five-membered chelating rings with a very likely {N,,y/apy,
2N amidzes NHagly} coordination mode in the metallopeptide molecule. This bent
conformation achieved may be essential for binding of the peptide at the receptor
site.
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Introduction

Aminophosphonic acids constitute an important class of biologically active
compounds, in view of their diverse biological effects together with insignificant
toxicity towards mammalian cells. These compounds are effective in suppresing the
tumour growth and are investigated as potential lead compounds with anticancer,
antivirus and antibacterial activity [1, 2]. This study is a continuation of our
previous work on the synthesis, genotoxic and antiproliferative effects of new a-
aminophosphonic acids [3]. The correlation between the moderate clastogenic
effect and the low values of mitotic index, obtained after the treatment with new
compounds, gave us ground to carry out further more detailed investigations.

Result and Discussion

In order to evaluate the antitumor activity we synthesized new a-aminophosphonic
acids 1 - 6 (Fig. 1). The phosphonopeptide analogue 7 was synthesized by SPPS
(Solid Phase Peptide Synthesis) Fmoc-strategy. Wang resin was used as a solid-
phase carrier, and TBTU/HOBt/DIEA was used as a condensing reagent.
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Fig. 1. The structure of 1 - 7 was established by IR, NMR and MS spectroscopy.



The cytotoxic activity of the tested compounds 1 - 7 was evaluated using the MTT-
assay in a panel of human tumour cell lines, namely the acute myeloid leukemia
HL-60, the chronic myeloid leukemias LAMA-84 and K-562, the non-Hodgkin
lymphoma DOHH-2, the Hodgkin lymphoma HD-MY-Z and the urinary bladder
carcinoma Ej. Cisplatin was utilized as reference compound (Table 1).

Table 1. Cytotoxic activity of compounds 1 - 7 in a panel of human tumor cell lines
as assessed by the MTT-dye reduction assay after 72 h treatment.

Testad ICsp vabaes (ubd)
e i HL-60 | K-562 LAMA-24 | DOHH-2 HD-MY-Z Ej
1 150.7 = 200 157 % 1228 = 200 1614
2 1940 180.9 165.1 1200 =200 189.3
3 154.2 = 200 162.9 1077 =200 192.1
1 1473 190.7 172% 934 =200 1937
5 1514 = 200 1766 95.5 =200 185.1
6 136.2 93 6 1283 842 1645 116.1
7 =200 = 200 =200 = 200 =200 > 200
cieplatin 6.5 222 23 11.2 212 73

The aminophosphonates displayed cytotoxic activity at micromolar concentrations,
whereby invariably compound 6 proved superior vs. the other analogues.

It is interesting that the inclusion of the dipeptide Ala-Ala into 1-
(dimethoxyphosphoryl methylamino)cyclohexanecarboxylic acid 6 leads to
significant loss of cytotoxic activity (Table 1).

The encountered cytotoxicity of the tested aminophosphonates in vitro, together
with their previously established moderate clastogenic potential warrants further
detailed exploitation of this structural scaffold, in order to define more precisely the
structure activity rules and the mechanistic peculiarities for this novel class of
cytotoxic agents.
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Introduction

Peptide nucleic acids (PNAs) form stable hybrids with RNA because the neutral
backbone of PNAs leads to stable hybrids with RNA [1]. But at the same time, the
neutral backbone causes low solubility of the PNAs to form aggregates in aqueous
solution. This undesirable property limits the use of PNAs in medicinal application
[2]. To overcome the drawback, we synthesized new types of PNAs with improved
water solubility by containing ether linkages and pyrrolidine rings in the main
chain; pyrrolidine-based oxy-PNAs (POPNAs) [3]. The pyrrolidine ring possesses
two chiral centers and there are four stereoisomers (cis-L-, trans-L-, cis-D-, and
trans-D-configurations). Previously, we showed that, among the adenine homo-
oligomers of the four different configurations, frans-L POPNA formed the most
stable hybrid with the complementary RNA. In this study, we investigated cellular
uptake and endosomal release of the trans-L-POPNA oligomers. The cellular uptake
was achieved by mixing the POPNA oligomer with an N-terminal 23-mer peptide
of the influenza virus hemagglutinin protein (HA2) that is covalently linked with an
Arg heptamer.

Results and Discussion

The trans-d-POPNA oligomers were manually synthesized on solid phase peptide
synthesis under Fmoc strategy. The sequences of the frans-L-POPNA oligomers
were FAM-O-TGG TGC GAA TTC-K-NH, [FAM-PO(12)], FAM-O-TGG TGC
CTC-O-RRRRRRR-NH, [FAM-PO(9)-R7], and FAM-O-CAG TTA GGG TTA G-
G-NH, [FAM-PO(13)], where K, R, and G indicate Lys, Arg, and Gly, respectively.
“O” indicates an AEEA linker. The purified oligomers were identified by MALDI-
TOF mass spectroscopy.

Internalization of the trans-L-POPNA oligomer into CHO cells was observed with
confocal laser-scanning microscopy. First, the CHO cells were cultured in the
presence of 10 uM FAM-PO(12). No fluorescence was, however, observed with the
CHO cells. In the case of FAM-PO(9)-R7, the FAM-fluorescence was detected.
However, a closer look at the image indicates that the fluorescence is mostly
confined in endosomes and even after 6 h incubation, the fluorescence image did
not change. To release the POPNA oligomer from the endosomes, we added an
HAZ2 that is labeled with a rhodamine fluorophore at the N-terminal and covalently
linked with seven Arg at the C-terminal (Rho-HA2-R7). HA2 is known to disrupt
endosomes [4]. The fluorescence images of the CHO cells after incubation with
FAM-PO(13) in the absence and presence of Rho-HA2-R7 were observed.



Incubation with FAM-PO(13) alone, no internalization of the oligomer was
observed. In the presence of Rho-HA2-R7, however, FAM-PO(13) was
successfully internalized into CHO cells and, more importantly, the fluorescence
spread over the whole cell. The fluorescence image indicates that the POPNA
oligomer was internalized into cytoplasm within 1 h, when the oligomer was mixed
with the HA2-R7 peptide. This indicates that the POPNA oligomers were taken up
into endosomes together with the Rho-HA2-R7 and released into cytoplasm as the
disruption of the endosomes by the HA2 peptide.

In this study, the POPNA oligomers were readily taken up into cytoplasm of CHO
cells, when mixed with a HA2-R7 peptide. The POPNA is advantageous over the
PNA, because of its wider applicability of base sequences and improve water
solubility.
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Introduction

Combat rations are designed for boarding of soldiers and members of rescue system
during their operation employment. The food components (including processed
cheese) should have the shelf life at least 2 years at ambient temperature [1]. There
is a possibility for reach the processed cheese durability at least of 2 years in its
thermo-sterilization [2]). The basic materials for the processed cheeses production
are the natural cheeses. The production is made by heating of prepared mixture of
materials at particular under pressure and at continuous mixing to the reaching of
homogenous matter of requested consistency [3].

By the previous studies [4] it was found, that the thermo-sterilization heating
(117°C for 20 minutes) causes the decrease of content of amino acids (usually to
10%). The aim of the work was to verify these results with the new batch of
processed cheeses.

Results

Two groups of processed cheeses were analyzed (dry matter - 40% w/w, fat in the
dry matter 45% w/w). There were evaluated crude protein content (Kjeldahl
method), ammonia content (Conway method) and amino acids content (ionic
chromatography, Na-citrate buffers, ninhydrin detection).

The effect of the sterilization heating 117 °C for 20 minutes on the crude protein
content was not insignificant (P > 0.05). In both investigated groups there occurred,
due to the sterilization, the significant decrease of the content of methionin, aspartic
acid, serine, glutamic acid, valine, histidine, lysine and arginine (P < 0.05). At the
second group of processed cheeses there also occurred the statistically significant
decrease of cysteine a proline, which was not observed at the first group. The
typical decreases ranged around 2% of the original amino acid contents in the non-
sterilized processed cheeses. The largest losses occurred at serine (around 4%). It
was found that the content of ammonia increases in both groups of processed
cheeses due to sterilization (approx. 76 mg/kg™).



Discussion

At investigated groups of processed cheeses there occurred lower decreases, than it
was found in previous study [4]. The losses of amino-acids could be caused, for
example, by Maillard reactions, Strecker degradation of amino acids, deaminations,
formation of lysinoalanine, etc. [5, 6]. In the work there was also proved, that one
of the reaction products of processes, at which there occurs the decrease of amino
acid contents, is the ammonia. There will occur, due to used sterilization heating,
only a small decrease of nutrition value of processed cheeses (from the point of
view of amino acids content), which is balanced by longer durability (years).
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One of the best documented side reactions in the synthesis of aspartic acid-
containing peptides is aspartimide formation. In this study we report the aspartimide
problem during Fmoc-based SPPS of branched analogues of galanin fragment
GWTLNSAGYLLGPDA (1, 2) using a hydrazine-labile 4{N-[1-(4,4-dimethyl-2,6-
dioxocyclohexylidene)-3-methylbutylJamino} benzyloxy group (ODmab) to protect
the B-carboxy side chain group of Asp. Moreover to investigate the susceptibility of
the Asp-Ala motif for Asi formation during SPPS shorter galanin fragment LGPDA
(3a-g) and different conditions as shown in Table 1 were applied. All peptides were
synthesized with the use of the standard coupling protocol (a 3-fold molar excess
for 1,5 h) and conditions as shown in Table 1. Products of synthesis were analyzed
by RP-HPLC and MALDI-MS.

Table 1. Relative content of main products of synthesis determined by HPLC peak
area integration.

L Protecting Resi Coupling method Fmoc cleavage Relative content [%]
. esin
I group of Asp (molar ratio 1:1:1) (for 5+15 min) Asp Asi Asp(OMe)
s QDAY o AMTBTIHOBE, . 20% mpidingDME.,.... Moo 33200 el
B OB IBTUHOBE pipridingDMF | 100
oa Qomabh Tend ; o IBIUHOBE. [ emmidneDME =~ 46 & 22
A0 ODmab, = [AADIPCEHOBE . 0% mipridingDME. .., 62, . M o e
(B ODmab AATBTUHOBL 2% DBUDME o~ 52 48
20% pipridine/DMF .
3d ODmab TentaGel S RAM  AA:TBTU:HOBt 44 35 21
e e ROl mMHOBE
6% piperazine/DMF
3e ODmab TentaGel 8§ RAM ~ AA:TBTU:HOBt &0 20 -
3g ODmab CLH2-CTrt-PS AATBTU:HOBt 20% pipridine/DMF 91 =

Analysis of products of synthesis of peptide 1 using Asp(ODmab) have shown the
presence of aspartimide (Asi) as the main product of synthesis. Also small
quantities of aspartyl methyl ester (Asp(OMe)) and aspartyl (Asp) peptide were
found. Mentioned above problem we did not observed during synthesis of peptide 2
using Asp(O7Bu). In this case only desired aspartyl peptide was found as the main
product of synthesis. Studies with the use of a shorter galanin fragment modified
with Asp(ODmab) also showed rapid and quantitative process of Asi and Asi-
related by-products formation (3a). Analysis of products of synthesis of peptides



3a-g showed the presence (in various quantities) of Asi, Asp(OMe) ester or target
aspartyl peptide. o/B-Piperidides, reported as the main by-products result from Asi
ring opening by piperidine, were not found in our study.

We have shown that the use of base stronger than piperidine (such as DBU) to
Fmoc removal strongly promote Asi formation (3¢). Also the use of TBTU/HOBt
coupling method containing DIPEA in excess seems lead to Asi formation more
efficiently than DIPCI/HOBt method (3b). Unexpectedly, application of a sensitive
to mild acids CI-(2’-CI)Trt-PS resin (3g) or Fmoc cleavage mixture containing 6%
piperazine (3e) caused a considerable decrease in content of Asi. As we found that
Asp(OMe) ester formation results from Asi ring opening by the extensive use of
MeOH, as a washing solvent during synthesis, we replaced MeOH with EtOH (3e-
g). Alternatively we have shown that the removal of DIPEA from the synthesis
protocol (3b) also solved this problem.

Our study suggests that the application of protocol based on CI-(2'-C1)Trt-PS resin,
HOBt/DIPCI coupling method and Fmoc cleavage mixture containing 6%
piperazine may lead to successful synthesis of Asi-free peptides using Fmoc-
Asp(ODmab)-OH.

This work was supported by grant BW-8000-5-0306-6 from the University of
Gdansk.
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Introduction

Paclitaxel, the most important anticancer drug, isolated from the bark of the Pacific
Yew tree Taxus brevifolia [1], is mainly used in the treatment of breast, lung, and
ovarian cancer. Its anticancer activity is based on the ability of promoting
microtubule assembly and inhibiting cell replication in the later G2 or M phase of
the cell cycle [2]. A major problem for the clinical use of this drug is the low
solubility in water and in most pharmaceutically acceptable solvents. In this work,
we present the synthesis of three analogues in which paclitaxel was covalently
bound to peptides or as multiple copies to synthetic carriers. The resulted peptide-
paclitaxel derivatives possess greater solubility in water and inhibit the proliferation
of human breast, prostate and cervical cancer cell lines.

Results and Discussion

The Ac-Cys-Arg-Gly-Asp-Arg-NH,, and Ac-[Lys-Aib-Cys],-NH,, n = 3, 4,
peptides used for placlitaxel conjugation were synthesized on a Rink Amide resin
by the solid phase peptide synthesis methodology using the Fmoc/tBut strategy.
Reagent I (92,5% TFA: 2,5% TIS: 5% DMB ) was used for the deprotection and
cleavage of the peptides from the resin [3]. The chemoselective ligation method
was applied for conjugation of Paclitaxel to peptides. For this purpose the Paclitaxel
was chloro- or bromoacetylated to the C2' position.. The conjugation resulting in
thioether linkage between the carrier and Paclitaxel was carried out by dissolving
the chloro- or bromoacetylated Paclitaxel in MeCN/H,O (2/1, v/v) under N, at 0°C
and the pH was adjusted at ~7 with DIEA. The peptide or the sequential carrier was
added to the solution from time to time in solid form. The target conjugates were
isolated in overal yields varried between ~30 - 40%. Biological assays of the
synthesized analogues were performed using three cell lines: HelLa: human
epithelial cervical cancer cells, DU: human epithelial prostate cancer cells MCF-7:
human epithelial breast cancer cells.

The analogue Ac-[Lys-Aib-Cys(CH,CO-C”taxol)];-NH, when used at low
concentrations inhibited cell proliferation more potently than paclitaxel.
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Fig. 1. Schematic representation of Ac-[Lys-Aib-Cys(CH,CO-C” taxol)] ,-NH.,

In conclusion, three paclitaxel-peptide conjugates were successfully synthesized
combining SPPS and chemoselective ligation methods. Two water-soluble
paclitaxel-peptide conjugates showed similar biological activity to paclitaxel. The
Ac-[Lys-Aib-Cys(CH,CO-C*taxol)];-NH, derivative showed improved biological
activity in comparison with paclitaxel in HeLa and DU cell lines.
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Introduction

Tyr-MIF-1 family peptides interact with opioid receptors and to non-opiate sites
specific for each of the peptides [1, 2]. They could influence some maladies and
have been recognized as modulators of reactive oxygen species (ROS) in mouse
macrophages and human neutrophils [3]. So far no data about direct scavenger
properties of Tyr-MIFs peptides about ROS were available. The aim of this study
was to investigate the ability of Tyr-MIF-1 and MIF-1 to react with ROS:
superoxide (0;), hydrocyl radicals (‘OH), hypochlorouse anion (OCI) and
hydrogen peroxide (H,0,).

Results and Discussion

Four types of luminol-dependent chemiluminescence (CL) was used for ROS
registration [4]. The ratio of CL in the presence and in the absence of the drug in
percentage was termed CL scavenging index (CL-SI) [5]. All data is presented by
CL-SI on Table 1.

Table 1. Scavenging praperiies af Tyr-MIF-1 and MIF-1 peptides against different

RS,
ROS Superoxide Hydroxyl Hypochlorouse Hydrogen
radical radical anion peroxide

Peptide Assay [{CL-51) Assay [HICL-SD  Assay [ILICL-81)  Assay IV (CL-51)
concentralion
Tyr-MIF-1
100 pmol/l BO.O2 + 485 6582270 3190+ 2.83 5236+ 6.69
30 pmolf 08.60 + 6.62 9161 £ 9.08 60.79 = 487 7421 % 596
10 pmol/l 99, 45+ 4.21 90.23 + 7.41 7802 + 269 95, 45+ 9.66
MIF-1
100 pmol/1 106,10 + 343 T1.06+ 443 3783+ 30 102.44 + 9,42
30 pmolfl 101.55 £ 9.31 8780+ 82] 6095+ 3.22 92631 11.81
10 pmol/l 10103+ 469  BI.E2+ 490 78.60 + 4.20 101.47 + 8.20

The assay I was CL in a system of directly added superoxide - KO, [4]. The results
are shown in Table 1-column 2. We found no significant changes of CL-SI for
MIF-1 in all concentrations. Tyr-MIF-1 reduced CL-SI about 20% from control
value at concentration of 100 umol/l and had no significant effect at lower



concentration. These peptides do not exhibit a detectable scavenging effect for O,
in this system.

The two peptides have strongest *OH scavenging properties in this concentration.
The effect was similar to Tyr-MIF-1 and MIF-1 (Table 1). They decreased
chemiluminescent response about 35% and 30% respectively at 100 pmol/l. At 10
pumol/l the effect decreased about 10% from the controls. The higher scavenger
properties of Tyr-MIFs toward *OH than O,- were probably due to higher hydroxyl
radicals’ activity.

Assay Il was CL in a system of NaOCIl generated hypochlorite. At 100 umol/l Tyr-
MIF-1 and MIF-1 decrease CL-SI index by 3 times approximately the highest
scavenger effect in all tested systems (Table-column 4). This effect remains
significant in lower peptides concentration. This suggests a considerable ability for
interaction with OCI-.

Assay IV was carried out in systems containing HPR (horse radish peroxidase) and
H,0,. We investigated the ability of peptides to influence peroxidase dependent
processes of H,O, abolition. Tyr-MIF-1 decreased CL-SI in the system about 2 fold
at 100 pmol/l. (Table Il-column 5). The effects decreased with lower
concentrations.

MIF-1 had no interaction with this system.

The results suggest that scavenging properties of peptides should be taken into
account in the free radical induced processes.
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Introduction

The alkylation of sensitive amino acids (Trp, Tyr, Cys, Met, etc.) by carbocations
resulted from the decomposition of the resin linker, is a common and well-
documented phenomenon. This undesirable alkylation has been proved to occur in
Fmoc-tBu strategy during removal of the peptide from the solid support. In order to
minimize the occurrence of these side reactions a variety of multiple scavenger
cleavage mixtures have been used in practice [1 - 3]. In our laboratory, using the
Rink amide resin for the synthesis of various peptide amides by Fmoc strategy, we
isolated, independently of the peptide sequence, a byproduct exhibiting an increase
in molecular weight of 106 Amu compared to the target molecule. In this work we
present the characterization and the procedure of preventing the formation of such
byproducts.

Results and Discussion

The isolated byproduct, corresponding to a percentage of up to 35%, exhibited an
absorbance at 280 nm in the UV detector despite the fact that aromatic residues
were not present in the peptide sequence. The ESI-MS spectra revealed the
presence of a molecular ion with an increased molecular weight of 106 Amu
compared to the desired peptide.

As it is shown in Fig. 1 a C-terminal alkylated amide resulted from an inappropriate
decomposition of the linker at positions 2 and 3 could explain the experimental
results. This hypothesis was confirmed by recording the '"H-NMR spectrum of the
byproduct resulted during the synthesis of Gly-Ala-NH,. The 'H-NMR spectrum
clearly demonstrated the presence of the p-hydroxy benzyl group covalently
attached to the C-terminal amide group.

The possible cleavage positions shown in Fig. 1 prompted us to use the 1,3
dimethoxybenzene (DMB) as a component of the cleavage mixture. DMB
represents the parent molecule of the resulted carbocation if the linker
decomposition occurs at position 2. The use of DMB as component of the
scavenger cocktail consisting of 92.5% TFA: 2.5% TIS:5% DMB (Reagent I)
suppresses almost completely the alkylation of the C-terminal amide group during
peptide cleavage from the Rink amide resin. Reagent I is suitable for the cleavage
of a variety of peptides containing sensitive amino acids [4].
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Fig. 1. Linker structure of the Rink amide resin. Dotted lines show the possible
cleavage positions.

Conclusions

In this work we have demonstrated that decomposition of the Ring amide resin
linker during TFA cleavage/deprotection step leads to the formation of C-terminal
alkylated amide byproducts. The use of Reagent I as a cleavage mixture suppresses
almost completely the formation of byproducts originated from the linker
decomposition.
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Introduction

The -Arg-Gly-Asp- (RGD) motif of adhesive proteins and peptide analogues is
recognized by the activated platelet integrin allbp3 resulting in fibrinogen binding
inhibition. Using strongly constraint cyclic (S,5) -CDC- containing compounds we
were able to correlate the anti-aggregatory activity with the pseudo-dihedral angle,
formed by the R-C%, R-C% D-C® and D-C” atoms [1, 2]. On the other hand, in
previous studies we attempted to determine the possible binding domains of allbp3
in its activated state [3, 4]. The allb 313-320 sequence (YMESRADR) has
experienced the highest anti-aggregatory activity. The synthetic octapeptide inhibits
platelet aggregation and binds to immobilized fibrinogen [4]. However, the most
interesting aspect is that both the cyclic (S,S) —-CDC- containing compounds and
the allb 313 - 320 analogue exhibit a non-RGD-like activity [2, 4]. Combining the
available information from the -CDC- containing inhibitors and the sequence allb
313 - 320 we designed, synthesized and tested for their inhibitory activity, the new
cyclic compounds 1-3 shown in Table 1.

Results and Discussion

The disulfide bridge formation of 1 and 3 was achieved by oxidation with TI(tfa);
on solid support. For the synthesis of analogue 2, after completion of the sequence
of in solid phase, the Mtt side chain protecting group of Lys was selectively
removed with 5% TFA, 1% TIS in DCM. The g-amino group of the Lys was
bromoacetylated using BrCH,COBr in DCM. All peptides were cleaved from the
resin using 95% TFA, 2.5% DMB, 2.5% TIS at room temperature. The
intramolecular thioether bond of 2 was generated in Tris/CH;CN (3/1) solution at a
concentration of ~ 0,5 mg/ml and pH 8.2. The ICsy values on ADP induced platelet
aggregation of the tested analogues are given in Table 1.

Table 1. Inhibitory effect of the synthetic peptides on ADP induced platelet
aggregation.



Peptide

MW,

Expected Found ICsp (uM)
(8.8)YMESRCDCK-NH, (1) 1131.33 1131.10 80
Ac-Re[K(NH)DC(S-CH,CO)]R-NH, (2) 757.88 757.68 =>200
(5.8) Ac-CRDCR-NH, (3) 690.81 690.35 =>=500
YMESRADR (4) 1027.13 1027.32 250
(S.S) Ac-RCDCR-NH; (5) 690.81  690.68 4.3+0.5
(8,8)PSRCDCR-NH, (6) 832.96  832.76 2.0+0.5

In conclusion, (i) the biological activity of the cyclic analogues is strongly affected
by the size and the nature of the ring and (ii) the inhibitory activity of the allb 313-
320 site can considerably be improved by incorporation of the -CDC- motif.
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Introduction

Endomorphin-1 (Tyr-Pro-Trp-Phe-NH,) and endomorphin-2 (Tyr-Pro-Phe-Phe-
NH,) are highly potent and selective endogenous p-opioid receptor agonists (1).
According to previous structure-activity studies, replacement of Tyr for Dmt (2°,
6’-dimethyl tyrosine) resulted in potent but less selective endomorphins (2).
Replacement of Pro by alicyclic PB-amino acids as proline mimetics (cis-2-
aminocyclopentanecarboxylic acid (Acpc) and 2-aminocyclohexenecarboxylic acid
(Achc)) resulted in stable endomorphin analogues against proteolytic enzymes (3).
This work focuses on new procedures of tritiated Dmt!-endomorphin-2 isotopomers
and Tyr-Acpc?/Achc?-endomorphin-2.

Result and Discussion

Precursors (Dmt!-APro?>-Endomorphin-2, Tyr-cis-Acpc*endoporphin-2, and Tyr-
cis-AAchc?-endoporphin-2) and standard peptides (Dmt'-endomorphin-2, Tyr-
(1S,2R)Acpc®-endomorphin-2  and  Tyr-(/S,2R)Achc*-endomorphin-2)  were
synthesized by SPPS. We used racemic Boc-cis-alicyclic f-amino acids (4) and
diastereomer peptides were obtained. Diastereomers were separated by HPLC.
Configuration of alicyclic B-amino acids in the peptides was determined after acidic
hydrolysis by chiral TLC or GITC derivatization of the amino acid mixture and
HPLC. The Rf and k’ values of each alicyclic B-amino acid were compared to Rf
and k’ values of an enantiopure standard. The 3°,5’I,-Dmt!-endomorphin-2 was
prepared by iodination of Dmt'-endomorphin-2 using chloramin-T. The four
labelled endomorphin analogues were prepared in similar manner as we did earlier
for parent tritiated endomorphins (5) using precursor peptides containing dehydro
amino acids (APro, A(1S,2R)Acpc or A(IS,2R)Achc), trittum gas and PdO/BaSO,.

If 3°,5’1,-Dmt'-endomorpnin-2 was used as precursor, catalytic dehalogenation
occurred in the presence of tritium gas, PdO/BaSO;, catalyst and triethylamine in a
vacuum manifold. Specific radioactivity of *H-labelled endomorphin analogues was
very high (Table 1), practically theoretical values. In some cases (Dmt-*HPro-Phe-
Phe-NH, and Tyr-*H-(IS,2R)Achc-Phe-Phe-NH,) specific radioactivities were
higher compared to the theoretical one, which means that exchange reaction
occurred during the labelling.

Table 1. *H-labelled new endomorphin analogues



Precursor peptides Labelled peptices Specific radioactivity
Dmt- APro-Phe-Phe-NH; Dmt-*HPro-Phe-Phe-NH; 2.87 TBg/mmol
3".5'1:Dnmt-Pro-Phe-Phe-NH; 3, 5-*HDmt-Pro-Phe-Phe-NH: 1.95 TBg/mmol
Tyr- (1S, 2R)AAcpe-Phe-Phe-NH: Tyr-"H(18,2R) Acpe-Phe-Phe-NH, 1.41 TBg/mmol
Tyr- (18, 2R)AAchc-Phe-Phe-NH; Tyr=’H(15, 2R)Achc-Phe-Phe-NH, 2.35 TBg/mmol
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Introduction

Small peptides have been used in literature, for targeting antitumoral drugs to
specific membrane receptors over-expressed by tumor cells, such as somatostatin,
bombesin, RGD peptide analogues and peptidomimetics. RGD peptides, that
selectively recognize o,f; and a,fs integrin receptors, appear attractive candidates.
Due to the role of integrins in the angiogenesis and tumor growing , tumor-targeted
RGD peptide-cytotoxic drug conjugates are likely to exhibit a dual antitumor and
antiangiogenic effect [1-3].

Results

We designed and synthesized new peptides containing the RGD sequence and
bearing at 5-position a trifunctional amino acid with a carboxy-terminal side chain.
Three peptides (Fig. 1) showing higher affinity to av integrins, were selected as
targeting devices. Analogues P1-P3 were covalently attached with an amide bond
to a Camptothecin derivative (CPT, ST1968, Fig. 2). The conjugates and peptides
were prepared by classic methods of organic and peptide synthesis.
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Binding to the isolated receptors and adhesion to the different tumoral cell lines
were measured, showing that they effectively mediated the binding to the cell
surface in a dose-dependent manner, whereas CPT did not bind the integrins or the
cell surface (Table 1). We also demonstrated the internalization of our conjugates
into tumor cells: After 72 h incubation, compounds were detected inside the cells by
HPLC analysis with fluorometric detection. Table 2 reports the activities of the
three conjugates compared with that of CPT alone.

Discussion

Differences within the conjugates can be explained by the composition of the linker
that separates the integrin binding core from the cytotoxic molecule. The triethylene
glycol chain seems to be a better mediator of the binding and activity. Considering
together, cell adhesion and toxicity data, it is evident that the conjugates can
efficiently bind to the membrane of the tumor cells. However, their cytotoxicity is
more than one order of magnitude lower, if compared to the corresponding CPT
alone, possibly due to the very slow release of the drug inside the cell. This
behaviour must be attributed to the amide bond , between peptide and drug, too
stable to be released in due time into the cell. On the other hand, cleavage assays
revealed that the new analogues are potent Topo 1 poisons by themselves and share
a common binding site with SN38, as documented by a similar pattern of DNA
damage. Therefore, we can hypothesize that the cytotoxicity of the conjugates could
be attributed to mixed effects, part to free CPT released and part to the whole
conjugate, if able, to diffuse interacting with the enzyme.

In conclusion, the preliminary data presented prove the applicability of our
targeting strategy. In vivo experiments are in progress.

References

1. Arap W., et al., Science , (1998) 377.
2. de Groot F. M. H,, et al., Molec. Canc. Ther., 1 (2002) 901.
3. ChenX,etal,J. Med. Chem., 48 (2005) 1098.



CHIMERIC MULTIFUNCTIONAL LIGANDS FOR THE
TREATMENT OF PAIN

Yeon Sun Lee', Vinod Kulkarni', Shou wu Ma?, Hamid
Badghisiz, Peg Davis?, Tally Largentz, Todd Vanderah?,
Josephine Lai’, Frank Porreca” and Victor J. Hruby'

'Department of Chemistry, University of Arizona, Tucson, AZ, USA and
’Department of Pharmacology, University of Arizona, Tucson, AZ, USA

Introduction

Cholecystokinin (CCK) is known to give an anti-opioid effect and as a result,
causes an increase of pain by inhibiting the opioid response [1 - 2]. Recent research
has shown further that melanocortin (MC) receptors, mainly subtype MC-4R,
produce an increase in response to pain stimuli [3 - 4]. Based on this previous work,
we are developing chimeric ligands which will be of benefit to therapeutic pain
treatment with enhanced opioid efficacy by acting as agonists at opioid receptors
and antagonists at both CCK and MC receptors [5].

MC pharmacophore

opioid phamaco phore H His—Xuxx— Arg{Trp%—‘fw—nsp— Phe-HNH,

CCK phammacophore

The design of the ligands was based on the hypothesis of targeting multiple
receptors with overlapping pharmacophores. CCK and MC pharmacophores were
overlapped by Trp, and different profiles of opioid pharmacophores were linked to
the N-terminal of the MC pharmacophore.

Results and Discussion

The designed ligands showed moderate to high biological activity at both opioid
and CCK receptors depending on their respective structures (Table 1). Preliminary
data of some ligands also showed good affinity at the MC-4 receptor. From
computer modeling experiments it was observed that the lowest energy
conformation of LYS633 retains the turn structure of the MC pharmacophore. More
interestingly, the aromatic group of the D-2Nal residue has the same predicted
orientation as in SHU9119, a well known MC-4R antagonist. The topographical
similarity is further enhanced when considering that the hydrophobic interaction
between D-2Nal and Nle residues is conserved in both structures. The replacement
of DPhe6 of LYS607 with D-2Nal6 reversed the selectivity from preferring the
CCK-2 to the CCK-1 receptor, and the result is likely to be caused by the Nle
hydrophobic interaction mentioned above. LYS614 preserved the high selectivity at
the CCK-1 receptor over the CCK-2 receptor, while introducing an antagonist
function of Dmt-Tic for the opioid receptor. LYS633 is a lead compound having
good binding affinities at both the opioid and the CCK receptors, and good opioid



agonist and CCK antagonist functions in functional assays. In-vivo tests of LYS633
are in progress, and will demonstrate the validity of our working hypothesis.

Table 1. In-vitro biological activities for opioid and CCK receptors [5].

Ligand Adfirity (i, i) Opicid (IC, i) CCH(Ke, ib)
HOOR roor NECH-1 hCCH-2 S - GPILMMP
[HIDPDPE [HDAMGO ek a0y () W ortagonist
LYSE07T 620 136 1400 180 402 132 Mane
LYSE33 021 013 180 113 1.3 831 a44
LYSE14 091 465 150 200 1F%at1uM* 5% stiuM  None

* Antagonist activity was observed.

LYS607 Tyr-D-Ala-Gly-Phe-His-D-PHE- Arg-Trp-Nle-Asp-Phe-NH,
LYS633 Dmt-D-Ala-Gly-Phe-His-D-2Nal- Arg-Trp-Nle-Asp-Phe-NH,
LYS614 Dmt-Tic-His-D-2Nal- Arg-Trp-Nle-Asp-Phe-NH,
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Introduction

Anthrax toxin consists of three proteins, the protective antigen (PA) and the two
enzymes lethal factor (LF) and edema factor (EF), that are carried through the
membrane of the target cell upon binding to membrane receptor-bound PA. No
effective drug is currently available against anthrax intoxication. Here we describe
the production of specific peptide inhibitors, obtained by selecting a large peptide
phage library on recombinant PA and eluting specific binders by competition with
LF. Such peptides inhibit the interaction of PA with LF and EF and neutralize
anthrax toxins in vitro and in vivo [1]. Two peptides, TLPYWWLTPSNP (p2) and
NVMTYWWLDPPL (p3), were selected and synthesized in the tetra-branched
Multiple Antigen Peptide (MAP) form, inducing resistance to proteolytic
degradation [2]. The two lead MAP2 and MAP3 peptides were systematically
modified by alanine scanning, progressive shortening and residue randomization, to
obtain an increase of peptide affinity and inhibitory efficiency. Affinity maturation
of lead sequences led to selection of the MAP3V/A peptide, which is effective for
in vivo neutralization of anthrax toxin activity. The same peptide also inhibits EF-
mediated cAMP induction.

Result and Discussion

Anti-PA63 peptides were selected from the 12-mer peptide phage library
Ph.D.12TM (NEB) by competitive panning, using recombinant PA as target and
recombinant LF as competitor molecule. This enabled single step recovery of
phages carrying peptides that interfere with PA63-LF binding. After three cycles of
panning we selected two phage peptides, p2 and p3, giving the highest inhibition of
PAG63-LF binding in a competition phage ELISA. The selected peptides shared the
consensus motif YWWL, which is shared by previously described PA-binding
peptides [3]. These peptides were synthesized both in linear and tetra-branched
MAP form. Monomeric peptides were ineffective, whereas MAPs inhibited LF-
PA63 binding in ELISA and were able to neutralize lethal toxin-induced murine
macrophage cell death. The ICs, of MAP3 was about one log lower than that of
MAP2. A second generation of MAPs was synthesized using alanine-scanning and
progressive sequence shortening, to obtain peptides with higher affinity and
inhibitory efficiency. Peptide with Ala in position 2 of MAP3 sequence
(MAP3V/A) resulted in an evident improvement of MAP activity both in



competition ELISA and cytotoxicity inhibition. MAP3V/A inhibited also PA63-EF
binding in ELISA and the ICs, value was comparable with that obtained for
inhibition of PA63-LF binding (Fig. 1). Moreover, MAP3V/A was tested for in
vitro neutralization of anthrax edema toxin, resulting able to completely inhibit EF-
induced cAMP increase in different cell lines. MAP3V/A was tested also for in vivo
neutralization of anthrax lethal toxin. Rats were injected with a mixture of purified
PA83 and LF and died in about two hours. 1 mg of MAP3V/A injected 5 minutes
after toxin completely neutralized lethality.

A2t a MAP3 VIR IC50 2.20.7

1.00 4

ﬁ: 0.734 E
= 0.30 4

0.23 4
[

I:I T T T T T 1
-3 -7 -6.3 -5.0 -3.3 -2.0 -4

Log peptide concentration (M)
Fig.1 Inhibitory activity of MAP3V/A on EF/PA63
binding in ELISA
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Introduction

Cell penetrating peptides have been known as a useful tool for nucleic acid, protein
and drug delivery into cells. Cholesterol pullulan (CP), in which maltose moieties
are partially modified by cholesterol, is unique in forming self-assembled
nanoparticles (20-30 nm) in water [1]. Combination of these characteristics is
considered to be promising for development of effective non-viral vectors without
toxicity. A conjugate of HIV-Tat [2] and CP was synthesized and its gene
expression efficiency was evaluated.

Results and Discussion

Fully protected HIV-Tat-(48-57)-Cys(Snm)-Gly-NH-R was obtained by conversion
of the corresponding Cys(Acm) peptide which was synthesized by the solid-phase
method [Snm: (N-methyl-N-phenylcarbamoyl)-sulfenyl] [3]. The sulfhydryl
function was
BocGly-Arg{PEf FLys[Boc} LyslBoc FArg( PEFFArgl PEFF GIn(Tr} Arg(Pbf b
Arg(Pof b Arg(FEFE Cys(Acm] -Gly-NMH-Linker- Resin

Femowal of Tesin

Ihr i ic atica

Cormersion of Acm to St

Eiocily- Arg(PEF} Lyr=[Boc L ysBoc Ar gl PEF Fér g PEFGI AT} Argl PE -
Arg(PEfFArg(PEF)-Cws( Snim } Gly- NH- Lin ker

l Disutfide linkage
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Fig. 1. Synthesis of cholesterol pullulan Tat.



introduced to the hydroxyl groups of CP by acylation with Trt-3-mercaptopropionic
acid followed by acid treatment. Resulting 3-mercaptopropionyl-CP was coupled
with Cys(Snm) peptide to form disulfide bridge and the protecting groups of the
peptide were removed to give the CP-Tat conjugate (Fig. 1). CP-Tat and pCMV-
Luc complex was transformed into COS7 cells and luciferase activity was analyzed
after 24 h. CP-Tat elicited remarkable cytoplasmic luciferase activity and low
toxicity. It showed particle diameter of approximately 80 nm and positive charge
(+20 mV). These results suggest that CP-Tat is a safe and useful gene vector.
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(mean £ 5.0.,n=3)
Tat analog (1.3 pg), CP-Tat (1.3 pg), Lipofectamine (2 pg) was complexed
with siRNA(0.13 pg).Sarcomal8i (1 109 cells/ 24 well) with serum-free
RPMI 1640 medium was used VEGF ELISA assay after 12-hr transfection.

T

Suppressed %
of VEGF secretion

Fig. 2. Inhibitory effect of siRNA complexed with vector on VEGF secretion in S-
180 cells .

CP-Tat was also effective as a siRNA carrier. The conjugate with siRNA was
transfected to S-180 cells and the marked inhibitory activity of VEGF was observed
compared with the conjugate with Lepofectmine (Fig. 2). CP-Tat showed also in
vivo suppressive effect in tumor growth.
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Introduction

Peptaibiotics are defined as a family of fungal peptides containing a high proportion
of the nonproteinogenic amino acid Aib (o-aminoisobutyric acid) and showing
biological activities. N-acetylated members of this group containing a C-terminal
1,2-amino alcohol are defined as peptaibols. Lipopeptaibols are acylated with a
fatty acid at the N-terminus, and aminolipopeptides contain unusual heterocyclic
residues at N- and/or C-termini. We apply peptaibiomics to fungal cultures grown
on single agar plates. Here we present a survey of the peptaibiome of Hypocrea
species. Peptaibiomics is the analytical methodology for the structural
characterization of the totality of peptaibiotics expressed by filamentous fungi [1].
By comparing partial sequences deduced from analytical data with those compiled
e.g. in the “Peptaibol Database” [2] the judgment is possible whether or not
structures are novel, or related or identical to structures described.

Results and Discussion

Peptaibiomics comprises growth of species of the genus Hypocrea on potato-
glucose-agar Petri dishes followed by treatment of mycelia with MeOH/DCM (1/1,
v/v) and solid-phase extraction with Sep-Pak C-18 cartridges (1.5 cm x 1 cm). The
purified peptides were analyzed by online coupling of HPLC with ESI-MS (for
HPLC and ESI conditions see [1]). For scanning of molecular masses and
fragments resulting from cleavage of the extremely labile Aib-Pro bond no collision
induced dissociation (CID) energy was used, whereas application of a CID energy
of 45% generated series of characteristic fragment ions [1]. The resulting partial
structures were compared with structures in data bases [2]. Fig. 1 presents examples
of partial sequences of Hypocrea species screened for peptaibiotics. In extracts of
Hypocrea semiorbis, H. vinosa, H. dichromospora, H. gelatinosa, H. nigricans, H.
muroiana and H. lactea a multitude of short-, middle- and long-chain Aib-
containing peptides were characterized. Comparison of these sequences with
peptaibiotics stored in [2] shows that H. vinosa and H. lactea produce peptides
which are new analogs of the peptaibiotics trichogin and trichokingin from species
of Trichoderma. For the other fragments and partial sequences no similarity could
be validated. The data establish Hypocrea as a rich source of peptaibiotics.



Hypocrea nuroiana MUCL 28442 R

1 [291]-Phe-Aib-Lox-Adb-Lex-[126] 1020
2 [1949-Ala-Aik-Adn-213-Alb-Alb-Ser-Alh-Lax-[342] 1850
3 [199-Ala-Aik-Ad-21 3-Aikb-Adb-Ser-ix-Y rx-[ 81 6] 1824
4 [1949-Ala-Aik-Ab-21 3-Alk- Al Ser-Adh-Lo-1 896 Alb-Lex-GIneGlne-Pheal - 19049
Hypocrea pigricans MUCL 28430 A
1 [187]-Warx-Wa-Wioe-Aib-[B2 3] 1162
2 [2T0-Vex-Alh-Lex-[623] 1180
Hypocrea gelatinosa CBS 724.87 1T
1 [143-GlIn-Laex-Lox-Adb-[n.i] n.i.

2 [187]-Wem-Leo- - Adb-Wxx-[510] 1176
3 [143-Gln-Lex-L-Adb-[623] 1204
Hypocrea dichromospora CBS 337.69 (LT
1 [184]-Ala-vix-Alb-Aib-Alk- Leuol 726

2 [184]-Ala- LAk Gly-Lyx-Leuol ran

3 [184]-Ala-Lxx- AlkAda-Lo-Leuol a4

4 [288])-Lar-Alb-Gly-Loe- W s-[247) 969

Hypocrea vinosa CBS 247.63 A
T [212-Gly- - Ak G- Ghe-Voo-Adh-Giv-Los- Le ol 1038
2 [213-Gly-Lw-Aib-G b - Gly-Yor-Adk- G ly-Loe-Leuol 1062
3 [21-Gly-Voo-Aib- G ly- Gly-Loe- ATk G ly-Loe-Leuol 1052
4 [21A-Gly-Lax-Adb-G -G ly-Low-Alb-Gly-Lix-Leuol 1066
Hypocrea sermiorhis CBS 244.63 1Ty
1 [284]-Ala-Aib-Ala-21 3-Alk- Al Leu-Gly-Aib-[7 28] 1837
2 [284]-Ala-AibAlR-21 3V-Adb-Alb-Gly-Leu-[7 7 4] 1837
3 [284]-Ala-Aib-Ad-21 3-Aib-Alb-Aib-Alb-[TT4] 1851
4 [284-Ala-Aib-Alb-213-Als Lew-Aib-Gly-Leu-[7 88 1865
Hypocrea factea CBS 853.70 R
1 [213-Gly-Lax-A ib-G - Gly-Yoo-Ailk G ly-Yax-Leool 1038
2 [212-Gly-o-Aike G- Ghe- Lo AikeG y-Yao-Leuol 1038
3 21 A-Gly-Vooe- Al G- Gly-Dos- Ak G ly-Doe-Leuol 1052
4 [21-Gly-Lx-Ab-Gh-Gly-Lex-Aib-Gly-Lxx-Leuol 1066

Fig. 1 Examples of parial sequences from species of Hypocrea analyzed for
peptaibiotics; sequences containing less than 3 residues are not shown;
abhreviations according to the standard three-letter nomenclature; Aib =
m-aminoisobutyric acid; Lo = Leu or lle; Wxx = Yal or Iva {isovaling); Leual =
leucinol, Pheol = Phenylalaninol; hvy,  molecular weight; ni, not  identified.
Humbers in square brackets referto naot identified fragment ions.
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THE PEPTAIBIOME AND PEPTAIBOMICS.
STRUCTURAL CHARACTERIZATION OF THE
ENTIRETY OF PEPTAIBIOTICS EXPRESSED BY
FUNGI

Hans Briickner, Corina Krause and Jochen Kirschbaum

Department of Food Sciences, Interdisciplinary Research Center, University of
Giessen, Giessen, Germany

Introduction

In analogy to the terms “proteome” and “proteomics” we define the “peptaibiome”
as the entirety of fungal peptides containing the non-protein a-aminoisobutyric acid
(Aib). Accordingly, “peptaibiomics” is the analytical methodology for the structural
characterization of the entirety of peptaibiotics expressed in filamentous fungi [1].
A peptaibiotic is defined as fungal peptide containing Aib and exhibiting antibiotic
or other bioactivities. Peptaibiotics consists of mixtures containing up to twenty
residues peptides that have, in part, unusual N- and C-termini. We present a rapid
and sensitive method for the detection and structural characterization of the
peptaibiome expressed by fungal multienzyme complexes [2].

Results and Discussion

For peptaibomics the fungal cultures were grown for seven days on malt-extract
agar in Petri dishes. Extraction was performed with three 5 ml portions of
MeOH/dichloromethane (1/1, v/v). Extracts were cleaned up on a Sep-Pak C-18
cartridge (1.5 cm x 1.0 cm) [1]. Aliquots of 10 ul were analyzed by HPLC-ESI-MS
using gradient elution with MeOH/MeCN/0.1% TFA mixtures (for HPLC and ESI
conditions see [1]).

Use of a Kromasil KR100 column together with the gradient system provided best
separations for medium-chain (11 - 17 residues) and long-chain (18 - 20 residues)
peptaibiotics of varying lipophilicity. For scanning of molecular masses and
fragments resulting from cleavage of the extremely labile Aib-Pro bond no collision
induced dissociation (CID) energy was used, whereas a CID energy of 45%
generated series of characteristic fragment ions [1]. From the mass differences (Am)
of fragment ions the presence of the marker amino acid Aib, characterized by Am =
85.1 Da, as well as other constituents could be deduced.

Using peptaibomics, characteristic fragment ions were detected and the resulting
partial structures were compared with structures in data bases [3]. Suitability of the
method is demonstrated with the analysis of different Trichoderma strains. As an
example, Fig. 1 shows of partial sequences of the mold Trichoderma asperellum
(CBS 433.97). Comparison of these sequences with peptaibiotics already described
in [3] shows that sequence no. 7 from T. asperellum might be identical with
trichotoxin A 50E and sequence no. 9 might be trichotoxin A 501 from Trichoderma
viride, strain NRRL 5242. For the partial sequences of peptides from some other



Trichoderma strains [1] no correspondence with known structures were found. Thus
they are assumed to represent new micro heterogeneous peptaibiotics.

The peptaibomic technique applying HPLC-ESI-MS to extracts of molds cultured
on agar plates, as described above, provides reliable diagnostic information on the
totality of peptaibiotic production. Differentiation among new and already known
structures is possible by comparison with sequences stored in relevant databases.

Trehoclenma asperefum  (CBS 433.97)

Ry
1 [227]-A b—Lax-A ib-Alb-Ala-A h-TE3-Aib-Valol 1702
2 [156]-A la—Alb—= oA h—ATh-Ala-ATh—[909] 1646
3 [227] A b-La-A Tb-Alb-Ala-A 1-[923] 1674
4 [270]—L—ATh—GIn=Ab-ATh-A-1 55-Al-210-Alb—=Alb-G = alol 1705
5 [270]—Lx—ATh—GIn=-Aib-ATh=Ai-1 T 2-Al-210-Aib=Alb-G = alol 1718
6 [270]—Lx—ATh—GIn=-Aib-ATh— -1 28-ATh—21 0-Aib-A h-G =Y alol 1689

T [270]—Lx—ATh—GIn=-Aib-ATh-Alb-Ala=Ala=ATb-21 0-Alb-ATh-Gln—alol - 1689
8 [2T0]Lxx=Aib-GIn-Aib-Alb-Aib-Ala-Al-ATD-21 0-Ab-Ab-Gln—Yalol - 1703
9 [270]Lx—ATh—GIn-Aib-ATh=Ai-1 S6-ATh-[625] 1717

Fig. 1 Examples of partial sequences from THehookerma asperaliim (CES 433,97
analyzed for peptaibiotics; sequences containing less than 5 AA are not shown;
abbreviations according to the standard three-letter nomenclature; Aib = o-
aminoisohutiric acid;, Lxx = Leu or lle; Wxx =Yal or lva (sovaling); Walal = v alinal;
MW, maolecular weight. Bumbers in square hrackets refer to not identified
fragment ions.
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CARDIAC TROPONINS DERIVED CONJUGATES AS
TOOLS FOR PRODUCING SPECIFIC ANTIBODIES:
SYNTHESIS AND IMMUNE RESPONSE
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Naka®, Lambros Michalis’, Ketty Soteriadou® and Vassilios
Tsikaris'

'Department of Chemistry, University of loannina, loannina, Greece, *School of
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Intoduction

Troponin is a structural protein complex, which is responsible for the regulation of
skeletal and cardiac muscle contraction. It consists of three components: troponin I
(cTnl, 24 kDa), troponin C (cTnC, 18 kDa), and troponin T (cTnT, 37 kDa).
Cardiac troponins are released into the bloodstream of patients after the onset of a
cardiovascular damage [1]. Even minimal elevations over the normal values, of
serum troponin T and I are being used for diagnosis of acute myocardial infarction.
The development and commercialization of highly specific biological assays for the
detection of cardiac troponins is based on the production of specific antibodies
against the whole complex or individual subunits [2]. However, the specificity and
sensitivity of these assays vary due to problems mainly originated from the fact that
cardiac troponins have a high homology with the skeletal isoforms. The aim of this
work is to select and synthesize appropriate regions of the cardiac isoforms of
troponin I, C and T, suitable for the production of more sensitive and specific
cardiac troponin detecting reagents. In order to construct the immunogenic
complexes, the selected sequences were conjugated to the tetrameric Sequential
Oligopeptide Carrier (Ac-SOC4-OH) formed by the repetitive moiety Lys-Aib-Gly,
either by the classic solid phase step-by-step methodology or by chemoselective
ligation reactions. Using the carrier conjugated troponin sequences, anti-cardiac
troponin complex specific antibodies in high titers were produced.

Result and Discussion

The RRRSSNVRAYATE?' (cTnlI-19-31), the T''"*KNITEIADLTQKI"' (cTnl-
118-131), R"™EVGDWRKNIDA'*® (¢ TnI-185-196), the SYKGKSEEELS”® (¢TnC-
89-98) and the E*’ EEEDWREDE?® (cTnT-21-30) regions have been chosen for
production of antibodies. The selection was made on the basis of their predicted
immunogenicity and the minimum homology compared to the skeletal isoforms.
The protein-like molecules of branched architecture, suitable for immunization
experiments, were produced by covalent ligation of four copies of the selected
peptide sequences to sequential oligopeptide carrier Ac-[Lys-Aib-Gly],-OH [3].
Both, the step by step solid phase peptide synthesis (Boc and/or Fmoc strategies)
and/or the chemoselective ligation methodologies were applied to synthesize the
branched macromolecules of ~6 - 8 kDa molecular weights. Despite the fact that we
paid special attention in order to avoid the progressive accumulation of by-products



during the SPPS, the final conjugates of ¢Tnl-185-196 and cTnC-89-98 were not
isolated, suggesting that the sequence of the epitopes strongly affects the quality
and the yield of the target conjugate. To resolve this problem we successfully
applied the chemoselective ligation method. To this aim the conjugated epitopes
were synthesized bearing a Cys moiety at the C-terminus. On the other hand, the
carrier was bromoacetylated at the side chain amino group of the four Lys. The
conjugation resulting in thioether linkage between the carrier and epitope peptide
was carried out by dissolving the sequential polypeptide containing bromoacetyl
groups in 0.1 M Tris-buffer (pH 8.2)/MeCN (3/1, v/v) at 1 mg/mL concentration.
1.2 equivalents (calculated for the bromoacetyl content of the polypeptides)

MW: 6084 3
cTnC-89-98-Cys(CH,CO)
¢TnC-89-88-Cys(CH,CO

Ac-Lys-Aib-Gly-Lys-Aib-Gly-Lys-Aib-Gly-Lys-Aib-Gly-OH

cTnC-BQ-QB-Cys{CH;CO}J
¢TnC-89-98-Cys(CH,CO

¢TnC-89-98-Cys: H-Ser-Lys-Gly-Lys-Ser-Glu-Glu-Glu-Leu-Ser-Cys-NH;

Fig.1. Schematic representation of Ac-[Lys(cTnC-89-98-Cys(CH,CO))-Aib-Gly] -OH

of epitope peptide was added to the solution of bromoacetylated polypeptide from
time to time in solid form. The mixtures were stirred in the dark under Ar for 8 — 10
h at RT. The synthesized conjugates, Ac-[Lys(cTnl-19-31)-Aib-Gly],~-OH, Ac-
[Lys(cTnlI-118-131)-Aib-Gly],-OH, Ac-[Lys(cTnl-185-196-Cys(CH,CO))-Aib-
Gly]4,-OH, Ac-[Lys(cTnC-89-98-Cys(CH,CO))-Aib-Gly],-OH and Ac-[Lys(cTnT-
21-30-Cys(CH,CO))-Aib-Gly],-OH (Fig. 1), were used as immunogens for
releasing anti-troponin specific antibodies. Anti-cardiac troponin complex specific
antibodies in high titers were produced.
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Introduction

The aim of this study was to research and develop a new foundry moulding mixture
with new binder system based on proteins/peptides. At present, these moulds and
cores containing resins, bentonite, cement or soluble glasses as binders of foundry
sands are used. Furthermore, higher flexural and tensile strengths, good flowability
of the sand, good surface property, easy shaking out under temperature 650 °C for
aluminum casting and resistance of moisture absorption are also required. Water-
soluble or water-swelling materials based on peptides form bonds with inorganic
matrix, even though no chemical reactions take place. The experiments of some
tested wastes based on proteins proved to be suitable binders for aluminum casting
due to their environmental friendliness. To evaluate the quality and performance of
molds with a new binder experimental casting has been performed.

Results

As a peptide/protein binder was used waste material from pharmaceutical industry
(marked ZMK binder system). The determination of amino acids was made by
automatic analyzer. The protein-based binder system was dissolved in hot water
(about 75 °C) during mixing. Then, the solution was mixed into the hot foundry
quartz sand until dry in the mixer. The coating process was analyzed using SEM.
Prior to curing a core, the coated sand was mixed with water to evenly hydrate each
coated particle. Binder addition 0.5 - 3% (based on sand weight) produces cores
with adequate strength. Casting trials were performed using a core made with the
new binder in the low-pressure hot box to evaluate shakeout and dimensional
accuracy. These were verified and did not show any thermoplastic deformation.
Surface photo of cast enabled to study the surface quality of aluminum cast which is
very good, even without the refractory coating.

Discussion

As a binders of foundry moulding sands, some natural macromolecular biopolymers
namely proteins wastes from pharmaceutical industry were tested. The preliminary
results show that suitable protein binders of foundry sands can be based on
supporting tissues, considering the content individual amino acids. Laboratory tests
exhibited flexural strengths required for molding materials and can be used only
0.75 or 1% binder based on sand weight, dimensional accuracy was excellent.
Bonds are accomplished by dehydrating protein in the sand mixture, no chemical



reaction takes place. SEM photos showed good migration of the binder to the
contact points and the structure of quartz sand mould fixed by protein. Photos of
surface of the cast showed suitable quality of the surface without refractory coating.
One of the most important features of the binder is its water solubility. The binder
behaves more or less plastically as water is added or removed. This allows the
bonding mechanism to be reversed if water is added back to the protein. Any scrap
core made with the binder can be recycled without having to add any additional
binder. The binder does not require the use of toxic chemicals. Flawed cores can be
reused and have not to be discharged.
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SIDE CHAIN AND BACKBONE CONFORMATIONAL
PREFERENCES OF —CXC- CONTAINING PEPTIDES:
EVIDENCED BY COMPUTATIONAL STUDIES
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Introduction

In this study, we expand our previous searchl of the influence of the (S,S)-CXC-
motif on peptide’s backbone conformation and side chain side chain interaction. We
apply this investigation to a series of linear and cyclic (through disulfide bond)
RGD peptide analogues (Table 1). Molecular Dynamics simulations were used to
sample the conformational space of the peptides and trajectories received were
analyzed. To characterize the backbone conformation we used the ®/¥ dihedral
angles in order to assign a conformational state to each residue according to
Zimmerman. In the sequences —XCYC- or —-CXCY- (linear or cyclic), we used the
the PdoB (pseudo dihedral angle of orientation) defined by the C*(X)-C*X)-C*(Y)-
CB(Y) atoms, as a measure of the orientation of the side chains. This is similar to
our previous workl and to Stote [2].

Table 1. Linear and cyclic (through disulfide bond) peptides studied with molecular
dynamics simulations.

peptide sequence peptide sequence
ACAC Ace!-Ala’-Cys*Ala*-Cys’-NH, cACAC  (S,8)Ace!-Ala’-Cys*-Ala*-Cys’-NH,
RCAC Acel-Arg>-Cys*-Ala*-Cys*-NH, cRCAC  (S.8)Acel-Arg?-Cys-Ala*-Cys™-NH,
DCAC Acel-Asp’-Cys®-Ala*-Cys-NH, cDCAC  (S,9)Acel-Asp’-Cys*-Ala*-Cys’-NH,
ACRC Ace'-Ala’-Cys’-Arg’-Cys™-NH, cACRC  (8.8)Ace’-Ala’-Cys’-Arg*-Cys™-NH,
ACDC  Ace'-Ala’-Cys’- Asp*-Cys>-NH, cACDC  (S,8)Acel-Ala’-Cys’-Asp*-Cys-NH,
RCDC Acel-Arg>-Cys*-Asp’-Cys-NH, cRCDC  (S,S)Acel-Ala’-Cys’-Asp*-Cys’-NH,
DCRC Acel-Asp’-Cys*-Arg*-Cys’-NH, <DCRC  (8,S)Ace!-Ala’-Cys*-Arg*-Cys’-NH,
CACA Ace!-Cys’-Ala*-Cys*™-Ala’-NH, cCACA  (S.8)Ace!-Cys™-Ala’-Cys*-Ala’-NH,
CRCA Acel-Cys’-Arg’-Cys'-Ala-NH, cCRCA  (S.S)Acel-Cys’-Arg’-Cys'-Ala’-NH,
CDCA Acel-Cys™-Asp’-Cys*-Ala>NH, <cCDCA  (S.5)Ace!-Cys™Asp’-Cys*™Ala’-NH,
CACR Ace!-Cys™-Ala’-Cys*-Arg’"NH, cCACR  (S.S)Acel-Cys>-Ala’-Cys*-Arg’-NH,
CACD Acel-Cys-Ala®-Cys*-Asp"NH, cCACD  (S,8)Ace!-Cys?-Ala’-Cys*-Asp’-NH,
CRCD Acel-Cys-Arg’-Cys*-AspNH, cCRCD  (S.9)Ace!-Cys>-Arg’-Cys*-Asp’-NH,
CDCR Acel-Cys™-Asp’-Cys™Arg-NH, cCDCR  (S,9)Acel-Cys’-Asp’-Cys*-Arg’-NH,

Results and Discussion



The main findings of our work are:

1.

Pdop dihedral distributes almost uniformly in the [-180 , +180 ] region in
all cases except those where two opposite charged residues are found in
the sequence. Analogues RCDC, cRCDC, CRCD, cCRCD, DCRC,
c¢DCRC, CDCR and cCDCR show strong peaks. Cyclization moves these
peaks closer to Oo, thus facilitating the coplanar orientation of the side
chains, which is believed to be the bioactive conformation [1, 2] Narrower
distribution of PDOP angle can result in less entropy loss upon folding in a
“bioactive” conformation, so can explain, at least partly, bioactivity.

Backbone conformation of CY residues in —XCYC- motif are mostly
influenced from the cyclization. Generally, conformational states A or B in
linear analogues become C, D or E in cyclic analogues. This means that ¥
angle takes significantly bigger values (>120 ) in cyclic analogues. We did
not observe any turn formation in peptide’s backbone conformation in both
linear and cyclic analogues.

Cyclization facilitates backbone stabilization, but charge-charge
interactions also contribute to this stabilization.
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Introduction

Luteinizing hormone-releasing hormone (LHRH) is a linear hypothalamic
decapeptide that is secreted from the hypothalamus and regulates the reproductive
system. Like many hormones LHRH is a highly flexible molecule that can adopt
many interconverting conformations in solution and the assignment of a
predominant bioactive conformation is very difficult. Two type II B-turns placed in
the central part of the molecule (-S*-Y’-G°-L’- and —Y’-G°-L’-R®-) have been
proposed to stabilize the bioactive conformation [1, 2]. In this work, using various
LHRH analogues and peptide models derived from the C-terminal sequence of the
LHRH, we investigated the contribution of the Arg side chain to the structure
stabilization of LHRH.

Result and Discussion
Peptide synthesis

The following analogues and peptide models were synthesized and studied: pGlu-
His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, (1), pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-
Arg-Pro-NHEt (2), pGlu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt (3), pGlu-
His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt (4), Gly-Leu-Arg-Pro-Gly-NH, (5),
Piv-Arg-Pro-['"O]Gly-NH, (6), Piv-Nle-Pro-['’O]Gly-NH, (7). Peptides 1, 5, 6 and
7 were synthesized by the SPPS methodology on a MBHA resin while the
analogues 2, 3 and 4 on a EtNH-modified-Merrifield resin.

NMR experiments

The NMR experiments were performed at 295 - 355 K on a Bruker AMX 400
spectrometer. The detected NOEs connectivities as well as the high temperature
coefficient values of almost all the amide protons either for the natural LHRH or for
the analogues 2, 3 and 4 evidenced for their high backbone flexibility. Only two
dNN (i, i+1) NOE effects between W?/S* and S*/Y> were detected. However, the
most striking finding of this study was the high rotational freedom in the N-C* bond
of Gly6, which was estimated, to be greater than that observed for Gly'® although
the later constitutes the C-terminal part of the molecule. These rotational states
were evaluated on the basis of the *Jy, and *Jy, values of Gly6 and Gly10 (Fig. 1)
[3]. According to the NMR data the restriced mobility of the C-terminal Gly can not
be attributed to conformational restrictions imposed by the backbone conformation.
A possible interaction of type side chain-backbone can be the origine of this
behavior. The role of the arginine side chain in the structure stabilization is suported
by 'H and 'O NMR conformational studies of the 5, 6, and 7 peptide models
(Fig.1) [4]. The guanidinium group seems to participate in a



Fig. 1.
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Relation between *Jy, and *Jy, coupling constants as a function of the
rotational state ¢ of the N-C* bond. Data situated inside the region
between the solid line and the broken line are related to fixed ¢, angles.
Data for the GIy* @) and Gly'’ (®) of the peptides pGlu-His-Trp-Ser-Tyr-
Gly-Leu-Arg-Pro-Gly-NH., Piv-Arg-Pro-['’O]Gly-NH, M), Piv-Nle-Pro-
[’O]Gly-NH, (¢) and Gly-Leu-Arg-Pro-Gly-NH,(®).

hydrogen bonded interaction with the carbonylic oxygen of the C-terminal glycine.
A similar interaction could explain the restricted mobility around the N-C* bond of
Gly'" of LHRH. The backbone conformation of the analogues in which Gly® was
substituted by a D-amino acid and Gly'® by the -NHEt group seems to be similar to
that of the natural LHRH.
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DESIGN AND SYNTHESIS OF NEW PEPTIDES WITH
EXPECTED y-SECRETASE AND AGGREGATION
INHIBITORY ACTIVITY

Lubomir Vezenkov Todorov, Maria Georgieva Georgieva and
Donka Mondeshka Minkova

Department of Organic Chemistry, University of Chemical Technology and
Metallurgy, 1756, Sofia, Bulgaria

Introduction

The Alzheimer’s disease (AD) is a neurodegenerative illness, which affects millions
of people worldwide. AD is characterized by a progressive dementia of memory,
intellectual, speech and brain disturbances.

In our previous work we proposed a new approach to the creation of potential
inhibitors of y-secretase by synthesizing new derivatives of the 7,8-dimethoxy-1-
phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine containing dipeptides [1, 2].

In the present work, we synthesized heptapeptides containing Lys-Leu-Val-Phe-Phe
sequence bound to derivatives of N-(3,5-dichlorophenyl)-Ala-OH: N-[N-(3,5-
dichlorophenyl)-D,L-Ala]-L-Phe-OH,  N-[N-(3,5-dichlorophenyl)-D,L-Ala]-L-Val-
OH, N-[N-(3,5-dichlorophenyl)-D,L-Ala]-L-Leu-OH, N-[N-(3,5-dichlorophenyl)-
D,L-Ala]-Gly-OH. These heptapeptides were synthesized by a solid phase synthesis
using Fmoc-strategy. By the synthesis of these compounds we intended to combine
two important pharmacological effects for the treatment of the disease: inhibition of
the y-secretase by the N-(3,5-dichlorophenyl)-Ala-OH derivatives [3] and inhibition
of the B-amyloid peptide (AP) aggregation by the pentapeptide sequence [4]. The
new synthesized peptides were characterized by melting points, optical rotation,
HPLC and MS.

Result and Discussion

We synthesized the new heptapeptides by a solid phase synthesis using Fmoc-
strategy. As solid phase we used Wang-Resin (1% DVB) which is used to prepare
free C-terminal carboxyl group peptides.

We synthesised the pentapeptide Lys-Leu-Val-Phe-Phe in a high yield (~100%)
using 0.5 grams (0.5 mmol) resin and HBTU as a condensation agent, but after that
we preferred TCTU as a more reactive agent. In every step we added 4 equivalents
of the next amino acid, which was previously activated in DMF with 1.03
equivalents of TCTU and 1.05 equivalents of DIPEA at room temperature for 10
min. The synthesis of the amide bond was performed after that for 2 hours at room
temperature. We carried out the Fmoc-groups deprotection by a treatment with 20%
piperidine/DMF for 30 minutes. We followed the complete reaction of the Fmoc-
group deprotection as well as the synthesis of the peptide bond by a standard Keiser
test.



Thus obtained the pentapeptide was separated in 4 parts, which were after that
condensed with the free acids mentioned above to prepare the heptapeptides as
follows:

N-(3,5-dichlorophenyl)-D,L-Ala]-Val-Lys-Leu-Val-Phe-Phe /peptide 1/,
N-(3,5-dichlorophenyl)-D,L-Ala]-Leu-Lys-Leu-Val-Phe-Phe /peptide 2/,
N-(3,5-dichlorophenyl)-D,L-Ala]-Phe-Lys-Leu-Val-Phe-Phe /peptide 3/,

N-(3,5-dichlorophenyl)-D,L-Ala]-Gly-Lys-Leu-Val-Phe-Phe /peptide 4/.

[

[

[
- [
The new synthesized compounds were mixture of diastereomers as shown by the
MS and the HPLC data.

HPLC-profiles are as follows: peptide 1 - R= 2.49 and 2.90 min., peptide 2 - R=
2.80 and 3.17 min.; peptide 3 - R= 2.61, 2.89 and 3.14 min. and peptide 4 - R=
2.42 min.

MS-analysis show as follows: peptide 1 - M.W. = 968.08 CHNCl,, found [M+H]" =
968.07 and 969.56; peptide 2 - M.W. = 982.10 CHNCl,, found [M+H]" = 982.05
and 984.03; peptide 3 - M.W. = 1016.07 CHNCl,, found [M+H]" = 1016.64 and
1017.50; peptide 4 - M.W. = 926.04 CHNCl,, found [M+H]" = 925.95 and 927.94.

Biochemical and pharmaceutical data will be discussed in our future paper.
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Introduction

The oypP3 receptor is the most abundant receptor on the surface of platelets and can
interact with a variety of adhesive proteins including fibrinogen, fibronectin etc [1].
Fibrinogen binding on oy;,3; mediates platelet aggregation and thrombus formation.
Mapping of the fibrinogen binding domains on ayy, subunit suggested the sequence
313-332 as a putative binding site [2]. This region was restricted to sequence oy,
313-320 (YMESRADR), which inhibits ADP stimulated human platelets
aggregation and binds to immobilized fibrinogen [3]. The contribution of each
amino acid to the inhibitory activity was previously estimated [4]. Thus,
substitution of either Y>> or M*'* or E°'* by A does not affect the activity of the
parent octapeptide. Substitution of R>' or D*" by A has dramatically decreased the
activity of the octapeptide.

In this study we present the conformational analysis of three ay, 313-320 synthetic
analogues, YAESRADR (A2), YMESAADR (A5) and YMESRAAR (A7), using
NMR spectroscopy and distance geometry calculations.

Result and Discussion

Proton resonances were fully assigned through the combined use of TOCSY and
NOESY experiments. The numerous nOe’s detected concerned not only protons of
successive residues in peptide sequence (i, i+1), but also long range correlations up
to i, i+5 (in the case of AS5). Several i, i+2 nOe effects were detected mainly
between the side chain and the backbone protons. The NHs temperature coefficient
values, the deshielding of RN"H at position 5 and the broadening of N',H, are in
agreement with an interaction of guanidinium group of R’ in both A2 and A7
peptides, however less intense in the case of A7. Simulated annealing molecular
calculations were performed using nOe derived distances in order to illustrate
plausible conformations of the peptides. Common structural characteristic of
peptides A2 and A7 is the interaction between the side chains of R’ and E’,
however in A2 the guanidinium group of RS seems to form salt bridges with both
E® and D’. Peptide A5 is stabilized only by a week interaction between R® and E’
side chains. The interactions between the residue side chains provoke different
overall shape of the three molecules (Fig. 1).



Fig. 1. Bundle of representative structures of the different conformational families
resulted from the distance geometry calculations (a) and the energy
minimized structure of the most populated family (b).

The fact he orientation of R and D side chains toward the same side of the molecule
as well as the weakness of their ionic interaction contribute to increased biological
activity [5] explains the retention of activity in the case of the peptide A2. The loss
of activity in the case of A5 and A7 can be attributed either to complete alteration
of the bioactive conformation or to the absence of the charged side chain group
which is required for a direct contact with a complimentary group of the target
protein (receptor or fibrinogen).
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HIGH COMPLEXITY PROTEASE AND KINASE
PROFILING SOLUTION ASSAYS WITH READOUT ON
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Introduction

We have developed miniaturized and multiplexed assays for the measurement of
protease and kinase activities in complex samples. This technology will accelerate
research in functional proteomics and enable biologist to carry out multiplexed
protease and/or kinase inhibitor screens on a large scale. The assay readout is based
on [llumina’s universal Sentrix® BeadArrays [1, 2].

Results and Discussion

In our protease assay, unlike in the earlier techniques based on hybridizable peptide
nucleic acid (PNA) tags readable on DNA arrays [3, 4], the peptide portion in our
assay is C-terminally labeled with a biotin residue and contains a sequence of five
histidine residues on the amino terminus. Upon protease cleavage, the portion of the
peptide containing the biotin residue is detached from the oligonucleotide-peptide
conjugate. Following the reaction, all biotin containing species are captured and
removed by incubation with streptavidin beads. The cleaved conjugates that remain
in solution are captured by hybridization of their oligonucleotide sequence to
Sentrix BeadArrays and detected by a labeled antibody against the pentahistidine
tag. We have generated multiple sets of
Gr eensesn; oligonucleotide-tagged peptide substrates
et ; of different complexity (100 to 1000
=S substrates in a mixture) and have shown
that the response of individual substrates is
independent of the complexity of the
mixture. Our results demonstrated the
possibility to perform the protease assay in
a multiplexed substrate environment with
M wm wm ws %= =: high sensitivity. Fig. 1 shows the response
Anfoenbi Melh Consettratien of various model proteases.
Fig. 1. Radial plots of 1000-plex
substrate pool with model proteases.

Cleavage Ratio

We have used thrombin as a model enzyme for characterization of our assay using
the 1000-plex substrate pool (substrate concentration ~0.25 nM each). The limit of
detection (LOD) of thrombin activity using the best substrate in the pool
(IEPRSFSQ) is 27 pM. An important characteristic of the enzymatic assay is the



linear dynamic range of enzyme concentrations which could be quantified. As can
be seen from the Fig. 2, even though the linear dynamic range defined by an
individual substrate is limited (roughly one order of magnitude), the use of various
substrates combined can extend the dynamic range to over three orders of
magnitude. Thus, the multiplexed assay provides a significant improvement over
the assays utilizing only single substrate. The reproducibility of the assay allows the
user to determine a measurable fold-change of <1.5 in thrombin concentration.

Ly

Evkmkhase Factorxa Tob. Etch. Wing Prot Tipmbl

% @ Fig. 2. Titration curves of the best
thrombin substrates found in 1000-

Chymotyps Thpsh Caspase-3

plex assay. Error bars indicate the
standard  deviation of  three
hybridization replicates.

To detect kinase-dependent phosphorylation, we developed a specific chemical
modification of the electrophilic phosphate group with an amino-functionalized
dye, utilizing 1-ethyl-3-[3-dimethylaminopropyl] carbodi-imide hydrochloride
(EDC) as the coupling agent. We achieve selective phosphate labeling in a one-tube
reaction, with a carboxylate blocking step (EDC, pH 6) prior to phosphate labeling
as a key feature. Following labeling, the substrate mixture is deconvolved by
hybridization to the complementary DNA sequences on a microarray. The approach
is simple, mild, and labels all three phosphorylated amino acid residues in a variety
of peptide substrates. Our substrate pool contains a diverse set of substrates targeted
at over 50 kinases from all over the kinome. Similar to the protease assay, a broader
range of enzyme concentrations can be quantified than possible with a single
substrate. We characterized the phosphorylation signature for 26 different kinases
acting on the mixture of 900 peptide substrates (~10 nM each), and showed that
these signatures support detection of multiple kinase activities (at least 4)
simultaneously. The ability to test kinase inhibition against multiple kinases at once
provides economical screening of both novel and off-target inhibition by drug
candidates. In addition, the analysis of kinase activities in a cell extract can be
performed.
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TRITIUM LABELING OF BARUSIBAN (FE 200440), A
POTENT OXYTOCIN ANTAGONIST
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Nilsson’

!Ferring Research Institute, Inc., San Diego, CA, USA and *Ferring International
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Introduction

Barusiban, [Mpal,D-Trpz,aIle4,Abu6,MeOm—ol7]OT-(1—7), is a potent, and selective
oxytocin antagonist [1] and is currently undergoing Phase II clinical trials for pre-
term labor. Studying the drug candidate distribution and metabolism necessitated
preparation of a tritium-labeled peptide. Since barusiban contains an aromatic side
chain in position 2, the replacement of a halogen atom by catalytic reduction with a
hydrogen isotope in its halogenated precursor form, seemed to be the method of
choice for preparation of the labeled tracer. We describe here a method of synthesis
of monotritiated barusiban, comprising the preparation of the 5-bromotryptophan
containing precursor and its subsequent catalytic reductive debromination.

Results and Discussion

Catalytic reductive dehalogenation has been utilized to synthesize numerous
tritiated analogs of biologically active peptides (e.g. atosiban [2]). The labeling
procedure requires the preparation of a halogenated precursor either by direct
electrophilic iodination of a peptide or by introduction of a halogenated residue
during peptide synthesis. Since barusiban contains the sensitive tryptophan residue,
the preparation of the precursor 1 (Scheme 1) was achieved by the introduction of
commercially available racemic 5 bromotryptophan during peptide assembly.
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Scheme 1. Synthesis of brominated precursor 1; i: (1) 25% PIP, (2) o-NBS-
Cl/2,4,6-collidine/DCM, (3) MeOH/TPP/DIAD/DME, “4) 2-
mercaptoethanol/DBU/DMF, (5) Fmoc SPPS (DIC/HOBt, PIP), ii: (1)
TFA/DCM/TIS, (2) HPLC separation; iii: (1) PyBOP/DIPEA/DMF, (2)
TMSBr/thioanisole/ TFA, (3) HPLC, ion-exchange.



Thus, Fmoc-Orn(Z)-ol was first attached to 2-chlorotrityl resin in DCM containing
pyridine. The Fmoc group was replaced with the o-NBS group and the resulting
resin-bound sulfonamide was N methylated under Mitsunobu reaction conditions
(MeOH/TPP/DIAD). The o-NBS group was subsequently removed with a 2-
mercaptoethanol/DBU/DMF cocktail. The desired peptide was assembled by Fmoc
chemistry using DIC or DIC/HOBt mediated couplings. The N-terminal amino acid
was coupled as Boc-D,L-Trp(5-Br)-OH. The Z protected diastereoisomeric mixture
of linear peptides was cleaved from the resin, and the two diastereoisomers were
separated by preparative HPLC. The analogs were cyclized with PyBOP in DMF
and the Z protecting group was removed with a TMSBr/thioanisol/TFA cocktail.
The two diastereomeric peptides were purified by preparative HPLC, and the
correct isomer was identified by its conversion to barusiban upon catalytic
hydrogenation.

To optimize the bromine-tritium exchange step two solvents (MeOH and DMF) and
two different catalysts (10 % Pd/C and 5 % Pd/CaCQO;, unreduced) were tested. The
effect of bases on the course of the reaction was also examined. When Pd/C was
used, the precursor was converted to the desired product but most of the compound
was adsorbed by the catalyst. The use of Pd/CaCO; resulted in high yields and
adsorption was not observed. Of the two solvents tested, DMF consistently
provided higher reaction rates. The presence of base (DIPEA) did not influence the
course of reaction in DMF.

The optimized conditions (DMF, 5% Pd/CaCO;, 2:1 weight ratio of catalyst to
peptide) were employed to test the efficiency of labeling with deuterium gas. Using
this protocol, 75 - 85% deuterium atom incorporation was consistently achieved in
multiple runs.

The actual tritiation was performed by Active Biotech, Lund, Sweden according to
the deuteration procedure above. HPLC purification was performed using 50 mM
ammonium acetate/ethanol buffer system. Ethanol was selected since it is a
preferred solvent for storage of labeled materials and no solvent exchange was
needed after HPLC purification. The specific activity of the obtained material was
18.5 Ci/mmol (about 66% of *H atom incorporation).

In conclusion, catalytic reductive debromination of a 5-bromo-substituted
tryptophan containing precursor was found to be an excellent method for the
synthesis of tritium-labeled barusiban.
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POLYPEPTIDE SYNTHESIS VIA THE N- TO S-ACYL
SHIFT REACTION

Toru Kawakami, Ken'ichiroh Nakamura and Saburo Aimoto
Institute for Protein Research, Osaka University, Suita, Osaka, Japan
Introduction

A peptide thioester is a key building block for contemporary polypeptide synthesis
based on ligation chemistry such as the thioester method [1] and native chemical
ligation [2]. In this paper we describe a novel building block for the ligation, which
does not contain the thioester moiety. We have already reported an intramolecular
N to S acyl shift reaction under acidic conditions at the thiol containing residues
such as a cysteine residue [3] and a thiol auxiliary for peptide ligation [4]. On the
other hand, in 1985, Zanotti et al. reported that a diketopiperazine thioester, cyclo(-
Cys(COCH,Ph)-Pro-) (1) was formed when a p-nitrophenyl (Np) ester, PhCH,CO-
Cys(StBu)-Pro-ONp (2), was treated with tributylphosphine under aqueous
conditions [5]. The thioester 1 would be formed via the intramolecular N-S acyl
shift reaction followed by diketopiperazine formation. Based on these observations,
we designed an autoactivating unit, cysteinyl prolyl ester (CPE), for the peptide
ligation, and found that in fact the CPE unit acted as an autoactivating unit for the
ligation with a cysteinyl peptide, like the peptide thioester in native chemical
ligation.
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Fig. 1. CPE peptide ligation.

Results and Discussion



When a peptide, Fmoc-His-Pro-Ile-Arg-Gly-Cys-Pro-OCH,CONH, (3) was reacted
with H-Cys-Asp-Ile-Leu-Leu-Gly-NH, (4) in a tricine buffer (pH 8.2) containing 20
mM tris(hydroxypropyl)phosphine and 6 M guanidine for 24 h, the ligated product,
Fmoc-His-Pro-Ile-Arg-Gly-Cys-Asp-Ile-Leu-Leu-Gly-NH, (5), was formed and
isolated by RP-HPLC in 60% yield. The glycine residue at the ligation site could be
replaced by alanine, leucine, or valine residue, and ligated products were obtained
in similar yields, respectively.

The peptide having the CPE unit can be prepared directly by standard Fmoc solid
phase peptide synthesis, whereas the peptide thioester cannot because the thioester
moiety is decomposed by piperidine treatment for the removal of the Fmoc group.
Furthermore, the reactivity of the CPE autoactivating unit can be controlled by
introducing a protecting group on the thiol of the cysteine residue. Therefore the
direction of ligation reaction, toward the N or C terminus, can be easily controlled.
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SEMISYNTHESIS OF GLYCOPEPTIDE HORMONE
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Introduction

Androgenic gland hormone (AGH) is a heterodimeric glycopeptide hormone, which
regulates sex differentiation in crustacea [1]. We previously achieved the chemical
synthesis of AGHs carrying homogeneous carbohydrates [2]. First, A chain
carrying GIcNAc, chitobiose, N-linked pentasaccharide or Man-GlcNAc-
GlcNAc(Fuc) at Asnl8 was prepared by the SPPS combining with our benzyl
protection strategy at the carbohydrate portion. After B chain was also prepared by
SPPS, two chains were crosslinked using selective disulfide bond formation to give
AGHs carrying distinct carbohydrates. However, the biological activity was lower
than the native AGH. A possible explanation of this problem is the failure in the
folding of this glycopeptide. AGH is expressed as a single polypeptide chain and
then processed into heterodimeric form by the removal of C-peptide [1].
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Thus, we assumed that C-peptide, which connects two peptide chains in the
proAGH, is essential for the proper folding of AGH. In this presentation, we
prepared proAGH carrying homogeneous carbohydrate by the semi-synthetic
approach.

Result and Discussion

The glycosylation site exists at the C-terminal region of proAGH. Thus, this
polypeptide was constructed by the condensation of large N-terminal peptide,
which was prepared by recombinant DNA technology, with short C-terminal
synthetic glycopeptide as shown in figure below. The N-terminal portion was
expressed in E. coli using intein-mediated peptide thioester preparation (IMPACT
system). cDNA of AGH corresponding to B chain, C peptide and A chain (1-16)
was cloned into the Nde I-Sap I-treated plasmid pTWIN1. The DNA was expressed
as a fusion protein with Mex GyrA intein and carbohydrate binding domain (CRD)
in E. coli ER2566 strain.
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On the other hand, [Asn(GIcNAc)'®]-A chain (17-28) was chemically synthesized
by the Fmoc method starting from Fmoc-Tyr(Bu)-OCH,-Wang-resin. Asnl8 was
introduced using Fmoc-Asn(GlcNAcBn);. After the completion of the chain
assembly, the resin was treated with Reagent K, followed by the low-TfOH
treatment [3, 4] to remove benzyl groups at the carbohydrate portion. After HPLC
purification, the desired glycopeptide was obtained.

The ligation of two components was carried out in 0.1 M phosphate buffer (pH 6.9)
containing 6 M guanidine hydrochloride and 2% thiophenol under nitrogen
atmosphere. After overnight reaction, a new band, which shows slightly larger
molecular weight than the N-terminal polypeptide thioester, appeared on SDS
PAGE, indicating that the ligation reaction proceeded smoothly. The desired
proAGH was purified by GFC. Currently, we are examining the folding of the
obtained proAGH as well as the preparation of proAGH carrying more complex
carbohydrate portion.
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"CLICK PEPTIDE": A NOVEL "O-ACYL ISOPEPTIDE
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In 2003, we had a surprising discovery that the isomerization of the peptide
backbone from the N-acyl to O-acyl isopeptide structure, i.e., formation of one
single ester bond, significantly changed the unfavorable secondary structure of the
difficult sequence-containing peptides. Thus, this finding led to the development of
the “O-acyl isopeptide method” as a novel method in the field of peptide science
[1]. Interestingly, shortly after we disclosed the “O-acyl isopeptide method”, Mutter
et al. [2], Carpino ef al. [3] and Borner et al. [4] also confirmed the efficacy of the
method.

We further designed “O-acyl isodipeptide unit”, e.g., Boc-Ser/Thr(Fmoc-Xaa)-OH.
The use of isodipeptide units, in which the racemization-inducing esterification
reaction could be omitted, allows the application of “O-acyl isopeptide method? to
fully automated protocols for the synthesis of peptides/proteins.

In Chemical Biology-oriented research, we have successfully applied the “O-acyl
isopeptide method” to the synthesis of Alzheimer’s disease (AD)-related amyloid
peptide (AP) 1-42 analogues, leading to the development of “Click Peptide”. The
“Click Peptide” did not exhibit the self-assembling nature under physiological
conditions because of one single ester, and could migrate to the original Af1-42
with a quick and easy one-way conversion reaction (so-called “click”) via an O-N
intramolecular acyl migration. The “Click Peptide” method would open doors for
the investigation of the biological functions of AB1-42 in AD by inducible
activation of AB1-42 self-assembly.

Moreover, very recently, we have developed a novel “racemization-free segment
condensation” based on the “O-acyl isopeptide method”. We hope that the strategy
using the “O-acyl isopeptide method”, in which a simple isomerization to an O-acyl
isopeptide remarkably, temporarily changes the physicochemical properties of the
native peptide, and an O-N intramolecular acyl migration triggers the native amide
bond formation under physiological conditions, will further contribute to peptides
and proteins studies.
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Introduction

The introduction of anti-cancer agents, paclitaxel (Taxol) and docetaxel (Taxotere),
has revolutionized the treatment of cancer. Moreover, other taxoids have been
recently developed with improved antitumor potency. However, despite the promise
that these agents have engendered, their poor water-solubility is a serious problem
in intravenous administration. To overcome this problem we have developed new
prodrug strategy based on, a well-known reaction in peptide chemistry, O—-N
intramolecular acyl migration. Prodrugs of paclitaxel and other taxoids, 2°-O-acyl
isoforms of parent drugs, showed higher water-solubility and promising kinetics
data [1 - 4].

Results and Discussion

Taxoids can be divided into two groups, 3’-N-acyl derivatives such as paclitaxel
and 3’-N-alkoxycarbonyl derivatives such as docetaxel. Therefore, our prodrug
strategy was also applied to carbamate-type taxoids. This study demonstrates for the
first time the pure O-N intramolecular carbonate-carbamate migration reaction
which proceeds under aqueous conditions with no side product formation [4]. The
first successful application of this reaction in a prodrug strategy was demonstrated
with the same promising data as for acyl migration. Thus, our prodrug strategy can
be extended to carbamate derivatives of taxoids except for Boc. All prodrugs
showed a significant increase in water solubility and promising kinetic data. These
prodrugs, a 2’-O-isoform of taxoids, have no additional functional auxiliaries
released during conversion to the parent drugs. This would be an advantage in
toxicology and general pharmacology, since the detergent for solubilization, which
has some side effects, can be omitted and the potential side effects caused by
reported auxiliaries can be avoided. Therefore, we can recommend this strategy as a
first choice for water-soluble prodrug design for other drugs if O-N acyl or
carbonate-carbamate intramolecular migration is possible. In addition, the O-N
intramolecular carbonate-carbamate migration can be provided under aqueous
conditions and with no side product formation such as previously reported
oxazolidinone or product of carbonate hydrolysis. This migration occurred as a
common reaction of hydroxyamino acids, namely carbonate protective groups
migrated to produce amino-protected carbamate derivatives of hydroxyamino acids
with high efficiency and purity [5]. For example, a benzyloxycarbonyl (Z) group



migrated quantitatively from the oxygen to nitrogen atom under mild basic aqueous
conditions. Therefore, this atom-economical reaction can provide a useful tool for
peptide as well as organic chemists as typical and widely used protective groups
can undergo this reaction.
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A clear understanding of the pathological mechanism of amyloid B peptide (Ap) 1—
42, a currently unexplained process, would be of great significance in the discovery
of novel drug targets against Alzheimer’s disease (AD). To date, it is known that
the pathological mechanism is related to the AB1-42 dynamic events such as the
folding, polymerization, and aggregation processes. However, the elucidation of
these AB1-42 dynamic events is a difficult issue due to uncontrolled self-assembly,
that also poses a significant obstacle in establishing an experimental system that
clarifies the pathological function of AB1-42.

Recently, we have developed the “O-acyl isopeptide method” for peptide synthesis,
in which a native amide bond at a hydroxyamino acid residue, e.g., Ser was
isomerized to the ester bond, followed by an O-N intramolecular acyl migration
reaction [1]. Moreover, we successfully applied this method to an efficient
synthesis of AB1-42 (1) [2].

In this context, on the basis of the “O-acyl isopeptide method”, we have developed
a novel Chemical Biology-oriented analogue, photo-triggered “Click Peptide” of
AP1-42 (1), eg, ‘“26-N-Nvoc-26-AIAB42 (2)” in which a 6-
nitroveratryloxycarbonyl (Nvoc) group was introduced at Ser’® in 26-O-acyl
isoAB1-42 (26-A1AB42) [3].

From the results, 1) the click peptide 2 did not exhibit the self-assembling nature
under physiological conditions due to one single modified ester; 2) photo-
irradiation of the click peptide 2 and subsequent O—N intramolecular acyl migration
afforded the intact AB1-42 (1) with a quick and one-way conversion (so-called
“click”); and 3) no additional fibril inhibitory auxiliaries were released during
conversion to AB1-42 (1).

This click peptide provides a novel system useful for investigating the dynamic
biological functions of AB1-42 in AD.
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In regard to the synthesis of difficult sequence-containing peptides, we have
recently disclosed an “O-acyl isopeptide method”, in which a native amide bond at
a hydroxyamino acid residue, e.g., Ser was isomerized to the ester bond, followed
by an O-N intramolecular acyl migration [1].

In the synthesis of Ac-Val-Val-Thr-Val-Val-NH, (1) by O-acyl isopeptide method,
Boc-Thr-OH was coupled to the H-Val-Val-NH-resin, and subsequent acylation
with Fmoc-Val-OH to the B-hydroxyl group of Thr was performed using the
DIPCDI/DMAP method in CH,Cl, to obtain ester. After coupling with another Val
residue, N-acetylation and TFA treatment, O-acyl isopeptide TFAx2, H-Thr(Ac-
Val-Val)-Val-Val-NH, was obtained. However, a large amount of racemization
(21%) of the esterified Val residue occurred in the DIPCDI/DMAP method [2].

To avoid this problem, we have developed a novel “O-acyl isodipeptide unit”, Boc-
Ser/Thr(Fmoc-Xaa)-OH. For the synthesis of 1 based on the O-acyl isopeptide
method, the O-acyl isodipeptide Boc-Thr(Fmoc-Val)-OH was coupled to the H-
Val-Val-NH-resin using the standard DIPCDI/HOBt method to obtain isopeptide-
resin. After coupling with another Val residue followed by N-acetylation and 92.5%
TFA treatment, O-acyl isopeptide TFAx2 was obtained. HPLC analysis of crude 2
exhibited a high purity of the desired product 2 with no byproduct derived from the
difficult sequence or racemization. Additionally, when TFAX2 was dissolved and
stirred in phosphate buffered saline (pH 7.4) at rt, quantitative O—N intramolecular
acyl migration to the corresponding parent peptide 1 was observed with no side
reaction.

A novel “O-acyl isodipeptide unit”’, Boc-Ser/Thr(Fmoc-Xaa)-OH has been
successfully used for the efficient synthesis of difficult sequence-containing peptide
based on the “O-acyl isopeptide method” in which racemization-inducible
esterification could be omitted, suggesting that the use of O-acyl isodipeptide units
allow the application of this method to fully automated protocols for the synthesis
of long peptides or proteins.
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Introduction

It is recognized an N-S acyl shift reaction might occur at a cysteine residue in
peptides to some extent under acidic conditions. However, the N-S acyl shift
reaction has not been studied in details. In 1966, Sakakibara et al. referred to a
possible N-S acyl shift reaction during the treatment of a cysteine-containing
peptide with anhydrous hydrogen fluoride [1]. Vizzavona et al. recently reported
that 4,5-dimethoxy-2-mercaptobenzyl (Dmmb) group-attached peptide generated a
more polar compound on reversed-phase HPLC when the peptide was treated with a
trifluoroacetic acid (TFA) solution [2].

Peptide thioesters are widely used as building blocks for polypeptide syntheses. An
N-S acyl shift reaction is a key step in the protein splicing reaction [3, 4], which has
been applied to the biological production of peptide thioesters [5]. If it were
possible to accomplish an N-S acyl shift reaction of a peptide bond triggered by a
chemical process such as TFA treatment, the reaction would offer a new basis for
the development of a method for preparing peptide thioesters as well as for the
chemical modification of proteins.

In this paper, we describe the evidence that an S-peptide is formed via an N-S acyl
shift reaction in a TFA solution at a cysteine residue and also at the Dmmb group-
attached amide bond in peptides. We also show that a 2-sulfoethyl thioester is
formed in the reaction of the TFA-treated Dmmb-group-attached peptide with
sodium 2-mercaptoethanesulfonate.

Results and Discussion

We analyzed products that were generated from thiol-containing peptides with a
TFA solution. *C NMR spectroscopy indicated that 80% of Fmoc-Ile-Arg-Gly(1-
13C)-Cys-Arg-NH, (1) was transformed into a corresponding peptide thioester 2 in a
TFA solution containing 29% CDCI; (v/v) after 900-h storage. An amide bond in a
dipeptide, Fmoc-Gly(1-"*C)-D,L-(Dmmb)Ala-OMe (3), was also transformed into
S-peptide 4 to the same extent in a TFA solution containing 14% CDCl; (v/v) after
48-h storage.

These results indicate that the N-S acyl shift reaction widely occurs under acidic
conditions. S-peptide 4 was successively converted into a corresponding thioester,
Fmoc-Gly(1-13C)-SCH2CHZSO3H in the presence of sodium 2-mercaptoethane-
sulfonate.
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Fig. 1. N-S acyl shift reaction in a TFA solution.
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Introduction

The accumulation of B-amyloid peptide (AP) is as a major factor in the
pathogenesis of Alzheimer’s disease. AP is formed by proteolytic processing of
amyloid precursor protein (APP). Two enzymes, B-secretase (BACE1l) and y-
secretase, are responsible for the sequential processing of APP. Since the cleavage
of APP by B-secretase is the first step in AP formation, BACEI plays a critical role
in the progression of AD [1].

Results

In our previous study, we reported potent and small-sized BACE1 inhibitors
containing phenylnorstatine [(2R,3S)-3-amino-2-hydroxy-4-phenylbutyric acid;
Pns] at P1 position as a transition-state mimic. In developing more active
compounds, we focused our attempts on the P1 position, where we replaced the Pns
by its thio-derivative. Herein, we present the synthesis of a novel
phenylthionorstatine [(2R,3R)-3-amino-2-hydroxy-4-(phenylthio)butyric acid; Ptns]
as a P1 moiety, and then, an application to the BACE]1 inhibitors design.We have
synthesized Ptns starting from readily available N-benzyloxycarbonyl-serine and
after multistep reaction (including Weinreb amide formation, thiophenyl group
introduction, through cyanohydrin derivative the transformation into the 2-hydroxy
ester and then acid). We have synthesized Ptns, and then the (2R,3R)-enantiomer
was applied to SPPS (solid phase peptide synthesis). The peptide inhibitors, octa-
and pentapeptide-type inhibitors of BACE1 containing Pns or Ptns at the Pl
position, were adopted to enzyme assay using a recombinant human BACEI and a
fluorescence-quenching substrate, and showed high BACEI inhibitory activity.

Discussion

A novel derivative of Pns, Ptns, was synthesized, and evaluated in comparison to
corresponding Pns. Our attempts to replace Pns by its thio-derivative in octapetide
type structure led us to KMI-172 (H-Glu-Val-Leu-Ptns-Asp-Ala-Glu-Phe-OH), an
analogue of KMI-008 [2] (H-Glu-Val-Leu-Pns-Asp-Ala-Glu-Phe-OH). Then, we
reduced the size of inhibitors from octapeptides to pentapeptides. Compound KMI-
122 (H-Glu-Val-Leu-Pns-Asp-OH) was a lead compound for pentapeptide series in
our previous study [3]. Its Ptns counterpart possessed similar to Pns potency. After
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modification at P1’ position, where Asp was replaced by 3-aminobenzoic acid, and
then combined with N-terminal optimization, we found out potent inhibitor KMI-
538 with inhibitory activity 86% of BACEI inhibition at 200 nM of enzyme
concentration, while its Pns analogue KMI-494 possessed 80% of BACEI
inhibition at the same concentration of enzyme. This study suggests possibilities of
the application of Ptns to develope inhibitors against other aspartyl proteases.
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Introduction

Paclitaxel (Taxol) is considered to be one of the most important drugs in cancer
chemotherapy. However, this agent has no specificity for the target tumor tissues,
which leads to systemic toxicity. A lot of prodrugs of paclitaxel have already been
designed; however, none of them is available in clinical use. Photodynamic therapy
(PDT) is used for cancer treatment. This technique is based on the administration of
a sensitizer devoid of mutagenic properties, followed by the exposure of the
pathological area to visible light. Photoactivation also affords a useful technique in
life science to monitor biological processes by using so called “caged” compounds.
These compounds are artificial molecules whose biological activity is masked by a
covalently attached photocleavable group which can be selectively removed upon
light activation to release parent bioactive molecules. Recently, we applied this
caged strategy for a controlled generation of intact amyloid B peptide 1-42 (ApB1-42)
for the study of Alzheimer's disease [1].

Results and Discussion

Taking all those three strategies (prodrug, photodynamic therapy, and caged
compound chemistry) into consideration, we designed a photoresponsive targeting
prodrug of paclitaxel, namely phototaxel [2], which has a coumarin derivative
conjugated to an amino group of isotaxel (O-acyl isoform of paclitaxel [3 - 5]).
Phototaxel was prepared from 7-N,N-Diethylamino-4-hydroxymethyl coumarin
(DECM) and 3’-N-debenzoylpaclitaxel. Upon visible light irradiation (430.6 nm)
this prodrug released isotaxel (t;, = 4.8 min), and subsequent spontaneous O-N
intramolecular acyl migration (t= 15.1 min) formed intact paclitaxel. This delay of
parent drug release after irradiation (related to migration of benzoyl group) is
supposed to be short enough to avoid the intermediate (isotaxel) diffusion from the
photoirradiated site before the parent drug is released. Moreover, we recently
demonstrated much faster O-N intramolecular acyl migration in other highly potent
taxoids [4 - 6]. Prodrug design based on the O-N intramolecular carbonate-
carbamate migration reaction [7], exhibited even instantaneous conversion to a
parent carbamate-type taxoid [5]. Phototaxoids derived from these type of taxoids
would be more effective without risking diffusion from the irradiation site. In
conclusion, we synthesized and evaluated a novel type of paclitaxel prodrug. This



prodrug showed promising kinetic data. Therefore, we believe that photoactivation
can be promising novel strategy for design of tumor-targeting prodrugs.
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Introduction

Symbols and Special Characters Symbols and Special CharactersTo add a symbol
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Click on the the symbol you would like to add In the last decade a number of insect
peptides, structurally related to neuropeptide FMRF-amide has been identified.
These peptides share the conserved X' X?RF-amide (where X' =R or Fand X*=L)
sequence at their C-terminal ends. Among them two peptides, Led-NPF-1
(ARGPQLRLRFamide) and Led-NPF-2 (APSLRLRF-amide) were isolated from
the brain of Lepitonotarsa decemlineata [1] as well as Mas-MT-I, II and III
(pEDVVHSFLRF-amide, GNSFLRF-amide, DPSFLRF-amide) which originated
from the brain of Manduca sexta [3]. The object of our investigation was synthesis
of two groups of peptides. There are: 1/ Led-NPF-1 (I), Led NPF-2 (II) and its 14
analogues with a fragment sequence such as: [2-10] - (III), [3-10] - (VD), [5-10] -
(V), [6-10] - (VI), [7-10 ]- (VII) and [8-10] - (IX)-Led-NPF-1 and analogues where
C-terminal Phe-amide was replaced by Phe-OH(X), and amides of D-Phe (XI), Tyr
(XII), Phe(4-NO,) (XIII) and Phe(4-N,N-di-Me) (XIV) and 2/ Mas-MT II (XV)
and its analogues with shortened sequence [4-7 ]- (XVI), [3-7] - (XVII) and [2-7] -
Mas-MT-III (XVIII).

Led-NPF-1, Led-NPF-2, Mas-MT-II and analogues were synthesized by the
classical solid-phase method according to the Boc procedure. All peptides were
purified by preparative HPLC on a RP-C-18 column.

Biological effect was evaluated by the cardiotropic test on the semi-isolated heart of
two insect species: Tenebrio molitor and Zophobas atratus according to the method
of Rosinski and Géde [2]. In the preliminary investigation we found, that the Led-
NPF-1 and its analogues show cardioinhibitory effect, while Mas-MT-III and
analogues stimulated heartbeat in two insect species, similar to proctolin.

Results and Discussion

Both peptides (Led-NPF-1 and Led-NPF-2) induce a decrease in the heartbeat
frequency and amplitude contractions and have the ability of inhibition of the
endogenic contractile activity of the myocardium of Tenebrio and Zophobas. The
heart of Tenebrio is inhibited by both peptides at the concentration range of 10-> —
10-* M, whereas the heart of Zophobas is inhibited by them at lower concentrations

Table 1. Myotropic effect on the heart of Led-NPF-1, Led-NPF-2, Mas-MT of their
analogues in insect.



Effect onthe heart of insect relative to
proctoline (%) (£ 3ER 7-100

Z. atratus T. molitor
R at cotwentr ation at concentration
1o 10? g 108
ithibitory effect  stimudatory effect  stimodlatory effect  stinodatory effect
Froctoline 100 100 100 100
[ 67 f g 2
I 05 f S =
II1 -20 11 o g
v -46 10 - -
v 53 17 - -
Vi -45 10 . -
=V - B 36 27
VI - - 56 31
ZVII £ x 51 45
VI £ x 31 21

(107 = 10®). Thus there seems to be a species-specific action of the NPF-related
peptides which might depend on the sequence of these peptides. The differences in
cardioinhibitory activity of both peptides can be in part attributed to differences in
their potency and efficiency. Possibly, Led-NPF-1 and -2 are structurally more
related to a native NPF-peptide of Zophobas (and thus better agonist) than to
peptide(s) of Tenebrio. At present there is no information on the chemical structure
of the native NPF-peptides of Tenebrio and Zophobas.

The carried out studies have been shown the cardiostimulatory action of Mas-MT-
IIT and its analogues on semi-isolated heart of Tenebrio molitor. The peptides XVI
and XVII have the strongest stimulatory activity, similar to the proctoline, however
XVIII and XYV are less potent cardiostimulators.
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Introduction

Protein p53 is one of the main targets in oncology research due to its high mutation
frequency in human cancers. Some mutations affect its tetramerization domain
compromising the ability to form the active tetramer. This is the case of R337H,
associated to adrenocortical carcinoma [1]. Molecules which stabilize the tetrameric
structure of p53 could rescue the functionality of those mutants. Pursuing this goal,
calix[4]arene ligands have been structure-based designed and synthesized (Fig. 1
and 2). The results of a biophysical
study of the interaction of ligands
calix_bridge and calix[4]prop with
the tetramerization domain of wild-
type p53 (p53wt) and mutant R337H
are here reported.

Fig. 1. Interaction model of
calix[4]arens with p53
tetramerization domain

Fig. 2. Designed
calix[4]arenes
ligands: a)
calix_bridge
and b)
calix[4]prop

Results and
Discussion




a) Calix_bridge

Structural characterization of calix_bridge interaction has been done by NMR. '"N-
'H-HSQC spectra show how protein signals shift in the presence of the calixarene,
being the most affected those of residues near the designed binding region.
Saturation transfer experiments ('H-STD) on the ligand have allowed calix_bridge
mapping, which completely agrees with the way it was designed.

Protein thermal stability has been evaluated by differential scanning calorimetry
(DSC) and circular dichroism (CD). Calix bridge increases R337H melting
temperature by 20 °C. Furthermore, CD spectra show that the calixarene stabilises
the secondary structure of R337H. For pS3wt no significant changes are observed.

Isothermal titration calorimetry (ITC) has determined that the interaction is
endothermic, thus entropy driven. Data best fit models of sequential binding sites.

In conclusion, calix_bridge behaves as it was designed to.
b) Calix[4]prop

Calix[4]prop exhibits an amazing different behaviour, and results suggest that its
interaction is causing not only thermal stabilization but also an structural change.

By ""N-'H-HSQC it has been observed that calix[4]prop decreases protein signal
intensity, up to a point (around 1 equivalent) when they disappear and a whole new
set of signals appears. Some of these new signals even shift when adding more
calixarene.

CD spectra in the presence of the calixarene clearly show a change in the secondary
structure of the protein, thus leading to hypothesize that new NMR signals may
correspond to a new structural species. In spite of causing a lost in the a-helix
component, the presence of calix[4]prop thermally stabilizes the proteins. By DSC
and CD it has been found that R337H melting temperature increases by 30 °C,
while p53wt by 6 °C.

Two energetic processes can be distinguished by ITC. A first endothermic process
is observed at low stoichiometries. A second exothermic process becomes
predominant at the same stoichiometries described for the NMR changes.
Experimental data do not fit to any of the standard binding models, thus suggesting
a more complicated interaction mechanism.

Many questions remain to be answered for calix[4]prop interaction. However, it is
important to notice what a role plays the flexibility of the propyl groups in the
calixarene ligand interaction.
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Introduction

Homopolymeric amino acids (HPAAs) are polypeptides consisting of the same
amino acids. Some of them play a relevant role in the formation of several
neurodegenerative diseases. Most probably the poly-(Ala) and poly-(Gln) are the
best representatives of these peptides because of their important biological effects.
Therefore, our aims were to perform conformational analysis and to investigate the
secondary structural elements as well as intramolecular H-bonding patterns of these
two HPAAs.

Results

To explore the conformational spaces of poly-(Ala), and poly-(Gln), peptides with
different lengths (n = 7, 10 and 14), simulated annealing (SA) calculations were
carried out with the AMBER 8 program [1]. For the SA simulations, the AMBER
99 force field [2] and the generalized Born solvent model were applied. Two
different forms of the abovementioned HPAAs were modelled: either with charged
N-terminal amino group and C-terminal carboxyl group or with the N- and C-
termini blocked by acetyl and N-methyl amide groups, respectively.

For the conformers obtained from the SA calculations, the occurrence of various
secondary structural elements (different types of B-turns, y- and inverse y-turns, o-
helix, 3o-helix, poly-proline II helix as well as parallel and antiparallel B-strands)
was investigated. These results showed that for the poly-(Ala), and poly-(Gln),
peptides, various secondary structures including mainly type I and type III B-turns,
a-helix, 3o-helix and antiparallel B-strand could be found along the entire sequence
of molecules. Among the conformers of the HPAAs, several structures were
observed, in which not only one, but two or more B-turns appeared either
consecutively or in separated tetrapeptide units. Additionally, a- and 3;¢-helical as
well as antiparallel B-strand-like segments with different lengths were also
identified in the investigated peptides.

For the conformers of both HPAASs, the intramolecular H-bonds formed between
the backbone atoms were determined. Furthermore, the H-bonds evolved between
the backbone and side-chain atoms as well as between the side-chain atoms of
different residues were also identified for the poly-(Gln), peptides. In accordance



with the presence of B-turns, 3;- and a-helical segments, mainly i«—i+3 and i«i+4
H-bonds formed between the backbone atoms were observed for both HPAAs.
Moreover, in the case of poly-(Gln), peptides, further different intramolecular H-
bonds appeared by the participation of CO and NH groups of the Gln side-chains.

Discussion

The results of the conformational analysis pointed out that the poly-(Ala), and poly-
(GlIn), peptides can be characterized by different secondary structural elements, and
together with their occurrences, characteristic H-bonding patterns could be
observed for the HPAAs. In the case of terminally blocked form of peptides, larger
populations of the abovementioned secondary structural elements were found
compared to the zwitterionic form of molecules with the same length. For the
conformers of the HPAAs, B-turns appeared in any segment consisting of four
amino acids along the entire sequence of peptides. The periodic secondary
structural elements (a-helix, 3jo-helix and antiparallel B-strand) evolved mainly in
the tri- and tetrapeptide units, however, longer helices and strands also appeared in
a smaller number.
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Introduction

Indolicidin is a 13-residue antimicrobial peptide (H-ILPWKWPWWPWRR-NH,),
which was isolated from bovine neutrophils [1]. This molecule possesses a wide
spectrum of antibacterial, antifungal and antiviral activity, furthermore it has also
haemolytic effect. Data derived from previous structural investigations led to
considerably diverse conclusions regarding its secondary structure, therefore the
aim of this study was to examine the effect of cis-trans isomerization on the
conformational properties of this antimicrobial peptide.

Results

The conformational analysis of indolicidin containing cis or trans Xxx-Pro peptide
bonds was performed by simulated annealing (SA) calculations with the use of
AMBER 99 force field [2] and generalized Born solvent model. The SA
simulations were carried out with the AMBER 8 program [3]. The indolicidin was
modelled in two forms regarding the three Xxx-Pro peptide bonds: for either of
them, the abovementioned peptide bonds were kept in trans configuration (all-
trans), and for the other, the peptide possessed three cis Xxx-Pro peptide bonds (all-
cis).

For the conformers of indolicidin with cis or trans Xxx-Pro peptide bonds, the
evolving secondary structural elements were examined. In the case of all-trans
isomer, type I and III B-turns were observed in certain tetrapeptide units, which
contain Pro in the second position. Nevetheless, 31o- and poly-proline II helical
segments also appeared along the sequence of peptide possessing trans Xxx-Pro
peptide bonds. For the all-cis isomer, type VI B-turns were identified in those
tetrapeptide units, in which Pro is located in the third position. In the case of both
isomers, B-turns and 3j(-helical segments occured in tetrapeptide units containing
Pro in the first position, especially at the C-terminal part of peptides.

In the case of indolicidin, various intramolecular interactions may play an important
role in stabilizing the structure of conformers. Therefore the presence of the H-
bonds between backbone atoms, the aromatic-aromatic interactions between the
side-chains of Trp amino acids and the proline-aromatic interactions between the
side-chains of Trp and the pyrrolidine ring of Pro amino acids was investigated.
According to the occurrences of B-turns and 3;,-helical segments, i«<—i+3 H-bonds
formed between the backbone atoms were observed in certain tetrapeptide units. In



both isomers, aromatic-aromatic interactions were identified between the indole
groups of Trp side-chains, however few types of them had large population.
Proline-aromatic interactions formed between the Pro and the following Trp were
found in both all-trans and all-cis isomers, while large populations of the
interactions between the Pro and the preceding Trp were observed only for all-cis
form.

Discussion

The conformational comparison of the peptides possessing cis or trans Xxx-Pro
peptide bonds resulted in different secondary structural elements for both isomers.
In spite of the differences, the C-terminal part of all-trans and all-cis forms showed
partly similar conformational properties. The occurrences of various intramolecular
interactions are in agreement with the observed secondary structures. The H-bonds
play a role in the stablilization of type I and III B-turns as well as 3,y-helical
segments, while the proline-aromatic interactions contribute to the stability of type
VI B-turns.
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Introduction

The Tyr-MIF-1 family of peptides includes MIF-1, Tyr-MIF-1 are endogenous
neuropeptides with opiate modulating and other effects in the central nervous
system [1]. Tyr-MIF-1 is a novel peptide structurally related but immunoreactively
different from MIF-1 [2]. Addressing this problem, we applied NADPH-d
histochemistry and tyrosine hydroxylase and in order to determine distribution
patterns of tyrosine hydroxylase (TH)-immunoreactive axonal elements and density
of NADPH-d-reactive neurons in rat striatum treated with MIF-1 and Tyr-MIF-1
for similar properties.

Materials and Methods

We used Wistar rats treated intraperitoneally with MIF-1 and Tyr-MIF-1 (1 mg/kg)
to study the histochemistry for NADPH-d and the immunocytochemistry for TH in
the striatum. Morphometric analysis was performed using a microanalysis system
(Olympus CUE-2). Data were compared by Student’s t-test.

Results and Discussion

Different types of neurons are stained for NADPH-d such as large to small ovoid
aspiny neurons in all parts of striatum. The staining patterns of NADPH-d-reactive
neurons are comparable with those completed by the Golgi method. Their dendrites
can be followed a long distance away from the cell body (Fig. 1).

A

Fig. 1. The NADPH-d-reactive interneurons in the caudal division of the striatum.
x]20.

Analyses of the quantitative data reveal that none of these two experiments altered
the density of the NADPH-d-reactive neurons per mm2 in the striatum for rats
treated with MIF-1 or Tyr-MIF-1 (Fig. 2).
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Fig. 2. Statistical analysis of NADPH-d-reactive neurons density measures in
dorsal striatum revealed no significant differences for rats treated with MIF-
1 or Tyr-MIF-1. (P<0.1). Values are presented as means £ standard error
of the mean (S.E.M.).

The semiquantitative analysis revealed different representation of TH
immunoreactive axonal elements. The highest concentration of TH immunoreactive
axonal elements was found in the rostrally than caudally across its anteroposterior
axis (Fig. 3).

Fig. 3. TH immunoreactive fibers and axonal terminals were more abundant
rostrally (4) than caudally (B). x25.

In summary MIF-1 and Tyr-MIF-1 may affect distribution patterns of TH-
immunoreactive axonal elements and density of NADPH-d-reactive neurons in the
striatum.
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Acyclovir, 9-[(2-hydroxyethoxy)methyl]guanine (ACV) is an acyclic guanine
nucleoside analogue that is widely used clinically as an antiherpetic agent. Its
limited absorption (15% - 20%) in humans after oral administration prompted the
search for prodrugs. A possible way to increase the bioavailability is by modifying
the known antiviral drugs with various amino acids.

The aim of this study was to design and to synthesize of new thiazole containing
amino acids (Val, Thz) ester prodrugs of acyclovir and to explore their activity on
the HSV-1.

Synthesis of thiazole containing amino acid (Val, Gly) ester prodrugs of acyclovir
involved formation of N-Boc protected amino acid anhydrides, coupling of the N-
Boc protected amino acid anhydride with acyclovir, and deprotecting the amino
group of the amino acid ester of acyclovir.
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Figure 1.

The two examined derivatives and acyclovir as referent drug were applied in
concentration 10, 5, 1 and 0.5 pg/ml. The Val-thiazole-4-yl-acyclovir and 2-
aminomethyl-thiazole-4-yl-acyclovir shown insignificant effects on the herpesvirus
replication — 20 and 10% inhibition respectively. Whereas the referent drug
inhibited the viral replication completely in same dose (10 pg/ml).
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These results suggest that Val-thiazole-4-yl-acyclovir and 2-aminomethyl-thiazole-
4-yl-ACV may be attractive in higher concentrations for antiviral chemotherapy
obligatory with lower cytotoxicity effect in comparison with the effective
nucleoside analogs.

Design of amino acid prodrugs seems to be an attractive strategy to enhance the
solubility of the otherwise poorly aqueous soluble compounds and also to afford a
targeted and possibly enhanced delivery of the activedrug.

An implicit proof of this assumption is the fact that L-valyl ester of acyclovir
(valacyclovir) shows bioavailability of 60%.
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A method of Influenza A hemagglutinin (HA) spikes cleavage by enzyme
bromelain in the presence of 50 mM B-mercaptoethanol [1] was initially employed
for HA ectodomains crystallographic study [2]. The remaining spikeless subviral
particles were used by us earlier for HA2 C-terminal fragment extraction and mass
spectrometric (MS) study [3]. For structural investigation of HA2 C-terminal
fragments and membrane-associated matrix M1 protein, we had to optimize
conditions of the subviral particles preparing.

Among proteolytic enzymes probed (thermolysin, subtilisin Carlsberg,
chymotrypsin, bromelain) bromelain (Sigma, Cat. No. 5144) has demonstrated the
highest hydrolytic activity in relation to HA spikes. Bromelain activity was
measured against high specific chromogenic substrate for cysteine proteases assay -
Glp-Phe-Ala-pNA. The enzyme exhibited maximal activity in the presence of 1 - 5
mM B-mercaptoethanol, while 50 mM B-mercaptoethanol reduced enzyme activity
dramatically. It was shown that 1.3x10"M E-64 (Sigma) was enough for complete
inhibition of bromelain reaction.

Kinetics experiments with Influenza A virions revealed that most part of HA
became digested by bromelain in the presence of 5 mM B-mercaptoethanol for 1.5
h; all HA was removed for 3h (Fig. 1A). In the absence of reducing agent,
bromelain also removed HA spikes but slower: complete spikeless particles could
be prepared for 6 h.

Several additional protein bands in a range of about 9 - 23 kDa were detected by
SDS-PAGE analysis of the subviral particle preparations (Fig. 1B). These bands
were analyzed by MALDI-TOF MS after in-gel trypsin hydrolysis and by N-
terminal sequencing. They were shown to be fragments of M1 protein. These
fragments didn’t appear if virions were incubated at 37 °C with trypsin having no
ability to digest HA, or without any enzyme. The M1 protein destruction was



Bromelain digestion in the presence
of 5 mM B-mercaptoethanol
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Fig. 1. Bromelain digestion of Influenza virions at 37 °C. (4) SDS-PAGE
densitometry analysis of the subviral particles prepared during various
periods of incubation with bromelain. (B) SDS-PAGE analysis of the control
intact virions and subviral particles prepared for 3 h in the absence or
presence (5 mM) of f-mercaptoethanol. Viral protein/Bromelain = 2:1
(w/w). HA-hemagglutinin, NP-nucleoprotein; M1-matrix protein; M1(f1-f5)-
M1 protein fragments.

seriously reduced in the presence of B-mercaptoethanol. So, in the process of HA
cleavage, M1 protein localized inside subviral particles became somehow

accessible for limited proteolysis.
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Introduction

Insect Diuretic Hormones are crucial for control of water balance in insects.
Locusta Diuretic Hormone (Locmi-DH) is a neuropeptide, with 46 amino acids, that
has been isolated from the locust Locusta Migratoria. It belongs to the CRF-related
diuretic peptides and has the following amino acid sequence:

MGMGPSLSIVNPMDVLRQRLLLEIARRRLRDAEEQIKANKDFLQQI-NH,
Locmi-DH(1-46)

Locmi-DH [1, 2] and its analogue[Hse(Me)'™*'*]-Locmi-DH(1-46) [3], where
methionines have been replaced by the isosteric amino acid methyl-homoserine,
stimulate fluid secretion and cAMP production by locust Malpigian tubules in vitro
and it is released into the haemolymph from corpora cardiaca. Structure-activity
studies have shown that C-terminal fragment Locmi-DH(32-46) is active in the
feeding behavioral assay in Locusta Migratoria while has very low response in
stimulating cAMP production by Malpighian tubules from Scistocerca Gregaria [3].

In the present work we synthesized the C-terminal analogues Locmi-DH(34-46),
Locmi-DH(36-46) and Locmi-DH(38-46) in order to determine whether the C-
terminal fragment Locmi-DH(32-46) can be further truncated N-terminally with
loss of its effects on feeding behavior in locust. We also synthesized the N-terminal
fragments analogues [Hse(Me)'*"*]-Locmi-DH(1-30), [Hse(Me)"*]-Locmi-DH(6-
30)-OH to study the role of the N-terminal part of Locmi-DH on biological activity.

Results and Discussion

The synthesis of C-terminal analogues Locmi-DH(34-46), Locmi-DH(36-46) and
Locmi-DH(38-46) was performed in the solid phase in the stepwise manner and on
2-chlorotrityl-chloride resin (2-CLTR), on which linker Rink-Bernatowitz was
anchored [4], using Fmoc/tBu method and DIC/HOBt in DMF as the coupling
agent. The full deprotection was carried out using TFA/DCM and appropriate
scavengers [1]. The strategy for the synthesis of the N-terminal fragments
analogues [Hse(Me)'™"*]-Locmi-DH(1-30) and [Hse(Me)"*]-Locmi-DH(6-30)-OH
involved the solid phase synthesis, on the 2-CLTR resin [5], of the protected acid
fragments Fmoc-Locmi-DH(1-5)-OH, Fmoc-Locmi-DH(6-12)-OH, Fmoc-Locmi-
DH(13-23)-OH and these were successively coupled to the and Locmi-DH(24-30)
which was anchored on 2-CLTR resin using 3 mmol excess of the Fmoc-protected



fragments over the N-componenet. As condensing agent was used DIC/HOBt in
DMSO. Each condensation reaction was performed in three short-lasting fragment
couplings of 3 h and the applied concentration of the C-component was 0.1 M . In
that way the peptide fragment did not remain activated in solution for a long time
thus minimizing racemization. The crude peptides analogues were purified by semi-
preparative HPLC.

The purity of the peptide analogues was estimated by reverse-phase HPLC and their
structures were identified by ESI-MS. The C-terminal peptide fragments when
tested for feeding behavior had no significant activity compared to the Locmi-
DH(32-46) which is active. These results indicate that the Locmi-DH(32-46) is the
minimum sequence required for activity in the feeding behavior assay. For the N-
terminal fragments preliminary results showed also no significant activity in the
above assay.

Acknowledgments

This work is supported by the Research Committee of the University of Patras
(Karatheodori grant).

References

1. Audsley N., Goldsworthy G. J. and G. M. Coast., Peptides, 18 (1997) 59.

2. Audsley N., Goldsworthy G. J. and G. M. Coast., Reg. Peptides, 69 (1997) 25.

3. Goldsworthy G. J., Chung J. S., Simmonds S. J., Tatari M., Varouni S. and C. P. Poulos, Peptides,
24 (2003) 1607.

4. Barlos K., Gatos ,D. and O. Chatzi, In: Schneider C. H, Eberle A. N. (Eds.) Peptides 1992
(Proceedings of 22™ European Peptide symposium), ESCOM, 1993, Leiden, The Netherlands, p.
281.

5. Barlos K., Chatzi O., Gatos D. and G. Stavropoulos, Int. J. Pept. Prot. Res., 37 (1991) 513.



FTIR SPECTROSCOPIC STUDIES ON HELICAL
INTERMEDIATE STAGE DURING AGGREGATION
PROCESS OF THE B-AMYLOID 11-28 FRAGMENT AND
ITS VARIANTS

Paulina Juszczyk, Aleksandra S. Kolodziejczyk and Zbigniew
Grzonka

Department of Chemistry, University of Gdansk, Gdansk, Poland
Introduction

The amyloid B peptide (AP) is the major component of the amyloid plaques in the
brains of Alzheimer’s disease patients. Monomeric, physiological A is benign, but
by an unknown mechanism it becomes aggregated and neurotoxic. Recent evidence
suggests that AP oligomers, not the final, insoluble fibril, constitute the main cause
of AP neurotoxicity. Studying rare genetic cases associated with the early, familial
Alzheimer’s disease led to the hypothesis that familial AD mutations facilitate Af
assembly into neurotoxic oligomers [1]. Despite many studies on clinically relevant
AP variants, the mechanisms by which the single mutations cause diseases with
diverse pathological presentation are not fully understood. To shed some light on
details of structural changes accompanying the initial stage of the aggregation
process, we have studied the AB(11-28) fragment and its mutation-related variants
using FTIR spectroscopy. Our recent CD and aggregation studies on this AP
fragment proved it to be a good model for structural studies [2].

Results and Discussion

FT IR studies of AP(11-28) and its clinically relevant variants (Fig. 1) in
hexafluoroisopropanol (HFIP) and its mixtures with D,O enabled us to compare the
conformational and aggregational behaviour of the AB mutant fragments in terms of
structural changes provoked by water addition.

AB(11-28) (native): E''VHHQKLFFA* EZ2D*VGSNK*-amide
Variants: Flemish (A21G), Arctic (E22G), Italian (E22K),
Dutch (E22Q), Iowa (D23N)
Fig. 1. The sequence of the studied AS(11-28) peptides.

The spectroscopic data revealed similarities between the native and the Italian
mutant fragments and between the Arctic and Dutch AP(11-28) variants. The wild
type fragment and its E22K counterpart were found to be the most helical ones. The
spectra in pure HFIP, a strong B-helix inducer, revealed an unexpectedly high
amount of B-sheet conformations (~1625 cm™) in all variants studied. Moreover, in
the case of the Arctic and Dutch variants the band was split and a weak high-



frequency component (~1685 cm™) was observed, suggesting their profound
propensity towards antiparallel 3-sheet formation [3].

The unequivocal spectral analysis of the spectra in HFIP/D,O mixtures was slightly
impeded by the lack of reference IR data in these solvents; nevertheless, some
general observations could be made.

For the majority of the peptides the increase of the D,O content resulted in the
transient increase of a helical conformation share supporting the idea of an a-helix-
containing intermediate in the aggregation process [4].

In the spectra of the slow-aggregating AB(11-28) E22K and A21G, besides peaks
typical of an a-helical conformation (1652 - 1659 cm™), there are unique maxima at
~1666 cm™ which can be attributed to 3o-turns/3 ¢ helix, which may imply that this
conformation is a folding intermediate to a well-structured o-helix. In the case of
the Italian variant a strong maximum at 1666 cm™ disappears after further addition
of water and the emergence of a peak characteristic of an a-helix (1653 - 1655 cm™)
is observed.

The spectra of the Flemish variant imply that the aggregation of this AP variant
proceeds via unstructured conformations, leading probably to a different
pathological mechanism.

The presence of bands between 1613 and 1633 cm™ and their “high-frequency
counterparts” (1685 - 1691 cm™) reflects the presence of different forms of p-sheet-
forming structures. With the increase of the D,O content, a pronounced increase of
the band at the lowest frequency (1613 - 1620 cm™) is observed manifesting a
progressive formation of multistrand, antiparallel B-sheet.
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TWO EFFICIENT WAYS TO MASK DESTABILIZING
INTERHELICAL ELECTROSTATIC REPULSIONS IN a
-HELICAL COILED COIL-PEPTIDES
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Department of Chemistry and Biochemistry, Organic Chemistry, Free University
Berlin, Berlin, Germany

The a-helical coiled coil structural motif consists of two to five a-helices which are
wrapped around each other with a slight left-handed superhelical twist. Its sequence
is characterized by a heptad repeat pattern of seven amino acids denoted (a-b-c-d-e-
f-g),. Positions a and d are mostly occupied by apolar amino acids (Leu, Ile and
Val) which form the interhelical hydrophobic core by knobs into holes packing [1].
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Y v Kc pH=4

b % DabpH=4
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Many of the factors that contribute to coiled coil stability are very well understood
[2, 3]. However, the role of the amino acids not being a discrete part of one of the
interhelical recognition domain has not been systematically investigated. To unveil
the impact of amino acids in positions b and ¢ on conformation and coiled coil
stability four model peptides were examined using temperature dependent circular
dichroism spectroscopy (CD) at different concentrations and pH values.

All model peptides have a pH-dependent interhelical electrostatic repulsive
recognition domain (positions e and g) composed exclusively of Lys (peptides K
and Kc) or Glu (peptides E and Ec). In peptides Kc and Ec positions b and ¢ are
occupied by charged amino acids, while in peptides K and E these positions are
mostly occupied by unpolar residues like alanine and serine. Therefore, the
formation of intrahelical ionic interactions is only possible in case of peptides Kc
and Ec. As expected, pH induced interhelical electrostatic repulsion predominantly
resulted in random coil formation of the peptides K (at pH 4) and E (at pH 10). In
contrast, the peptides Kc as well as Ec exhibit an a-helical conformation over a
wide pH range (pH 4 - 10). Considering the identical amino acid composition
within positions a, d, e and g of the corresponding peptides K/K. and E/E.,
respectively, these observations are rather surprising. According to these findings,
coiled coil stability also depends on the amino acids that are not part of the
interhelical recognition domains. These results suggest that conformational
instability due to interhelical repulsions can be compensated by intrahelical
attractive interactions between positions ¢ and b as well as between ¢ and g,
respectively.

The possibility of positions e and g to exhibit also hydrophobic interactions with the
hydrophobic core have been discussed [4]. We could show, that a reduction of the
alkyl side chain length by one ethylene unit through replacement of all lysines in
peptide K by the non-natural amino acid L-a,y-diaminobutyric acid (peptide Dab)
leads to a dramatic destabilization of the coiled coil. This finding proves that the
hydrophobic part of the amino acid side chains in positions e and g additionally take
part in formation of the hydrophobic core by extending it and protecting it from the
aqueous solvent.

Therefore, the repulsion of equally charged amino acids in positions ¢ and g can be
overruled by involving them either into attractive intrahelical electrostatic
interactions or into hydrophobic core formation.
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Intoduction

Integrins are cell surface receptors, mediating cell adhesion to extracellular matrices
[1]. Of the known integrins, half of them bind to the Arg-Gly-Asp (RGD) motif as
the primary recognition sequence of their ligands. Among the numerous processes
involving the integrins and adhesive proteins is platelets aggregation. The most
critical integrin for the aggregation phenomenon is the aypP; via its binding to
fibrinogen. However, the ability of an integrin to distinguish between different
RGD-containing extracellular matrix proteins is believed to be partially due to the
variety of RGD conformations. Structural studies by NMR and molecular dynamics
simulations suggested the presence of a well defined Gly-Asp type II B-turn as a
prerequisite for integrin binding while selectivity of ligands has been correlated
with the distances between either the C® atoms or the opposite charged centers of
Arg and Asp residues and/or the pseudo-dihedral angle (pdo) (formed by the Arg
C%, Arg C% Asp C* and Asp C" atoms) which defines the relative orientation of the
Arg and Asp side chains [2]. The results of a previous study indicated a very good
correlation between the pseudo-dihedral angle and the biological activity and the
fulfillment of the criterion -45°<pdo<+45° in combination with the longer distance
between the opposite charged centers was proved to be a prerequisite for an
analogue to exhibit activity [3].

In the present study, we examined the above mentioned structural criteria in
combination with the anti-aggregatory activity of RGD-containing 15-peptides,
derived from the active sites of the adhesive proteins fibrinogen, fibronectin,
vitronectin and osteopondin as well as, from the cryptic RGD site of von
Willebrand factor. The peptides H-NIMEILRGDFSSANN-OH and H-
SSTSYNRGDSTFESK-OH (108-122 and 585-599 of the a chain of fibrinogen,
respectively), H-VDTYDGRGDSVVYGL-OH (153-167 of osteopondin), H-
VYAVTGRGDSPASSK-OH (1518-1532 of fibronectin), H-
VLYMDERGDC(Acm)VPKAQ-OH (692-706 of VvWF) and H-
C(Acm)KPQVTRGDVFTMPE-OH (58-72 of vitronectin) were synthesized and
studied by "H NMR and molecular dynamics simulations.

Results and Discussion



Among the six 15-peptides, the one derived from the segment 58-72 of human
vitronectin exhibited the higher anti-aggregatory activity. All the other 15-peptides,
even those derived from fibrinogen, which is the main ligand of oy;,33, proved to be
less potent than the Ac-RGD-NH,. A possible explanation for this result is either
the absence of possible synergistic sites, which exist, in the native proteins and/or
the conformational flexibility of the linear 15-peptides compared to the
conformation of the same fragments in the native chains of the proteins.

The conformation of the peptides derived from the sequences of the above adhesive
proteins, was studied by *H NMR spectroscopy in DMSO-d; solution and torsion
angle dynamics structure calculations. Apart from overall structures, we focused on
the local RGD conformational features in order to evaluate the structure-activity
relationship of RGD peptides, which inhibit the binding of fibrinogen to integrin
oypP3. Our results have shown that the backbone secondary structure of the RGD
fragment of these peptides exists in similar conformations in solution and as it has
been also shown for some native proteins, the common conformational feature is a
turn, centered at Arg-Gly or Gly-Asp residues. This conformation allows the
opposite charged side chains of Arg and Asp to be exposed from the core of the
molecule and therefore be able to bind to integrins. However, the differences in
activity of compounds can only be correlated with the distance and the relative
orientation of the Arg and Asp side chains. Application of structural criteria
regarding the two opposite charged centers has shown that a distance greater than 7
A between them is a common feature for the most active compounds, but this
cannot stand as a unique criterion since other inactive compounds also fulfill this
distance. A better correlation of the structure-activity relationship is provided by the
pseudo-dihedral angle (pdo) formed by the two charged centers [2]. pdo Values in
the range of -45° to +45° are characteristic of the active analogues and when this
criterion is fulfilled, longer distances than 7 A between the opposite charged centers
are indicative of the most potent compounds.
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Introduction

Pituitary adenylate cyclase-activating polypeptide (PACAP) is a 27- or 38-amino
acid peptide initially identified for its ability to stimulate cAMP formation in
anterior pituitary cells [1]. Recent studies indicate that PACAP acts as a potent
neuroprotective factor in various in vivo and in vitro pathophysiological models [2].
In particular, an i.v. infusion of PACAP after middle cerebral artery occlusion
appeared to be efficient to reduce the infarct volume in the injured brain and to
improve neurological functions. Despite its therapeutic potential in diverse
neurodegenerative diseases, the short in vivo half-life of PACAP impairs its use as a
clinical agent. PACAP is mainly metabolized by dipeptidyl peptidase IV (DPP 1V),
an ubiquitous amino-terminal dipeptidase [3]. Furthermore, the degradation of
PACAP by DPP IV leads to the formation of metabolites that may behave as
antagonists towards the PAC]1 receptor, which is responsible for the neuroprotective
effects of PACAP. Therefore, the development of PACAP agonists resistant to
degradation by DPP IV represents a first step in the design of a neuroprotective
drug.

Results

PACAP analogs of both isoforms (27- and 38-amino acids) were synthesized using
solid phase peptide chemistry. The chemical modifications were targeted on
position 2 (Ser) and the N-terminal His moiety. PACAP analogs (10° M) were
incubated with DPP IV (5 mU) to assess their stability against this enzyme. RP-
HPLC and mass spectrometry were used to determine the half-lives of the peptides.
All peptides were also tested for their ability to induce rat pheochromocytoma PC12
cells differentiation, an effect mediated through the PACI receptor [4]. In this
assay, PC12 cells were exposed to increasing concentrations of peptides (from 107"
to 10”7 M) and the number of cells was counted and compared to the control group.
The ECs, and maximal efficacy are shown in Table 1.

Discussion

Acylation (acetyl or hexanoyl) of the N-terminus or substitution of the Ser2 residue
with D-Ser prevented the metabolic action of DPP IV for at least 4 hours. Similarly,
incorporation of a-aminoisobutyric acid (Aib) increased the peptide stability but did
not inhibit completely the enzymatic action of this peptidase. In accordance with
previous studies, PACAP27 analogs that were labile towards DPP IV showed a
higher resistance compared with their PACAP38 counterparts [5]. All modified

Table 1: Biological activity and stability against DPP IV of PACAP analogs.



Peptides DPP IV assay P12 cell differentiation bioassay

Half-lives EC,#SEM" Fow TSEM"
{min) (i) {9
PLCAP3E 19 079+0.14 10+ 4
[M-c-acetyl]PACAP3E = 240% 140016 bl ]
[W-z-hexanoWd]PACAPSE = 240% 221015 514
[D-Ser’PACAP3Z = 240% 09a+014 91 +3
[k PACLPIE 55 105015 1n4£5
PLCAPIY 28 056013 09 12
[M-oi-acetyl]PACAP2T = 240% 074+014 05+3
[M-c.-hexanow]PACAPIT = 240% 193+017 2514
[D-Ser’]PACAP2T = 240% 0821015 E0+3
[AhPACAP2T 191 Nd4a+0.14 a9 +3

* Concentration produsing 50% of the maximum e ffect.
¥ Percentage of e fficac yeompared with the maximal value obtained with PACAP3E,
* Mo degradation was observed after 240 minutes of treatment.

peptides were highly potent to inhibit PC12 cell proliferation and to induce their
differentiation, except for the (N*-hexanoyl)PACAP38 and (N"-hexanoyl)-
PACAP27 analogs, which were slightly less effective. Because (N*-acetyl)PACAP
derivatives remained active, the decrease in biological activity observed with the
N"-hexanoyl analogs most likely comes from steric hindrance produced by the
aliphatic chain rather than from the absence of the free amine function. Thus, this
study showed that it is possible to increase the resistance of PACAP against DPP IV
while preserving the biological activity of the peptide. The improved stability of
those new peptides should help to demonstrate the potential of PACAP analogs for
the treatment of neurodegenerative diseases.
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Introdruction

The fungus Tolypocladium niveum and other members of this genus roduce the
efrapeptins as a mixture of closely related sequence analogues. They are peptide
antibiotics and consist predominantly of the nonproteinogenic amino acids o-
aminoisobutyric acid (Aib), isovaline (Iva), B-alanine (BAla) and pipecolic acid
(Pip), have an acetylated N-terminus, and bear an unusual cationic C-terminal head
group. Jost et al. established the first total synthesis of efrapeptin C [1].

The crystal structure of F;-ATPase in complex with efrapeptin C was determined by
Abrahams et al. [2]. Here, efrapeptin C adopts a 3jg-helical secondary structure
between the amino acids 1-6 and 9-15 with an unusual cis-peptide bond between
Leu6 and PAla7. The efrapeptins are competitive inhibitors of F(F,-ATPase,
insecticides and active against the malaria pathogen Plasmodium falciparum. An
anti-proliferative effect was also reported.

Results and discussion

a- and 3o-Helical peptides have similar CD-band shapes in the far UV. For the
differentiation between o- and 3,¢-helix a ratio R = 0,3¢/6,93 can be calculated. For
efrapeptin C in 2,2,2-trifluoroethanol, the ratio R is 0.3 indicating 3,¢-helical or -
bend-ribbon structure elements. In combination with VCD data, differentiation
between a- and 3p-helix is possible. Here, a weakly negative absorption for the
amide II-band would hint towards a o-helix, while the strong negative absorption
indicates a 3y-helix for efrapeptin C.

Conformational analysis based on NMR structural data was started to derive
structure-activity relationships. Improved assignment and a sufficient number of
restraints were achieved by measurement and application of residual dipolar
couplings (RDC). The RDC-values were determined by HSQC spectra without
decoupling during acquisition in weakly crosslinked poly(dimethylsiloxane)
(PDMS) as alignment medium. The quadrupolar deuterium splitting indicated the
quality of the gel [3].

A DG/SA approach generated the starting structures based on NOE and *J coupling
constants as restraints. The lowest energy conformation with NOE violations less
than 0.05 nm was used as starting structure for the subsequent RDC based SA-
refinement. The initial alignment tensor was calculated with the powder pattern
method and then until convergence with the program Pales [4, 5]. Molecular



dynamics were performed with GROMOS96 starting with the best energy
conformation from the prior SA. The secondary structure derived from RDC values
contains 3;4-helical and B-bend-ribbon structure elements between residues 1-6 and
9-16. Further, it is stabilised by hydrogen bonds between CO™ and NH*¥. PDMS
influences the structure of efrapeptin C obviously only by interacting with Glyl3
resulting in a high field shift of its "H resonances. This could result in a reduced
helix breaking effect of Gly and an extended helical structure at the C-terminus.

The structure shows higher dynamics in the central and terminal region and is
nearly fixed in the helical regions. The preference for a right- or left-handed helix is
partly not clearly assignable. Aib as an achiral secondary structure inducer shows
no preference and results in @ and y torsion angles adopting positive and negative
values of helices and B-turns [6].
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Introduction

Protein-protein and protein-ligand interactions are between few of the most
important processes in living organisms. The understanding of those interactions
gives us insights into fundamental events of the life cycle. Among others, peptide
libraries prepared by spot synthesis on different solid carriers are powerful
biotechnological tools for the study of these interactions [1]. It is well known that
the tertiary structure of proteins is essential for their biological functions, a property
which is lacked by smaller peptides. However, it has already been shown that small
peptide fragments can (i) adopt a well-defined secondary structure and (ii) retain
some of the activity of the parent protein. In this work we are showing that protein-
ligand interactions can be represented by and investigated as peptide-peptide
interaction using peptide pairs that are immobilized on a solid support (IANUS
peptide arrays) [2].

Results and Discussion

As a model system is the well studied Streptavidin/Strep-tag 11 complex applied (K4
= 72 uM) [3]. Using a standard spot-technique, the streptavidin scans are
synthesized on to one side of the orthogonal protected linker, which is attached to
the derivatised cellulose membrane, and the Strep-tag II peptide (SNWSHPQFEK)
on the another side. Subsequently, peptide pairs attached to the cellulose membrane
are probed with streptavidin and any bound streptavidin is detected. The IANUS
hypothesis assumes that two peptides representing the (i) interacting epitope of the
protein and (ii) the corresponding ligand are able to interact when synthesized on a
solid support. Hence, the potential binding of Strep-tag 1I to soluble streptavidin
probe should be decreased due to the existence of competitive interactions with the
neighboring immobilized peptide epitope derived from streptavidin. The key amino
acids involved in the binding of Strep-tag II to streptavidin either involved in
hydrogen bonds and salt bridges like Ser45, Ala46, Val47, Glu51, Ser52, Tyr54,
Arg84, Ser88, Thr90 or hydrophobic interactions like Trp79, have been identified
by this array. It is also shown that substituting IANUS positive interacting pairs at a
single amino acid position in each peptide chain gave a clear indication for the
specificity of the method. A protein free method for detection of matrix bound
peptide-peptide interaction in-between each peptide pair is developed. The each



peptide chain in pair is labeled with dansyl (as fluorescence donor) or fluorescein
(acceptor). After irradiation of the membrane with UV light of 360 nm, peptide-
peptide interactions are analyzed by measuring the fluorescence intensity at 520 nm
of dye labels. The interacting peptide pairs are identified as highly fluorescence
spots. However, the densitometry analysis of each spot is made and the
fluorescence intensity of peptide pair is calculated by dividing of peptide pair
fluorescence with sum of fluorescence of each single chain (I = Iy/(Iy+(Ip)mean)- If
the membrane is incubated in biotin solution (native streptavidin ligand Ky = 10™"°)
the fluorescence of interacting peptide pairs derived from binding pocket of
streptavidin decreased significantly.

Ll BT T TTIT T R o L ]
LA T AT TT TI Y I TTT R Y T ]
LR R Rl P I Y PR TR T T

FEBAR RS BOB OB RURE BB v

A) Streptavidin scan (12, 2)>-dansyl:Strep-tag [I-fluorescein 1,
B} Streptavidin scan (12 2}-dansyl:No second chain |
C) No first chain:Strep-tag ll-fluorescein |,

The lanus-peptide array provides a novel high-throughput method for a preliminary
mapping of unknown protein-ligand interaction sites. The array allow as detection
of protein interacting sites even without use of soluble protein. Also, screening for
inhibitors of protein-ligand or protein-protein interaction is possible using this
method.
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Introduction

Various peptide aldehydes have been found to be potent enzyme inhibitors [1 - 4].
These peptide aldehydes can also be used in a wide range of chemistry including
pseudo-peptide bond [5] or chemical ligation [6] Whatever the chosen synthetic
route, the obtained peptide aldehydes are known to be very sensitive to
epimerization on the C-terminal a carbon. To our knowledge, no systematic study
has been done on this phenomenon. We propose in this study a simple method
allowing detection of the optical purity on a model dipeptide aldehyde. We also
studied various purification conditions of di-, tri-, and tetrapeptide aldehydes with
the aim to find a free epimerization method.

Results

As the Weinreb amide [7] can be used both as a C-terminal-protecting group during
peptide elongation and as a precursor for the aldehyde function, we decided to
perform the synthesis in solution, which allows the purification of all intermediates
before reduction (Scheme 1).
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Scheme 1. Synthetic route to peptide aldehydes.

We considered our previous model tripeptide Boc-Phe-Val-Ala-H, and we chose to
add at the N-terminus Boc-Tyr(Bzl)-OH for its hydrophobic character allowing
easy purification of the Weinreb precursor on silica gel column. The syntheses were
performed in parallel starting from L-Ala and L-Ala to get the authentic
diastereoisomers corresponding to the di-, tri-, and tetrapeptides. After reduction the



crude peptide aldehydes were analyzed by 'H NMR spectroscopy in CDCls, and
revealed only one proton aldehyde peak, showing once again that the Weinreb
amide reduction in these conditions was racemization-free. We then placed the
peptide aldehydes in various purification conditions: solvent in the presence of
silica gel, solvent containing 0.1% pyridine in the presence of silica gel and solvent
in the presence of alumina, the last two conditions supposed to suppress the acid-
catalyzed epimerization by avoiding enolization of the aldehyde moiety (7Table 1).

Table 1. Determination of the epimerization of the C-terminal residue by 'H NMR
under various purification conditions and after storage of the crude peptide
aldehyde in solution.

Compounds | % * crude of reduction %_ ] Y D? % D? % D* on
%D "l 510, Si0yfn ALO, af:::i; .
week

d4a 0 100 41 49 32 35

4h 100 0 71 68 57 83

6a 0 100 49 30 48 30

6h 100 0 75 59 52 68

8a 0 100 25 34 45 28

Discussion

We have demonstrated that epimerization of the adjacent carbon to the aldehyde
function in peptide aldehydes can be easily checked by '"H NMR in CDCl; not only
in tripeptide, but also in dipeptide and tetrapeptide aldehydes. Furthermore, as it can
be seen in Table 1, the three different conditions tested for purification were not
free of epimerization, either at level of the dipeptide or at the levels of tri- and
tetrapeptides. No correlation could be found regarding the epimerization rate in the
three purification systems. On the other hand, it could also be observed that the
peptide aldehydes epimerized when they were stored in CDCl; solution (even on
storage for only a week at room temperature). We can conclude that in the tested
conditions, no free epimerization purification method exists for peptide aldehydes.
We propose in this study a model dipeptide aldehyde Boc-(L)-Val-(L)-Ala-H to
check by 'H NMR the safety of new synthetic methods of peptide aldehyde
epimerization.
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Introduction

Human urotensin-II (hU-II) [1] and urotensin-II-related peptide (URP) are potent
vasoconstrictors and this action is mediated through a specific receptor identified as
UT [2, 3]. This receptor is expressed abundantly in the mammalian
cardiovasculature and effects of U-II and URP can be blocked with urantide, a
selective antagonist. Recently, we have shown, using the surface plasmon
resonance technology, that both U-II and URP bound extracellular loop-2 (EC2)
and -3 (EC3) with similar affinities, whereas none of these two ligands were able to
interact with the extracellular loop-1 (EC1). Moreover, the binding of urantide was
observed only with EC2. The absence of binding of urantide to EC3 suggested that
this loop would be involved in the signal transduction process [4]. Therefore, the
structural characterization of the extracellular domains of UT will help in
understanding the specificity of ligand binding. In this study, we solved the solution
structures of the EC2 and EC3 domains in order to further investigate the
interaction of U-II, URP and urantide to UT receptor.

Results

Synthetic receptor fragments EC2 (L182-L212) and EC3 (A281-T300) were
studied using NMR spectroscopy in the presence of DPC micelles. The association
of the peptides with micelles was clearly shown by the increase in the line width of
the 1H signals. All proton resonances were assigned using a combination of COSY,
TOCSY and NOESY experiments. Analysis of the NMR conformational
parameters (NOEs and Halpha chemical shift) indicated the presence of helices in
the N-terminal and C-terminal regions of EC2, and in the C-terminal region of EC3.
From NOESY spectra, a total of 386 and 261 distances restraints were generated for
EC2 and EC3 respectively. These restraints were used for structure calculations
with CNX program. EC2 presented an o-helix at both extremities involving
residues P183-R192 and P205-Y211, whereas for EC3, a short o-helical structure
was observed between residues H284 and L288 followed by a long a-helical
structure between residues P290 and T300.

Discussion

Structural evaluations of GPCRs showed that the membrane domains of the
receptors adopt frequently a similar geometry. Thus, we analyzed a number of
structural characteristics of synthetic UT extracellular fragments involved in the
binding of agonists and antagonist of UT. In DPC micelles, which served to mimic



the biological membrane environment, we showed that EC2 and EC3 adopted
helical conformations. This structuration might be essential for selectivity and
affinity of the ligands.
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Introduction

Toll-like receptors (TLR) are expressed on cells of the innate immune system and
respond to microbial constituents. Eleven different mammalian TLRs have been
identified so far. Lipoproteins (LP) which are strong immune modulators of the
innate immune system [1] are part of the outer membrane of bacteria,
Rhodopseudomonas viridis, and mycoplasma. Until recently, it was generally
assumed that triacylated LP and their synthetic analogs like Pam;Cys-SK,, are
recognized by TLR2/TLR1 heteromers, whereas diacylated LP, like FSL-1, induce
signalling through TLR2/TLR6 heteromers. To analyse more closely the structural
basis of triacylated LP in TLR heteromer usage a variety of synthetic LP analogs
was synthesized (Fig. 1) and tested using cells of TLR2-, TLR6-, and TLRI1-
deficient mice [2, 3].

Results

The synthesis of triacyl-lipopeptides was carried out by fully automated solid phase
peptide synthesis and Fmoc/fBu chemistry on chlorotrityl-resins. The peptidyl-resin
was finally elongated with the unusual lipoamino acid N-palmitoyl-S-(2,3-
dihydroxy-2(R,S)-propyl)-(R)-cysteine (Fmoc-Dhc) [4] followed by esterification of
the diol on solid phase with fatty acid (10 eq), DIPEA (10 eq) DMAP (1 eq) and
DIC activation (10 eq). The triacyl-lipopeptides were cleaved from the resins and
side-chain deprotected, purified by precipitation and analysed by ESI-MS. Using
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Fig. 1. Cere structure of the newly synthesised triacyl analogs of the baclarial lipoproteins,



Polyclonal activation of B-lymphocytes from spleen cells of TLRI-/- and the
corresponding wild type mice was performed as described [5]. 4x10° spleen
cells/200 pl in 96-well flat bottom cell culture dishes were stimulated for a total
culture time of 48 h and incubated with *H-TdR for the final 24 h of culture.
PamDec,C-SSNASK,, = PamDod,C-SSNASK,, = PamMyr,C-SSNSSK,- and
PamPam,C-SSNASK, were strong stimulators of B-lymphocyte proliferation from
wild time mice, whereas PamOct,C-SSNASK, and PamPel,C-SSNASK, had only
moderate bioactivity. The LP analog PamHex,C-SSNASK, exerted only low
stimulatory activity. In TLR1-deficient B-lymphocytes no responses were observed
after stimulation with LP analogs with short and moderate length (6 up to 10 carbon
atoms) of the ester-bound fatty acids. However, PamDod,C-SSNASK,, PamMyr,C-
SSNASK,, and PamPam,C-SSNASK, stimulated TLR1-deficient B-lymphocytes
with about 50% activity in comparison to the responses in wild-type cells (Fig. 2).
A similar structure-activity relationship of these LP analogs was found for
stimulation of IL-6 and TNF-a-release in bone-marrow-derived macrophages (data
not shown).
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Fig. 2. Stimulation of cells from TLR1-deficient and wild-type mice with various Pam_C-SSNASK, analogs.
Murine spleen cells were stimulated with synthetic LP at various concentrations.
@ wild type cells, O TLR1- deficient cells.

Discussion

In accordance to our previous discovery of TLR6-independent diacylated LP we
demonstrate here that not the acylation pattern alone defines the coreceptor usage
but also the nature of the acyl chains. Triacylated LP containing fatty acids of chain
length from 12 to 16 also stimulate cells in a TLRI-independent manner.
Furthermore, we could establish triacylated LP with short-length ester-bound fatty
acids (like PamOct,C-SSNASKy), which induce no response in TLRI1-deficient
cells.
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Antifreeze proteins (AFPs) and antifreeze glycoproteins (AFGPs) allow organisms
to survive in polar and subpolar seas where the water temperatures decline below
the colligative freezing point of their body fluids. Both protein families adsorbe on
the surface of embryonic ice crystals to inhibit their growth. The antifreeze activity
of these compounds has been proven by different experimental observations as
thermal hysteresis, change of crystal shape, suppression of recrystallization and ice
nucleation. In contrast to AFP, the function of AFGP has not yet been examined in
detail due to the structural complexity and numerous isoforms isolated from natural
sources and difficulties in the synthesis of homologous peptides with high sugar
density.

AFGPs usually consist of a varying number of repeating units of (Ala-Ala-Thr),
with minor sequence variations and the disaccharide a-D-galactosyl-(1-3)-B-N-
acetyl-D-galactosamine attached as a glycoside to the hydroxyl oxygen of the
threonine residues.

The first step to such glycopeptides is a high yield synthetic approach to the
disaccharide with an acetamido moiety in the C-2 position and the preparation of
the glycosylated amino acid. Different routes from the literature have been
evaluated regarding the anomeric ratio in the glycosylation and the yields in
multigram synthesis. These reactions include different orthogonal protecting group
as well as glycosylation strategies. All disaccharide precursors have been generated
from easily accessible D-galactose pentaacetate. Classical glycosylation methods [1]
such as the Koenigs-Knorr and the trichloroacetimidate method have been tested.

The preparation of the disaccharide succeeded in 85% with a diastereomeric ratio of
9:1 favouring the desired B-anomer using a trichloroacetimidate donor. The
glycosylation of the amino acid using the Koenigs-Knorr method and the
trichloroacetimidate method yields between 50 - 80%, but usually gives poor a-
selectivity (1:1 to 4:1).

Alternatively, a nitroglycal in a Michael-like reaction was employed to obtain the
glycosylated amino acid [2].

Different routes lead to the desired product, but the diastereoselectivities and
overall yields are quite different. Especially the reactions using a Koenigs-Knorr
donor for the formation of an a-glycosidic bond to the amino acid give poor
anomeric ratios. The trichloroacetimidate method is very useful for the preparation
of B-linked carbohydrates. The most promising strategy for the preparation of the



glycosylated amino acid is the nitroglycal assembly. The different glycosylation
steps give very good anomeric ratios, though the protecting group strategy needs
optimisation.

After successful preparation of the amino acid, it will be used in peptide synthesis
using an Fmoc-strategy. The conformational analysis of the peptides with various
spectroscopic methods and the microphysical analysis are important for a deeper
understanding of the molecular requirements of antifreeze activity and structural
optimisation.
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Interactions between proteins and DNA are important to all living organisms. The
goal is to investigate the molecular recognition between DNA and epitopes of the
transcription factor PhoB from E. coli on the single molecule level and to identify
specific amino acids required for DNA binding.

The protein PhoB controls the expression of proteins involved in phosphorus
transport and metabolism. It is composed of a transactivation domain (amino acids
1 - 127) and a DNA binding domain (DBD, amino acids 123 - 229), that binds to
specific DNA sequences (pho boxes) containing a TGTCA sequence using a helix-
turn-helix-motif. Phosphorylation of the

transactivation domain changes the conformation and activates PhoB. The isolated
DBD binds to DNA without activation [1]. Chemical synthesis of peptide epitopes
present in the DNA binding domain of PhoB (amino acids 190 - 209) [2] and
isolation of the full DBD (amino acids 127 - 229) of PhoB were performed. The
protein was purified using intein mediated protein purification [4]. An additional
cysteine residue was ligated to the protein using intein mediated ligation reactions.
The cysteine can be used for immobilisation and labeling.

Mutated peptides and proteins, in which strategic amino acids (Argl93, His198 and
Arg203) were replaced by alanine residues have also been examined to reveal the
contributions of single residues to molecular recognition. CD spectra do not
indicate structural differences between mutant and wildtype proteins.

The binding contribution of the protein is determined by electrophoretic mobility
shift assays (EMSA) using Cy3-labeled pho box DNA. With expG DNA as
negative control no shift is visible. For the mutants, no activity was detected in
EMSA-experiments.

In single molecule force spectroscopy (AFM) experiments [2] it has been shown
that a peptide with a native PhoB-sequence (PhoB(190 - 209)) as well as the
recombinant protein PhoB(127 - 229) bind to DNA (see Table 1). Compared to the
peptide the binding of the protein is increased 1000-fold. In the wildtype protein,
the three changed amino acids, Argl93, His198 and Arg203, are important for
unspecific DNA-binding by forming salt bridges with the phosphate backbone [3].
For both, peptide PhoB(190 - 209) and protein PhoB(127 - 229), the corresponding



mutant R203A did not display any activity. Since the CD spectra did not show
obvious differences, Arg203 seems to be crucial for binding. In contrast, the
mutants R193A and HI198A have shown different activities in peptides and
proteins. Both proteins exhibited less binding than the wildtype protein, for the
mutant PhoB(127 - 229) R193A a stronger binding was measured than for mutant
PhoB(127 - 229) H198A.

Peptide PhoB(190 - 209) H198A displayed less activity than the peptide with native
sequence. Surprisingly, the peptide PhoB(190 - 209) R193A displayed stronger
binding than the native peptide. This result can presumably be attributed to an
enhanced o-helical conformation of the peptide in solution [1]. In all cases,
competition experiments were performed to prove specific DNA binding. In future
experiments on-rates will be measured in surface plasmon resonance and
fluorescence correlation spectroscopy experiments.

Table 1: AFM results

ko [s77] Koy [577) _
Mutation peptide T [s] protein T [s]
PhoB (190-209) PhoB (127-229)
wildtype 3,1+2,1 0,32 0, 0025 + 0, 0021 400
R193A 0,071 £ 0,053 14 0,012 + 0,008 83
H198A 19,5 + 21,2 0,20 0,760 + 0, 250 1
R203A
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Introduction

CART (cocaine- and amphetamine-regulated transcript) peptides are
neurotransmitters involved in feeding, stress and endocrine regulation [1]. CART is
expressed in high amounts in about half of the vagal afferent neurons, together with
CCK-A receptor which mediates satiating effect of cholecystokinin (CCK).
Broberger et al [2] showed that all CCK-A expressing cells contained CART and
that CART and CCK-A receptor mRNA were parallely regulated. These finding
suggest a possible co-operation and synergistic effect of CART and CCK on satiety
similarly as it was found for CCK and leptin [3]. In this study, we used intact,
monosodium glutamate (MSG) induced obese and diet-induced obese (DIO) mice
to search for relationship between CART peptides and CCK in food intake
regulation.

Results and Discussion

Male C57Bl/6 mice were used in experiments. MSG obesity was induced to
newborn mice by repeated subcutaneous administration of monosodium glutamate
[4]. Control mice were intact. For diet-induced obesity (DIO) development, mice
were fed with high-fat diet (HF, 60% calories as fat). MSG obesity had an early
onset accompanied with lesions in hypothalamic arcuate nucleus and distorted food
intake regulation. Consumption of HF diet caused late-onset obesity. Both MSG
and DIO mice did not differ in their body weights from controls, but their fat to
body weights were substantially enhanced compared with controls. MSG obese
mice had massively increased leptin concentration. Mice with DIO developed
significant hyperglycemia and mild hyperleptinemia and hyperinsulinemia. Feeding
experiments were performed after overnight fasting, lean control, MSG or DIO
mice were injected intraperitoneally (IP) with cholecystokinin (CCK-8) or
devazepide (CCK-A receptor antagonist), intracerebroventricularly (ICV) with
CART(61 - 102) fragment or their combination. Cumulative food intake was then
measured. Anorectic effect of CART(61 - 102) was enhanced by IP injection of a
subtreshold dose of CCK-8, while CCK-A antagonist devazepide blocked the
lowering effect of CART(61 - 102) on food intake (see Fig. 1).
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Fig. 1. Synergistic effect of CART and CCK-8 on food intake of fasted control mice
45 min after injection: saline (IP), CART(61 - 102) 0.5ug/mouse (ICV),
CCK-8 4 uglkg (IP), CART(61-102) 0.5 ug/mouse (ICV)+CCK-8 4 uglkg
(IP), devazepide 1 mg/kg (IP), devazepide 1 mg/kg (IP)+CART 0.5 ug/mouse
(ICV) (*p<0,05, **p<0,01 vs. saline-treated group, n = 7 - 10).

Fasted MSG mice were hypophagic, their food intake was influenced neither with
CART(61 - 102) nor CCK-8. In DIO mice, synergistic effect of CART(61 - 102)
and CCK-8 was preserved, even though DIO mice were less sensitive to CART
than lean controls. Analogously, devazepide suppressed anorectic effect of
CART(61 - 102) in DIO mice. In conclusion, CART peptide and CCK-8 acted
synergistically both in lean and DIO obese fasted male mice lowering their food
intake. The anorectic effect of CART was blocked by CCK-A antagonist
devazepide. If CART signaling in hypothalamus was disturbed because of lesions in
the MSG mice, neither CART nor CCK were effective in decreasing food intake. It
means that for CCK satiety effect in hindbrain, CART signaling is necessary.
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Introduction

Collagens are known to fold into a highly ordered rod-shaped triple helix with
stretches of lower and higher suprastructural stability and even disruptions to
modulate recognition by other proteins that interact with the extracellular matrix
[1]. To increase understanding of folding and stability of the collagen triple helix,
we have addressed the design of photocontrolled collagenous peptides. Our aim was
to crosslink two side chains of the repetitive (Pro-Hyp-Gly) sequence motifs of
collagenous peptides with Pro/Hyp replaced regioselectively by two cysteine or
mercaptoproline residues via reaction with an azobenzene chromophore in analogy
to our previous studies on photomodulation of the conformational preferences of
cyclic peptides and more recently of hairpin-peptide model systems [2].

Results and Discussion

By molecular modeling appropriate sequence positions were selected for
crosslinking the Cys and Mpc residues with the light-switchable azobenzene-4,4’-
N-(4-iodo-2-butynenyl)carboxyamide. While Cys residues in positions X and/or Y
are known to weaken considerably the triple-helix stability [3], a 4-mercapto or 4-
thioether substituent in the pyrrolidine rings was expected to affect to lesser extents
this type of fold. Indeed peptide 1 consisting of seven triplets and containing two
(28,4S)-mercaptoproline residues retained sufficient thermal stability to be used as
parent compound for incorporation of the azobenzene clamp and production of 2.
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Conversely, for the Cys-peptide series an extension to the undecarepeat peptide 3
was required to achieve sufficient structural stability for its conversion to the
azobenzene-peptide 4. Since both azobenzene-peptides 2 and 4 are not sufficiently
soluble in water, their structural characterization in the trans- and cis-azobenzene



isomeric states was performed in MeOH/0.1 M AcOH (4:1), i.e. under conditions
known to strongly stabilize triple-helical structures of collagenous peptides [4].
Indeed, both CD spectra and NMR NOESY and FHSQC experiments clearly
confirmed a triple-helical fold of the trans-azobenzene isomers. Conversely, light
induced trans-to-cis isomerization at 27 °C leads in the case of peptide 2 to
unfolding and thus, to a trimer-monomer transition [5], while for peptide 4, as
graphically outlined in Fig. 2, it provokes local unfolding of the side-chain clamped
bis-cysteinyl sequence including the N-terminally flanking (Gly-Pro-Hyp); triplets
with retention of the triple-helical fold in the C-terminal (Gly-Pro-Hyp)s portion of
the molecule (unpublished results). Rate-limiting effects in triple helix formation
are i) the intermolecular association into trimers which can be partly overcome
operating at high concentrations (1 mM), ii) correct registration of the chains and
iii) the cis-to-trans isomerization of the Gly-Pro- and Xaa-Hyp/Pro bonds [6].
While time-resolved CD and IR-spectroscopy of compound 2 should allow to
monitor at different time scales the first steps of folding including self-association
kinetics, compound 4 could well serve for analyzing local folding/unfolding of
collagen triple helices.

Fig. 2. Unfolding of peptide 2 accompanied by trimer-to-monomer dissociation
(left) and partial unfolding of compopund 4 wupon trans-to-cis
photoisomerization of the azobenzene clamp (right), as assessed by CD and,
particularly, NMR spectroscopy.
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Introduction

In proteins, the peptide bond is known to prefer dominantly the #rans conformation.
The analyses of X-ray protein structures showed that the cis populations are ~0.04%
for the nonprolyl peptide bond and ~6% for the prolyl peptide bond [1]. It has been
reported that the cis-trans isomerization of the X-Pro bond is often involved in the
rate-determining steps for folding and refolding of various proteins [2]. Although
nonprolyl cis peptide bonds are rare in proteins, they often occur in regions near the
active sites of proteins, and contribute to regulate the biochemical properties and
binding modes [3]. There are only a limited number of works reported on the
kinetics and thermodynamics of the nonprolyl cis-trans isomerization for peptides
[4, 5]. The conformational study on the alanine and proline dipeptides is carried out
to explore the differences in the backbone conformational preference and the cis-
trans isomerization for the nonprolyl and prolyl residues. All ab initio HF and
density functional B3LYP calculations were carried out using the Gaussian 03
package [6]. The computational methods are described elsewhere in detail [7, 8].

Result and Discussion

The calculated results are summarized in Table 1. For the alanine and proline
dipeptides, the populations of the conformation tC with an intramolecular C,
hydrogen bond significantly decrease, and those of the polyproline II-like
conformation tF and the a-helical conformation tA increase with the increase of
solvent polarity, which is in good agreement with the results from CD and NMR
experiments. For both the dipeptides, the relative free energy of the cis conformer
to the trans conformer decreases and the rotational barrier to the cis-trans
isomerization increases as the solvent polarity increases. It is found that the cis-
trans isomerization proceeds in common through only the clockwise rotation with
®" = +120° about the nonprolyl and prolyl peptide bonds in the gas phase and in
solution. The pertinent distance d(N---H-N) between the prolyl nitrogen and the
following amide hydrogen can successfully describe the increase in the rotational
barriers for the nonprolyl and prolyl trans-cis isomerization as the solvent polarity
increases, and the higher barriers for the nonprolyl residue than the prolyl residue,
as seen in experimental and calculated results. By analyzing the contributions to
rotational barriers, the cis-trans isomerizations for the nonprolyl and prolyl peptide
bonds is proven to be entirely enthalpy-driven in the gas phase and in solution. This
is consistent with the experimental results on proline-containing peptides,
determined kinetically as a function of temperature [9]. The calculated cis
populations and rotational barriers to the cis-trans isomerization for both the
dipeptides in chloroform and/or water accord with the experimental values [4, 5, 8].



Table 1. Populations of Backbone Conformations, Rotational Barriers, and Relative Free Energies
of Cis Conformers for Ac-Ala-NHMe and Ac-Pro-NHMe Calculated at the BALYP/6-3114++G{d,p)
Level in the Gas Phase and in Solution

backbone populations® rotational barrier®® rel energy®?
solvent C E A F cis® exptlcis® AGH, AGH, AG,
Ac-Ala-MHMe
gas phase 422 519 0.1 0.0 0.1 19.66 15.63 4.03
chlorofarm 20,7 554 79 152 0.1 21.61 17.66 195
water 0.0 371 268 335 0.4 0.4 23.03 20.24 2.79
(21.8%) (18.5/17.95) (3.3)
Ac-Pro-NHMe"
gas phase 97.4 2.5 0.0 25 19.15 16.99 2.16
chloroform 4.9 12.2 329 90 154 19.32 17.68 1.64
water 0.0 0.1 899 233 27+%3 21.61 20.93 0.68

(20.4) (19.8) (0.6)
 Conformations C, E, A, and F are equivalent to C,*, C,, o, and P, structures, respectively.
The populations (%) were compuied using the relative Gibbs free energy of local minima, *
Units in kcal/mol. Experimental values are listed in parentheses. The lowest Gibbs free energy
for each of trans, cis, and transition state conformations was used for these calculations. Free
energies were calculated at 25 °C. © AG, | and AG ! represent the barriers for the trans-to-cis and
cis-to-trans rotations for the Ac-Ala and Ac-Pro peptide bonds. AG, is the relative Gibbs free
energy of the cis conformer to the trans conformer. ¢ Cis Ac-Ala or Ac-Pro peptide bonds. /
Average values for Ala-Phe, Phe-Ala, Tyr-Ala, and Ala-Tyr peptides at 298 K from ref 4, £
Average values for Gly-Gly, Gly-Ala, Ala-Gly, and Ala-Ala peptides at 298 K from ref 5. *
From ref 7.
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THIOESTERS USING AN INTRAMOLECULAR N,S-
ACYL SHIFT [1]
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Annick Blanpain' and Oleg Melnyk'

"UMR 8161-Institut De Biologie De Lille, Lille, France and *Laboratoire De
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Chemoselective ligation methods, such as native chemical ligation [2], allow the
assembly of proteins of moderate size and provide ready access to natural as well as
modified proteins. Native chemical ligation is based on the reaction of a peptide
bearing a C-terminal thioester group with an N-terminal cysteinyl peptide, leading
to the formation of an amide bond at the amino acid-Cys junction.

The key starting materials for native chemical ligation are unprotected C-terminal
thioester peptides [2c]. Thioester peptides can be prepared by Boc/benzyl solid-
phase peptide synthesis. However, the widespread use of the Fmoc/tert-butyl
chemistry [3] for peptide synthesis has stimulated the development of methods for
preparation of thioester peptides that are compatible with the basic treatments used
to remove the Fmoc a-amino protecting group. We report here a novel method for
thioester peptide synthesis that is based on the use of the Kenner sulfonamide linker

[4].

The strategy adopted in this work is summarized in the Scheme. After peptide
elongation on a 3-carboxypropanesulfonamide linker by Fmoc/tert-butyl solid-
phase chemistry, Mitsunobu alkylation of the acylsulfonamide group is performed
with a protected mercaptoethanol or mercaptopropan-1-ol derivative. Removal of
the thiol protecting group gives supported intermediate, which features a thiol
nucleophile in close proximity to the activated carboxyl group. It was found to
rearrange spontaneously through an intramolecular N,S-acyl shift to give a
protected thioester peptide still attached to the solid support.
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Final deprotection of the peptide chain is performed in TFA as usual. The use of a
Rink linker between the 3-carboxypropanesulfonamide arm and the solid support
leads to the liberation of the thioester peptide in solution. Alternately, the use of a
TFA-resistant linker results in the formation of a deprotected thioester peptide still
attached to the resin. It was engaged successfully in a native chemical ligation from
the solid phase.



The results show that the alkylation of the sulfonamide doesn’t depend on the
nature of the first amino acid (Ala or Val) directly attached to the sulfonamide
linker, probably because the site of alkylation is far enough from the C*. Alcohols
derived from mercaptoethanol or mercaptopropan-1-ol were examined. Better
results were obtained with the mercaptopropan-1-ol derivative. The method is fully
compatible with His(Trt) residues, to the contrary of the standard method using
diazomethane or iodoacetonitrile as reagents for alkylation of the acylsulfonamide.

The thioesters were useful for native chemical ligations in solution or from the solid
support.
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Introduction

Quorum sensing (QS) is a cell-density dependent phenomenon of bacterial colonies.
This system enables them to sense the excess of a critical cell concentration. Small
amounts of permanently produced effector molecules get enriched and initiate a
specific gene expression. In gram-negative bacteria N-acyl-homoserinelactones
(AHLs) serve as signal molecules, while for gram-positive bacteria post-
translationally modified peptides were observed in this function. Some bacteria
have even more than one quorum sensing system, as it was found for the soil
bacterium Sinorhizobium meliloti. Both systems are based on AHLs and can be
distinguished by the length of the acyl chain of the effector molecules [1].

Results

L-Homoserinelactone was coupled to fatty acids with side chains between 7 and 18
carbon atoms. In analogy to naturally occurring variations an 3-oxo group as well as
an unsaturated bond was introduced to some of the fatty acids.
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Fig. 1. EMSA studies about the AHL-dependent DNA binding of the receptor
protein. Components were employed in the binding reaction at 10 uM
(AHL), 8 uM (protein) and 250 uM (DNA).

After acylation their biological activity was tested. The addition of AHL leads upon
binding to an activation of the reporter protein. In the presence of the DNA domain
a complex is formed and can be seen as a mass shift in the electrophoretic mobility
shift assays (EMSA, Fig. 1).

In order to attach a spacer unit to the effector molecule a hydroxylated
homoserinelactone was synthesised. Follwing the route of Rapoport and Afzali-
Ardakani, L-methionine was used as the starting material to prepare



enantiomerically pure L-vinylglycine.[2] After dihydroxylation and cyclisation cis
and trans-3-hydroxy-L-homoserinelactone was obtained.
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Fig. 2. EMSA analysis to reveal the effector concentration dependent DNA binding
of receptor protein. Concentrations of the effector molecules AHL (A) and f§
hydroxy AHL (B) are given in mol/l.

The diastereoisomers were acylated with palmitoleic acid and compared to the
corresponding unmodified AHL. The described test system was used at constant
protein and DNA concentration but varying amounts of the effectors to determine
the minimum concentration necessary for activation.

Discussion

It was shown that the fatty acid chain length is crucial to the quorum sensing
system. Receptor binding of AHL may occur with shorter acyl groups but AHL
mediated protein DNA interaction for the long chain system of S. meliloti requires a
minimum chain length of ten to twelve carbon atoms.

A homoserinelactone with an additional B-hydroxyl function at the ring was proven
to be still active in S. meliloti quorum sensing. A further modified AHL with an
introduced spacer unit currently is under investigation. Such a probe facilitates a
more detailed investigation of quorum sensing systems (SPR, AFM, fluorescence
studies).
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Introduction

Ubiquitination [1], the covalent attachment of one or multiple polymerize
dubiquitins, is a post-translational modification of proteins, which has manifold
functions [2]. It mainly determines proteins for degradation, but also activation,
deactivation or substrate alteration. Due to its ubiquitinous distribution in all
eukaryotes no high-affinity antibodies could be originated until now [3]. Therefore
ubiquitin interacting peptides are of interest for the detection of ubiqutination.Until
now 6 ubiquitin-interacting enzyme families (E1 to E6) with more than 1,000
proteins are known. Ubiquitin carboxy hydrolases are a subfamily of the E6-familiy
and detach single ubiquitins from poly-ubiquitin chains with a nanomolar binding
constant. Based on crystal structures short peptides were selected (Fig. 1) and
analysed for interacting with ubiquitin by four physically different methods.

peptde

Figure 1: Visualsatan of FOtential “INtrAcHing” peptids deimed from UCH-LE (b file 1X03)

Results and Discussion

Selected peptides were synthesized by Fmoc/tBu strategy as peptide amides or N
terminally elongated with aminohexanoic acid and 5/6-carboxy-fluorescein, the
Cy5-like S0387 or cystein. Fluorescently labeled peptides were used in
Fluorescence Correlation Spectroscopy (FCS) [4] for fast detection of interaction
with ubiquitin. All peptides which showed a significant shift in the FCS-signal were
monitored and quantified with label free detection based on Reflectometric
Interference Spectroscopy (RIfS) [5]. From the on- and off-kinetic of signal
increase at different ubiquitin concentrations Kp values were derived. The
dodecapeptide DPDELRFNAIAL derived from UCH-L3 showed a specific signal
(Fig. 2) after incubation with ubiquitin (in comparison to the unspecific signal
obtained with ovalbumin) and a KD value of 13 = 3 uM was calculated. These
results were confirmed by further experiments with labeled and non-labeled
peptides in Isothermal Calorimetry Measurements (ITC). Finally 'H,""N-NMR
chemical shift
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analyses with '*N-labeled ubiquitin were carried out with peptides with the highest
affinity. The chemical shift perturbations (Fig. 3A) were very specific and allowed
the localisation (Fig. 3B) of the interaction of ubiquitin with the peptide.
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Figure 3: The chemical skt perbwbeaions (A} of ubiguitin Jblack) and on the presence of peptide igrey). The
affacted residues are located nest to the pepide (Bj. I is obvicus that the dodecapeplide DPDELRFMAIAL
S22 4MEKE B Simiar paeRion o UbGUEN 03 In the eryetal siuciure of UCH-L3.

The results revealed DPDELRFNAIAL and DELRFNAI as ubiquitin-binding
peptides. Both peptides showed fast equilibria within 30 s and the binding constants
are in the low micromolar range. The NMR results showed that the binding site is
similar to Lys48 polymerized ubiquitin and open the perspectives for the
discrimination of Lys48 and Lys63 polymerized ubiquitin chains.
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Introduction

Cancers are multifactorial diseases with many gene changes and with multiple
phenotypes. We are utilizing genomics and proteomics to evaluate the differences
in typical cancer cells, in normal vs. cancerous tissue with particular emphasis on
differences in cell surface expressed proteins. We are then utilizing these
differences at the cell surface to design multivalent ligands that will recognize
cancer cells vs. normal cells as an approach to early detection and treatment. This
approach provides a new paradigm for developing multimeric ligands for imaging
and as therapeutic agents [1].

Results and Discussion

Since our primary interests are in the detection and treatment of melanoma and
pancreatic cancers, we chose as initial targets for our multivalent ligands, the
melanocortin, opioid and cholecystokinin (CCK) receptors. The structure activity
relationships (SAR) for the peptide ligands for these receptors are well established
for both agonists and antagonists. The advantages of both homomeric and
heteromeric multivalent ligands is now well established [e.g. 1 - 3]. From molecular
modeling of the G-protein coupled receptors (GPCRs) and molecular dynamic
studies, the optimal three dimensional spacing for individual ligands in the

multimers were suggested to be about 25 - 45 A. The scaffold design involved the

use of a variety of linkers such as those shown in Fig. 1 which were chosen for their
variations in rigidity and flexibility, and for their biocompatible chemical
properties. Cells which expressed the receptors both homogeneously and
heterogeneously were developed to evaluate the synergy that might be obtained,
and were used in a new high throughput assays system we have recently developed
[4] using time resolved fluorescence to examine the binding affinity of both
homodimeric ligands and heterodimeric
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ligands. For the heterodimeric ligands such as NDP-a-MSH(7)-(Pro-Gly)o-NDP-a-
MSH(7) vs. the monomeric version (only one NDP-o-MSH(7) moiety) binding
synergies of 5 - 20 fold generally were seen when the estimated distances between

ligands were 15-30 A. For heterodimeric ligands such as NDP-a-MSH(7)-(Pro-
Gly)o-Deltorphin II synergies of 10 - 20 fold generally were seen, but again only

when the estimated distance between ligands was 15 - 50A.

These results strongly suggest that utilization of multivalent ligands using both
homomeric and heteromeric ligands with appropriate linkers can lead to enhanced
affinity and synergy to cancer cells with the appropriately expressed
receptors/acceptors on the cell surface. Work is in progress to demonstrate that
these ligands can be used to preferentially image cancer vs. normal cells in animal
models.
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Introduction

Helices shown in proteins, as a secondary structure, almost always form right-
handed screw sense. The right-handedness of the helix is believed to result from the
chiral center at the a-position of proteinogenic L-o-amino acids [1]. Among
proteinogenic amino acids, L-isoleucine and L-threonine possess an additional chiral
center at the side-chain B-carbon besides the o-carbon. However, only little
attention has been paid as to how the side-chain chiral centers affect the secondary
structures of their peptides [2]. Recently, we have reported that side-chain chiral
centers of chiral cyclic a,o-disubstituted amino acid (S.S)-Acsc'™ affected the
helical secondary structure of its peptides, and the helical-screw direction could be
controlled by the side-chain chiral centers without a chiral center at the a-carbon
atom (Fig. 1) [3]. Herein we synthesized a chiral bicyclic a,a-disubstituted amino
acid, (1R,6R)-8-aminobicyclo[4.3.0]non-3-ene-8-carboxylic acid {(R,R)-Absgs-c},
and its analogs. Also, we prepared its homopeptides, and studied the relationship
between the side-chain chiral centers and the helical-screw handedness of their
peptides.

HiCO,  OCHs

both in solution and in

:> Left-handed (M) a-helix
OMe the crystal state

HaCO -"'OCHs (5.5)-Acsc®M gctapeptide
Fig. 1. (5,8)-Acsc™ Octapeptide forming an a-helix.
Results and Discussion:

We designed and synthesized an optically active bicyclic a,a-disubstituted a-amino
acid; (R R)-Abss-—c, in which the o-carbon atom is not a chiral center but the
asymmetric centers exist at the side-chain bicyclic skeleton. The amino acid (R, R)-
Abssc was synthesized from (S,S)-cyclohex-4-ene-1,2-dicarboxylic acid 1 [4] as
shown in Fig. 2. The acid (S,S)-1 was converted to a diiodide 2 by reduction and
subsequent substitution with iodide. Then, ethyl isocyanoacetate was bisalkylated
with 2, followed by acidic hydrolysis and protection with Boc,O to give amino acid
Boc-[(R,R)-Abs¢-c]-OEt (3). The olefin in the amino acid 3 could be easily



converted to several functional groups. Ozonolysis of the olefin in 3, followed by
reduction with NaBH, afforded a dihydroxy amino acid 4 and by oxidation with
Oxone” gave a dicarboxylic amino acid 5, and by reductive amination with BaNH,
produced a bicyclic seven-membered ring amino acid 6. Furthermore,
hydrogenation of the olefin in 3 afforded saturated amino acid Boc-[(R,R)-Abs sc]-
OEt 7. Homopeptides Boc-[(R,R)-Abssc]n-OEt (n = 3, 6, 9) were prepared by
solution-phase methods, and the six olefin functions in (R,R)-Abs¢c hexapeptide 8
were hydrogenated by H,/20% Pd(OH),-C in one step to afford the saturated
peptide Boc-[(R,R)-Abs ¢c]6-OEt 9 in 70% yield.

The IR, 'H NMR, CD spectra, and the X-ray crystallographic analysis revealed that
the (R,R)-Abs¢-c hexapeptide having twelve chiral centers at the side chain forms
both diastereomeric right-handed (P) and left-handed (M) 3;¢-helices. These results
are in contrast with the left-handed (M) (S,5)-Acsc®™ homopeptides controlled by
side-chain chiral centers, and suggest that the side-chain chiral environments
(bulkiness or flexibility) might be important for the control of the helical-screw

handedness [5].
HOHZC CHZOH HOC  GOzH
Cﬁ““ (= \
COH

Boc-HN COZE‘ BooHN COZEI Boc-HN COzEt
5

Hz
CO,Et —» Bo|
Pd(OH),-C

Fig. 2. Synthesis of chiral bicyclic and cyclic a,a-disubstituted a-amino acids, and
their peptides.
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Integrins are heterodimeric transmembrane proteins and constitute an important
family of cell adhesion molecules. Currently, 24 different combinations of a and
subunits with diverse functionality are known. Integrin o4B;, is involved in
inflammatory processes, leukocyte migration and tumor angiogenesis. VCAM-1, a
natural ligand of o4f;, has been structurally characterized by X-ray crystallography,
including the putative binding loop with the amino acid sequence TQIDSPLN.
While linear peptides based on this sequence do not show any inhibitory effect in
competiti ve binding assays, cyclic octapeptides with micromolar ICsy values have
been reported [1]. Smaller, thus conformationally more restrained cyclic peptides
might bind more tightly because of entropic reasons.

We conducted a spatial screening for high affity integrin asf; ligands using a series
of penta- and hexapeptides based on TQIDSPLN subsequences. f-Homoamino
acids, i.e. B*-amino acids with proteinogenic side-chains, have been incorporated as
structure inducers to enforce formation of distinct secondary structure. Although p*-
amino acids are supposed to prefer the central posi tion of pseudo-y-turns (Wy-
turns) [2], less data exist on their structure inducing potential than for e. g. D-amino
acids. Apart from the structural characterization of potential high affnity ligands for
integrin o4P;, a major goal of this work is to provide a better understanding of the
influence of p*-amino acids on the structure of cyclic peptides. NMR spectroscopy
followed by DG/SA and MD calculations has been used to elucidate the structures
of three pentapeptides, c-(SPLND) 2, c-(SPL*™ND) 3, and the model peptide c-
(VPAFLI) 1, as well as three hexapeptides c-(SPLNVD) 4, c-(S""PLNID) 5 and c-
(*"SPLP"NID) 6. A novel torsion angle clustering procedure has been integrated into
the structure determination workflow, with substantially improved results compared
to previous approaches. The results substantiate the Wy-turn forming propensity of
p*-amino acids in cyclic pentapeptides. The all-a-peptide 2 shows a classical
arrangement with a y'-turn around Asp facing a Bl-turn around Pro and Leu.
Exchange of Asn against B-homoasparagine leads to 3 and results in a drastic
conformational change: the Ser-Pro bonds changes its configuration to cis,
accordingly Pro is now found in position i+2 of a BVIa-turn, and the B-amino acid
occupies the central position of a Wy-turn. The model peptide 1 also comprises a
WYy-turn around P-homoalanine, the only structure inducing building block
incorporated in this peptide. Furthermore, our results point towards a preference of
B-homoproline for the i+1 position of WB-turns in hexapeptides, which is in
agreement with previous investigations [3, 4]. More details concerning the



structural studies and the aforementioned torsion angle clustering will be discussed
elsewhere [5].

A comparison with the X-ray structure of VCAM-1 shows that the binding loop has
been approximated quite well by some of the peptides, especially 2, 4 and 5, so one
might expect a high affinity for o4, in these cases. However, none of the peptides
shows a significant inhibitory effect in competive binding assays. This is also true
for several other cyclic penta- and hexapeptides we have tested which are based on
the TQIDS(P) and QIDSP(L) subsequences. In reference to the premise, these results
are quite surprising. Therefore, we also synthesized the reportedly active
octapeptides [1] and subjected them to our affinity assay in order to validate the
starting point of the screening. Though, we did not find any of the octapeptides to
have a significant affinity for a4f;. We conclude that TQIDSPLN is at most a weak
recognition sequence for oyf;, and that the results of the previous work are at least
doubtful.
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Introduction

The development of new biopolymer materials for applications such as gene
carriers and drug delivery systems is of great interest to biomedical sciences. In this
field, a number of types of biopolymers have been developed. Dendrimers, a class
of biopolymers, receive particular attention because of their properties; they are
highly branched polymers with a well-defined chemical composition and structure.
In addition, they have a compact globular shape, monodisperse size and
controllable surface functionalities [1]. Dendrimers are macromolecular compounds
obtained by an iterative sequence of reaction steps, in which series of branched
building blocks are coupled around an inner core. Ideally, this methodology permits
the development of monodisperse macromolecules with a regular and highly
branched three-dimensional architecture [1]. Peptide dendrimers are of special
interest as they incorporate amino acids in their structures and offer additional
features such a biocompatibility and biodegradability, which are crucial in
biomedical applications [1]. In previous studies performed by our laboratory, we
described the synthesis of polyproline-based dendrimers by solid phase
methodology [2 - 3]. In these, the complexity to achieve polyproline branched
peptides was demonstrated and the main drawbacks identified were the use of large
excesses of reagents and low building block incorporation [4 - 6]. Despite these
synthetic handicaps, these biopolymers have the capacity to cross the mammalian
cell membrane and moderate toxicity [7], thereby opening up the use of these
compounds as new drug delivery systems.

Results and Discussion

To design the synthesis of versatile polyproline dendrimers, here we studied
methodology that involved a combination of solid-phase and solution techniques.
With this aim, diverse multivalent PEG- and proline-based cores were synthesized,
as shown in Fig. la-b. Imidazolidine-2-carboxylic acid (Imd), a symmetrical non-
natural amino acid, was used as branching unit. Glycine residues in the N-terminal
position of the building block were crucial to accomplish the synthesis of these
polyproline dendrimers. Three amino-protecting groups (Fmoc, Boc and Cbz) were
explored in this position (Fig. 1c).

In preliminary studies, dendrimers were synthesized by coupling bivalent PEG- or
proline-based cores and diverse N-terminal-protected (Fmoc, Boc and Cbz)



polyproline building blocks. The effect of these protecting groups on dendrimer
synthesis was evaluated (Fig. 1d).
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All the protected building blocks allowed us to obtain the corresponding final
protected dendrimer; however, when the Fmoc-protected building block was used,
partial Fmoc removal during the coupling reaction was observed. In the case of the
synthesis performed with Cbz-protected building block, it was not possible to
obtain the final unprotected dendrimer. Nevertheless, the use of Boc protection
rendered better results in the coupling reaction and removal of the final Boc-
protecting group.
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Introduction

Sunflower trypsin inhibitor SFTI-1 is the smallest and the most potent known
peptidic trypsin inhibitor from the Bowman-Birk class of proteins [1]. This head-to-
tail-cyclized 14-amino-acid peptide contains one disulfide bridge and a Lys5
residue present in the P1 position, which is responsible for inhibitor specificity.

cyclo(GEy‘-Arg-Cylls-Thr-Lys“-Ser-IIe-Pro“-Pro-IIe-C{rS-Phe-Pro-Asp”)
Fig. 1. Primary structure of SFTI-1.

As was reported by us [2] and other groups, SFTI-1 analogues with one cycle only
retain trypsin inhibitory activity. Very recently we have shown [3] that introduction
of N-substituted glycine residues mimicking Lys and Phe (denoted as Nlys and
Nphe) in the P; position of monocyclic SFTI-1 containing the disulfide bridge only
yielded potent trypsin and chymotrypsin inhibitors, respectively. This novel class of
proteinase inhibitors contains completely proteolytic resistant P,-P,’reactive site.
Here we report a chemical synthesis of 10 new analogues of SFTI-1 modified in the
P1 position by these peptoid monomers (Nlys and Nphe). Each of the synthesized
peptomeric (peptide-peptoid hybrid polymer) SFTI-1 analogues contains one of the
following cycles: head-to-tail, disulfide bridge formed by Cys, by Pen and by
Cys/Pen residues.

Results and Discussion

All peptides were synthesized using Fmoc chemistry. N-Substituted glycine
derivatives were introduced in the peptide chain by the submonomeric approach
using bromoacetic acid and primary amines. The association equilibrium constants
(K,) were determined as described previously [2]. The obtained results are
summarized in Table 1. Our studies show that from 10 synthesized peptomers 9
display either trypsin or chymotrypsin inhibitory activity. We find it very
interesting that among two completely acyclic analogues one (analogue 4) is a
potent chymotrypsin inhibitor while the second (analogue 2) that differ in P,
position only is inactive. We postulate that in the case of analogue 2 the lack of
activity is a result of a cleavage of N-terminal dipeptide Gly-Arg by trypsin,
whereas in analogue 4 this peptide bond is resistant against chymotrypsin.



Table 1. Physicochemical properties and association equilibrium constants (K,) of
peptomeric SFTI-1 analogues.

Inhibitor MW Ka[MT]
calc/found Bovine Bovine
B-trypsin | @ -chymolrypsin

SFTI-1 (monocyclic) 1531.2/1531.8 | 9.9x107 4.9x10°

IPhqsiSI-:fl_-j {menocyclic) ) 1550.2/1550.5 ) 23107

1. cyclo{Gly-Arg-Abu-Thr-Ni ys-Ser-lie-Pro-Pro-lle-Abu-Phe-Pro-Asp) 1479.8/1479.8 | 1.9x10"

2. Gly-Arg-Abu-Thr-Nlys-Ser-lle-Pro-Pro-lle-Abu-Pha-Pro-Asp 1497.8/1497.6 | inaclive

3. cyclo{Gly-Arg-Abu-Thi-N phe-Ser-lle-Pro-Pro-le-Abu-Pha-Pro-Asp) 1498 8/1498.5 7.0x1 OT

4. Gly-Arg-Abu-Thr-Nphe-Ser-lle-Pro-Pro-lie-Abu-Phe-Pro-Asp 1516.8/1516.6 6.2x10"

5. Gly-Argcyclo{Cys-Thr-Nlys-Ser-lle-Fro-Pro-lle-Cys)-Nphe-Pro-Asp 531.8/1531.6 _ﬁ_'!!c_'!o'

6. Gly-Argcyclo{Cys-Thr-Nphe-Ser-Ba-Pro-Pro-lle-Cys)-Nphe-Pro-Asp 550.8/1551.0 9.3x10"

7. Giy-Argcyclo{Pen-Thr-Nlys-Ser-le-Pro-Po-lle-Pen)-Phe-Pro-Asp 587T.9/1587.8 1.5x10°

& Gly-Argcycio{Pen-Thr-Nphe-Ser-lle-Pro-Pro-lle-Pan)-Phe-Pro-Asp 606.9/1606.4 1.2x10"

9 Gly-Argcyclo{Cys-Thr-Nlys-Ser-lle-Pro-Pro-lie-Pen}-Phe-Pro-Asp 1559.9/1559.6 | 3.6x10°7

10. Gly-Arg-cyclo(Cys-Thr-Nphe-Ser-fe-Pro-Pro-lle-Pen - Phe-Pro-fsp | 1578.9/1579.0 1.4x10"

Interestingly, the K, values measured for analogues 7 - 10 in which one or both Cys
residues were replaced with Pen residues and for analogues that comprise two N-
substituted glycine residues in position P, as well as in place of Phel2 are, within
experimental error, the same as that of reference compounds.
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Introduction

Increased resistance of bacterial pathogens to currently employed antibiotics has
resulted in efforts to develop antimicrobial compounds with new mechanisms of
action. Previously, we have synthesized some highly potent antimicrobial
compounds based upon the N-terminal binding fragment of human cystatin C [1, 2].
Some derivatives of the general structure: X-Arg-Leu-NH-alkyl-NH-Y (where X
and Y were acyl groups with aromatic carbocyclic system) have displayed the broad
antibacterial spectrum and high activity against several clinically important Gram-
positive pathogens, including multi-resistant staphylococci. We have found that the
presence of an unsubstituted, carbocyclic aromatic system at the end of both the X-
and Y-acyl groups is absolutely essential for their antibacterial activity.

This work is focused on the influence of the X- and Y-acyl group structure on the
bactericidal activity of the tested compounds.

Results

Nine new peptidyl derivatives (3 — 11), structurally based on two most potent
antibacterial compounds (1, 2) found earlier in our laboratory [1], were synthesized
and investigated for antibacterial activity. In the first group of the series the trans-
cinnamoyl group in 1 was replaced by selected substituents of the general structure:
Ce¢Hs-(CH,),-CO- (where n = 4 — 7) or Ar-(CH=CH),-CO- (where n = 1 or 2)
resulting in 5 — 8 and 3 - 4, respectively. The second group consisted of three
analogues (9 — 11) of 1 in which C¢Hs-(CH,),-CO- moiety (where n = 1 — 3)
substituted the benzyloxycarbonyl. Structures of the discussed compounds are
presented in Table 1.

Discussion

Three of nine new derivatives, 4, 7 and 8, displayed in vitro activity against all
tested bacterial species (S. pyogenes, S. agalactiae, S. epidermidis, group C
streptococci, E. faecalis, S. aureus). Analogues 5, 6, 10 and 11 have not been tested
against group C streptococci and S. aureus, yet. The compound 9 showed no
antibacterial activity against any of six bacterial species tested. The growth of S.
pyogenes, S. agalactiae and S. aureus was suppressed in higher degree by peptidyl
derivatives containing the acyl chains with the length comparable to 1 and 2



(compounds 5, 6 and 10, where n =4, 5 or 2, respectively). Surprisingly, a definite
activity against E. faecalis was noted for the compounds 5 and 6, whereas our lead
substances, 1 and 2, were practically inactive. Compounds 7, 8 and 11, having the
longer backbone then 1 and 2, had a minor effect on the growth of the tested
bacterial species. None of the tested analogues inhibited the growth of S.
pneumoniae, S. oralis or two tested Gram-negative species, E. coli and H.
influenzae.

Table 1. Antibacterial effects of 1-11%*.
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*Inhibition zone diameter: - = no zone, (+) = 6-7 mm, + = §-11 mm, ++ = 12-15 mm, +++ =>15 mm, nd
= not done (in agar well diffusion tests after dissolution to 1 mg/ml in both PBS and PBS-DMSO).

In conclusion, a double bond in the acyl group on the C-terminus and a urethane-
type bond on the N-terminus are not necessary for preserving the antibacterial
spectrum and the activity. Furthermore, an appropriate length of both, the peptide
fragment and the X- and Y- groups seems to be an important requirement.
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Polymers made out of amino acids (polyamino acids, peptide copolymers) are
emerging as promising therapeutic compounds. These polymers are finding
widespread application in the field of drug delivery [1]. A milestone example of
therapeutic polyamino acid carriers is paclitaxel polyglumex [2], a biologically-
enhanced version of taxol conjugated to a polyglutamate polymer. In this context,
polyproline is also attracting much attention for its therapeutic potential. It has been
used to solubilize poorly water-soluble proteins [3]. Polyproline polymers have also
found used in affinity chromatography for the purification of platelet profilin [4],
and more recently, in the design of dendrimers [5]. Polyamino acids are most
conveniently synthesized by polymerization of the corresponding amino acid
N-carboxyanhydride (NCA). However, the case of proline is unique among coded
amino acids as it has the a-amino group bound to the side chain yielding a cyclic
secondary amine and showing some conformational restrictions. These features
probably underlie the poor synthetic yields obtained using current available
methods for a-amino acid NCA formation.

Amino acid NCA are obtained by the method described by Fuchs [6]. In the case of
proline, the N-carbamoyl intermediate does not cyclise spontaneously as it takes
place with other amino acids, and the use of a non-nucleophilic base, typically a
tertiary amine, is required (Fig. 1). Triethylamine, is commonly used but it renders
a low conversion of the N carbamoyl chloride to the expected Pro-NCA, together
with the presence of the Pro-Pro diketopiperazine byproduct. Polymer-supported
bases have been used instead of triethylamine (Fig. 2). The use of resin-bound
tertiary amines provided much higher yields of Pro-NCA together with very low
percentages of the diketopiperazine byproduct and, obviously, the total absence of
tertiary amine contamination. The resin DEAM-PS was the one that provided
virtually no diketopiperazine byproduct. Resins DMAP-PS and TBD-PS furnished
very low reaction yields. The characteristic a-proton signals of Pro carbamoyl
chloride, Pro-Pro DKP, and Pro-NCA were assigned and used to estimate the yield
of each product. Another advantage of using polymer-supported bases is the ease of
crystallization of the desired Pro-NCA. Since the base hydrochloride is removed by
filtration, purities above 99% were regularly obtained for the different batches of
Pro-NCA.

The polymer-supported base can be also regenerated for further use. A washing step
of the resin with piperidine in DMF (1:4) neutralizes the ammonium salt and the
yields obtained with recycled resin were reproducible.



In conclusion, an efficient procedure for the obtention of proline N-
carboxyanhydride in high yield and purity using polymer-supported tertiary amines
is reported. The resin can be recycled by regenerating the free base after a
neutralization step with piperidine in DMF and a filtration of the resin. This
efficient method would facilitate the preparation of polyproline-based polymers.
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Introduction

It has been known for a long time that divalent cations, especially Mg*" and Mn*",
influence significantly binding to receptors and biological activity of oxytocin (OT)
[1]. There is very low specific binding of [’H]JOT to OT receptors (OTR) in the
absence of Mg®" or Mn®". Recently an article appeared showing formation of a
complex: divalent cation-OT and stressing the importance of the N-terminal amino
group of OT for binding and activity [2]. However deamino-analogues of OT, i.e.
analogues lacking the N-terminal amino group, have high biological potency,
higher than OT, and their binding to the receptors is also influenced by divalent
cations. Here we have studied formation of the complexes of not only OT, however
also of deaminooxytocin (dOT) and an OT antagonist (OTA) with Mg**, Mn*",
Zn*', and Ca®>" by means of electrospray MS and binding of the above mentioned
peptides to human OTR in the presence or absence of the ions.

Materials and Methods

OT was from Ferring, dOT was synthesized in IOCB ASCR, OTA
([d(CH,)s',Tyr(Me)* Thr*,Orn®, Tyr’-NH,]vasotocin) was from Bachem, Iodogen
was from Pierce, all other chemicals were from Sigma Aldrich or Serva. ['*IJOTA
was prepared using lodogen procedure and purified using radioHPLC to get
monoiodinated substance. Determination of binding affinity to human OTR was
performed using ['*IJOTA (0.05 nM), crude membrane preparation of HEK OTR
cells (cells stable-expressing human OTR kindly donated by Dr. G.Gimpl [3]) and
various concentrations of peptides (0.1 — 10000 nM) for 30 min at 35 °C in a
volume of 0.25 ml. Buffer used was 50 mM HEPES, pH 7.6, containing different
concentration of chlorides of Mg*", Mn*', Zn*', or Ca®" and 1mg/ml bovine serum
albumin. The reaction was terminated by quick filtration on a Brandel cell
harvester. The electrospray spectra were recorded using Q-Tof micro (Waters,
Milford, MA, USA) mass spectrometer. Samples dissolved in water solution of the
salts were mixed with acetonitrile (1:1) and injected to the mobile phase flow
(water/acetonitrile 1:1, 7 pL/min) using a manual injector (10 pL). The ion source
operating parameters were as follows: spray voltage 3.5 kV, sample cone voltage 40
V, desolvation temperature 150 °C , and source temperature 80 °C. The positive
ions were recorded in the mass range 150-1500 u. Spectra were processed using
MassLynx software (Waters).



Results and Discussion

Electrospray-MS study of OT, dOT and OTA (50 uM peptide alone or after
incubation with 200 uM of the relevant ion) shows that all these compounds form
molecular adducts with Zn*", Mg”", Mn®" and Ca*". In binding experiments using
['*I]OTA, the quantity of tracer bound to human OTR strongly depends on the
character and concentration of divalent ion. ICsy values for OTA (antagonist) were
independent of the divalent ion character (it corresponded to 2.5 - 4 nM) or its
absence, however for OT and dOT (strong agonists), the ICsy values were low in the
presence of Mg?" and Mn?" (nM range) and almost 1000 times higher in the
presence of Zn*'and Ca?". All this argues against the role of the N-terminal amino
group of OT in the binding to the receptor. The high uterotonic activity of OT and
dOT in the in vitro test in the absence of Mg”" in the medium further points to the
idea that the divalent ions do work on the membrane site of the receptors. Active
conformations of OT and vasopressin are still not described. The role of Mg”" and
Mn?" in the mechanism of signal transduction was not elucidated. More information
is necessary. Theoretical molecular modeling calculation should be performed with
caution taking into consideration binding affinity to receptors in the presence and
absence of Mg”" and Mn”" and biological activity of not only OT but also different
analogues of OT.
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Introduction

The aetiology of neurodegenerative prion diseases is currently associated to the
unfolding of the cellular prion protein, PrP®, and to its conversion into an
oligomeric B-pleated, but still structurally mysterious “scrapie” variant (PrP%%) [1].
Knowledge of the molecular basis of such a mechanism can provide key clues for
the rational structure-based drug design of compounds able to block or prevent
disease. We have previously reported on the ambivalent structural behavior of the
173-195 protein fragment, corresponding to the helix 2, which could play a role in
the nucleation process of protein misfolding and oligomerization [2, 3]. The helix-2
amino acid sequence, comprising residues 173 - 195, is invariant across a wide
variety of species. A group of four threonine residues within this segment is a good
candidate to promote a local a—f transition, because of its high intrinsic B-
propensity. In order to further shed light on the structural properties of this
intriguing protein domain and on the influence that a disease-associated mutation
can have on its relative stability, we have undertaken a comparative NMR study on
peptides corresponding to the full length helix 2, PrP[173-195], to the shorter C-
terminal region, PrP[180-195], and to the mutant, PrP[173-195]D178N, bearing the
most important mutation occurring in CJD [4]. Given the strong aggregation
tendency of the above peptides in aqueous solution at mM concentrations, the NMR
analysis has been performed in absolute TFE. Further structural details on the
conformational landscape of this PrP helical domain were obtained by MD
simulations in water as well as in aqueous SDS buffer. Further MD simulations
were performed on the D178N mutated full length C-globular prion domain in
vacuo and in SDS solution.



Results and Discussion

Conformational ambiguity makes the structural arrangement of the segment
corresponding to helix 2 strongly dependent on the environment. Evidence supports
the view that the single Aspl78 residue, that is the most important point mutation
occurring in CJD [4], plays a key role in determining the structural properties of the
PrP globular domain. We have found that the wild type peptide is significantly
affected by the replacement of the negatively charged Aspl78 by a neutral Asn
residue. The consequent structural rearrangement leads to the formation of two
short helices separated by a kink centered on Lys185 and GIn186. MD simulations
performed in presence of SDS are in full agreement with experimental evidence
coming from CD data and show that all peptides are in a B-type organization.

After substituting Asp178 with an Asn residue, the C-globular prion structure was
optimized and subjected to MD, both in vacuo and in water. Overall, these data
strongly suggest that the role played by the helix 2 domain is not to be considered
neutral in the misfolding mechanism of the cellular prion protein to the scrapie
isoform. In fact, MD simulations carried out on the mutated C-globular prion
domain result in elongation of the existing B-strands and weakening of the global
helical content. These data indicate that the D178N mutation is able to induce a
significant conformational change in the entire protein and the partial or complete
unfolding of helices 2 and 3, which we suggest to participate in the PrP¢ to PrP*
conversion.
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Introduction

Anoplin, GLLKRIKTLL-NH,, is an antibacterial peptide isolated from the solitary
spider wasp, Anoplius samariensis [1].

Previously, we have reported a structure-activity study of anoplin based on 37
analogues [2]. Alanine positional scanning showed restrictions on 6 out of the 10
residues, and improved MIC values for the remaining 4 residues, including [A"]-
anoplin. In the present paper, we report a series of analogues of [A’]-anoplin in
which Ala was replaced by Val, Leu, Ile, Phe, Trp and Asn.

Results

Peptide synthesis was accomplished manually, using a TentaGel S RAM resin and
Fmoc solid-phase peptide chemistry. Amino acids (4 equiv.) were coupled
employing TBTU (4 equiv.), HOBt (4 equiv.) and DIEA (6 equiv.) for 60 minutes.

The resin was washed and drained and a one hour recoupling was performed.
Following synthesis, the peptide resins were washed, dried and cleaved using
TFA:H,O:triisopropylsilane. Finally, all analogues were purified by preparative
HPLC and characterized by LC-MS. A stock peptide solution in 1% DMSO was
prepared and the peptide concentration of each peptide was determined by amino
acid analysis.

The anoplin analogues were tested for antibacterial activity against S. aureus ATCC
25923 and E. coli ATCC 25922 was determined using a broth microdilution assay
modified from the method of Hancock [3].

Briefly, stock solutions of the peptides were dissolved in 1% DMSO to a
concentration of 1 mg/mL. The MIC of each peptide was read as the lowest
concentration of peptide that inhibited visible growth of the bacteria after 24 h of
incubation at 37 °C. All MIC determinations were performed in triplicate, and
corrected following amino acid analysis.

Ampicillin was used as control. Furthermore, the cytotoxity towards red blod cells
was evaluated using a hemolytic activity assay.



Tablel. Characteristics and biological activity of Anoplin Analogues

ID |RT | &' |EC,' |-H=*
[I'] (193 |2 2 38 0.070
[L7] |193 |2 2 30 0.050
[F] 185 |2 2 29 0.058
W] [18.3 |2 2 36 0.034
V7] [178 |2 2 101 |[0051
[47] [173 |5 5 203 0.022
7] [154 [=47 47 |[NHT [-0.067

Legends. a: RP-HPLC retention time b: S. aureus (ug/ml) c: E. coli (ng/ml); d:
concentration (ug/ml) where 50% of the red blood cells are lysed e: Mean
hydrophobicity. f: N.H. not hemolytic.

Discussion

The [V']-, [I']-, [L']-, [F']- and [W']-anoplin analogues displayed improved MIC
activities towards S. aureus and E. coli (2 pg/ml both strains) as compared with
[A"]-anoplin (5 pg/ml both strains). However, the analogues also turned out to be
more hemolytic. The anoplin analogues [1’], [F’], [L"], [W’] showed 50% hemolysis
at concentrations ranging from 29 - 38 pg/ml, while [V']-anoplin and [A"]
displayed ECs, values of 101 pg/ml and 203 pg/ml, respectively.

In agreement with helical wheel predictions, [N']-anoplin did not show any
significant antibaterial (47 pg/ml both strains) or hemolytic activity. Finally, we
found a good correlation between HPLC retention times and Eisenberg’s mean
hydrophobicity [4].

Conclusions

In conclusion, the results presented here suggest that anoplin analogues are
promising lead structures for developing future antibacterial agents.

References

1.  Konno K., Hisada M., Fontana R., Lorenzi C.C.B., Naoki H., Itagaki Y., Miwa A., Kawai N.,
Nakata Y. and T. Yasuhara, Biochim. Biophys. Acta, 1550 (2001) 70.

2. Ifrah D., Doisy X., Ryge T.S. and P.R. Hansen, J. Pept. Sci., 11 (2005) 113.

3. Hancock R.E.W., http://www.cmdr.ubc.ca/bobh/Accessed Aug 2006.

4.  Eisenberg D., Ann. Rev. Biochem., 53 (1984) 595.



PEPTIDE DERIVATIZED LIPOSOMES AS TARGET
SPECIFIC MRI CONTRAST AGENTS

Agents A. Accardo’, Diego Tesauro', Mauro Vaccaro’, Luigi
Paduan03, Eliana Gianolioz, Giancarlo Morelli' and Ettore
Benedetti'

'Department of Biological Sciences & CIRPeB University of Naples “Federico 11",
Naples, Italy, *Department of Chemistry, IFM, University of Turin, Turin, Italy and
*Department of Chemistry, University of Naples “Federico II”, Naples, Italy

Introduction

Magnetic Resonance Imaging is one of the most powerful non-invasive diagnostic
methods in medicine. It gives very resolved images but, due to its very low
sensitivity, needs higher concentration (10* M) of contrast agents such as
paramagnetic Gd(III) complexes.

We used two different strategies for the development of a new generation of
contrast agents in MRI having, at the same time, high contrast activity and high
target selectivity.

The first strategy uses bioactive peptides functionalized with one or more
bifunctional chelating agents and their Gd(III)-complexes.

The second strategy is based on the use of supramolecular aggregates containing
both an high number of Gd(III) complexes and surface exposed moieties of a
bioactive peptide. In fact, Gadolinium complexes containing supramolecular
aggregates (micelles and liposomes), present two interesting properties: an
enhanced ability to increase solvent proton relaxation rates; and a longer life time of
the contrast agent in the circulating blood by avoiding the typical extravasation. The
target specifity of the contrast agents could be obtained by labelling the
supramolecular aggregates with bioactive peptides able to address them on the
specific biological target overexpressed by cancerous cells.

Results and Discussion

By using the first strategy, one or more, up to ten, bifunctional chelating agents
(DTPAGlu) and their Gd(IIT)-complexes, DTPAGIlu-Gd(III), have been covalently
attached to the N-terminal end of the bioactive peptide CCKS. This peptide is able
to recognize with nanomolar affinity the two cholecyctokinin receptors (CCKA and
CCKB) overexpressed by cancer cells. The chelating agents are linked to the
bioactive peptide by using an amino acidic spacer. Unfortunately, even if the
relaxivity of each Gd(III) complex is higher than the relaxivity of an isolated
DTPAGIu-Gd(Ill), the number of Gd(III) complexes delivered by the CCKS8
peptide on the target receptors, is not enough to give good contrast in MRI and
therefore these compounds are ineffective as target selective contrast agents.

In the case of the second strategy, we have assembled supramolecular aggregates
(cylindrical micelles, vesicles or liposomes) by mixing two different monomers:



one of them containing a Gadolinium complex ((C18),DTPAGIlu-Gd(IIl)) and the
other the bioactive CCK8 peptide (DSPE-PEG2000-CCKS). Liposome aggregates
were prepared by mixing the compounds in water solution and providing energy to
the system by sonicat