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Preface

The fourth Chinese Peptide Symposium, hosted by Peking University, was held at 
Chengdu, China on July 21-25, 1996 with 164 participants, including 45 scientists from 
abroad, representing 12 countries. The four-day conference was both intense and spiritually 
rewarding. Our goal for CPS-96 was to provide a forum for the exchange of knowledge, 
cooperation and friendship between the international and Chinese scientific communities, 
and we believe this goal was met. 
The symposium consisted of 10 sessions with 55 oral and 78 poster presentations, 

including synthetic methods, molecular diversity and peptide libraries, structure and 
conformation of peptides and proteins, bioactive peptides, peptide immunology, De Novo 
design and synthesis of proteins and peptides, ligand-receptor interactions, the chemistry- 
biology-interface and challenging problems in peptides. 
The enthusiastic cooperation and excellent contributions were gratifying and the active

response of the invited speakers contributed to the success of the symposium. The 
presentations were of excellent caliber and represented the most current and significant 
aspects of peptide science. 
Dr. James P. Tam and Dr. Jie-Cheng Xu were the recipients of ‘The Cathay Award’ 

sponsored by the H. H. Liu Education Foundation, offered for their seminal contributions 
in peptide science and the Chinese Peptide Symposium. Four outstanding young scientists 
were selected by the organizing committee to receive awards sponsored by Haikou Nanhai 
Pharmaceutical Industry Co. Ltd. (Zhong He Group). 
It is our pleasure to acknowledge Nobel Laureate Professor Bruce R. Merrifield for his 

kindness in supporting and serving as the chairman of the Awarding Committee for the 
‘Cathay Award’, and all members of the program and organizing committee for their 
generous contributions to the successful symposium. 
Dr. John R. Martin and Kluwer Academic Publishers kindly agreed to publish the CPS-96 

proceedings, and we thank them for their contributions and support of the symposium. 
We greatly appreciate the generous financial assistance of the sponsors and donors. On 

behalf of the organizing committee, we thank the administrative assistance by Peking 
University and Sichuan University as well as Vanderbilt University. 
Finally, we are grateful to our colleagues, especially Professor Yan-Ling Song, Professor 

Gui-Lin Tian, Dr. Jia-Xi Xu, Dr. Zhen-Wei Miao and Ms. Vicki Gates Bryant, who have 
devoted much time and effort to ensure the success of CPS-96. 

Xiao-Jie Xu
Yun-Hua Ye

James P. Tam
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Abbreviations

Abbreviations used in the proceedings volume are defined below: 

2D-NMR two dimensional NMR CGRP calcitonin gene-related
AAA amino acid analysis peptide
ACE angiotensin-converting Cha cyclohexylamine

enzyme CPS Chinese peptide
ACh   acetylcholine                symposium
Acm       acetamidomethyl                  CT            carboxy terminus; 
ADP    adenosine diphosphate               calcitonin; 
Aib aminoisobutyric acid                                               chymotrypsin; 
AIDS     acquired immune                         cholera toxin 

AM adrenomedullin 
AMD        actinomycin D                            D             diversity (as with Ig or 
AMP adenosine TCR genes)

monophospha te N - (O,O-d ia lky l ) phos-
Aoq α -amino-β -[4-(1,2-

DAPaa
pho amino acid 

dihydro-2-oxo DCC dicyclohexyl-carbodiimide
quinolinyl)]propionic DCM dichloromethane 
acid DDSi dichlorodimethylsilane 

APC antigen presenting cell DEPBT 3-diethoxyphosph-
ATP adenosine triphosphate oryloxy -1,2,3-benzo-
Atq 2-amino-3-( 1,2- dihy- triazin-4(3H)-one

dro-2-thio-quinolinyl) DIEA diisopropylethylamine
propionic acid             DIPEA diisopropylethylamine 

 dificiency CTL              cytotoxic syndrome                                                                                                                                          

AVP arginine -8-vasopressin DIPP N-(O,O-diisopropy1)-
Boc tert-butyloxycarbonyl phosphoryl
BSA bovine serum albumin DMF dimethylformamide 
Bu,Bu t butyl DMSO dimethyl  sulfoxide 
Bzl benzyl DOPC dioleoyl-sn-glycero-
bZIP basic region-leucine zipper phosphocholine

CaM calmodulin 
CaMKII Ca2'/CaM-dependent EDC 1 - (3-dimethyl-

Cbz carbobenzoxy; ethylcarbodiimide

CCK cholecystokinin EDTA ethyienediamine-
CD circular dichroism; tetraacetic acid 

CE capillary electro-phoresis immunosorbent assay

DTT dithiothreitol

protein kinase aminopropy1)-3-

benzyloxycarbonyl hydrochloride

complement domain ELISA enzyme-linked
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Abbreviations

ERK extracellular signal- IPTG   isopropy1 - D-
regulated kinases thiogalactoside

FAB-MS fast atom bombard- insulin receptor
IR infiared; 

ment mass spectro-
metry LH luteinizing hormone 

FD flexible docking LHRH luteinizing hormone 
Fmoc 9-fluoreny lmethoxy- releasing hormone 

carbonyl LTP long -term potentiation 
FSH follicle stimulating 

hormone MAb monoclonal antibody 
Ftase farnesyl transferase MALD-MS matrix -assisted laser 
FTIR Fourier transform infiared desorption mass 
GH growth hormone spectrometry
GHR growth hormone MAP multiple antigen peptide; 

GPCR G-protein coupled MAPK mitogen-activated protein 

GSTs glutathione s- MBHA methylbenzhydrylamine 

receptor mean arterial pressure 

receptor kinase

transferases MDP muramyl dipeptide
ME mercaptoethanol 

HBTU O-benzotriazolyl- MHC major histocompatibility 
N,N,N’,N’-tetrameth- complex
yluronium hexafluoro- MM molecular mechanics 
phosphate MP mastoparan; 

hCG human chorionic melting point 
gonadotropin MS mass spectrometry 

hCG-PP hCG - induced progesterone MT metallothionein 
production MTT 3-(2-yl)- 2,Sdiphenyl-

HCV hepatitis C virus tetrazolium bromide 
HEV hepatitis E virus MVD mouse vas deferens 
HIV human immuno - deficiency

virus NGF nerve growth factor 
HLA human leukocyte Nle norleucine 

antigen NMDA N -methyl-D -aspartate
HOBt N -hydroxybenzotriazole NMDA-R NMDA- receptor
HOOBt N  -hydroxyoxodihy- NMM N- methylmorpholine

drobenzotriazine NMR nuclear magnetic 
HOSu N- hydroxysuccinimide resonance
HPLC high performance liquid OEt O-ethyl ester 

chromatography OMe O-methyl ester 
OSU O - succinimide ester 

Ig immunoglobulin 
IL interleukin PACAP pituitary adenylatecyclase 
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Abbreviations

activating polypeptide TASP template assembled 

mononuclear cell TCEP tris(2-carboxyethy1)-
PBMC peripheral blood synthetic protein 

PBS phosphate buffered saline phosphine
PCR polymerase chain reaction TCR T lymphocyte antigen 
PDB phorbol 12,13-dibutyrate; receptor
PDB protein data bank TEA triethylamine 
PDGF platelet derived growth TFA trifluoroacetic acid 

PDI protein disulfide isomerase TFMSA trifluoromethane-sulfonic
PEG polyethylene glycol acid 
PfP pentafluorophenyl ester THF tetrahydrohran 
PLGA copolymer of lactic Tic 1,2,3,4 -tetrahydro

PSPP papaver somniferum acid

PTH parathyroid hormone TIS triisopropyl silane 
PTX pertussis toxin TLC thin layer chromatography 
PY pyridine TLN thermolysin 

RBD rigid-body docking TMSBr trimethylsilyl bromide 
RP-HPLC reversed -phase high TNF tumor necro factor

performance liquid TOF-MS Time of flight mass 
chromatography spectra

RTK receptor tyrosine kinase Tris tris(hydroxymeth-yl)

SAg superantigen TSST Toxic shock syndrome 
SD soft docking toxin 
SDS sodium dodecyl sulfate 
SFD semiflexible docking UNCA N -urethane-protected
Snm S -(N-methy1-N- carboxyanhydride

phenylcarbamoy 1) UV ultraviolet
sulfenyl VIP vasoactive intestinal 

factor TFE trifluoroethanol 

acid-co-glycolic acid quinoline-3-carboxylic

pollen peptide TIPP H-Tyr-Tic-Phe-Phe-OH

Tmob S-2,4,6-trimethoxybenzyl

aminomethane

SP substance P peptide
SPPS solid phase peptide 

synthesis Z carbobenzoxy 

xi



This page left intentionally blank



Contents

Preface                                                                                                       v 

vi

Abbreviations                                                                                             ix 

Chinese Peptide Symposium - 1996

Session I: Approach and Methods 

Cyclic peptides from unprotected precursors through ring-chain         3 
tautomerism

J.P. Tam, L-.S. Zhang, P. Botti and Y.-A. Lu 

Synthesis of glycopeptides with Lewis antigen or sialyl-Lewisx antigen side                       8 
chains

H. Kunz, K. von dem Bruch, G. Kretzschmar and U. Sprengard

N-urethane protected carboxyanhydrides (UNCAs) in amino acid and
peptide chemistry 

12

J.A. Fehrentz, C. Pothion, C. Devin, M. Paris, P. Chevallet, 
F. Winternitz, A. Loffet and J. Martinez

Immobilisation of themolysin for peptide synthesis with a high activity and 
stability

15

H. Eckstein, D. Hiittner and X. Zheng 

Synthesis of polypeptide by a thioester method
T. Kawakami, S. Kogure and S. Aimoto

17

Synthesis of amino acids selectively labelled with stable isotopes for 
application in peptide synthesis 

22

U. Ragnarsson, L. Grehn, Y. Elemes and B. Fransson 

Design and synthesis of fluorinated Phe-Gly dipeptidomimetics 25
W. Berts, R.C. Vollinga, K. Luthman and U. Hacksell

New methods for synthesis of bis(cystine) peptide dimers 27
L. Chen and G. Barany 

xiii



Contents

Ligation of laminin fragments onto a PEG dendrimer 29
L. Huang, D. -X. Wang and S. -J. Li

Design and total synthesis of two peptide analogs of actinomycin D: 
5,5'-Val2-AMD and 2,2'-Phe2-AMD

31

R. Wang, J.-M. Ni, X.-F. Pan, X.-W. Yang and X.-Y. Hu 

2,2-Difluoroboroxazolidin-5-ones: A novel approach to selective side-chain
protections of serine and threonine by tert-butyl or benzyl groups

33

J.-D. Wang, Y. Okada and W. Li 

Signalling approaches to inhibition of cellular proliferation 35
A.M. Doherty, W.L. Cody, D.M. Leonard, M. Creswell, G.L. Bolton, 
D. McNamara, S.R. Eaton, K.R. Shuler, J. Scholten, J.S. Sebolt-Leopold
and R.L. Panek 

Facile new method for preparation of optically active protected proline 37
J.-I. Yamaguchi and M. Ueki 

A pragmatic way to cleave acid-resistant resin 40
D.-X. Wang and L. Huang 

Phosphonamidate based inhibitors of angiotensin-converting enzyme (ACE) 42
H.-R. Chen and J.-C. Xu 

Thionyl chloride-phenol and phosphorus oxychloride-phenol could be used 
as efficient deprotection agents in peptide synthesis 

45

Z.-W. Miao, Y. Pan, X.-Q. Li, X. -J. Xu and Y. -Q. Tang 

Solid phase synthesis of sodium ion channel IS3-4 segment simultaneously 
using Boc and Fmoc chemistry 

48

Z.-W. Miao, Y. Jiang, X. -J. Xu and Y.-Q. Tang 

Influence of pH and water content on enzymatic peptide synthesis in 
organic solvents 

50

G.-W. Xing, G.-L. Tian, Y. Lu and Y.-H. Ye

xiv



Contents

Session II: Molecular Diversity-Peptide Libraries

Application of the one-bead one-compound combinatorial library method 
in protein tyrosine lunase and cell surface receptor research 

K.S. Lam, Q. Lou, J. Wu, M. Lefhuich, R.T. McKay, L. Rychetsky, 
H. Phan, J. Joe, M.-L. Chen, R. Liu-Stevens, Y. Zhao and S.E. Salmon 

Libraries of synthetic glycopeptides in the characterization of the T cell 
response to tumor associated mucin antigens 

55

59

M. Meldal, E. Meinjohanns, K. Frische, T. Jensen, P. Hansen, 
0. Werdelin, L. Galli-Stampino, S. Mouritsen and K. Bock 

Fluorescent quenched libraries for monitoring chemical and enzymatic 
disulfide bond formation and cleavage 

63

J.C. Spetzler, V. Westphal, J.R. Winther and M. Meldal

Simultaneous multiple synthesis by the MultipinTM method: Techniques for 
multiple handling, high throughput characterization and reaction 
optimization on solid phase 

A.M. Bray, N.J. Maeji, L.M. Lagniton, D. Chiefari, I. W. James, K. Ang, 
N. Ede, R.M. Valerio and T. J. Mason 

67

Synthesis and antitumour activities of analogs and segments of Papaver
somniferum pollen tridecapeptide 

71

J.-X. Xu and S. Jin 

Utilization of phage displayed peptides in the purification of genetic 75
engineering products 

R. Fang, J. Qi, T.-Y. Li, H. Zhou and W. Li 

A biologically active peptide isolated from the buckwheat pollen 
Y.-L. Song, X. Wang, S.- W. He, S. Jin, J.-D. Liu and S. Wang 

78

Synthesis and structure-activity relationships of tripeptide mimetic analogs 
of ACE inhibitors 

81

S.-F. Liu and J.-C. Xu 

Structure-activity  relationship  of  VIP-PACAP hybrid  peptides                                           83 
M.-X. Wei, S. Naruse, K. Nokihara, T. Ozaki, E. Ando, D.-Z. Chen,
Z.-H. Shun and V. Wray

xv



Contents

Design and synthesis of salmon calcitonin analogs 
B. Yang, Z.-J. Han, K.-L. Liu and Z.-K. Ding 

86

Session III Conformation of Peptides and Proteins

Template assembled synthetic peptides (TASP) as receptor mimetics and
'locked-in' tertiary folds

G. Tuchscherer, P. Dumy, P. Garrouste, C. Lehmann, M. Mathieu,
C. Peggion, S. Peluso, A . Razaname and M. Mutter

91

Conformational studies of peptides spanning the helical sequence in the
molten globule α-actalbumin

94

T. Kobayashi, A . Shimizu, M . Ikeguchi and S. Sugai

Folding intermediate of β-lactoglobulin with non-native α-helical con - 96
formation

Y. Goto, D. Hamada and S. Segawa

DNA topoisomerases II: Evolution of their ATP binding site and design of
newinhibitors

98

L. Assairi

Analysis of peptide composition and structure of cytochrome P-450nor2 100
D.-L. Liu and H. Shoun

Amphipathic helical potency and its relationship to the biological activity 
of synthetic calcitonin derivatives

H.-L. Jiang, B. Yang, B.-Y. Liu, Y.-M. Fan, S.-J. Shen and Z.-K. Ding

DNA-binding characteristics of two analogs of actinomycin D: 5,5'-Val2-
AMD and 2,2'-Phe2-AMD

102

104

R. Wang, J.-M. Ni, X.-W. Yung, X.-Y. Hu and X.-F. Pan 

A modified soft docking method for proteins and peptides 106
J.-M. Wang, X.-J. Xu and F. Jiang

Preliminary studies on venom of a marine snail Conus betulinus 109
J.-S. Chen, B.-G. Ru, F.S. Lin, D.-M. Yang, P.-A . Zhou, C.-H. Wu,
S.-L. Chang, Y.-C. Zhou, J.-K. Tie and K.-P. Hu

xvi



Contents

Session IV: Structure and Design 

Topographical considerations in de novo design of peptides 113
V.J. Hruby, S. Liao, M. Shenderovich, X. Qian, G.G. Bonner, G. Han, 
E. J. Bilsky and F. Porreca 

Anticoagulant activity of synthetic peptides targeting various functional 
steps of blood clotting 

11 8 

D.S. Cheng, F.-Y. Liu, X.-Z. Li and G.-L. Wang 

A rational approach to de novo design of α- helical proteins 120
2.-W. Miao, X.-Q. Li, C.-X. Li, X.-J. Xu and Y.-Q. Tang 

Synthesis of a series of amino acid and peptide-porphyrin derivatives 1 24 
X.-H. Chen, X.-L. Hao, G.-L. Tian and Y.-H. Ye 

De novo design and synthesis of amphiphilic α- helical peptides 126
X.-L. Hao, X.-H. Chen and Y.-H. Ye 

Session V: Bioactive Peptides 

Relaxin: Recent structure and activity studies 131
J.D. Wade, F. Lin, Y.-Y. Tan, G. Talho and G. W. Tregear 

Novel synthesis of cyclotheonamide B1 134
J.-G. Deng, Y. Hamada and T. Shioiri 

Identification of superantigen TSST- 1 seqence important for induction of 
T cell proliferation using synthetic peptides and antibody to CD28 

136

W.-G. Hu and X.-H. Zhu 

Analogs of the opioid antagonist TIPP with increased lipophilic character 138
P. W. Schiller, G. Weltrowska, I. Berezowska, T.M.-D. Nguyen, 
N.N. Chung, C. Lemieux, K.A. Carpenter and B.C. Wilkes 

Cetrorelix, a potent LHRH-antagonist: Chemistry, pharmacology and 
clinical data 

142

J. Engel and Th. Reissmann 

xvii



Contents

Characterization and identification of growth hormone receptors in snake-
headed fish (Ophiocephalida argus cantor) liver membrane 

147

X. Sun, S.-Q. Zhu and C.H.K. Cheng 

Effect of divalent cations and disulfide reducing agents on the specific 
binding of growth hormone to snakeheaded fish liver membrane 

150

X. Sun, S.-Q. Zhu and C.H.K. Cheng 

Molecular mechanisms of apoptosis induced by CD3ε peptide 153

D.-X. Zheng, S.-L. Liu, B.-P. Wang and C. Terhorst 

A common antigenic peptide of several HCV proteins 155
J.-X. Xu

Multivalent synthetic peptide vaccine against schistosomiasis: Preparation 
of multiple antigenic peptide 

157

J.-X. Xu

Synthesis of antigenic peptides for HEV diagnosis 160
J.-X. Xu, Z.-H. Qin and M.-S. Cai 

A very strong acidic pentapeptide from Panax ginseng 164
Q. Li., C.-X. Fan, X.-J. Wang, Y.-H. Ye and Q.-Y. Xing 

Isolation and synthesis of a group of  N-γ-glutamyl oligopeptides from 
Panax ginseng 

C.-X. Fan, Y.-H. Ye, Z.-K. Chen, Q. Jiang, L. Yang and Q.-Y. Xing 

166

Studies on the venom of the marine snail Conus betulinus 169
K.-H. Wei, K.-P. Hu, L. Yu, M.-N. Zhong, J.B. Chen and S.-L. Zhang 

Synthesis of a radioiodinated photoreactive MAGE-1 peptide derivative 
and photoaffinity labeling of cell-associated human leukocyte antigen-AI
molecules

F. Anjuere, A. Layer, J.-C. Cerottini, C. Servis and I.F. Luescher 

171

Development of highly potent human parathyroid hormone analogs 
J. Z. Dong, M. Chorev, C. Nakamoto, C.-W. Woon, B.A. Morgan, 
M. Rosenblatt and J.-P. Moreau 

173

CCK-B receptor activation in human lymphoblastic Jurkat cells results in 
AP-1 responsive genes activation. 

176

D. Gagne, N. Bernad, C. Oiry, E. Cottin, M.-F. Lignon, J. Azay and 
J. Martinez 

xviii



Contents

Enhancement of MAPK activity in rat brain following AVP(4-8) adminis-
tration

I78

L.-Y. Qiao and Y.-C. Du

Involvement of a G-protein coupled receptor (GPCR) in signal transduction 
induced by arginine-vasopressin(4-8)

181

L.-Y. Qiao and Y.-C. Du

Effect of arginine vasopressin AVP(4-8) on CaMKII autophosphorylation
and CaM expression in rat brain 

184

L.-Y. Qiao, X.-F. Chen, B.-X. Gu and Y.-C. Du

Synthesis of phosphopeptides as inhibitors of progesterone production 187
Q.-C. Xu, G.-S. Lu and Y. Sun

Synthesis of DL-2-amino-3-( 1,2-dihydro-2-thio-quinolinyl)propionic acid 190
B.-Z. Qiao, A.-X. Li and S.-Y. Jia 

The relationship between hypotensive effect and structure of adrenome-
dullin

S.-L. Sheng, R. Wang, Y.-H. Guo, Z.-J. Ji, Z.-W. Zhao and R.-L. Zhang 

192

The preliminary study of arrhythmias in rats caused by PAMP 194
S.-L. Sheng, R.-L. Zhang, R. Wang, Z.- W. Zhao, Y.-H. Gou and Z.-J. Ji 

Synthesis and bioactivity of Hir-CGRP chimeric peptides 196
L.-Y. Wang, H.-P. Pan and Z.-Y. Chen 

The cardiovascular effects of YIGSR and RGD containing peptides 
Z.-L. Chen, L.-P. Tu, K. Specht, L. Zhao, M. Zhao, D. Sabitouf; 
C. Wang and S.-Q. Peng 

198

Studies on the hybrid peptides of fibrinogen fragments 200
M. Zhao, S. -Q. Peng and Y. -Y. Wang 

The combination and function of YIGSR and YIGSK 202
L.-P. Tu, K. Specht, L. Zhao, Z.-L. Chen, C. Wang, D. Sabitouf; 
M. Zhao and S.-Q. Peng 

The relaxation effect of the linkers of APLRV and RGD 204
M. Zhao, S.-Q. Peng and D. Sabitouf 

xix



Contents

Studies on the linkers of steroids and peptides 206
C. Wang, S.-Q. Peng and X.-C. Qiu 

A novel series of ETA selective antagonists 209
J.-N. Xiang, S. T. Atkinson, D. Gaitanopoulos, D. Bryan, P. Nambi, 
E.H. Ohlstein, J. Weinstock and J.D. Elliott

Syntheses of insulins: From in vivo to in vitro to in vivo 213
Y.-S. Zhang 

Design, synthesis and circular dichroism spectroscopy studies on DNA-
binding activities of GCN4(226--252) peptide dimer 

H. Wang, B. Zhou, Y. Luo, Z.-W. Miao, C.-Q. Chen, X.-J. Xu and 
Y.-Q. Tang 

215

Synthesis, resolution of -amino-P-[4-( 1,2-dihydro-2-oxo-quinolinyl)]
propionic acid and its physiological activity 

Y.-H. Ye, D.-Y. Zhang, J.-G. Ji, G.-C. Jiang, S.-Y. Liu, W.-Y. Zhang and 
W.-Y. Chen 

21 8 

Session VI: Chemistry-Biology-Interface

Conformational changes of bovine pancreatic polypeptide (BPP) as it 
interacts with lipids 

223

S.-Q. Nie, Y. Li, K.-C. Lin, Y. Zhou, S.-F. Sui and H.-L. Jiang 

Preparation and evaluation of microspheres with biodegradable PLGA 
(50/50) containing an LHRH antagonist 

226

Q.-M. Xia and R. Bodmeier 

Ester exchange reaction between N-phosphoserine and thymidine 229
Y. Ma, X.-H. Li, Y. Chen, Y.-P. Feng and Y.-F. Zhao 

Cleavage of DNA by N-phosphoserine in histidine aqueous medium 23 1 
Y. Ma, X. -H. Li and Y. -F. Zhao 

RNA cleavage by N-phosphoryl serine in histidine buffer 23 3 
X.-H. Li, Y. Ma, Y. Chen and Y.-F. Zhao 

A world-wide web server of protein domain assignment 235
J.-C. Luo, S.A. Islam, R.B. Russell and M.J.E. Sternberg 

XX



Contents

237Morphological characterization of peptide vesicle of native protein from 
Chinese wheat by electron microscopy 

S.-Y. Wang and H. -L. Fu 

Expression of mouse metallothionein-I cDNA in E. coli 239
Y. Xiong, Y. -J. Zhou and B. -G. Ru 

Non-radioactive determination of phosphoamino acids in peptides and 
proteins by capillary electrophoresis 

242

F.-Y. Che, X-X Shao, L.-G. Xu, R. Zeng and Q.-C. Xia 

Purification of a 28kD protein from maize pollen and studies on its 
properties

245

J. -H. Wang, Y . -J. Wu and X -R. Wu 

Synthesis of peptides using a thioredoxin gene fusion expression system: 
An application to hirudin 

247

X -D. Zhu, D. -S. Cheng , X-Z. Li and F. -Y Liu 

Kinetics of self-assembly into oligopeptides from N-phosphoamino acids 249
W.-H. Zhou and Y.-F. Zhao 

Inhibition of trypsin by N-phosphoamino acids 25 1 
W. -H. Zhou and Y. -F. Zhao 

Conjugation of galactosamine and ricin 253
F.- W. Wang, H.-C. Tang, G.-E. Li, D.-H. Dai and S. Zheng 

Author index 255

Subject index 259



This page left intentionally blank



Session I

Approach and Methods 

Chairs: Jean Martinez 
CNRS  Faculte de ' Pharmacie

France

Kit S. Lam 
Arizona Cancer Center 
University of Arizona 

Tucson, Arizona, U.S.A. 

Xiao-Yu Hu 
Lanzhou University 

Lanzhou, China 

and

Shao-Bo Xiao 
State Family Planning Commission 

Beijing, China 



This page left intentionally blank



Cyclic peptides from unprotected precursors
through ring-chain tautomerism

James P. Tam, Lian-Shan Zhang, Paolo Botti and Yi-An Lu
Department of Microbiology and Immunology, Vanderbilt University, A 51I9 MCN,

Nashville, TN 37232, U.S.A.

Introduction

In 1993, our laboratory introduced a novel approach of blockwise ligation through amide 
bonds for peptide synthesis using unprotected peptide segments under aqueous conditions 
[I]. This approach uses a pair of mutually reactive groups to achieve selective amide bond
formation between a specific α-amine on one peptide and an α-acyl moiety on another 
peptide with both peptides containing free α- and ε-amines. Because of its exclusive 
chemoselectivity, we have referred to this approach as the orthogonal coupling strategy [ 1-
51. By exploiting different pairs of reactive groups, several methods based on this strategy
have been developed and applied successfully to the synthesis of proteins [5, 6]. In
addition, we have found that the orthogonal coupling strategy is well suited for preparing 
cyclic peptides [7,8] when two reactive ends are present on a single chain, largely due to 
unprotected peptide segments undergoing the entropy-favored ring-chain tautomerization. 

Ring-chain tautomerization is a novel concept and has the attendant advantage of 
eliminating the requirement for high dilution in the macrocyclization of unprotected 
peptides. In this paper, we describe the concept of ring-chain tautomerization in 
combination with the orthogonal ligation strategy for intramolecular cyclization of 
unprotected peptides to form end-to-end cyclic peptides using two different orthogonal 
coupling methods. 

Results and Discussion 

Conceptual framework 
Central to the orthogonal coupling strategy is the amide formation through entropic 

activation [9]. It differs both in concept and mechanism from the conventional, enthalpic 
coupling methods and has three key features: (1) the use of a weakly activated α-acyl
moiety, generally unreactive to amino groups, but reactive with an amino group 
proximally linked with another strong nucleophile; (2) amide bond formation proceeds 
through at least two discrete chemical steps, one of which involves an acyl rearrangement; 
and (3) the initial attack on the α-acyl moiety does not involve the α-amine but the 
proximally linked nucleophile and is often reversible under aqueous conditions. These 
features are absent in the conventional coupling strategies with strongly activated α-acyl
moieties which lead to random acylations, necessitate the use of multi-tiered protecting 
groups, and increase the danger of racemization. The use of a weekly activated α-acyl
moiety that equilibrates among different nucleophiles also provides the foundation for the
ring-chain tautomerization to minimize unwanted oligomerization. 
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Fig. 1. A general scheme for the preparation of cyclic peptides utilizing ring-chain tautomerization.
R' = -CH2CH2CONH2 or -CH2CH2CONH-CH2COOH.

In ring-chain tautomerization (Fig. l), an open chain system 1 containing a 1,2-aiminothiol 
at one end and a polar multiple bond at the other end is transformed into a cyclic 
intermediate 2 or 3 through reversible intramolecular addition of the thiol group to the polar 
multiple bond. Either a water, thiol or alcohol molecule is then eliminated to yield a stable 
nonisomeric heterocycle 4 or 5. By positioning the acyl group and the amine moiety in 
close proximity, intramolecular acyl migration can be effected to give an amide bond in 
compound 6 or 7. This principle is successfully demonstrated in two different types of open 
chain systems. In the first type, an open chain system of an amino-aldehyde peptide 
containing an N-terminal cysteine and a C-terminal glycolaldehyde ester (Fig. 1, Pathway 
a) was used. The initial thiazolidine ring formation is an intermediate step that leads to a 
cyclic lactam as the final product. In the second type, an open chain of an N-terminal
cysteinyl peptide thioester can be considered as a variation of the first type. The initial step 
is a reversible transthioesterification. The cyclic thiolactone intermediate will subsequently 
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rearrange into a cyclic lactam 7 through a 5-membered ring S to N-acyl transfer (Fig. 1,
Pathway b).

Thiaproline cyclization through cysteinyl peptide aldehyde
This method of cyclization provides an end-to-end cyclic peptide containing a thiazolidine

residue in the ring system. Thiazolidine is a thiaproline analog and is also the product of
the intramolecular ligation between an N-terminal 1,2-aminothiol of Cys and a carboxyl
glycolaldehyde in an unprotected peptide precursor (Fig. 2a). For preparing an aldehyde
at the C-terminus in a precursor form, we used a glyceric ester derived from an acetal
peptide-resin [7]. The peptide precursors were assembled on an acetal resin using Fmoc
chemistry, and the peptides were liberated by TFA which contained a masked aldehyde as
the diol. Conversion of the diol to the glycolaldehyde was effected by oxidation with
NaIO4 for 30 min at pH 5. To protect the cysteinyl thiol during the oxidation, the t-
butylsulfenyl group was used, and the thiol was regenerated by treatment with
trialkylphosphine (TECP) at pH 5.5. Concomitant cyclization also occurred to give a cyclic
peptide with a thiazolidine linkage within 1-6 h for cyclic peptides containing 5, 6,12 and
26 amino acid residues. The intramolecular 0 to N-acyl transfer to the cyclic peptides with
an amide backbone occurred after the pH of the buffer was adjusted to 5.9 but required
more than 20 h for completion at 22°C. Increasing the temperature to 52°C raised the
reaction rate 3 to 5 fold.

Fig. 2. (a) Thiaproline cyclization (left). Peptide sequence: 8a CGRAG; 8b CGRAFG; 8c
CGRAFVTIG; 8d CGRAFVTICKIG; 8e CNNNTRKRIRIQRGPGPGRAFVTIGKIG. (b) Cysteinyl
cyclization (right). Peptide sequence: 11a CGGFL; 11b CYGGFL; 11c CKYGGFL; 11d
CKAYGGFL; 11e CAVSEIQFMHNLGK;11f CSNLSTCVLGKLSQEL. R = -CH2CH2COOH. R' =
-CH2CH2CONH2or -CH2CH2CONHCH2COOH.
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Cysteinyl cyclization through transthioesterifcation 
This method of cyclization produces an end-to-end cyclic peptide containing a Cys which 

is also the ligation site (Fig. 2b). It requires a free peptide containing an N-terminal 
cysteinyl and a carboxyl thioester. Peptide thioesters were prepared directly by solid-phase 
peptide synthesis using Boc chemistry on either a MBHA resin or Gly-Pam resin prepared 
according to Aimoto et al. [10]. Peptides ranging from 5 to 16 amino acid residues were
used for cyclizations directly after cleavage from the resin support because the crude 
unprotected cysteinyl peptide thioesters were found to be sufficiently pure (>87%). 
Cyclizations were performed at or around pH 7 in 0.2M phosphate buffer. 
Tris(carboxyethyl)phosphine (TCEP) was added to prevent disulfide formation and to 
accelerate the desired reaction. The cyclization which included both steps of 
transthioesterification and the spontaneous S to N-acyl shift occurred cleanly and was 
completed within 4 h as shown by RP-HPLC in yields ranging from 78 to 92%. 

Evidence to support ring-chain tautomerization 
The concentration-independent nature of cyclization and the lack of polymeric products 

in the RP-HPLC traces were used as evidence to support the ring-chain tautomerization in 
our cyclization process. In this study, cyclizations were run in moderate to high 
concentrations at millimolar levels without affecting the yield. For example, cyclizations 
via transthioesterification of 11b, 11c, 11d, 11e and 11f were performed in 1, 3.5 and 7 
mM at pH 7.5. Oligomerization of the peptide which is often the case in cyclization using 
protected peptide segments was not detected by RP-HPLC. In all three concentrations, 
more than 90% of cyclic peptides were recovered as the isolated yield after RP-HPLC
purification. Similar results were also obtained from the thiazolidine cyclization of 8d, a
12-residue peptide, at 0.6,6 and 20 mM concentrations at pH 5.8, and no polymerization 
was observed. In the case of 11e, the reaction could be carried out in a concentration of 20 
mM of the peptide, which was > 200 fold higher than that of the conventional approach 
using active ester and high dilution. Thus, our results support the concentration-independent
cyclization and conform with the expected equilibrium behavior of ring-chain tautomerism. 

Isolable stable intermediates during amide bond formation 
Since the amide bond formation in our approach involves discrete chemical steps and is 

significantly different from the conventional coupling methods, the strained cyclic peptides 
provide an opportunity to highlight the presence of these intermediates in our coupling 
strategy. In the thiazolidine cyclization, the thiazolidines prior to the acyl transfer were 
stable compounds at pH < 5.0 because the 0 to N-acyl transfer reaction passes through a 
highly strained tricyclic intermediate undergoing ring contraction after adjustment of the 
pH to 5.9. In cyclization via transthioesterification, the cyclic thiolactone is usually not 
observed when the reactions are performed at pH 6.5 to 7.5. This cyclic thiolactone rapidly 
rearranged through an S to N-acyl shift to the desired end-to-end cyclic peptide. To show 
the cyclization intermediate of thiolactone, we used a Cys-Gly-Gly-Phe-Leu pentapeptide 
thioester 11a. In this case, the cyclic thiolactone intermediate is a 16-membered ring, and 
a ring contraction via an S to N-acyl shift gives a 15-membered end-to-end cyclic peptide. 
Because of the ring strain, the contraction via S to N-acyl shift was slow at pH 4.5, and it 
was possible to isolate the labile cyclic thiolactone intermediate which was confirmed by 
MALDI-MS (found: 499.5, calcd for [M+Na-H]+: 499.5) and its susceptibility to 
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hydroxylamine at pH 9. In our study of the intermolecular transthioesterification of two 
unprotected peptide segments, the S to N-acyl transfer occurs spontaneously, and thus far 
the thioester intermediate has not been observed. Therefore, it is interesting that we could 
confirm the thioester intermediate using this cyclic pentapeptide model. 

Conclusion

The orthogonal coupling strategy of amide ligation using unprotected peptide segments 
provides a facile approach for the synthesis of both small and large peptides. For small to 
moderate-size peptides, we have exploited the entropy-favored ring-chain tautomerization 
to facilitate intramolecular cyclization with high efficiency, The importance of cyclic 
peptides in the drug discovery process has been widely exploited due to their 
conformational rigidity and resistance to degradation. Recently, cyclic peptides have been 
used for libraries for this purpose. Because of their importance, an efficient and 
conceptually novel method for their synthesis is highly desirable. Conventional methods 
for synthesizing cyclic peptides require the protection of selected functional groups, 
multitiered protection-deprotection schemes and cumbersome purification of linear 
protected precursors and cyclic products, and the use of organic solvents at high dilution 
to prevent competing intermolecular oligomerization. Thus, the development of novel 
cyclization methods based on ring-chain tautomerization in conjunction with the 
orthogonal coupling strategy through unprotected peptide segments will be useful for 
generation of cyclic peptide libraries. 
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Introduction

During the past decades it has been recognized that the glycosylation pattern of
glycoproteins plays a key role in processes such as the transport of proteins through the
endoplasmic reticulum or membranes, the docking of bacteria and viruses onto cells, and
cell-cell recognition. Glycoproteins which carry Lewis antigen saccharide side chains 1 and
2 were identified as cell surface markers in cell differentiation. For example, the Lewisx

determinant 1 is formed during embryonic development at the 8-cell stage by -1,3-
fucosylation of the I determinant as a status-specific embryonic antigen (SSEA-1). Later,
it is almost completely masked by fucosylation (to give the Lewisx antigen) or sialylation
[l]. Glycoproteins with sialyl Lewisx saccharide portions 3 are important ligands of
receptors located in membranes of endothelial cells (E-selectin and P-selectin), platelets (P-
selectin) and leukocytes (L-selectin). The recognition of sialyl Lewis" ligands by selectins
is obviously responsible for the early steps in cell adhesion and is of increasing interest in
context with inflammatory processes. It controls the recruitment of leukocytes and their
subsequent invasion into the center of inflammation [2]. In contrast to sialyl Lewisx, the
occurrence of Lewisx antigen 1 in healthy adults is restricted to certain specific regions.
For tumors it has been shown, that the accumulation of Lewisx antigen in the cell

membranes directly corresponds to the extent of loss of cell-cell recognition. Therefore,
glycoconjugates with Lewisx antigen structure 1 are of interest as tumor-associated antigens.
For glycoproteins, it seems inappropriate to rigorously separate the role of carbohydrates
and peptides since both portions contain numerous polar functionalities. Model compounds
for the investigation of recognition phenomena involving glycoproteins should have a
defined structure in both the carbohydrate and the peptide portion.

Synthetic Lewisx antigen glycopeptides
In addition to the general demands of glyco-peptide synthesis arising from the sensitivity

of glycosidic bonds [4], the synthesis of glycopeptides with Lewis antigen and sialyl Lewis
antigen saccharides includes additional difficulties: a) The -fucoside bond is particularly
sensitive to acids and can readily be cleaved by formic acid [5]. b) The stereo- and
regioselective introduction of a sialic acid residue is problematic, and the sialic acid
contains a carboxylic function which must be protected reversibly and differentiated from
the peptide carboxylic functions.

The first problem in the synthesis of glycopeptides with complex saccharide side chains
connsists of the stereo- and regioselective synthesis of the corresponding oligosaccharide. 
In order to provide a versatile efficient coupling of the saccharide to the amino acid or 
peptide component, we used the azido group as the anomeric protecting group of the 
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glucosamine portion [6]. Subsequent introduction of the -1,4-galactosyl and 1,3-
fucosyl unit gave the protected Lewisxtrisaccharide azide 4. In order to obtain acid-stability
of the sensitiveα-fucoside bond which is required for glycopeptide synthesis, the O-(4- 
methoxy-benzyl)etherprotecting groups (Mpm) were exchanged for O-acetyl groups. Then,
the azido group was hydrogenolized to give the Lewisx trisaccharide amine 5. Its
condensation with α-allyl Boc aspartate yielded the Lewisx asparagine conjugate 6. The
protecting group combination of 6 allows theselective and alternative removal ofeither the
Boc group or the allyl ester. Using the selectively deblocked components 7 and 8, the
glycohexapeptide which carries two Lewisx antigen side chains was synthesized and 
completely deprotected to give 9. Coupling of 9 to bovine serum albumin (BSA) and
keyhole limpet haemocyamine yielded neoglycoproteins which contain on average 28
synthetic Lewisx glycopeptides 9 of exactly specified structure per molecule protein [7].

Sialyl Lewisx glycopeptides 
As for the construction of the LewisX antigen saccharide, the azido group was also used

as the protecting group and precursor of the anomeric amino group during synthesis of the 
sialyl Lewisx tetrasaccharide portion. In this synthesis, 1,3-fucosylation was carried out 
first. After reductive opening of the benzylidene acetal, the -1,4-galactosylation was 
carried out using the trichloroacetimidate of 6-O-benzyl-2,3,4-tri-O-acetyl-galactopyranose.
De-O-acetylation yielded the Lewisx trisaccharide 10. The sialylation of 10 was achieved
using the methyl thiosialoside 11 and activation with methylsulfenyl trifluoromethane
sulfonate to give the sialyl Lewisx azide 12 with high regio- and stereoselectivity [8]. 
For an application in glycopeptide synthesis, the methyl ester of the sialyl acid portion of 

12 must be saponified, since treatment of glycopeptides with alkaline media would result 
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in racemization (epimerization) within the peptide and cleavage of certain glycosidic 
bonds.Treating a solution ofsaponified 12 with acidic ion-exchange resin, the sialyl Lewisx

lactone 13 was formed. We considered this lactone a useful internal protection of the sialyl 
carboxylic function and hydrogenolyzed the anomeric azido group to obtain the sialyl 
Lewisxlactone amine 14. Its condensation with preformed peptides, e. g. the RGD peptide
15 proved, that the lactone is a reliable internal protection of the sialic carboxylic group. 
The formed sialyl Lewisx RGD peptide conjugate was subjected to complete deprotection 
and opening of the lactone to give 16 in high overall yield. The sialyl Lewisx RGD peptide 
proved to be only a weak ligand for E-selectin but a very potent inhibitor of P-selectin
showing an IC50 of 26 µm. This result suggests that the peptide portion efficiently
modulates the recognition properties of the sialyl Lewisx motif in cell adhesion processes 
and encourages us to carry out further extensive studies in this field. 
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Introduction

UNCAs are very reactive amino acid derivatives [I]. They have been used with success 
in SPPS and have demonstrated their usefulness in solution peptide synthesis [2]. 
Furthermore, we have shown that UNCAs can be considered as starting material for the 
synthesis of various amino acid derivatives. 

Results and Discussion 

Chemoselective reduction of UNCAs by sodium borohydride in the presence of water 
leads in quantitative yield to the corresponding -amino alcohols [3]; no racemisation 
occurred during the reduction. 

This reaction allowed us to obtain in a one-step synthesis the desired -amino alcohols 
in good yields (80 to 96%). Reaction of UNCAs with Meldrum's acid in the presence of 
a tertiary amine followed by the intramolecular cyclization yields to enantiomerically pure 
tetrameric acid derivatives, which are precursors of γ -amino -hydroxy-acids (statine
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derivatives); this reaction is very simple, fast and proceeds from commercially available 
reagents. It was successfully performed with various Z, Boc or Fmoc UNCAs [4]. 

Reduction of UNCAs by bulky hydrides, i.e. lithium aluminium tris(tert-butyloxy)-
hydride or lithium aluminium tris[(3-ethyl-3-pentyl)oxy]-hydride (LTEPA), yields the 
corresponding N-urethane protected -amino aldehydes [5]. 

This simple reaction allows in a one-step procedure the synthesis of enantiomerically pure 
-amino aldehydes from commercially available material in good yields (50 to 90%). 

UNCAs react smoothly and efficiently with phosphoranes to produce the corresponding 
keto phosphoranes in excellent yield [6] These derivatives can lead to the vicinal 
tricarbonyl compounds by subsequent oxidation with ozone or with [bis (acetoxy)-iodo-]-
benzene. These derivatives are potential inhibitors of serine proteases, or starting materials 
for the synthesis of various natural compounds. 

UNCAs react promptly with primary and secondary alcohols and thiols in the presence or 
absence of a base. In the case of tertiary alcohols, no reaction occurred when UNCAs were 
dissolved in the alcohol. However, when placed in tert-butanol as solvent, UNCAs (Boc 
or Z protected) in the presence of potassium bicarbonate and molecular sieves can smoothly 
lead to the corresponding tert-butyl esters. Reaction was performed at 45°C, for 45 hours. 
Yields are of about 70% and no significant racemization occurred during the reaction [7]. 

Dissolved in an anhydrous solvent in the presence of a tertiary amine i.e. DBU (1,8-diaza-
bicyclo [5.4.0]undec-7-ene), in equimolar or catalytic quantities, UNCAs react promptly 
to give pyrrolidine-2,4-diones. The absolute configuration of the asymmetric carbons is 
under investigation by high field NMR studies in our laboratory. However, we found that 
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NMM can be used as base in the presence of UNCAs without any problem in solvents 
currently used in peptide synthesis [8]. 

Conclusion

UNCAs are not only useful in peptide synthesis but also for the preparation of amino acid 
derivatives which are important intermediates in pseudo-peptide or peptoid chemistry. 
Reactions with UNCAs are characterized by their simplicity, efficiency and usually high 
yield. Various other reactions with UNCAs are under investigation in our laboratory. 
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Immobilization of thermolysin for peptide synthesis
with a high activity and stability

H. Eckstein, D. Hüttner and Xu Zheng 
Institute of Organic Chemistry, University of Tübingen, Aufder Morgenstelle 18,

D-72076 Tübingen, Germany

Introduction

Thermolysin (TLN) is an endoprotease and is used substantially for synthesising peptides 
(e.g. for aspartame precursors [ 1]) via the thermodynamic approach. For peptide synthesis,
the use of immobilised enzymes is advantageous because of the possible continuous re-
action in a flow-through reactor. Beyond this, the synthesised peptide will not be contami-
nated with the enzyme. After the coupling the immobilised enzyme can be removed by fil-
tration and used again in later coupling steps [2].
In this investigation we describe the optimisation ofthe immobilization ofTLN on three

carriers, with and without some inhibitors and substrates during the immobilization. 

Results and Discussion 

The immobilization of TLN on Eupergit C (Röhm Pharma, Weiterstadt, Germany) is 
achieved by washing the polymer with water and then with 1 M phosphate buffer, pH 7.5. 
The wet polymer is added to a suspension of TLN in the same buffer. The suspension is 
rotated for 24 hours at room temperature. The optimal ratio is found to be 6 mg TLN for 
I50 mg Eupergit C. A higher concentration of TLN does not improve the activity. The 
immobilisate can be stored at -20°C until use. 
The other carriers investigated are the aminosilica gels LiChroprep-amino (Merck,

Dannstadt, Germany) and Polygosil-amino (Macherey-Nagel, Duren, Germany), which are 
activated with glutardialdehyde. The immobilization procedure is mainly the same as 
already reported [3]. 
The activity of the immobilised TLN is tested by the hydrolysis rate of Z-Asp-Phe-NH2

at pH 8.5 and is determined by HPLC (sorbent: Nucleosil C4, 5 µ (Macherey-Nagel, Duren, 
Germany); column: 100x2 mm; solvent: 40%B (A = 0.05 M NH4OAc, pH 6.5, B = 80%
MeOHIO.05 M NH4OAc); flow rate: 0.3 ml/min). 

In some cases higher active enzyme polymers are obtained by adding inhibitors or sub-
strates. Both can protect the active site ofthe enzyme during the immobilization procedure
to some extent. From a list of already published inhibitors [4] and substrates [5] we tried
several compounds. From the tested inhibitors no improvement in the activity is observed.
However, the activity is improved markedly by addition of Z-Ala during the immobilization 
procedure and by more than 20% in the case of PheOMe'HCl.
The biological stability ofall immobilisates is very high as can be seen from Fig. 1. In this

study the substrates Z-Phe, Z-Ala and Phe-OMe'HCI are used as additives. 
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Fig. 1. Activities of TLN-Eupergit obtained by addition ofZ-Phe (O), Z-Ala and Phe-OMe •HCI
during the immobilization of TLN and without substrate (X) being used up to five times.

The highest decrease of   the activity is observed during the first use. Then the activity de-
creases only slowly or maintains nearly constant. In this respect the TLN-Eupergit obtained
with the addition of Z-Ala (  ) hydrolyses 35% of the test peptide after five uses. This
polymer has then a higher activity in comparison to the TLN-Eupergit, obtained by addition
of PheOMe.HC1, which had a much higher initial activity. Its activity is four times higher
as without any admixture.

From all three carriers, the highest activity shows TLN-Polygosil, which hydrolyses in 60 
min. 93% of the test peptide. The TLN-Eupergit hydrolyses 82%. The poorest activity has 
TLN-LiChroprep.
TLN-Polygosil is used for synthesis of the aspartame precursor Z-Asp-Phe-OMe in or-
ganic solvent. Ethyl acetate is saturated with 0.1M Tris.HC1 (pH 7.5). 1 ml of a solution 
160 mM of H2N-Phe-OMe and 80 mM of Z-Asp is mixed with 300 mg of the wet polymer. 
Within 48 h 90% dipeptide is formed (HPLC control). 

This demonstrates the efficiency of immobilised TLN in aqueous and organic solvents. 
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Synthesis of polypeptide by a thioester method
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Introduction

We have been developing a method of protein synthesis using peptide thioesters as 
building blocks and have reported syntheses of proteins by the method [1-5]. The
synthetic procedure, however, becomes complicated, if a protein contains cysteine 
residues, since it becomes necessary to prepare a segment having benzyl-type protecting 
groups using an Npys solid-phase method and which are stable to silver ions [5]. The 
acetamidomethyl (Acm) group represents a more ideal blocking group for the mercapto
group of a cysteine residue, since it is more easily prepared using a solid-phase method by 
Boc-strategy. If we could find the reaction conditions which allow a coupling reaction to 
proceed at a reasonable rate and under which the Acm group is stable toward silver ions, 
a simple and general method could be developed for the synthesis of cysteine-containing 
proteins.
This paper describes a method for the preparation of a cysteine-containing polypeptide 

using Cys(Acm)-containing peptide thioesters. To demonstrate the usefulness of the 
developed method, human adrenomedullin [6] consisting of 52 amino acid residues was 
synthesized. The amino acid sequence of human adrenomedullin is shown in Fig. 1, in 
which an arrow indicates the site of segment coupling. We also describe a method to 
convert a Cys(Acm)-containing peptide to the corresponding disulfide form of the peptide
under basic conditions in the presence of silver ions and water. 

Results and Discussion 

An Acm group on a cysteine residue is stable under the HF treatment conditions. Thus, 
cysteine containing peptide thioesters can be easily prepared by a Boc solid-phase 
synthesis on an automatic peptide synthesizer. 
The N-terminal peptide thioester segment 1, Boc-[Cys(Acrn)16]-adrenomedullin( 1- 19)-

SCH2CH2CO- -Ala-NH2, was prepared according to the scheme as shown in Fig. 2. The 
peptide was prepared by using Boc-Cys(Acm) for a cysteine residue according to the 
protocol of system software version I .40 NMP/HOBt t-Boc (Applied Biosystems Inc., 
Foster City, CA). After the completion of chain elongation cycles, a protected peptide
resin was treated with anhydrous HF containing 1,4-butanedithiol and anisole to give a 
crude product, which was purified by reverse phase high performance liquid 
chromatography (RPHPLC). The terminal amino group of the purified peptide was 
protected by a Boc group treatment with Boc-ONSu in the presence of DIEA to give
partially protected peptide thioester 1 in 13% yield based on the Gly residue in the starting
resin.Peptide 2, [Cys(Acm)21, LyS(BOC)2

5,36,38,46 ]-adrenomedullin(20-52),wasprepared
from a peptide obtained by an Fmoc solid-phase method according to the protocol of
FastMoc 0.2   Mon Prev Pk (Applied Biosystems Inc.) in 17% yield based on the amino 
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group in the starting resin. Peptide 2, of course, can be easily prepared by a Boc solid-
phase method as well. 
Thioester 1 (1.7 µmol) and peptide 2 (1.7 µmol) were added to a solution containing 

AgNO3 (5.1 µmol), HOOBt (52 µmol), and DIEA (34 µmol) in DMSO (350 µl) and the 

adrenomedullin( 1-52) (1.25 µmol, 73%) was isolated by RPHPLC and freeze-dried to give 
a powder. The elution profile of the reaction mixture is shown in Fig. 3. An aliquot of the 

resulting solution was stirred for 24 h. Peptide 3, Boc-[Cys (Acm)16,21, Lys (Boc) 25,36,38,46]1-

Fig. 1. Amino acid sequence of adrenomedullin. An arrow indicates the site of segment coupling. 

Fig. 2. A synthetic route of peptide 1, Boc-[Cys(Acm)16]-adrenomedullin(l-l9)-SCH2CH2CO- -Ala-

NH2.
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Fig. 3. RPHPLC elution profie of the reaction mixture of peptide 3.

purified peptide 3 (0.72 mol) was treated with TFA containing 5% 1,4-butanedithiol for
1 h  to give peptide 4, [Cys(Acm)16,21]-adrenomedullin( 1-52) (Fig. 4 (A)). The mixture was 
washed with ether, then lyophilized from aqueous acetonitrile. Peptide 4 obtained was 
treated with AgOTf in TFA [7] to remove Acm groups, but the Acm groups could not be
removed. Based on the observation that Acm groups were removed during the segment 
coupling reaction usingAgNO3, HONp, and DIEA, we designed a route to remove Acm
group under basic conditions in the presence ofnucleophile. Thus, peptide 4 was dissolved
into water (0.20 ml), to which was added a solution of AgNO, (3.6 mol) and DIEA (1 1

mol) in DMSO (70 l). The resulting solution was stirred for 2 h to form peptide 5,
[Cys(Ag)16,21]-adrenomedullin( 1-52) (Fig. 4 (B)). To the reaction mixture was added a
mixture of 1 M HCI and DMSO (1 : 1, v/v, 3.0 ml), and the mixture was stirred for 24 h.
The native form of adrenomedullin was isolated by RPHPLC in 57% yield based on peptide
3 (3.6 mg, 0.4 1 µmol) as shown in Fig. 4 (C). The mass number and amino acid analysis 
data agreed well with those of expected values. 
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Fig. 4. RPHPLC elution profiles of the reaction mixtures of the preparation of peptides 4 (panel
A), 5 (panel B), and 6 (panel C), respectively. Each reaction mixture was analyzed by Cosmosil
5C18 (10x250 mm) by linear increase of acetonitrile concentration from 20 to 50% in 0.1 % aq.
trifluoroacetic acid over the period of 30 min at a flow rate of 2.5 ml/min.
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Introduction

Amino acids labelled with stable isotopes such as 2H, 13C and 15N were originally 
applied in metabolic studies and have subsequently played an important role also 
in many biosynthetic and mechanistic investigations. With the growing use of 13C
and 15N NMR spectroscopy in structural studies of proteins, isotope labelling has 
often become a major tool to increase the sensitivity as the natural abundance of 
these nuclei is only 1.1 and 0.35%, respectively. As a result today more than 150 
13C and/or 15N isotopomers of the proteinogenic amino acids have been described [l], 
including both uniformly and selectively labelled species. The former can be obtained 
by hydrolysis of biomass and subsequent separation into pure components [2,3], where-
as the latter are generally prepared by direct synthesis. Recently in our laboratory we 
have developed procedures for selective labelling of amino acids with stable isotopes 
for application in peptide synthesis and in this contribution they will be reviewed. 

Results and discussion 

Synthesis of 15N-Labelled L-Amino Acids
Our procedure for the preparation of 15N-labelled L-amino acids starts from commer-
cial D-amino acids and leads directly to pure Boc-derivatives in high yield. The initial
step is a classical transformation to hydroxy acid [4], followed by esterification of the
carboxyl and conversion to triflate. 
The 15N nucleus as well as the N-protecting group are simultaneously introduced via the 

Scheme 1. Synthesis of BoL-[15N]amino acids. A: HNO2, B: BzlBr, C:(CF3SO2 )2O, D:
Li15NBoc2, E: dil. TFA. F: hydrogenolysis.
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lithium salt of bis-t-butyl (15N)imidodicarbonate (5) prepared in situ. This reaction takes 
place with complete inversion of configuration as demonstrated by the sensitive Flec-
method [6] and provides the product after two simple partial deprotection steps [7,8]. 
By variation of the imidodicarbonate, in principle other N-protected derivatives 

can be prepared similarly [7]. Instead of triflates, the Mitsunobu reaction can also 
be used [7], provided that the imidodicarbonate is acidic enough [9]. 

Synthesis of the Whole Set of Boc-[13C,15N]Glycines
A simple synthetic procedure for these isotopomers of glycine has been developed [10].

Reaction of the potassium salt of labelled and non-labelled bis-t-butyl imidodicarbo-
nate with the three alternative ethyl [ 13C]bromoacetates gave the corresponding fully
protected species, which after consecutive partial deprotections furnished the Boc-deri-
vatives in essentially quantitative yield. These isotopomers of glycine are required for 
asymmetric synthesis of other proteinogenic amino acids [11].

Scheme 2 Synthesis of Boc-(13C,15N]glycines. A:dil. TFA, B: NaOH Compounds made 
(x/y/z): (1 5/13/13), (I 4/13/13), (I 5/1 2/13), (I 4/12/13), (I 5/13/12), (I 4/13/12). 

Asymmetric Synthesis of [13C,15N]Labelled Amino Acids 
Nowadays several excellent methods are available for asymmetric synthesis of 

amino acids [ll]. In our work we have preferentially explored Oppolzer's method
based on the use of (2R)-bornane-l0,2-sultam as a chiral auxiliary [12] and used
it according to Scheme 3 to prepare a number of [1,2-13CZ 2

15N]amino acids [13].
The final products had an optical purity generally exceeding 99% e.e. as deter-
mined by two independent chromatographic methods [6,14] in full agreement with
those reported by Oppolzer et al. [12] and higher in our hand than that obtained
by Schollkopf's bislactim method [15].
More recently, we have used Oppolzer's procedure to prepare also a few L-[2-2H]-

and,especially, [2-2H,1,2-13C2
15N]aminoacids [16,171.

Conclusion

Many Boc-[15N]amino acids can now be prepared from the corresponding non-labelled
antipodes in high isotopic yield and very high optical purity with the help of
[15N]imidodicarbonates. [13C]-Backbone-labelled amino acids with additional 2-2H
and 15N nuclei are conveniently obtained by asymmetric synthesis using Oppolzer's
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Scheme 3. Synthesis of backbone-labelled Boc-L-amino acids using Oppolzer's procedure A-H:
Chiral auxiliary, B: M e 3 A l , C: BuLi/Rl, D: HCl, E:LiOH

chiral auxiliary in excellent optical purity. Such amino acids have so far been used 
for a synthesis of one fully [ 1,2-13C215N]-labelled peptide [18] and further such peptides
are in progress. 
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Introduction

Isosteric replacement of amide bonds in biologically active peptides may prevent their 
proteolytic degradation and is a frequently used strategy in studies of structural mimicry 
[ 1]. In the design of amide bond isosteres several important factors have to be considered.
The isosteres have to mimic the amide geometrically and electrostatically, and should also 
show similar conformational flexibility and hydrogen bonding properties. A previously 
reported Phe-Gly fluorovinyl isostere exhibits good mimicking ability [2]. Therefore, we 
have synthesized a series of novel unsaturated and saturated mono- and difluorinated Phe-
Gly dipeptidomimetics to be used as building blocks in the synthesis of pseudopeptides. 

Results and Discussion 

The fluorinated derivatives were synthesized in several steps starting from the trans-Phe-
Gly vinyl isostere 1. The reaction sequence started with a stereo-selective epoxidation using 
m-CPBA to afford a diastereomeric mixture of epoxides [3,4]. A stereospecific ring
opening using fluoride ion gave the allylic alcohols in good yield [3]. When alcohol 3 was
reacted with DAST we obtained a mixture of fluorinated derivatives and the cis-aziridine
4 [5]. Aziridine 4 was then reacted with DAST to specifically afford the allylic fluoro 
derivative 5. Antimony trichloride was used as a catalyst in the reaction [6]. The aziridine 
could be obtained from the pure alcohol isomer also by using Mitsunobu conditions. This 
reaction was cleaner and higher yielding than the DAST reaction. The trans-aziridine was
obtained from the corresponding alcohol in 68% yield. This aziridine was then reacted with 
DAST to afford the epimer of 5 in 60% yield. The cis- and trans-aziridines show different
reactivities in the reaction with DAST, the trans isomer being more reactive. The saturated
fluoro derivative 6 was obtained in quantitative yield by hydrogenation of 5.
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Geminal difluorinated compounds can be obtained from the corresponding ketones [7]. 
We therefore synthesized the unsaturated ketone 7 from an isomeric mixture of alcohols. 
However, the ketone did not react with DAST even after prolonged heating. We believe 
that the low reactivity is due to the stability of the conjugated system which decreases the 
Lewis basicity of the carbonyl oxygen. Selective hydrogenation of the double bond using 
Pd-C in pyridine afforded 8, which could be converted to the difluoro derivative 9 by
treatment with DAST. 

The mimicking ability of the synthesized derivatives will be evaluated after replacement 
of Phe-Gly dipeptidic moieties in biologically active peptides, e.g. substance P and 
dermorphin. Both these peptides contain Phe-Gly fragments in domains considered 
important for receptor binding and activation. 
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New methods for synthesis of bis(cystine) peptide dimers
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Introduction

Although peptide dimers frequently arise as unwanted by-products from syntheses directed 
at monomeric cyclic disulfide peptides, it is quite challenging to synthesize peptide dimers 
intentionally [ 1,2]. For the present work, we have demonstrated a new approach to generate
homo and hetero peptide dimers (both parallel and antiparallel), using deamino-oxytocin
and oxytocin systems as models. 

Results and Discussion 

The linear sequences were assembled by Fmoc solid-phase synthesis techniques, with 
orthogonal protection for the two -thiols by appropriate combinations of S-[(N-methyl-N- 
phenylcarbamoyl)sulfenyl] (Snm) [3], S-acetamidomethyl (Acm) [ 1], and S-2,4,6-
trimethoxybenzyl (Tmob) [4] groups (Fig. 1). The first disulfide bonds were formed in 
solution by directed methods, and then the second disulfide bonds were formed, without 
purification of the intermediates, by iodine oxidation (Fig. 2). The methods were readily 
adapted to prepare a series of dimers in a convergent manner (common peptide-resin
intermediates applied to prepare multiple products). Final yields of pure dimers (> 98%
by HPLC) were in the 20 to 40% range (yield higher for homo than for heterodimers).

la, W=H, Mpa(tmob)-OH
1 b, W=Fmoc-NH,Fmoc-Cys(Tmob)-OH
2a, W=H, Mpa(Acm)-OH
2b, W=Fmoc-NH, Fmoc-Cys(Acm)-OH

3a, W=H, Mpa(snm)-OH
3b, W=Boc-NH, Boc-Cys(Snm)-OH
3c, W=Fmoc-NH, Fmoc-Cys(Snm)-OH

Fig. I. Protected derivatives of cysteine and β-mercaptopropionic acid. 
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Fig. 2. Syntheses of parallel and antiparallel dimers of deamino-oxytocin, 
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Introduction

The graft of poly-ethylene glycol (PEG) onto proteins, peptide-haptens and other molecules 
usually produces some useful properties, such as enhanced stability, improved plasma half-
life, increased solubility and resistance to proteolysis [ 1]. However low density of pharma-
cophore moiety in PEG grafted molecule probably is not as effective when compared to 
MAP molecule [2]. In this paper we describe the synthesis of a new macromolecule with 
MW up to 8.0 KDa, consisting of PEG and MAP structure by a site-specific reaction. 

Results and Discussion 

In order to ligate various compounds, it is necessary to use chemistry which is very mild 
and specific. Several kinds of structures, such as amide, oxime, hydrazone, Schiff base, 
thiazolidine, etc. can be used as the linkage. Thiazolidine structure [3] was chosen by us 
for its high site-specificity. PEG carrier, a moiety of the target compound 6, was 
functionalized by three step reaction (Fig.1). The other moiety of 6, an unprotected 
nonapeptide fragment of laminin, was prepared by SPPS on MBHA resin. 
Compound 3 was identified by ninhydrin test (-) and 2,4-dinitro-phenylhydrazine (+). The

formation of thiazolidine ring between 1,2-aminothiol of the N-terminal Cys of 5 and 
aldehyde group of 3 was accomplished in 0.02 M NaOAc buffer containing 0.008 M 
EDTA, pH 5 at 50 ºC for 4 h [3]. A major advantage of this reaction was the use of 
nucleophile (1,2-aminothiol) which was the only reactive group towards the aldehyde group 
of 3. The other side-chain groups were excluded from the reaction by protonation at acidic 
pH. The final product 6 was purified by dialysis (cut off< 1.2KDa) and confirmed by amino 
acid analysis. The structure integration of MAP and PEG into one molecule described in 
this paper is an attempt to develop a new compound, which not only has higher molecular 
weight than MAP and higher density of peptide-hapten than conventional PEG modifier but 
may also possess a new conformational feature. 
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Fig. 1. Synthetic route of PEO dendrirneric peptide. 
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Introduction

Actinomycin D (AMD, Fig. 1) is used clinically for treating a limited number of highly 
malignant tumors such as Wilms' tumor, gestational choriocarcinoma. Although it possesses 
valuable antitumor activities, its high cytotoxicity and inactivity towards some tumors have 
limited its wide use and prompted the search for modified AMD. On the basis of the results 
of AMD-DNA binding model [I], we designed and synthesized 5,5'-Val2-AMD and 
2,2'-Phe2-AMD.

Results and Discussion 

The title compounds were synthesized from 3 in 13 steps with overall yields of 27%, 17%, 
respectively. The structures were identified with 1HNMR, 2DNMR, MS and HRMS.

R1= CH(CW3)2 R2 =CH3 AMD

1. R1= CW(CH3) 2 R 2 =H 5,5'-Val2AM D 

2. R1 =PhCH  2                                       R2=CH3 2, 2 -́Phe 2AMD

Fig. I. Structures of AMD and its analogs. 
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Scheme 2. Total synthesis of 2,2'-Phe2-AMD.
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Introduction

In peptide synthesis, Boc and Fmoc chemistries are routine methods to obtain desired 
peptides. Traditionally, the side chain hydroxyl functions in Ser and Thr have been

  protected as benzyl (Bzl) ethers based on Nα -Boc protection, and as tert-butyl ( t -Bu) ethers
in combination with Fmoc group as the Nα-protecting group. More recently, Fmoc-Ser(Bzl) 
and Fmoc-Thr(Bz1) have been employed in convergent solid phase peptide synthesis. 
However, methods for the preparation of these side-chain protected compounds are
cumbersome [I- 41. We have obtained 1 (Scheme) from aspartic acid and glutamic acid, 
and reported the synthesis ofAsp(t-Bu) and Glu(t-Bu) using 1 as intermediates which give
a simultaneous protection of both -function groups and are stable to Lewis acid catalysts 
[7]. In this paper, we describe an efficient and practical one-pot synthesis of the Bzl and
t-Bu-based side-chain protected derivatives of serine and threonine.

Results and Discussion 

Formation, Deprotection and Properties of 1

Mono alkali metal salt of amino acid [7] was treated with more than 2 equivalents of 
BF3.Et2O in tetrahydrofuran (THF) to give 1. The reaction mechanism is described in the 
Scheme. In aqueous solution, the deprotection is accelerated in the presence of bases. The 
chemical shifts of the two different fluorine atoms in 1a (from tril-luoroacetic acid) were 
-74.92 and -75.41 p.p.m. Compounds 1a and 1d were used in the preparation of side-chain 
protected Ser, Thr derivatives directly without further purification. 

Preparation of Ser (t -Bu) and Thr ( t -Bu)
Compound 1a or 1d was reacted with isobutylene in dioxane under the catalysis of 
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BF3/H3PO4 to give 1b and 1e respectively. After hydrolysis in basic aqueous solution, 
Ser(tBu) and Thr( tBu) were obtained. Nonionic resin Amberlite XAD-2 or 4 are useful in 
the separation of amino acid derivatives from unsubstituted amino acids and inorganic salts 
in neutral aqueous solutions. 

Preparation of Ser(Bzl) and Thr(Bzl) 
Compound 1a or 1d was reacted with benzyl trichloroacetimidate, with BF3 as the catalyst, 

in dioxane to give 1c or 1f, respectively. The desired compounds can be obtained after 
deprotection of the intermediates. 

Conclusion

In sum, the present study demonstrates that 1 are highly effective, convenient, and in 
particular, inexpensive intermediates for simultaneous protections of both -amino and -
carboxy groups in α-amino acids. The new method has simplified the tedious procedures 
of side-chain protection of Ser and Thr, and will pave the way for further application of this 
technique to many variants of side-chain modified amino acids, especially O-glycosylated 
amino acids [8].
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Introduction

There has been considerable progress in elucidating the mechanisms by which extracellular 
signals are transduced via cell surface receptors to trigger changes in gene expression 
determining the growth and differentiated state of the cell. Efforts to understand and target 
the mechanisms that underlie the development of abnormal proliferative diseases including 
vascular injury and cancer are under intense study [1,2]. We have targeted several strategies 
to inhibit cellular proliferation including blockade of platelet derived growth factor (PDGF) 
mediated mitogenic signalling and secondly with a downstream target by interfering with 
ras protein function via the enzyme ras farnesyl transferase (FTase) [1,2]. Strategies to 
develop potent cellular acting peptide inhibitors of the association of the C-terminal SH2 
domain of the p85 subunit of phosphatidyl 3-kinase (PI, kinase) with the PDGF -receptor
from the phosphorylated pentapeptide Tyr(PO3H2)751-Val-Pro-Met-Leu (IC50) = 0.67 pM) 
have led to potent tetra- and tripeptide inhibitors. In the second signalling strategy, 
development of potent peptidomimetic inhibitors of the enzyme FTase are presented. 
Truncated tri- and dipeptides and peptidomimetics with cellular activity derived from the 
pentapeptide lead PD 083 176 (Cbz-His-Tyr(OBn)-Ser(OBn)-TrpDAla-NH2) (IC50)=17 nM) 
have been discovered. 

Results and Discussion 

From the pentapeptide Tyr(PO3H2)751-Val-Pro-Met-Leu, which inhibits the association of
PDGF -receptor wth p85 C-terminal SH2 domain of PI3 kinase with an IC50 of 0.67 µM,
C-terminal deletion of Leu755 resulted in a ten-fold loss of activity. However, N-terminal 
acetylation and C-terminal amidation enhanced the activity of the phosphorylated 
tetrapeptide Ac-Tyr(PO3H2)-Val-Pro-Met-NH2 (IC50 = 0.24µM) [3,4]. Pseudoisosteric 
substitution of norleucine (NLe) for methionine led to an only two-fold loss of affinity 
compared with the parent molecule. When the NLe sidechain was transposed to the 
nitrogen of the amide to potentially increase stability and Pro was replaced with Ala for 
synthetic ease, this gave rise to a compound wth IC,, of 2.5µM. Subsequent replacement 
of the C-terminus with a long lipophilic group led to the discovery of the peptidomimetics 
Ac-Tyr(PO3H2)-Val-Ala-N(C5H11)2 and Ac-Tyr(PO3H2)-Val-Ala-N(C6H13)2 with improved
activities (IC50 of 0.22 and 0.077µM) in inhibiting the PDGFβR: PI3 kinase interaction [5]. 
In order to evaluate the potential therapeutic utility of these phosphorylated peptides, the 
difluoro-phosphonate derivatives (CF2Pmp) of the penta- and tetrapeptide were synthesized 
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and found to maintain high affinity while imparting cellular stability. These analogues 
[CF2Pmp751Val-Pro-Met-Leu, IC50 = 1.2µM and CF,Pmp75-Val-Pro-Met-NH2, IC50 =
1.7µM] exhibited micromolar cellular activity in inhibiting the PDGF R: PI3 kinase
complex formation in rat smooth muscle cells (IC50s of 40 and 38µM respectively). 
In the strategy to discover inhibitors of ras farnesyl transferase, truncation of the 

pentapeptide (Cbz-His-Tyr(OBn)-Ser(OBn)-Trp-DAla-NH2), derived from compound 
library screening led to the tripeptide, CBZ-D-His-Tyr(OBn)-Ser(OBn)-CO2Me as a potent, 
selective inhibitor of ras FTase (IC50 = 0.37µM) [6]. Incorporation of D-His and N-methyl
Tyr(OBn) led to the modified dipeptide PD 154309 (IC50 = 0.4µM) [7]. Transposition of 
the Tyr side chain of the tripeptide from the -carbon to the adjacent nitrogen afforded PD 
152440 which also showed good inhibitory activity (IC50 = 0.4µM) [8]. Both PD 154309 
and PD 152440 lnhibit ras processing in H-ras transformed NIH/3T3 cells with a minimum 
effective dose of 1 µM. In the PD 154309 series, substitutions that lead to good activity 
both against the enzyme and in cells included among others the L-His analog (IC50=
0.70µM), incorporation of NHCH2CH2Ph(2-Cl) at the C-terminus (IC 50= 0.93µM) and 
incorporation of D-NMe-His (IC50= 1.2µM). A number of C-terminal analogs of PD 
152440 were prepared; a lipophilic side chain was required to maintain in vitro activity.
The location of the oxygen in the side chain was not critical for activity, however, chain 
length was important. An examination of substitution on the N-benzyl side chain revealed 
more stringent requirements for maintaining activity. However, the biphenyl derivative with 
Ph replacing OBn led to a compound with good in vitro and cellular potency (IC50 FTase
= 0.36µM).
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Introduction

Among the common -amino acids, proline is useful as a chiral source in asymmetric 
synthesis. Many methods including asymmetric synthesis of proline has been reported [ 1].
However, development of a new and convenient method for preparation of optically active 
proline derivatives is still required. We now report that treatment of L- or D-N-protected 2-
amino-5-bromopentanoic acid ester (1), which was prepared from protected glutamic acid,
with sodium hydride gave the corresponding L- or D-proline derivative (2) in high yield
respectively (Scheme 1). 

The reaction of 2-amino-4-bromobutyric acid derivative, which was easily prepared from 
aspartic acid, proceeded under the same conditions to give protected 1 -aminocyclopropane-
1-carboxylic acid in 74% yield. 
Protected L-pipecolic acid was also obtained by the reaction of protected L-2-amino-6-

bromohexanoic acid with sodium hydride. 

Results and Discussion 

Various N-protected glutamic acid -alkyl esters were converted into 1. The mixed 
anhydrides prepared from protected glutamic acid and isobutyl chloroformate in the 
presence of N-methylmorpholine (NMM) were reduced with sodium borohydride in 
tetrahydrofuran (THF) to the corresponding alcohols in 79-95% yields [2].Reacting alcohol
with carbon tetrabromide and triphenylphosphine in CH2Cl2 at room temperature gave 1 in
76-94% yield [3]. 
The reaction of N-benzyloxycarbonyl (Z) 2-amino-5-bromopentanoic acid t-butyl ester

with sodium hydride in THF at room temperature conveniently gave N-Z-proline t-butyl
ester in 80% yield. Its structure was supported by 1H NMR and mass spectra, melting point
(43-45°C; ref. 44-45°C [4]), and amino acid analysis after deprotection by Hbr/AcOH. The 
cyclization of lb also proceeded to give 2b in 80% yield. In contrast no reaction was found 
when 1 b was treated by other reagents (triethylamine, 1,7-diazabicyclo[5.4.0]undec-7-ene
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Table I. Transformation of 1 into protected proline (2)

Substrate R1 R2 Product Yield %

la Z t-Bu 2a 80
lb Z Me 2b 80
1c Z CH2Ph 2c 83
1d Fmoc Me 2d 26a

I eb Z CH2Ph 2e 83

a
The starting material was recovered in 21% yield. 

b D-Glutamic acid was used as starting material. 

(DBU), and potassium t-butoxide) instead of sodium hydride under the same conditions.
Since the 9-fluorenylmethyloxycarbonyl (Fmoc) group was removed partially in treatment 
with sodium hydride, N-Fmoc-proline derivative was obtained in low yield.

L- and D-prolines were obtained by deprotection of L- and D-protectedprolines in 87 and
82% yields, respectively. Adamson et al. reported the use of 1 -fluoro-2,4-dinitrophenyl-5-
alanine amide (Marfey's reagent) to determine the D, L ratio of some amino acids [5]. The 
coupling product of proline with Marfey's reagent gave diastereomers separable by reverse-
phase HPLC. Peaks corresponding to Marfey's derivatives of L- and D-prolines were 
identified by comparison with D, L-proline-Marfey's reagent standard run under identical
conditions. From these experiments, we found that little racemization (<3%) was detected 
in both cases 
Based on the analogous experiment, it was assumed that treatment of 2-amino-4-

bromobutyric acid derivative (3) with sodium hydride may give the corresponding 4-
membered ring compound. However, it was found that the reaction of 3 with sodium 
hydride proceeded to give 1 -amino-cyclopropane-1-carboxylic acid derivative (4) in 74% 
yield (Scheme 2). Its structure was confirmed by 1HNMR spectral data [6].

We next synthesized the optically active precursor leading to expensive L-pipecolic acid 
derivative. Protected 2-amino-6-bromohexanoic acid (6) was prepared from protected 
aspartic acid via protected homoglutamic acid (5).
The cyclization of 6 under the same reaction conditions gave N-Boc-L-pipecolic acid t-

butyl ester (7) in excellent yield (Scheme 3). 
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Introduction

Nitroficated handle structure between peptide chain and resin carrier was conventionally 
used as photolabile linkage in solid-phase peptide synthesis before [ 1,2]. However, it has 
never been commonly used like other handle structures, such as -CH2(C6H4)-, -CH2 (C6H4)-
OCH2(C6H4)-, MBHA, PAM, ... etc., just because of the apparatus restriction in photolytic 
cleaving experiment. The introduction of -NO2 group into phenylene ring of handle 
structure can dramatically reduce the electron density from the carbonyl group at benzyl 
ester moiety. As a result, the ester bonds in nitro-resin should be much more acid resistant 
than the same bonds in non-nitroficated resin. Peptide should be released more easily from 
nitro-resin than from other resins by saponification. 

Results and Discussion 

BNR carrier, nitro-resin, was prepared and used as solid support for the synthesis of 
peptides (Gly-Asp-Ala-Lys-Gly)2>Lys-OH(1)and Thr-Arg-Ser-Ala-Phe-NH2(2). Classical 
chloromethyl resin (CR) was also used for the synthesis of peptide (1) as a criterion of 
evaluating product yields between different resin supported syntheses. All coupling cycles 
were carried out by means of Boc-Bzl strategy. DCC/DIFA/HOBt/DCM was the coupling 
reagent [3] and DDSi/phenyl/DCM was applied to remove Boc groups [4] in each cycle. 
Before saponification or aminolysis, Hi-TFMSA procedure [5] was performed to remove 
side-chain protecting groups (SPG). 

a) NBS, b) HNO3, c) DCC/H2NCH2-(C6H4)-polystyrene.

40



Approach and Methods 

Table I. Release and purities of peptides 

Peptide-resin by TFMSA by 0.2N NaOH purity" Total
yield

(1)-BNR 0 92.1% 91.6% 77.3% 
(2)-BNR 0 94.8% 90.2% 76.1%
(3)-CR 90.4% 4.8% 62.6% 50.3%

a by quantitative analysis of amino acids 

The results shown in Table1 indicated that the benefit of using a combination of cleavage 
of acidolysis-saponification (or aminolysis) as an ogonal protocol. Introduction of nitro 
group to the chloromethyl resin did save the integrity of peptidyl-resin from handle break 
under strong acidic condition and promote saponification to completeness. In addition, 
other advantages stated below are also attractive: 
1. BNR handle was durable to de-Boc reagent. So there was little possibility to lose 
peptide chain from resin in the coupling cycles. 
2. It would be possible to perform more drastic de-Boc conditions, in case of assembling 
a peptide with "difficult sequence", to ensure complete deprotection-coupling cycles. 
3. Even mild conditions of acidolysis (Low-TFMSA procedure [5), to remove the SPGs. 
Could simultaneously cleave peptide from classical CR resin (Table. 1). Free peptide, in 

this case, would be mixed with a lot of SPGs and scavengers in the crude product. On the 
contrary, the successive cleavage-saponification or aminolysis would proceed in a "pure 
circumstance",with naked peptidyl-resin only but no more SPGs and no scavengers. As 
a result, the purity of crude product could be improved. 
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Introduction

The development of the first clinically available orally active ACE (angiotensin -
converting enzyme) inhibitor, captopril [1,2] by Squibb group in 1977 started a new 
approach to antihypertension therapy. Reviewing the history of the captopril development,
one of the key ideas in this process was a hypothesis that ACE is related structurally and 
mechanistically to carboxypeptidase A. This allowed the Squibb group to develop a 
hypothetical model of the ACE active site which led to the design of the first non-peptide
inhibitor [3]. 
The isolation and structure determination of phosphoramidon and its potent inhibition of 

the zinc metalloenzyme thermolysin were reported in 1973 [4,5]. X-ray crystallographic
studies on its E-I complex with thermolysin established its active site binding interaction 
and led to the proposal that its hydroxyphosphinyl moiety binding to Zn++ resembles the
presumed transition state for amide hydrolysis [6]. It is not surprising then that the 
hydroxyphosphinyl group has been extensively studied for possible applicability to the 
design of ACE inhibitors. 

Results and Discussion 

A series ofphosphonotripeptide inhibitors were designed and synthesized by conventional
method as described previously [7]. A column packed with Nucleosil ( 43 ~ 60µm) was 
used to separate the epimeric phosphonotripeptides. All peptides were confirmed by MS,
elemental analysis, 1H and 31P-NMR.
Kinetic properties ofinhibition ofthe synthesized phosphonotripeptides toward ACE have

been studied by applying the simple and sensitive method developed by our group [8]. The 
results are shown in Table 1. From Table 1, it can be concluded that the inhibitive types of 
synthesized phosphonotripeptides are all competitive. The inhibition activities of 
compounds 1-2, 1-6, 1-9 toward ACE are roughly equipotent to captopril. 
Some interesting points can be drawn from the correlation of structure - activity.ln three 

pairs of epimers (compounds 1-2/1-2i, 1-6/1-6i, 1-9/1-9i), when the configuration of the 
epimeric chiral center is R, the inhibition activity is 7 ~ 11 times higher than the S epimer. 
This might be due to the hydrophobic property of S1 subsite in ACE. As for the R - epimer,
the lipophilic group R1 could be more adjacent to SI subsite and therefore it will enhance 
the affinity between inhibitor and enzyme. The hydrophobic S1 subsite can also be shown 
by the 30 - fold lower activity as in compound 1-3 when the phenylmethyl group in 1-2 is 
replaced by a more hydrophilic group p-hydroxylphenylmethyl. 
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Table 1. Inhibition properties of phosphonotripeptides 
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Benzamido derivatives (compounds 1-7, 1-10) without alkyl group ( R1= H ) caused 
eminent decrease in activity. It has been pointed out by Patchett [9] that the PI site of 
inhibitor which fits well to the SI subsite in enzyme is a key factor in effective inhibition. 
Replacement of the phenyl substituents in compound 1-2 or 1-8 with naphthyl in 

compound 1-6 or 1-9, resulted in a slight decrease of activity. It is assumed that larger 
group in PI site cannot match S1 subsite well. Comparing of compound 1-1 with 1-2, it is 
that almost 16 - fold decrease in activity caused by only one methylene moiety difference 
in PI site. Similarity between 1-3 and 1-5 with 1-2 and 1-1 can also be found, but 
compound 1-5 is more potent than 1-3.
The activity enhancing properties of S1' subsite in ACE probably have a conformation 

origin as suggested for captopril [2],that is, the substituent in this position must be of the 
L-configuration and hydrophobic groups larger than CH3 do not lead to activity 
enhancement in inhibitors. The latter point is supported by our experiments (compounds 
1-2/ 1-8, 1-611-9, 1-6i/1-9i).
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Introduction

Hydrogen chloride in organic solvent has long been used for removing t-Boc protection in 
peptide synthesis [l]. However, this method is limited with its tedious operation and low 
efficiency. Endeavor to an alternative deprotecting reagent has recently been made by
Kaiser and Tam and co-workers [2,3] using Me3SiCI-PhOH in DCM. As an attempt to 
search for cheaper and more convenient deprotecting agent, SOC2-PhOH (reagent S) and 
POC3-PhOH (reagent P) were designed in this paper with the same criteria as Kaiser/Tam's
method. Phenol served as proton donor and carbonium ion scavenger, however, Me3SiCl
was replaced by SOCl2 or POCI3. Reagents S and P were first tested in model experiments
to investigate their deprotecting efficiency, and then were employed in solid phase peptide 
synthesis (SPPS). 

Results and Discussion

In model experiments, 50mg Boc-Lys(Z)-Gly-OBzl was dissolved in 5ml 2-6M
PhOH/DCM, followed by adding SOCl2/DCM or POCI3 with equal molar ratio. The 
process of deprotection was monitored by thin layer chromatography or HPLC. The results 
demonstrated that the mechanism of deprotection by reagent S was different from that by 
reagent P. Reagent S was in SN1 mechanism, whereas reagent P in SN2 mechanism. When
freshly prepared 1-3M reagent S (mixing 2-6M PhOII/DCM and corresponding
SOC2/DCM in V:V=1 : 1) was used, the t-Boc group could be completely removed within 
5 minutes without affecting the integrity of the benzyl-based protecting groups (Bzl or Z). 
If the prepared reagent S stood for a period before use, its deprotecting ability decreased 
dramatically, much longer time was taken to give a full removal of t-Boc. The effective 
proton concentration of reagent S decreased due to the continuous escape of hydrogen 
chloride at the same time. When nonpolar solvents such as tetrahydrofuan and ethyl acetate 
were used to overcome this problem, the deprotecting ability of reagent S was unexpectedly 
reduced, since the hydrogen-bond formed with the solvents weakened the proton strength. 
Evidence above demonstrated that the deprotection process by reagent S is an SN1
mechanism involving the participation of the produced hydrogen chloride, that is, the 
effective proton concentration and strength were determined the deprotecting efficiency. 
In contrast to reagent S, reagent P in DCM took about 10 minutes to remove t-Boc
completely. Its deprotecting ability would not decrease and no HCI gas was found while it 
stood even for several months. The polar solvents had little influence on its deprotecting 
ability. Combined with the kinetic1H and 31P NMR studies, it could be concluded that the 
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deprotecting process of reagent P is an SN2 mechanism, similar to Me2SiCl-PhOH [3]. In 
addition, when Boc-Tyr(Bzl)-OH was employed to substitute Boc-Lys(Z)-Gly-OBzl in 
model experiments, similar results were achieved. When PCI, were replaced SOCl2, the 
deprotecting reaction adopted the same mechanism as reagent S, but was found to be more 
vigorously. Also, it is worthy to point out that Z and Bzl were stable enough even for 72 
hours under the deprotection condition both by reagent S and P. 
Based on the results of model experiments, we chose 2.0M reagent P and freshly prepared 

1.5M reagent S as deprotecting agents in the synthesis of IA-16, H2N-S(EEIAKKI)2G-
CONH2 (a De Novo designed peptide with 16 amino acid residues), and compared it with 
33% TFA/DCM in a paralleled control synthesis. The peptide was synthesized by stepwise 
SPPS using t-Boc/Bzl chemistry [4]. Deprotection was done by reagent S or P first for 5
minutes and then for 30-40 minutes. As expected, both reagents S and P exhibited high 
efficiency, the complete deprotection was always obtained by Kaiser test [5], in contrast, 
33%TFA/DCM in controlled experiment sometimes did not give complete deprotection. 
After peptide chain assembly was finished, the peptide was cleaved from MBHA resin by 
anhydrous HF and then purified by HPLC.
Figure 1 shows the HPLC profile of crude IA-16 using reagent S as deprotecting agent. 

Peak 3 was the target peptide as confirmed by FAB-MS (M+H)+: found 1785, calculated 
1785) and amino acid composition analysis. Peaks 1 and 2 could be the additives used in 
cleavage procedure, and disappeared after lyophilization. 15mg pure products were 
obtained from 150mg peptide resin with this method. In controlled experiment, the HPLC 

Fig. I. HPLC Profile of Crude LA-16. Fig. 2. HPLC Profile of Crude LA-16. 
Column: Waters C18 (7.8x250mm), Column: Waters CIS (7.8x250mm), 

acetonitrile/30min, in 0. I %TFA 
2.4ml/min Gradient: 30-45% 2.4mlmin Gradient: 2.5-50%

acetonitrile/30min, in 0.1 %TFA 
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profile was more complicated (not shown here) and only 1 lmg of purified peptide was
obtained. This result revealed that 1.5M reagent S in DCM as deprotecting reagent gave 
a better product both in purity and yield than 33% TFN/DCM. However, this reagent 
seemed to be unsuitable for automatic SPPS. In the course of deprotection, a lot of gas 
including HCl , CO2 and isobutylene was produced in a short time. It would be dangerous 
unless the reaction vessel is pressure resistant. Therefore, reagent S is recommended to be 
used in solution method and manual SPPS only. Similarly, when 1.5M reagent P was used 
as deprotecting agent, the result was satisfactory (Fig. 2). Reagent P was slightly 
advantageous over reagent S. It could give higher yield (19mg pure peptide could be 
obtained from 150mg peptide resin). Moreover, it could be used in automatic SPPS for its 
smooth deprotecting procedure. 
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Solid phase synthesis of sodium ion channel IS3-4 segment
simultaneously using Boc and Fmoc chemistry

Zhen-Wei Miao, Yun Jiang, Xiao-Jie Xu and You-Qi Tang
Department of Chemistry, Peking University, Beijing 100871, China 

Introduction

Both IS3 and IS4 are two of the six transmembrane segments of the rat brain sodium ion 
channel [ 1,2]. Interestingly, individual IS3 can mediate the ionic conductance in planar 
lipid bilayers lack of selectivity between sodium and potassium ions [3,4]. On the other 
hand, IS4, a highly conserved sequence with regular alternation of one positive-charged
and two hydrophobic residues, is predicted to play an important role in switching the 
channel open and close [5,6]. In order to study the interaction between IS3 and IS4, a 
peptide with 47 residues (IS3-4) was designed by linking IS3 and IS4 with a connecting 
sequence GRG, and synthesized by a combined strategy, using Boc and Fmoc chemistry. 

IS3-4: DPWNWLDTFVITFAYVTEFVDL GRG SALRTFRVLRALKTISVIPGLK 
IS3 linker IS4 

Results and Discussion 

Boc/Bzl and Fmoc/Bu' strategies are often used in solid phase peptide synthesis (SPPS) 
[7,8]. Usually, one chemistry is used in one procedure for one peptide. However, such a 
protocol could not provide a satisfactory result for the synthesis of IS3-4. In our initial 
procedure, Boc chemistry was employed alone, however, the resulting product was very 
complicated. Particularly, it was extremely hydrophobic and was difficult to be dissolved 
in acetonitrile/water mixture. The purification of the crude product by HPLC consequently 
became arduous. The C-terminal 25 residues including the IS4 and the linker sequence 
could be obtained in high purity and high yield by Boc chemistry. It could thus be deduced 
that the synthesis problem resulted from the IS3 segment, because it contains several Trp, 
Tyr, Asp and Asn residues, which were usually subjected to side reactions during 
deprotection by 33% TFA/DCM. Therefore, in our improved procedure, the Fmoc/Bu' 
chemistry was introduced instead of the original Boc/Bzl chemistry for the assembly of the 
remaining 22 residues. The final peptide was cleaved from MBHA resin by anhydrous HF 
: anisole : Trp = 18 : 2 : 1. As expected, this procedure turned out to be much better than 
the initial one. The crude peptide could be dissolved in 40% acetonitrile/ water, and then 
was purified by RP-HPLC using C18 column (Fig. 1) on Gilson UniPoint HPLC System. 
The HPLC profile exhibited only two major peaks (pl, p2). 
The TOF-MS spectrum confirmed that p2 was the desired product (calculated: 5384.28, 

found: 5384.5). The result of amino acid composition further supported that p2 was 
the expected IS3-4: Ala 3.14(3), Arg4.09(4), Asp 3.93(1Asn,3Asp), Glu 1.04(1), Gly 
3.26(3), [le 2.73(3), Leu 6.29(6), Lys 2.28(2), Phe 4.00(4), Ser 2.07(2), Thr 4.84(5), Tyr 
0.80(1), Val 4.81(5). Thus, it could be concluded that the combined strategy using Boc and 
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Fig. 1. HPLC Profile of IS3-4.
Column: Cosmosil CI8(7.8x250mm), Flow rate: 2.4ml/min 
Gradient: 50-90% acetonitrile/30mins in 0. I % TFA aqueous. 

Fmoc chemistry in an integrated fashion could provide a satisfactory result for large 
hydrophobic peptide synthesis. 
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Influence of pH and water content on enzymatic peptide
synthesis in organic solvents

Guo-Wen Xing, Gui-Ling Tian, Ying Lu* and Yun-Hua Ye
Department of Chemistry, Peking University, Beijing 100871, China

Introduction

Enzymatic catalyzed reactions in organic solvents with a small amount of water content
possess many advantages, such as great stability of enzymes in organic solvents etc.. We 
focused our attention on the influence of pH and water content on enzymatic peptide 
synthesis in organic media. N-P-L-Asp-XaaOR (P=Z or For, XaaOR=L-PheOMe or L-
AlaOcHex, cHex=cyclohexyl), the precursors of aspartame [1] and a new sweetener(L-Asp-
L-AlaOcHex) [2,3], and N-Z-L-TyrGlyGlyOEt, a fragment of Leu-enkephaline as model
peptides were synthesized by enzymes in organic solvents [4]. All the peptides were 
identified by MS, elemental analysis and optical rotation and they were identical with those 
peptides synthesized by chemical method. 

Results and Discussion 

I.Z-L-Asp was reacted by L-PheOMe with thermolysin in tert-amyl alcohol. The optimum
pH was 8 and water content was 6-8%(V/V) (Fig. 1,2). Under these optimum conditions, 
when the molar ratio of carboxyl component and amino component was 1 : 1, 1 :2, 1 :3, the 
isolated yield was 41.3, 72.5, 82.7% respectively. In the synthesis of Z-L-Asp-L-
AlaOcHex, the results indicated that the optimum pH was 9 and water content was 
6%(V/V) (Fig. 1, 2). Under these conditions, when molar ratio was 1:1, 1:2, 1:3, the 
isolated yield was 11.5,20.5,44.1% respectively. From the experimental data we can see 
that L-PheOMe is a better nucleophilic component than L-AlaOcHex for thermolysin. 
2. Under same reaction conditions as Z-L-Asp-L-PheOMe and Z-L-Asp-L-AlaOcHex, the
isolated yields of For-L-Asp-L-PheOMe and For-L-Asp-L-AlaOcHex were 47.4% and 
6.4% respectively. The lower yields showed that formyl was not a good protecting group 
for thermolysin reactions in tert-amyl alcohol.
3. N-Z-L-TyrOEt was coupled with GlyGlyOEt catalyzed by a-chymotrypsin powder 
suspended in dichloromethane. The results showed that the optimum water content was 
found to be 0.15%(V/V) when pH was 10 (Fig. 3), the isolated yield was 7 1.3%. 
From above results we can conclude that the pH and water content in enzymatic peptide 

synthesis are important. The essential water is quite different from various enzymes in 
organic media. In our study, we found that the optimum water content in synthesis of Z-L-
Asp-L-AlaOcHex was 40 times that of N-Z-L-TyrGlyGlyOEt. The physical constants of 
peptides synthesized by thermolysin and a-chymotrypsin were listed in Table 1. 

* Visiting teacher of Peking University from Harbin Research and Development Center of Pharmaceutical 
Engineering and Technology. 
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Fig. 1. Effect of pH on the Fig. 3. Effect of water content 
isolated yield catalyzed by on the isolated yield catalyzed on the isolated yield of Z-
thermolysin in tert-amyl by thermolysin in tert-amyl TytGlyGlyOEt catalyzed by 
alcohol. a:Z-AspPheOMeb: alcohol. a:Z-AspPheOMe b:Z- chymotrypsin in dichloro-
Z-AspAluOcHex AspAlaOcHex methane. 

Table 1. Physical constants of peptides synthesized by thermolysin and -chynaotrysin

No. Enzyme Producta Solventb Yield% m.p.(°C) [ ]D b1 (c, soL.)c

Fig. 2. Effectof water content

1 thermolysin Z-AspPheOMe tert-amyl alcohol 82.7 120-122 -1 4.8(0.S. MeOH)
2 thermolysin Z-AspAlaOcHex tert-amyl alcohol 44.1 119-121 -31.6 (0.5, MeOH) 
3 thermolysin For-AspPheOMe tert-amyl alcohol 47.4 138-140 -37.3 (0.5, MeOH) 
4 thermolysin For-AspAlaOcHex tert-amyl alcohol 6.4 144-147 -54.2 (0.25, MeOH)
5 -Chyd Z-TyrClyClyOEt dichloromethane 71.3 165-166 +2.9(2, HAC)

a [acyl donor]/[Nucleophile] in No. 1-4 was 1:3; in No. 5 was 1:I. 
b Water content(V/V) in No. 1, 3 was 8%; in No. 2, 4 was 6%; in No. 3 was 0.15%.
c t: measured temperature, in No. 1- 4 was 25°C; in No. 5 was 20°C.
d α-Chy is the abbreviation of α- chymotrypsin. 
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Application of the one-bead one-compound combinatorial 
library method in protein tyrosine kinase and cell surface 

receptor research 

K.S. Lam, Q. Lou, J. Wu, M. Leftwich, R.T. McKay, L. Rychetsky, H. Phan,
J. Joe, M.-L. Chen, R. Liu-Stevens, Y. Zhao and S.E. Salmon

Arizona Cancer Center, Department of Medicine, University of Arizona, 
Tucson, AZ 85724, U.S.A. 

Introduction

In the past six years, we have successfully applied the "one-bead one-compound''
combinatorial library method to many molecular targets. The "one-bead one-compound'' 
concept is based on our recognition that when a "split-synthesis" method is used in the 
generation of a compound-bead library, each bead displays one unique chemical compound 
although there are over 10I3 copies of the same compound on each bead (1 20µm diameter) 
[1-31, Using an enzyme-linked colorimetric on-bead binding assay, we identified specific
ligands for monoclonal antibodies, streptavidin, avidin, MHC-class I molecules, proteases, 
and even small molecules. Recently, we have developed new screening assays for other 
molecular targets. For example, we can rapidly determine peptide substrate motifs for 
protein kinases by incubating peptide-libraries with [ y-32P] ATP and a specific protein 
kinase. The [32P]-labelled peptide-bead can then be localized by autoradiography and
subsequently isolated for structure determination [4-61. We have also developed a new 
whole cell on-bead binding assay that enables us to discover peptide ligands for various cell 
surface receptors. In addition, an in situ solution phase releasable assay for the discovery 
of anticancer agents has also been developed. 

Results and Discussion 

Protein tyrosine kinase 
When a random heptapeptide library (XXXXXXX where X = all 20 L-amino acids except 

cysteine) was incubated with [Y -32P]ATP and p60c-src protein tyrosine kinase (PTK), a
peptide bead, YIYGSFK, was identified as an efficient and specific substrate for p60c-src

PTK [5]. Based on an extensive SAR study [7], we determined that a hydrophobic amino 
acid at position 2 was crucial for the activity as a substrate. We, therefore, synthesized a 
secondary library (XIYXXXX) to optimize the initial lead. In a limited library screen, we 
isolated 5 peptides: GIYWHHY, KIYDDYE, EIYEENG, EIYEEYE, and YIYEEED [6]. 
GIYWHHY was determined to be a more efficient substrate with a Km of approximately 
20µM. Based on the primary structure of GIYWHHY, we designed and synthesized several 
pseudosubstrate-based peptide inhibitors for p60c-src PTK (Table 1). Some of these peptide 
inhibitors are very potent with an IC50 at the low micromolar range. Songyang et al. [8] 
reported the discovery of an efficient peptide substrate (EEIYGEFF) for p60c-src PTK using 
a different combinatorial peptide library approach. Their peptide library was 
phosphorylated in solution and the phosphorylated peptides were isolated by affinity 
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Table 1. Pseudosubstrate-based Peptide Inhibitors for p60c-src PTK Derived from GIYWHHY (6) and 
EEIYGEFF (8) 

Peptide IC50µM*

GI(2-nal) WHH( 2-nal) 4.0 
GI( 2-Nal)WHH(2-Nal) 4.2 
GI(2-Nal)WHH(Aba) 7.0
GI(2-Nal) WHHY 23
GI(2-Nal)WHH 26 
Gly(2-Nal)WHH 50 
EEI(2-Nal)GEFF 143 
EEIyGEFF 867 

GI(2-Nal) WHH( 2-nal) 3.9 

2-Nal, (L) 2-naphthylalanine; 2-nal, (D) 2-naphthylalanine; y, D-tyrosine; Aba, aminobenzoic acid. 
*The values represent the mean of 2-4 independent experiments. The substrate used in these 
experiments was YIYGSFK (55 µM). 

Table 2. Branched Chimeric Peptide Inhibitors for p60c-src PTK

Peptide IC50 µM—
Y 1(2-Nal)GKFK 0.6

I
HHW

Y IY GKFK 2.2 

I
HHW

The values represent the mean of two independent experiments. The substrate used in these experiments was 
YIYGSFK (55µM). 

chromatography and the retrieved peptides were microsequenced collectively. 
Pseudosubstrate based peptide inhibitors which are derived from EEIYGEFF exhibited only 
weak inhibitory activity towards p60c-src PTK (Table 1). 
Both YIYGSFK (Km - 55 µM) and GIYWHHY (Km-20µM) are relatively efficient and 
specific substrates for p60c-src PTK. However, the only homology between these two 
peptides is IY. This suggests that the enzyme active site interacts with these two peptides 
differently. We hypothesize that "chimeric" derivatives of these two peptides may be more 
potent as inhibitors for p60c-src PTK. The two branched chimeric peptides shown in Table 
2 were found to have strong inhibitory activity for p60c-src PTK. YI(2-Nal)GK(HHW)FK
is the most potent inhibitor with an IC50 of 0.6µM. Interestingly for YIYGK(HHW)FK, 
although Tyr-3 is a potential phosphorylation site, this chimeric peptide could not be 
phosphorylated by p60c-src PTK. Instead it is a relatively potent inhibitor for the enzyme 
with an IC50 of 2.2 µM. The fact that these chimeric branched peptides are excellent 
inhibitors suggests that the peptide pocket of the p60c-src PTK enzyme active site is 
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relatively big and can accommodate more than a short linear peptide. 

Whole cell on-bead binding assay 
We have previously shown that intact lymphoma cells can rosette around idiotype-

specific peptide-beads [9]. Recently, we have applied this whole cell on-bead binding assay 
to screen random peptide libraries for cell surface receptor specific peptides. We first 
mixed intact cells (human lymphoma, or myeloma cell lines) with a thoroughly washed 
random peptide-bead library in culture medium. After incubation at 37°C for 2 hours, the 
free cells were removed and the bead-library was transferred to a Petri dish and inspected 
under a dissecting microscope. Beads coated with a monolayer of intact cells were isolated, 
treated with 8M guanidine HCl (pH 1.0) and prepared for microsequencing. With this 
methodology we succeeded in isolating cell surface binding peptides from both the L-and
D-amino acid peptide libraries. Blocking antibodies were then used to reprobe the positive 
beads for determining the identity of the cell surface receptor to which these peptides bind. 

In situ solution phase releasable assay 
We previously disclosed [3] the potential application of the "one-bead one-compound''

library method to discover anti-cancer or anti-microbial compounds using an in situ soft
agar solution phase releasable assay.Recently, we applied this approach to discover novel 
anti-cancer agents. In this method the random peptides or small molecules are attached to 
the solid phase bead via a dual cleavable "Ida linker" [10]. The bead-library was first mixed 
with a cancer cell line and plated in soft agar. After 48 hours, 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) was added to stain the live cells. Two hours later, 
a clear zone of inhibition (a halo) was then observed around the beads that released active 
cytotoxic compounds against the cancer cell line [ 1 1]. We have now identified compounds 
that appear to be specific against certain tumor types. Work is currently underway to
confirm these preliminary results. 

Conclusion

The "one-beadone-compound'' combinatorial library method is extremely versatile and can
be used to discover ligands for various molecular targets. Assays can be developed such
that a specific biological or physical property can be detected. These assays, whether on-
bead or in solution phase can easily be adapted to the "one-bead one-compound" library
concept. Thus far, this specific combinatorial library method has proven to be very useful 
in both basic research and drug discovery. 
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Introduction

It has been well established that T cell stimulation is mediated by the presentation of 
peptide antigens by the MHC molecules on the surface of the antigen presenting cells. The 
peptides are fragments of proteins or even glycoproteins. The design of the binding groove 
of the MHC molecule is such that it only binds to peptides in their more or less extended 
conformation by interaction with anchor residues often towards the terminal ends. 
Carbohydrates and lipids do not interact with the MHC molecules and they belong to the 
group of T cell independent antigens unable to elicit a T cell response. However, the elution 
and analysis of peptides bound to the MHC molecules has revealed that glycan residues 
remaining from glycoprotein degradation could be attached to peptides bound to the MHC 
molecules [l]. It is therefore important to investigate the immunogenicity of glycopeptides, 
in particular the changes observed in the mucin glycosylation pattern in the case of e. g. 
colon cancer cells due to down regulation of enzymes leading to aberrant glycosylation [2]. 
Nothing is known about the specificity of the T cell response to glycans attached to 
peptides binding to MHC. The Ek restricted self peptide, VITAFNEGLK, from CBA/J
mouse hemoglobin (67-76) is known to bind well MHC class II molecules, but is unable
to stimulate the CD4’ T cells to proliferate [3]. Conversion of such a non-immunogenic
peptide into an immunogen by glycosylation would indicate that the T cell specificity was 
due to direct contact between the glycan and the binding domain of the TCR. Furthermore, 
by modifying the glycan in this model for T cell-glycan recognition it would be possible 
to study the detailed molecular interactions between the glycan and the TCR, which in turn
could lead to knowledge about the requirements for the efficient design of cancer vaccines. 

Results and Discussion

The Hb(67-76) peptide 1, VITAFNEGLK, was first studied by scanning through the
peptide with A, T and S as well as with T (α -D-GalNAc) and T(α -D-GalNAc). These 
glycopeptides were obtained by multiple column synthesis [4] by use ofthe conventional
Fmoc-amino acid-OPfp ester coupling method with piperidine deprotection on polyethylene 
glycol polyamide copolymer (PEGA) resin as previously described [5]. As expected 
any modification of anchor residues abolished both binding to isolated MHC molecules 
as well as immunogenicity [6]. The V, T, N and L residues, known to point away from the 
N could be substituted with recognition of the glycan residues. In order to study this 
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Fig. 1. MHC class II binding N- and O-glycopeptides synthesised and used in T cell proliferation
studies. T cell hybridomas were generated against 12 (R=CH3).

T(α -D-GalNAc) and T(α -D-GalNAc) to afford binding to MHC. Furthermore, only the
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specificity in more glycopeptides with substitution of N72 afforded immunogenic peptides 
MHC molecule could be replaced by an A, S or T, but only the terminal V and the central 
with specific detail, the large library of glycopeptides presented in Fig. 1 was constructed. 
The glycopeptides were synthesized by the building block strategy [7]. The smaller glycans
were synthesized as previously described.The more complex glycan structures 19-23 were
were synthesized using N-Dts (β−directing and a zido (α -directing) groups as 2-acetamido 
precursors. The trichloroacetimidates (TCA) were used as glycosyldonors. Ac3- -D-GalN3-
TCA was frst attached to Fmoc-T/S-OPfp and the product converted to the 4,6 benzylidene
derivative. Then glycosylation with Ac3-β -D-GlcNDts-TCA or Ac3-β -D-Gal-TCA first in 
the 3 position of Fmoc-T/S(4,6-O-benzylidene-α -D-GalN,)-OPf’p (for 19-21) and, after
removal ofbenzylidene, in the 6 position gave the branched trisaccharide structures (for 22
and 23). Two different routes for glycopeptide assembly were compared. These are the
previously used method of heterogeneous reduction with Zn in Ac2O on the building block 
stage and a method of simultaneous reduction of N-Dts group and azide and N-acetylation
immediately after incorporation of the glycosylated building block on the solid phase. It 
was found that the new method of azide reduction with DDT on the solid phase was very 
efficient and the overall yield based on the above trisaccharide precursor was improved. 
The stepwise reduction and acylation on the solid phase also allowed the incorporation of 
a photoaffinity label on the amino groups by reaction with 2-azido-Bz-ODhbt. Seven 
different analogs of GalNAc, GlcNAc and core1 were photoaffinity labeled and found to 
be immunogenic. The large branched structure 24 was obtained from fetuin by 
hydrazinolysis to yield its glycan pool. After conversion to the glycosylamines these were 
reacted with Fmoc-Asp(ODhbt)-OtBu in DMSO and building blocks obtained in high yield 
were separated by HPLC. By conversion into peracetates and TFA cleavage of the tBu ester 
the protected building blocks could be obtained. Incorporation into VITAFNEGLK 
afforded the MHC binding glycopeptide. 
The binding of the glycopeptides to MHC and the ability to elicit T-cell proliferation were 

Fig. 2. The reduction of the N-Dts protecting group can be performed selectively or simultaneously 
with an azide group. 
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investigated. It was found that all the glycopeptides 4-23 bound to MHC Ek with an affinity 
comparable to 1 while the ability to stimulate the immune system varied greatly and the 
stimulation did not depend on MHC binding affinity. Particularly immunogenic were the 
glycopeptides 10, 12, 13, 14, and 20 (R–H). Very analogous glycopeptides 7, 8, 15, 20 
(R=CH3) and the core2 structure 22 where a GlcNAc is introduced on the 6-position of
GalNAc were essentially non-immunogenic, indicating close molecular contact between 
glycan and the TCR and a particular potency of the natural aberrant glycosylations to 
stimulate T cell proliferation. 120 hybridoma T cell lines were produced against 12
(R=CH3) and the selectivity of their T cell receptor towards the glycan and peptide part was 
investigated. The hybridomas recognized both parts of the glycan and parts of the peptide. 
The frequency of cross-reactivity towards S( -GalNAc) 13 was quite high but some clones 
showed selectivity to 12. In most cases even minor change in the glycan eliminated cross-
reactivity. Three out of the 19 selected glycopeptide specific hybridomas cross-reacted with 
core1 structure 19. When the 4-hydroxyl epimer 15 was tested only 2 hybridomas were 
reactive. With introduction of GlcNAc as in the mucin core2 structure 22 abolished the 
immunogenicity and no cross-reactivity was found. This result could be significant for the 
design of glycopeptide vaccines against cancer. 
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Introduction

In the past 10 years, peptide libraries have been used extensively for drug discovery [ 1-3]. 
However, a less well known aspect is their application for the study of chemical and 
enzymatic reactions. In the present work, a peptide library has been developed and the 
cleavage and formation of disulfide bridges using enzymes and chemical reagents was 
investigated. The basic design of the library consists of two chromophores, a fluorescent 
probe, the o-aminobenzoyl group (Abz) and a quencher, the Tyr(NO2) moiety, which allow 
sensitive monitoring of both disulfide bond formation and cleavage in solution and on solid 
phase, respectively [4]. The two chromophores are incorporated on separate peptide charts 
which are connected through an inter-chain disulfide bridge. We here describe the peptide 
library as well as two disulfide bond containing model systems which have been applied 
as substrates in chemical and enzymatic S-S reduction and demonstrate the feasibility of 
developing such libraries. 

Results and Discussion 

A major prerequisite for the construction of a peptide library which contains defined 
disulfide bonds as well as a built-in monitoring system is that its chemistry is well 
established. Therefore, two inter-chain disulfide bond containing model systems were
synthesized to be used in both solution and on solid phase using PEGA-beads [5] ( 1 and
2 in Fig. 1). In the model systems on solid phase, the peptide was linked via Met so that the 
peptides can be selectively cleaved from the beads using CNBr. In the first model system 
(Fig.l), an Abz group was incorporated at the N-terminal of one peptide and another 
peptide contained a Tyr(NO2) residue and an N-terminal Cys residue. The inter-chain
disulfide bond was formed by the reaction between the 3-nitro-2-pyridine sulfenyl (Npys) 
derivative of Cys and the thiol moiety of Cys [7]. For testing whether the nature of the 
amino terminal would influence the S-S formation and cleavage, a second model system 
was developed ( 2 in Fig. 1). This consisted of a peptide with an Abz group at the N-
terminal. This peptide was connected via an inter-chain disulfide bridge to a second peptide 
which also contained the Tyr(NO2) residue and an internal Cys residue. The inter-chain
disulfide bridge was formed from the thiol moiety of Cys and the 5-nitro-2-pyridine
sulfenyl ( pNpys) derivative of Cys [8]. 
Both model systems were used as substrates in the investigation of chemical S-S reducing 

reagents such as thiols, phosphines and silanes in solution and on beads, respectively. 
Since these reagents could have been able to reduce the Tyr(NO2) moiety, the stability of 
model system 1 in the presence of reducing reagents was first investigated using 1H-NMR.
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R=NH2 or Met-PEGA resin 
X=all the natural amino acids except 
Abz=o-amino benzoyl 

Fig. I. Structure of model systems I and 2 (top) and the peptide library 3 (bottom). 

Fortunately, these studies show no evidence of reduction of the quenching chromophore 
[6].
The S-S reduction in solution was monitored by use of a fluorescence spectrophotometer, 

whereas on the beads, the reduction was visually monitored as the colour on the beads 
changed from dark to bright blue. In these experiments, a 50 and a 10 fold excess of 
reagents were used for monitoring the S-S reduction rate under optimal pH conditions in 
solution and on the beads, respectively. In general, model system 2 was reduced 
comparatively faster than model system 1 both in solution and on beads (Fig. 2 and 3). The 
order of the efficiency of the reagents was dithiothreitol (DTT) > 2-mercaptoethanol
(ME)>> tris(2-carboxyethyl) phosphine (TCEP) whereas triisopropyl silane (TIS) was not 
able to reduce the S-S bond. 
A peptide library (Fig. 1, 3) was synthesized by split synthesis in order to yield one 

compound on each bead and consisted of an internal Cys residue which was flanked by one 
randomized amino acid on one side and three randomized amino acids on the other side (all 
the natural amino acids except Cys in these positions). The Abz group was incorporated at 
the N-terminal of the peptide. The library was linked to PEGA-beads via Met. 
A disulfide bridge was formed between the bead linked library and a peptide containing 

Tyr(NO2) and Cys( pNpys) residues. The formation and cleavage of the disulfide bridges 
in the peptide libraries were monitored by viewing the color change of the beads under a 
fluorescence microscope. Beads which deviate from the average could be collected and 
analyzed by amino acid sequencing. 
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Fig. 2. Monitoring of the S-S reduction in solution using a 50 fold excess of the reducing reagent 
in 1mM EDTA, pH 7.5 for DTT ME and TIS) and 1mM NaOAc, pH 4.5 for TCEP). The 
concentration of each substrate was 1 µM 

Fig. 3. Monitoring of the S-S reduction on beads using a 10 fold excess of the reducing reagent in 
1mM EDTA, pH 7.5 f o r DTT and ME) and ImMNaOAc, pH4.5 for TCEP). 

The formation of correct disulfide bonds is essential for the folding of many proteins. 
Protein disulfide isomerase (PDI) catalyzes the oxidative folding of unfolded proteins and 
acts by catalyzing thiol-disulfide exchange reactions which can lead to formation, reduction 
or isomerization of protein disulfide bonds [9]. Due to the complex nature of protein 
folding reaction reliable assays for PDI have suffered from low sensitivity and poor 
reproducibility. An assay allowing direct observation of peptide oxidation and 
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determination of disulfide bond forming activity using these model systems is currently 
under investigation. 
In conclusion, we have developed a peptide library which can be a powerful tool in the 

study and improvement of enzymatic and chemical disulfide bond reactions. 
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Introduction

The MultipinTM method of multiple solid phase synthesis allows access to large numbers 
of individual compounds (100s - 1 000s, i.e. libraries [ 1]) via parallel synthesis, at scales 
ranging from 1 to 40 µmol/pin. Synthesis is performed on polymer grafted plastic pins, 
which are organized in an 8 x 12 modular format. The method was first developed for the 
rapid elucidation of linear antibody epitopes [2], via the screening of sub-micromolar
quantities of pin-bound peptide segments. With the development of new graft polymers for 
pins, such as poly(hydroxyethyl methacrylate) [3], acrylamide copolymers [4], and 
polystyrene [4], the development of high loading pin designs [5], and the introduction of 
a wide range of linker systems, the MultipinTM method can now be applied to a far wider 
range of synthetic problems. Since Ellman's landmark paper describing the synthesis of 
benzodiazepines on resin [6], there has been a dramatic growth in the field of multiple solid 
phase organic synthesis [ 1,7,8] and several examples of non-peptide synthesis on pins have 
been published [9-12]. Unlike solid phase peptide or oligonucleoside synthesis, solid phase 
organic synthesis requires that a very broad range of reaction types must proceed in high
yield. Although an 80% conversion per step is adequate in solution phase synthesis (where 
intermediates can be purified) solid phase synthesis requires that far higher conversions be 
obtained in order to achieve adequate target compound purities. Apart from enabling 
parallel synthesis of target compounds, multiple solid phase synthesis can be used as a tool 
to explore reaction conditions [ 13]. We therefore use multiple synthesis on pins to screen 
reaction conditions in order to find optimum chemistries rapidly [ 1 1], which is achieved by 
synthesizing many copies of a given compound, while varying all critical reaction 
parameters. This coupled with the ability for multiple cleavage [ 14], high throughput 
characterization by ion spray MS [ 151 and HPLC, and computer assisted data assessment 
enables rapid comparison of reaction conditions. Using this powerful methodological 
strategy, our goal is to develop simple yet highly efficient synthetic methods for use in solid 
phase synthesis and in particular, in the synthesis of large sets ofcompounds for drug lead
discovery.

Results and Discussion 

Efficient simultaneous multiple synthesis requires that all handling steps be performed 
either in parallel, or in a high-throughput serial manner. At early stages of synthesis, where 
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a common handle and possibly template are incorporated onto the pin surface, it is most 
convenient to perform chemistry on the heads of pins (crowns) prior to their attachment to 
the 96 position pin holder, using wide-neck standard laboratory glass-ware. Once crowns 
are assembled onto the 96 position pin holder, many multiple handling procedures are 
easily performed. Common reaction steps and washing steps can be performed in 
polypropylene baths. Parallel reactions requiring different reagents can be performed in 
polypropylene 96 well microtitre trays. The removal of reagent or washing solvent from the 
pins is achieved simply by shaking the pin assembly, followed by additional washes if 
required. Hence the tedious task of multiple filtration is avoided. Although this equipment 
is adequate for most chemistries associated with peptide assembly, many reactions of 
potential interest for the solid phase synthesis of nonpeptide targets must be performed 
under an inert atmosphere, and/or require refluxing conditions, etc. The challenge then is
to develop simple handling techniques for multiple synthesis. For example, setting up 96 
refluxing reactions is a difficult task. Rather than design specialized equipment for this 
process, a reaction can be optimized in a very high boiling point solvent at a temperature 
well below the boiling point. Now without the need to contain a refluxing solvent, large
numbers of reactions can be performed at elevated temperature using pins placed into
racked screw capped vials, and a standard laboratory oven. This is well illustrated by a 
solid phase Suzuki cross coupling [16,17] study where phenylboronic acid was coupled to 
the peptide model system p -Br-C6H4-CO-Ala-Phe-(Rink Handle [ 18])-Pin (loading = 1.5 
pmol/pin) in the presence of Pd(Ph3P)4 and Na2CO3. The screening of a number of high 
boiling point solvents indicated that ethoxyethanol was an excellent solvent for this
reaction. When the reaction was performed in an oven at 63°C for 18 h, using
ethoxyethanol (b.p. = 135 °C) as solvent, p-Ph-C6H4-Ala-Phe-NH2 was obtained in >90% 
purity by HPLC (peak area at 214 nm) upon cleavage. This method has been subsequently 
used in biaryl library synthesis. Suzuki chemistry is sensitive to oxygen. Once again, rather 
than design specialized apparatus for performing multiple air sensitive reactions, relatively 
simple equipment is used. All handling prior to sealing the racked vials, including multiple 
dispensing with an automated solvent resistant pipettor is performed under argon in an 
atmosphere bag (e.g. Aldrich Z11,836-2). The general strategy of simple handling 
techniques allows for routine multiple syntheses by individual chemists. 
The assembly of target compounds is followed by multiple cleavage. Cleavage and post 

cleavage handling must be streamlined to allow for the handling of large numbers of 
compounds. We have developed a number of cleavage strategies that are useful tools in 
multiple peptide synthesis: cleavage by diketopiperazine-forming handle at neutral pH [ 19], 
gas phase ammonolysis followed by multiple elution [20] and multiple cleavage of esters 
with NaOH in MeCN(aq) [21]. Multiple cleavage by acidolysis [14] however, is still 
currently the most useful cleavage strategy for use in small molecule synthesis. In general, 
MultipinTM cleavage is performed in racked polypropylene tubes. The efficiency of the first 
three methods listed above is greatly enhanced if cleavage (or elution) is performed in an 
ultrasonic field [22]. Sonication coupled with TFA-based cleavage is too harsh for the pin 
graft polymers. Cleavage is started simultaneously by placing 96 pins into racked tubes 
containing cleavage reagent. Work up (i.e. removing the solid phase from the cleavage 
solution) is performed by simply lifting the block of 96 mounted pins from the racked tubes 
into which cleavage was performed. A vacuum centrifuge such as a Savant SC2 1 0A is 
capable of evaporating four sets of 96 cleavage solutions (384 solutions) simultaneously.
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Removal of residual TFA used in acidolysis is achieved by resuspending cleavage products 
in MeCN(aq) and then evaporating the resulting solutions. Products prepared with this post-
cleavage handling are not inherently toxic in cellular assays [23]. 
After target compounds are cleaved from the pin surface, characterization is necessary. 

Since most characterization methods handle one sample at a time, high throughput methods 
are required. Techniques such as automated HPLC and ion spray MS are very useful in this 
regard. Interestingly, we have found good agreement between peptide purities determined 
by HPLC and ion spray MS [ 15]. There is also a growing interest in characterization of 
support-bound products. For example, FTIR has been applied to resin samples with good 
results [24]. FTIR has also been successfully applied to pins [25]; in this case, the pin is not 
damaged, so it can be analyzed repeatedly throughout the course of a synthesis. This 
method promises to be an effective high throughput analytical tool. 
Combining simultaneous multiple synthesis by the MultipinTM method with multiple 

cleavage and high throughput characterization, gives rise to a powerful methodological 
strategy for developing high efficiency reactions for use in solid phase synthesis. When 
searching for a general method, it is useful to select model systems that are easily 
assembled, that are easily quantitated, and that yield targets that are also easily quantitated. 
We have found simple peptide models of the form X-Ala-Phe-(Linker)-Pin (where X 
contains the functional group(s) undergoing transformation) to be easily analyzed by HPLC 
and ion spray MS [11]. In our study on reductive amination ofsupport-bound ketones [11],
a model system containing 4-oxoproline was used. Five parameters were simultaneously 
varied in the optimization study: amine, amine concentration, solvent, pH, and NaBH3CN
concentration. A total of 56 conditions were explored concurrently. Following multiple 
cleavage and high throughput analysis, the % conversion to target was calculated for each 
condition. Optimum conditions were then identified by rank ordering the data in decreasing 
order of % conversion. The optimized conditions were demonstrated to be highly efficient 
for a wide range of amines, including poor nucleophiles such as p-bromoaniline.
This general approach is also useful in linker development. For example, in developing 

methods to attach phenols directly onto pin-bound hydroxymethylphenoxyacetyl handle 
[26] via Mitsunobu chemistry, the model system p-(HOCH2)C6H4-CO-Ala-Phe-(Rink
Handle)-Pin was used. As the ether bond formed upon phenol coupling is stable to 
acidolysis, coupling efficiency can be determined by comparing the ratio of cleaved product 
[p-(Ar-OCH2)C6H4-CO-Ala-Phe-NH2] with cleaved starting material [ p -(HOCH2)C6H4-CO-
Ala-Phe-NH2]. Once optimum conditions were identified, the method could be applied to 
the handle of interest. 

In conclusion, the MultipinTM strategy is based on simple handling techniques which 
greatly facilitate multiple handling. The development of new multiple handling techniques 
now allows the method to be applied to solid phase organic synthesis. The combination of 
multiple synthesis and high throughput characterization allows for the rapid screening of 
reaction conditions, hence providing researchers with a powerful tool for developing and 
adapting chemistry for use in solid phase organic synthesis. 
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Introduction

Finding novel active compounds from plants is still a very important path in the search for 
new pharmaceutical materials which can be used as lead compounds for developing new 
drugs. Pollen possesses many physiological activities and plays an important role during 
plant reproduction [I]. It therefore should contain key substances, including small peptides. 
In recent years, our group has studied several kinds of pollen and obtained several peptides. 
The physiological activity studies showed that they had some characteristics promoting 
immunity and restraining cancer cell division [2-5]. 
The tridecapeptide NQNGSNPKTVKQA, named PSPP3, was obtained from Papaver

somniferum pollen. Biological assay results indicated that it showed some anti-tumour
activity [6]. In this paper, we report the synthesis and anti-tumour activity of analogs and 
segments of this tridecapeptide against human leukaemia tumour cell HL-60 and human red 
leukaemia tumour cell K562. 

Results and Discussion 

In recent investigation, we have found that the active peptides separated from Brassica
cumpestris and Papaver somnirferum pollen have some sequence similarities [2-4]. They 
have many amino acid residues containing carboxamide groups on side-chain and some 
consecutive ones in their N- or C-terminals. In order to find effective anti-tumour agents 
and the relationship of structure and activity, firstly five analogs were designed by 
replacing one or more N or Q residues with D or E, respectively to find out whether 
carboxamide groups on side-chains are important to anti-tumour activities. Secondly, 
decapeptide segment PSPP3-4 deducted three consecutive amino acid residues NQN from 
N-terminal and its analog PSPP3-8, in which N and Q were replaced with D and E, 
respectively, were designed to make clear whether these three N-terminal amino acid 
residues are important to anti-tumour activities. Heptapeptides based on N- and C-terminals
and analog derived from N-terminal heptapeptide were also designed for finding the active 
site. Their sequences are given as follows. 

PSPP3-1, DEDGSNPKTVKQA
PSPP3-2, DENGSNPKTVKQA
PSPP3-3, NENGSNPKTVKQA
PSPP3-4, GSNPKTVKQA
PSPP3-5, PKTVKQA
PSPP3-6, DEDGSDPKTVKEA
PSPP3-7, NQNGSDPKTVKEA
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PSPP3-8, GSDPKTVKEA 
PSPP3-9, NQNGSNP 
PSPP3-10, DEDGSNP 

These designed peptides were synthesized using the Merrifield solid phase peptide 
synthesis method with the acid-labile tert-butyloxycarbonyl group for temporary protection, 
acid-stable groups for side chain protection, and DCC/HOBt or HOSu as coupling reagent 
[2,5]. Peptides were cleaved by anhydrous hydrogen fluoride with anisole and thioanisole 
as scavengers and washed with cooled ethyl ether. Peptides were extracted with 30% acetic 
acid and purified by gel filtration on Sephadex G10 and (315 columns, and further purified 
by reverse-phase HPLC if necessary. The purity of the peptides was checked by analytical 
HPLC and the composition was confirmed by amino acid analysis. 

Table 1. Antiturnour Activities of Synthetic peptides 

Peptide Concentration InhibitiveRatio InhibitiveRatio
(M 1 to HL-60(%) to K562(%) 

10-5 25.2                                    16.0 
10-6 42.5                  18.7 
10-7 50.4 39.0

10-5 14.1 6.69
10-6 52.4 26.6
10-7 52.7 27.7

PSPP 10-4 24.8 -5.78

PSPP3-1 10-4 -5.9 -34.9

PSPP3-2 10-4 12.1 -26.7
10-5 25.5 -4.78
10-6 35.3 9.96 
10-7 35.3 15.9 

PSPP3-3 10-4 0.60 -7.17
10-5 1.10 -14.7
10-6 7.90 9.48
10-7 12.6 20.3 

PSPP3-4             10-4 1.80                    -31.3 
10-5 3.45 -46.7
10-6 12.5 11.8 
10-3 18.2 13.3 

PSPP3-5 10-4 18.3 -62.9
10-5 19.7 -25.0
10-6 28.1 1.27 
10-7 28.5 4.06 

10-5 16.5 46.1 
10-6 31.4 41.2 
10-7 44.8 48.3

PSPP3-6 10-4 12.6 -70.0
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Table1.(continued)

Peptide Concentration Inhibitive Ratio Inhibitive Ratio 
(M ) to HL-60(%) to K562(%) 

10-5 10.9 2.07 
10-6 27.7 41.3 
10-7 35.3 58.9 

PSPP3-8 10-4 21.9 -20.1
10-5 26.0 39.4 
1 0-6 40.6 33.0 
1 0-7 45.9 37.6 

10-5 25.8 31.7 
10-6 25.4 33.0 
10-7 50.2 37.8

PSPP3-10 10-4 -2.86 5.78

PSPP3-7 10-4 3.20 -34.1

PSPP3-9          10-4              7.51 -2.05

10-5 1.45 11.2
10-6 20.0 -0.60
10-7 27.2                      19.4 

Anti-tumour activities of all synthetic peptides above were assayed by determining the 
inhibitive concentrations ofpeptides to human leukaemia tumour cell HL-60 strain with the
tetrazolium salt MTT(3-(4,5-dimethylthiazo1-2-yl)-2,5-diphenyl tetrazolium bromide) 
method [7]. Bioassay results indicated that analogs PSPP3-1 and N-terminal segment 
heptapeptidePSPP3-9 showed almost the same antitumour activities as the natural 
tridecapeptide. However, analogs PSPP3-2, PSPP3-6, PSPP3-7 and segment PSPP3-8
showed slightly lower activities than natural peptide. Other synthetic peptides showed very 
low activities. The conformations of all analogs, segments and PSPP3 were determined by 
CD spectroscopy. According to CD spectra, PSPP3-7 showed mainly -turn conformation.
The others showed β -sheet conformation. However, PSPP3-1, PSPP3-3 and PSPP3-4 also 
showed partial β-turn conformation. It seems that the N-terminal segment is important and 
β-turn conformation is not favorable to anti-tumour activities against human leukaemia 
tumour cell HL-60.
Replacing the amino acid residues Q and N with E and D at the C-terminal and middle 

segment led to increased inhibition of the proliferation of human red leukaemia tumour 
cell K562 strain. N-terminal heptapeptide PSPP3-9 and modified C-terminal decapeptide 
PSPP3-8, that had N to D and Q to E replacements at C-terminal part, showed almost the 
same activities as natural tridecapeptide. Similar modifications at N-terminal part of the 
peptide led to reduced activity, C-terminal heptapeptide PSPP3-5 showing the lowest 
activity. -turn conformation seems to favour anti-tumour activities against human red 
leukaemia tumor cell K562. 
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Introduction

Peptide library techniques have been developed rapidly and applied widely in various
fields of molecular recognition, antigen determination and vaccine and drug design [ 1-3], 
In these studies, phage displayed ligands or synthetic peptide libraries were used to select 
functional ligands for target molecules, such as antibodies, enzymes and cellular receptors 
etc. In this paper, we explored the potential use of a peptide library in preparing novel 
affinity-chromatographic materials to improve the recovery of genetic engineering products. 
The main idea is to utilize the peptide library to select high affinity ligands to the target 
protein, α -INF in this work, and to prepare an affinity-chromatographic matrix with 
immobilized phage displayed peptide ligands. 

Results and Discussion 

Ligands of -INF were selected by four rounds of biopanning (methods as described by 
G.P. Smith [4]) using a phage hexa-peptide library. The recoveries of phages (Table 1) 
indicate that phage peptides with comparatively high affinity to -INF have been 
condensed, since the recovery of phages increased while the concentration of biotin-INF
was decreased. The low recovery of the fourth round may be due to too low INF 
concentration and too high amount of input phages. 

Table 1. Recoveries of four rounds of biopanning of α-INF

input of biotin-INF input of phages (TU) recovery (%) 
(µg)

first round 60 1.0x 109 2.5x 1 0-4

second round 6 5.0 x1010 1 0x 10-2

third round 1.2 4.0x1010 6.2x 1 0-2

fourth round 0.12 6.0x1011 I .2x 1 0-2

First round by method (P-LS), others by (PL+S) [4].
TU: tetracyline transducing unit of recombinant phages 
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Table 2. Comparison ofphages selected and wild type phage fl 

input phage output phage recovery (%) 
phages selected out 6.0x107 2.2x105 0.37

fl 1.0X108 250 4.0x1 0-4

To demonstrate the specific affinity of phage peptide to -INF, we compared the of 
recombinant phages and wild type phage fl in micropanning. The result shows that the 
recovery of phages that displayed peptide ligands of -INF is about 1000 times higher than 
that of fl as a result of non-specific interactions. 

We analyzed INF-affinity of both the phages selected and the antibody. The result (Fig. 1) 
shows that 0.4x1012 TU/ml phage and 1.25 µ/giml antibody gave signals of similar intensity. 
As each phage particle carries five copies of peptide ligands fused to pIII, we can roughly 
estimate that the affinity of phages is about 20 times lower than that of antibody, but could 
probably be improved by further screening for better ones in the phage mixture. 

Fig. 1. Comparison of INF-aflnity of phage peptides with anti-INF antibody. 30 µl diluted phage 
and antibody in PBS were coated on a 40-well plate by drying. After the plate was blocked by 
1%BSA, biotin-INF (I µg ml, in PBSTween) was added at 43°C for 30 min. INF bound to the plate 
was detected by Avidin-HRP. a. result of anti-INF antibody b. result of phages selected. 
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Introduction

Pollen is one type of male reproductive organ in higher plants. During our systematic study 
on active peptides isolated from serial Chinese pollen, we found that pollen peptides have 
many physiological activities, for example, promoting immunity and restraining cancer cell 
division. At CPS-94, we reported the synthesis and the characterization of Chinese rape 
pollen peptide RPP [1]. Recently a new basic peptide BPP-1 has been isolated and 
identified from the Chinese buckwheat pollen. The peptide BPP-1 and its two analogues 
have been synthesized by Merrifield SPPS method [2]. 
Because the content of certain active peptides in the pollen is very low, so the purification 

of pollen peptides is difficult and tedious. In order to obtain a little pure peptide, we have 
to deal with a great quantity of pollen. In this report, we suggest a rapid and efficient 
method to isolate and purify pollen peptides, and have studied the effect of these peptides 
on spleen lymphocytes. 

Results and Discussion 

For obtaining the active peptide BPP- 1 from Chinese buckwheat pollen, various separation 
methods were studied carefully. The extraction solution of two kilograms of buckwheat 
pollen was processed through ion-exchange chromatography to remove saccharides after 
removing the proteins contained in the pollen. That is a rapid and efficient method for the 
isolation of peptides from pollen. The isolated fraction is purified on Dowex 1 x2-100
strongly basic anion exchange chromatography to remove pigments and non-peptide
substances. Then the isolated fraction is separated into six fractions containing peptide on 
Dowex 50x2-200 strongly acid cation exchange chromatography. The sixth fraction was 
purified on RP-HPLC using a linear gradient elution. We obtained the peptide BPP-1
(1.4mg) whose purity was confirmed by dansyl chloride N-terminal determination and
amino acid analysis. The results showed that its N-terminal amino acid residue is alanine
and has areasonable ratio of amino acid (shown in Table 1 ). The molecular weight of BPP- 
1 is confirmed by FABMS (shown in Table 1). The primary analysis of the peptide BPP-1 
using 4- N, N-dimethylaminoazobenzene-4 isothiocyanate/ phenyl-isothiocyanate double 
coupling method [3] showed the sequence of a dodecapeptide (listed in Table 2). The 
peptid BPP-I and its analogues were synthesized by Merrifield SPPS method with tert-
butyloxycarbonyl (Boc) group for temporary amino-terminal protection.The following side- 
chain protection groups were used: O-benzyl for Thr, Ser; Nc -benzyloxycarbonyl for Lys. 
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Peptide resin was cleaved by hydrogen fluoride and extracted by 10% acetic acid in water. 
The peptides were purified by RP-HPLC using a linear gradient elution. The results of 
AAA and FABMS are represented in Table 1. 

Table 1. Amino acid analysis and FABMS of peptides BPP

Ala Pro Val Leu Gln Ile Lys Thr Gly Ser Asn FABMS FABMS 
Found Calculate 

BPP-1 0.93 0.94 0.82 0.96 1.05 0.92 1.98 0.91 0.97 0.72 0.80 1257 1255.52
Synthesized (1) (1) (1) (1) (1) (1) (2) (1) (1) (1) (1) 

BPP-1 1.02 1.07 1.10 1.05 1.16 0.95 1.99 1.01 1.05 0.92 1.06 1257 
Extracted (1) (1) (1) (1) (1) (1) (2) (1) (1) (1) (1) 

BPP-2 0.93 1.07 0.85 0.93 1.09 0.96 0.94 0.94 0.83 0.84 1014 1014.31 
(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) 

BPP-3 0.95 1.1 1 0.90 1.00 1.23 0.95 1.04 0.92 0.98 913 913.14 
(1) (1) (1) (1) (1) (1) (1) (1) (1) 

Table 2. Amino acid sequence of peptides BPP

Peptide Sequence 

BPP-1 H2NAla-Pro-Val-Leu-Gln-Ile-Lys-Lys-Thr-Gly-Ser-AsnOH
BPP-2 H2NAla-Pro-Val-Leu-GIn-Lys-Thr-Gly-Ser-AsnOH
BPP-3 H2NAIa-Pro-Val-Leu-Gin-Lys-Gly-Ser-AsnOH

We have studied the effect of BPP peptides on spleen lymphocytes from mice of the
Kunming inbred line. The responsive proliferation to mitogen (i.c. Con-A) was determined 
with a modified Mosmann method [4]. Lymphocyte transformation was measured by 
counting the percentage of transformed lymphocytes under microscopy with Geimsa's
staining after culturing the lymphocytes with mitogen for 72 hours. The results showed that 
BPP-1 and BPP-3 at the concentration of 1 -10 µdml have immuno-enhancing effects on 
responsive proliferation and lymphocyte transformation compared to control (shown in the 
Table 3). 
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Table 3. Effect of peptides BPP on lymphocyte function of mice 

Peptide Concentration Responsive Lymphocyte Trans-

BPP-1 100 0.290 15 
10 0.325 42 
1 0.331 27 

0.1 0.155 8

BPP-3             100                  0.258                      17 
10 0.314 35 
1 0.344 44 

0.1 0.248 23

(µg/ml) Proliferation formation (%) 

Non-peptide 0.300                        3 

c o  n t r o l                                                                                            0.001                                                             1
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Introduction

Angiotensin converting enzyme (ACE) inhibitors hold great promise in the treatment of 
hypertension [I]. As more is learned about the design and synthesis of protease inhibitors, 
the replacement of amide backbone by a structure-like surrogate to impart conformational 
integrity or resist proteolytic degradation can be a promising approach. e synthesized two 
types of tripeptide mimetic analogs and explored their structure-activity relationships with 
aim of identifying highly potent and low side effect ACE inhibitors. 

Results and Discussion 

Azatripeptides were synthesized via the coupling of N-protected a-amino acids with 
azaalanyl proline tert-butyl ester followed by deprotection [2]. a-Lactam-bridge tripeptide 
isosteres were prepared by coupling N-protected phenylalanine with y-lactam-bridged
dipeptides [3]. All synthetic compounds were characterized by H-NMR and MS which 
showed the expected chemical structures and satisfactory elemental analyses. 
In vitro ACE inhibitory activities of synthetic tripeptide analogs were tested by a 
procedure similar to that described by H. M. Neels et. al. with Hip-Gly-Gly as substrate [4]. 
The results are shown in Tables 1 and 2. Data in Table 1 show that the inhibitory activities 
depend on the configuration of the chiral carbon and the nature of R group as defined in the 
general structure. For example, 1 f was active by 18 folds as compared to 1 g and 1 c was 5 
folds more active than le owing to the higher acidity of the NH group attached to the -N
which favored hydrogen bonding. 

Azatripeptides
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Table 1. Inhibitory activities of azatripeptides 

No. R1 R2 R3 Ki(nM) IC50(nM) 
la Ph H Bz 18 33.3 
lb PhCH2 H Bz 69 127.9 
1c Ph H Z 36 66.7 
1d Ph H Z 100 185 
1e Ph CH3 Z 175 3 24 
1f 1-Nap(S) H Bz 28 51.9 
1g 1-Nap(R) H Bz >500 >927 
captopril 4.6 8.5 

-Lactam-bridged tripeptides

Table 2. Inhibitory activities of γ -lactam-bridged tripeptides

No. R1 R2 n Ki(nM) IC50(nM) 
2a H Z 1 100 185
2b H Bz 1 45 83.4 
2c CH3 Bz 1 32 59.3 
2d Bn Bz 1 52 96.4 
2e H Z 2 170 315 
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Introduction

Pituitary adenylate cyclase activating polypeptide [PACAP] is a neuropeptide structurally 
related to vasoactive intestinal polypeptide [VIP]. It exists in the ovine hypothalamus in
two molecular forms, PACAP38 and PACAP27 [l].The amino terminal 27 residue 
sequence of PACAP38 [PACAP27] has high homology (68%) with that of VIP. Many 
biological actions of PACAP are similar to those of VIP, but we have recently found that 
PACAP contracts the guinea pig gallbladder whereas VIP relaxes it [2]. This system is a 
good model for studying the structure-activity relationship of PACAP and VIP. In the 
present investigation we have synthesized the PACAP-VIP hybrid peptides by a 
simultaneous multiple solid-phase peptide synthesizer using Fmoc strategy and compared 
the effect of the peptides on gallbladder smooth muscle in vitro. 

Results and Discussion

Considering of the sequence homology of VIP-PACAP and results based on the studies by 
NMR and computer aided molecular graphics [3], positions 4,5,6, 8,9, 13,21, and 24-26 
were selected as mutation points for the present study (Fig. 1). The peptides were tested 
on isolated guinea pig gallbladder using an improved horizontal-type organ bath described 
previously [4]. VIP induced relaxation, while PACAP27, on the other hand, induced 
concentration-dependent contraction. Position 4,5,9 and 24-26 can be replaced without 
significant loss of activity. [Leu13]-PACAP27, a substitution in the α-helix domain, has 
no significant loss of activity, and is more potent than [Gly8]-, [DAsp8]-PACAP27 and 
substituted peptides at position 21. Des-[His1] and [Ala6]-PACAP27 had no activity. 
[Gly8]-, [DAsp8]-, [Phe21]- and [Pro21]-PACAP27 at 10-7 M were about 25% as active as 
PACAP27 ( 10-7 M). In our previous studies, the N-terminus from position I to 8 showed 
no defined helix or strand structure. Substitution of PACAP in this region showed less 
potency than substitutions in other regions. These data suggest that the disordered region 
from 1 to 8 is very important for physiological action. Position 21 is also important, 
however, because at a higher dose (13x10-7M) there was no significant loss in activity.
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VIP : HSDAVFTDNY TRLRKQMAVK KYLNSILN-NHZ2

PACAP27 : HSDGIFTDSY SRYRKQMAVK KYLAAVL-NH2

Des-[Hisl] PACAP27 
[Ala4]-PACAP27 : HSDAIFTDSY SRYRKQMAVK KYLAAVL-NH2

[Val5]-PACAP27 : HSDGVFTDSY SRYRKQMAVK KYLAAVL-NH2

[Ala6]-PACAP27 : HSDGIATDSY SRYRKQMAVK KYLAAVL-NH2

[Gly8]-PACAP27 : HSDGIFTGSY SRYRKQMAVK KYLAAVL-NH2

[Dasp8]-PACAP27 : HSDGIFTDSY SRYRKQMAVK KYLAAVL-NH2

[Asn9]-PACAP27 : HSDGIFTDNY SRYRKQMAVK KYLAAVL-NH2

[Leu13]-PACAP27 : HSDGIFTDSY SRLRKQMAVK KYLAAVL-NH2

[Ala21]-PACAP27 : HSDGIFTDSY SRYRKQMAVK AYLAAVL-NH2

[Phe21]-PACAP27 : HSDGIFTDSY SRYRKQMAVK FYLAAVL-NH2

[Pro21]-PACAP27 : HSDGIFTDSY SRYRKQMAVK PYLAAVL-NH2

: SDGIFTDSY SRYRKQMAVK KYLAAVL-NH2

[Asn24, Ser25, lle26]-PACAP27 : HSDGIFTDSY SRYRKQMAVK KYLNSIL-NH2

Fig. I±. Amino acid sequence of synthetic peptides.

Fig. 2. The effect of PACAP/VIP analogues on isolated guinea pig gallbladder. Meank ±SEM are
given (n=9 in PACAP27 and VIP, n=5 in PACAP-VIP hybrid peptides); Asterisks indicate 
significant (P< 0.05) differences from PACAP27. 
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Introduction

Calcitonin is a peptide hormone with 32 residues that is known mainly for its hypocalcemic 
effect and inhibition of bone resorption. Although there are many differences in individual 
amino acids in calcitonins from different species, they all have a disulfide bridge between 
cysteine residues at positions 1 and 7, and the C-terminus is always a proline amide [ 1]. In 
general, fish calcitonins have been found to be more potent than mammalian ones. Salmon 
calcitonin (sCT), which exhibits the highest potency of the native calcitonins, is about 30-
fold more potent than human calcitonin (hCT). Native calcitonins and eel calcitonin (eCT) 
analog are used for treatments of hypercalcemia, osteoporosis and Paget’s disease etc. 
However, the disulfide bonding occurring in each of the natural calcitonins is quite unstable 
in solution. Numerous CT analogs with the disulfide bridge replaced by other kinds of ring 
have been reported previously. Although the N-terminal disulfide bridge is essential for the 
biological activity of human calcitonin (hCT), it is not required for that of eCT or sCT [2]. 
The C-terminal proline amide is a very important residue for calcitonins, if it is hydrolyzed 
to proline, the potency become very weak. Studies have also demonstrated the requirement 
of the entire peptide structure for high agonist potency, although some residue deletions, 
e.g., 19-22 segment deletion, are well tolerated [3]. 

Results and Discussion 

Analogs of sCT were synthesized to incorporate modifications which would increase the 
hypocalcemic effect and improve stability. Structure modifications involved: 1) 
replacements of Cys residues at positions 1 and 7 with residues Val and Ala respectively 
to yield open chain analogs, 2) replacements of residue Gly30 with residues Ala, D-Ala and 
Sar, 3) deletion of segment 19-22 with the above modification, 4) the amide in C-terminal
proline amide substituted by diethylamide and residue Thr3 1 replaced by residue Glu. 
For the solid phase synthesis of peptides with C-terminal proline amide (peptide 1-8) , p-
methylbenzhydrylamine(MBHA) resin and Fmoc / tBu chemistry were employed. Before 
the cleavage of peptide from the resin, the side chains were first deprotected by treating 
the fully protected peptide resin with the mixed solvent of TFA / TMSBr / thioanisole 
(8: 1.5:2). Then the peptide was cleaved from the resin with HF, similar to the two-step
“low and high’ HF treatment in Boc Bzl chemistry. The formation of disulfide bridge 
between Cys residues at positions 1 and 7 was carried out on the resin by air oxidation. For 
the synthesis of the peptide with the C-terminal proline diethylamide (peptide 9), the 
segment Fmoc-Glu(-COOH)-Pro-N(C2H5)2 was first reacted with Wang's resin through the 
y-carboxyl group of residue Glu followed by stepwise solid phase synthesis. Peptides 
purified by gel filtration on a Sephadax G-25 column and semi-preparative HPLC were 
characterized by HPLC (>99% purity) and FAB-MS.
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Table I. Structure, FAB-MS and HPLC* retention time (Rr) of the peptides

No. Amino acid sequences MW RT
(Calc./FAB-MS) (min) 
3397.8 / 3398.5 24.211 VSNLSTAVLGKLSQELHKLQTYPRTNTGSGTP-NH2

2 VSNLSTAVLGKLSQELHKLQTYPRTNTGSATP-NH2 341 1.8 / 3412.3 24.26 
3 VSNLSTAVLGKLSQELHKLQTYPRTNTGSSarTP- 341 1.8 / 3410.6 24.01 

NH2

4 CSNLSTCVLGKLSQELHKLQTYPRTNTGSATP-NH2 3445.9 / 3446.0 24.64 
5 CSNLSTCVLGKLSQELHKLQTYPRTNTGSd-ATP- 3445.9 / 3446.1 25.16 

NH2

NH2

6 CSNLSTCVLGKLSQELHKLQTYPRTNTGSSarTP- 3445.9 / 3446.0 25.01 

7 VSNLSTAVLGKLSQELHKPRTNTGSGTP-NH2 2892.2 / 2892.8 22.13 
8 CSNLSTCVLGKLSQELHKPRTNTGSATP-NH2 2940.3 / 2941.0 23.62 
9 CSNLSTCVLGKLSQELHKLQTYPRTNTGSGEP- 3516.0 / 3516.0 25.93 

N(C2H5)2

*Mobile phase: A) 70%CH3CN/O. IY'TFA-H2O, B) 0.1%TFA/H2O
Gradient: From 100% A to 60% B in 20min, then to 100% A in 10min. 
Flow rate: 2.5ml/min. Detection: UV 215nm. Nucleosil C18 column(7µ, 8x250nm ).
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Introduction

Protein de novo design aims to mimic some of the structural and functional properties of 
natural proteins with the ultimate goal of constructing novel macromolecules exhibiting
native-like properties. To circumvent the complex protein folding process we have 
introduced the concept of Template Assembled Synthetic Proteins (TASP), in which 
templates as 'built-in' device serve to direct the intramolecular assembly of covalently 
attached peptide blocks into characteristic folding topologies [1]. Due to progress in the 
design of regioselectively addressable templates [2] and ligation techniques [3] for the 
condensation of peptide fragments, one of the most challenging applications of the TASP 
concept, i.e. the construction of TASP molecules acting as functional mimetics of receptors 
and ligands [4] (Fig. l), is about to be realized. Conceptually, the functional part of a 
protein, e.g. the binding loops of a receptor, is detached from the structural part of the 
molecule and assembled on a topological template which mimicks the structural framework 
of the native protein. Here, we report on the synthetic methodologies for accessing this 
novel generation of functional TASP molecules with the example of two prototypes, 
disposing (i) three loop sequences derived from the phosphorylcholine binding monoclonal 
antibody McPC603 as receptor mimetic, and (ii) an engineered zinc finger motif exhibiting 
a 'locked-in' tertiary fold. 

Fig. 1. General concept of separating structure from function in proteins. 
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Results and Discussion 

The general approach (Fig. 1) comprises two key elements, ie. (i) loop or helical sequences 
containing C- and N-terminal functional groups for chemoselective ligation and (ii) 
topological templates for the regioselective assembly of peptide sequences. Choosing from 
a variety of orthogonal protecting groups for peptide synthesis, we have developed a series 
ofcyclic peptides as templates for the selective attachment of loop sequences. For example,
antiparallel β-sheet peptides of the type (Xaa-Ala-Xaa)D (where Xaa denotes trifunctional 
amino acids as attachment sites) are linked via -turn forming dipeptides, turn mimetics or 
scaffolds; in tailoring the flexibility of the backbone and side chains, this template motif 
provides any desired number and geometry of attachment sites. 
The sequential condensation of peptide sequences onto these topological templates is 

performed via amide (Scheme 1, strategy A and B), oxime (D) and thioether (C) formation 
or combinations thereof. 
As a first example of a potential ligand (substrate, antigen, transition state molecule) 

binding TASP molecule, peptides derived from CDR (complementarity determining region) 
loop sequences of the phosphorylcholine binding monoclonal antibody McPC603 were 
covalently attached to a topological template. 

Starting from a cyclic peptide with selectively addressable pairs of reactive sites (Boc, 
Dde and Aloc protected lysine side chains), the sequential condensation of three peptides 
(each with carboxyl groups at the N- and C- terminus) proceeds smoothly via amide bond 
formation and provides the target molecule in high yield and purity (Scheme 1, A').
The consensus sequence Xaa3-Cys-Xaa2-4-Cys-Xaa12His-Xaa3-4-His-Xua4 (Xaa representing 
any amino acid) of zinc finger DNA-binding proteins has been shown to fold in the 
presence of ZnII into a ββα - Folding unit (zinc finger, Zif) With the helical part important 

Scheme I. Different strategies for the attachment of loops to templates; Yi: protecting groups for 
NH2; Z: protection of trifunctional amino acids; X: activation of the carboxylic group.
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for DNA binding. Based on the concept of separating structure and function in proteins, a 
cyclic 14-mer -sheet template was used as a mimetic of the structural part of the Zif 
molecule (Fig. 1) to which the helical block was covalently attached via non peptidic linker 
groups on both chain ends of the helix. The individual building blocks were synthesized, 
i.e., the template molecule (containing two lysines functionalized with Boc- 
NHOCH2COOH) and the helical segment (containing serine residues at both chain ends
[5]). After simultaneous mild oxidation of the two serine residues with NaIO4 the target 
molecule was obtained in a single condensation step of the helical block to the template by 
oxime bond formation (Scheme 1, D). 
Preliminary investigations have shown that the Zif-TASP preserves the essential structural 

and functional features of the native molecule, as shown by W-, CD- and 1H-NMR-spectra
and by ZnII-complexation properties. Contrary to the native linear polypeptide, the TASP 
molecule retains its structural motif even in the absence of the zinc complex confirming a 
non native like folding behavior and increased thermodynamic stability. 

Conclusion

A new concept for the construction of protein mimetics based on the separation of 
functional and structural domains in proteins has been evaluated by the successful design 
and total synthesis of two prototype TASP molecules. This extension of the TASP concept 
[4] relies on novel synthetic methodologies for the synthesis of topological templates and 
makes use of the immense repertoire of synthetic organic chemistry for their 
functionalization. In combination with new protection schemes and ligation techniques it 
provides the synthetic entry to more complex molecules with a pivotal role in protein and 
drug design. 
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Introduction

Elucidation of the mechanism of globular protein folding is a major issue in structural
biology, and recent progress in the experimental studies on protein folding has improved 
understanding of transient structural intermediates along the folding pathway. Recent 
excellent techniques have shown the presence of the intermediate at an early stage of 
folding, which has the native-like secondary structure in the same regions as those in the 
native molecule and the destroyed specific tertiary structure. Also, these intermediates 
have been shown to be identical with the molten globule (MG) state observed for some 
proteins such as -lactalbumin ( -LA) as a compact equilibrium unfolding intermediate. 
Therefore studies on the MG state of -LA are important for understanding protein folding 
[I]. The native α- LA is composed of fourα-helices (A,B,C,and D) and aβ-sheet.
Recently it has been shown that in the MG state a native-like backbone topology is 
partially retained (at least the native B- and C -helices), and a nonnative hydrophobic core 
is formed in a region located between the B- and C- helices in the native state. Therefore, 
to get further information on stabilization of the MG state, the conformational properties 
of the peptides that encompass the helices and the hydrophobic core region of -LA should 
be investigated in detail. We synthesized four peptides, B 14(22-33, C 17(84- 100),
C24(84-107), and H7( 101-107), which correspond to the B- and C-helices, the C-helix
combined with the hydrophobic core, and only the core region, respectively, in bovine -
LA [2]. Also, to study the folding mechanism of -LA in vivo, interactions of these 
peptides with a molecular chaperone, GroEL, were studied. The chaperone accelerates in 
vivo protein folding and inhibits misfolding. It binds to the MG proteins, but the binding 
mechanism is not yet clear. 

Results and Discussion 

CD spectra of AcB14 and AcC17 were obtained at 5°C and pH=2, which show the 
character of the coil (Ac: acetyl group at the N-terminus). The CD spectrum of AcC24 also 
indicated the coil character, although it differs somewhat from that of AcC17. We 
compared the CD spectrum of AcC24 with a sum of H7 and AcC 17. However, it could not 
be clearly concluded whether or not AcC24 includes some of the ordered structure. The 
sequential NOE between the amide protons and the medium-range NOE of 1H-NMR were 
not observed for C17. The chemical shift deviations from the coil value do not indicate the 
presence of any ordered structure in C17. The deviations for C24 in aqueous media were 
also similar to those for C17 in the region 84-100, but the deviations in its C-terminal
region (101-107) were significant, as those in H7. Because some of the NOE cross-peaks
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between the NH resonances were observed in the 101-105 region of C24, local interaction 
may be expected there. To study interaction between both the helices, the CD spectrum 
of a mixture of AcB 14 and C24 was compared with a sum of the spectra of individual 
peptides. No structure was found to be induced by interaction between the two peptides. 
The helices in the MG -LA seem to be stabilized by their interaction with the other parts 
of the protein. However, the hydrophobic core region (101-107) may be a possible 
initiation site of the MG. 
Some alcohols (such as trifluoroethanol (TFE)) stabilize the helical structure in proteins. 

Moreover, in the MG state, hydrophobic media including the alcohols seem to be more 
desirable than aqueous ones. CD ellipticity of C17 in TFE-H2O showed the TFE-induced
coil to helix transition in a two-state type. However, the conformational transition of C24 
could not strictly be in the two-state type. In a range of [TFE] >20%, a gradual decrease 
in ellipticity was observed. Then ID and 2D 1H NMR were measured. Its NOESY
spectrum at [TFE]=0% has only the dNN cross peaks, but no daN(i,i+3): C24 has scarcely 
the helical conformation in aqueous media. The helical NOE cross peaks appeared in 
aqueous TFE, especially at >15%. Differences in chemical shift of each C H in C24 from 
the coil value were remarkable even at [TFE] <20%. A considerable difference was found 
even for all of the residues in a sequence of100G-107H at [TFE]<20%. At [TFE] >20%, 
some of them were almost constant ( such as 103Y), and a remarkable increase in the helical 
content in a region of 100(G-107H cannot be expected at [TFE] >20%. However, for 96L,
99V,100G,104W and so on, the difference changed considerably at 20% < [TFE]<40%. The 
chemical shifts of a-methyl protons in 96L changed abnormally by TFE around [TFE]= 
20%. To explain such changes in the chemical shifts at [TFE]= 20%, the broken helical 
form at 100G was introduced as a model of C24,which changes the distance between each 
C H and I03Y, as [TFE] changes, and behaves as a whole extended helix at high [TFEI's. 
Moreover, the calculation of the geometric distance achieved by using intensities of the 
NOESY cross peaks showed that the backbone structure of C24 at [TFE]=20% is more 
flexible in the 100G-107H region than that at [TFE]=40%. Such a character in a sequence 
of 100-107 in TFE may give important insights about the MG form of -LA.
Binding of the peptides, B 14 and C17, to GroEL was studied by means of the equilibrium 

dialysis method at pH=7.2 and 4°C with a dialysis tube (a cut-off MW is about 105). The 
binding constants calculated from differences in the equilibrium concentration of the 
peptide between outer and inner solutions of the tube after equilibrium of dialysis were 5-
10 x103/M, which are similar to those for the native a-LA, which hardly binds to GroEL 
in aqueous media [3]. By comparing also with those, 2-500x105/M, of the partially 
disulfide-reduced -LA in the MG form, B 14 and C I7 were concluded to bind hardly to 
the chaperone GroEL in aqueous media. 
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Introduction

Protein folding is a process in which a polypeptide chain attains a unique native structure 
that is determined by its amino acid sequence.Several mechanisms have been proposed to 
explain the efficient folding process of globular proteins. In particular, a sequential and 
hierarchical folding mechanism with a molten globule intermediate has been popular [ 1]. 
In contrast, a nucleation/condensation model of protein folding has been recently evaluated, 
in which the rate-limiting step is the formation of a nucleus [2]. In both models, it is 
generally considered that the intermediate conformational states assume the native-like
substructures (hierarchical mechanism of folding). 
Bovine -lactoglobulin is a predominantly -sheet protein consisting of nine anti-parallel
-strands and one -helix. It consists of 162 amino acid residues and contains two disulfide 

bonds as well as one residue of free cysteine. We recently noticed three pieces of evidence 
indicating that the amino acid sequence of -lactoglobulin has a markedly high preference 
for an -helix conformation [3-5]. First, alcohol, in particular 2,2,2-trifluoroethanol (TFE), 
induced cooperative transition from the native -sheet to a highly -helical structure. 
Second, the high helical preference was retained even for -lactoglobulin fragments 
consisting of 20 amino acid residues. Third, secondary structure predictions indicated that 
-lactoglobulin has a surprisingly high -helical preference. This evidence suggested a case 

of non-hierarchical folding, in which non-native helical structure is involved in the early 
stage of folding.To examine the validity of this suggestion, we studied the refolding kinetics 
of -lactoglobulin by using stopped-flow circular dichroism (CD). 

Results and Discussion 

When the unfolded -lactoglobulin in 3.5 M Gdn-HC] was diluted to the native conditions, 
the ellipticity at 222 nm exceeded that of the native intensity within the dead time of mixing 
(overshoot phenomena) and slowly returned to the native intensity. A similar overshoot was 
also reported by Kuwajima et al. [6]. To characterize the burst-phase intermediate, we 
measured the wavelength dependence of the refolding kinetics. The overshoot was not 
limited to around 220 nm but was also found across a broad range of the far-UV region. 
The far-UV CD spectrum of the burst phase intermediate, constructed by extrapolating the 
observable phases to time zero, is characteristic for -helical conformation. TFE stabilizes 
the -helical state of -lactoglobulin and its fragments. Therefore, it was expected that TFE 
would also stabilize the -helices of the burst-phase intermediate. As expected, the helical 
content of the burst-phase intermediate was increased significantly with an increase in the 
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final TFE concentration. We also found that a similar a-helical intermediate is accumulated 
during the equilibrium unfolding transition induced by Gdn-HCl. On the basis of the TFE 
and Gdn-HCl-induced equilibrium transitions, we constructed a phase diagram of the native 

-sheet, TFE-induced a-helical, and Gdn-HCl-induced unfolded states. The phase diagram 
indicates that the equilibrium accumulation of the -helical intermediate is consistent with 
the high helical propensity of this protein. 
The present results indicate that, because of its markedly high helical preference, an a-

helical intermediate accumulates during the refolding of -lactoglobulin. The important 
questions raised are whether the a-helical intermediate is always required for the formation 
of the native -sheets of this protein and whether the -helical intermediate accelerates or 
decelerates the folding reaction. 
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Introduction

DNA topoisomerases II are essential enzymes that are involved in the segregation of 
chromosomes [1]. All DNA topoisomerases II are dimeric enzymes. However, although
bacterial monomers are composed of two subunits eukaryotic monomers are composed of 
one subunit. Several genes coding for DNA topoisomerases II have now been sequenced 
from bacteria to eukaryotes and one can observe a strong homology between these genes 
[2]. However, the genes coding for DNA topoisomerases II have structurally evolved in 
several steps from two separate genes each one coding for a specific protein in E. coli [3].
This evalution proceeded to two adjacent genes each one coding for a specific protein in 
B. subtilis [4] to two adjacent but co-transcribed genes which translated into two specific 
proteins in Haloferax (an archaebacterium living in high salt concentration) [5], and finally
to only one gene in eukaryotes [6]. This single gene corresponds to the fusion of the two 
previous bacterial genes. Variations have been observed concerning the ATP hydrolysis 
that is necessary for all enzymatic reactions catalysed by DNA topoisomerases I I Indeed, 
ADP is the product formed upon ATP hydrolysis and inhibits ATP hydrolysis, however, 
AMP and adenosine inhibit only bacterial DNA topoisomerases I I In addition, coumarin-
like novobiocin and coumermycin AI inhibit only bacterial DNA topoisomerases 11. The 
biochemical variation observed must be the consequence of the fusion between the ATPase 
moiety and the nuclease moiety comprising the whole enzymatic activity. 

Results and Discussion

Stable complexes between ATP and DNA topoisomerases I I have been obtained after 
ultraviolet irradiation treatment of archaebacterial [7] and eukaryotic [8] DNA topoiso-
merases I I The formation of these covalent complexes is inhibited by ADP, the product of 
the reaction that usually inhibits the ATP hydrolysis catalysed by DNA topoisomerases II 
during DNA conformational change (relaxation of supercoiled DNA). But AMP and 
adenosine as well as coumarin (novobiocin, coumermycin Al) inhibit the formation of the 
[ATP-topoisomerase II] complex specifically at their source. Thus, novobiocin inhibits the 
formation of the (ATPenzyme) complex only in the case of the archaebacterial enzyme. 
Since coumermycin Al is a stronger inhibitor than novobiocin for bacterial enzymes, 
several coumermycin Al derivatives have been proposed [9]. An ATP derivative like the 
8-azidoadenosine 5'-triphosphate that is modified on the adenine moiety is hydrolysed by 
the enzyme with less efficiency than ATP although this derivative is able to promote the 
relaxation of supercoiled DNA catalysed by DNA topoisomerase II. Other ATP derivatives 
are also now proposed. These ATP derivatives should enable us to understand the ATP 
hydrolysis reaction as well as the chemical interaction between the enzyme and ATP. This 
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information can be used for the design of new specific inhibitors to the ATP recognition 
site of eukaryotic DNA topoisomerases II
A strong specific inhibitor could be used in the future as a biocaptor. This would facilitate 
measurement of the synthesis as well as the regulation of the synthesis of the enzyme during 
the cell cycle and the isolation of various phosphorylated forms of the DNA topoisomerase 
I I in order to analyse their enzymatic potentialities. 
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Introduction

Cytochrome P-450 has mono-oxygenase activities, and catalyzes mono-oxygenation 
reaction. It also plays important roles in detoxication and synthesis of steriod hormone 
[l-21. Recently, it was found that a unique cytochrome P-450 was involved in fungal 
denitrification, acting as a nitric oxide reductase (named P-450nor) [3]. There are 3 kinds 
of cytochrome P-450nor. One is from Fusarium oxysporum, i.e .F. P-450nor. The others 
existed in Cylindrocarpon tonkinense, i. e. C. P-450norl and C. P-450nor2. We 
successfully cloned and sequenced C. P-450nor2 cDNA. The peptide sequence deduced 
from the cDNA was analysed by using GENETYX software. 

Results and Discussion 

Cytochrome P-450nor2 catalyzes the reduction of NO to N2O using NADH or NADPH as 
direct electron donor [4]. From P-450nor2 cDNA sequence, the coded peptide sequence 
was predicted (Fig.1). P-450nor2 cDNA coded 408 amino acid residues. Among them, the 
hydrophobic amino acids were 216 (accounted for 52.94 %) ; neutral amino acids were 72 
(17. 65 % ); hydrophilic amino acids were 120 (29. 41%). Cytochrome P-450nors are 
soluble proteins. This is different from that of membrane-bound P-450s. Microsomal 
membrane-bound P-450s are expected to contain a signal peptide-like hydrophobic domain 
in their NH, terminus region which serves to anchor these P-450s in the endoplasmic
reticulum membrane [5]. We analysed the hydropathy profile for the first 100 residues from 

MHATEDETTT IPRFPFQRAS AFEPPAEFAR LRANEPISYV 40 
ELFDGSLAWL VVKHEDVCRV ATDERLSKER TRLGFPELSA 80 
GGKAAAKNKP TFVDMDAPAH MNQRSMVEPF FTEDHVENLR 120 
PYIKETVQGL LNDMVANGCE EPVDLIEKFA LPVPSYIIYT I60
ILGVPFEDLE YLTEQNAIRS NGSGTAQEAA AANQQLLKYL 200 
AKLVDQRLQE PKDDLIGRLV DQQLVPGHIE KSDAVQIAFL 240 
LLVAGNATMV NMIALGVVTL MQNPSQLEEL KADPTLVPGF 280 
VEELCRYHTG SSMAMKRVAK EDMELGGKLI RAGEGIIASN 320 
QSANRDEDVF PNPDVFDMHR DFDSRDGLGF GFGPHRCIAE 360 
LLAKAELEIV FETLFATLPD LRVSIPLDEI ECTPRHKDVG 400 
IVRLPVKW

Fig. 1. Amino acid sequence of cytochrome P-450nor2.
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the NH, terminus of P-450nor2. It seems to contain a hydrophilic domain in the NH 2

terminus region. From the primary structure, the second structure is predicted. There are 
8 a-helix regions located in 14-32,96-118, 124-147, 165-179, 185-209,265-274,291-321,
and 356-380. There are 4 -folding regions (i. e. 37-62, 149-164,215-226, and 234-264).
There are supersecondary structures and located in 140-240 region. These 
structures may be related to the function of P-450nor2. The NADPH binding-site of 
P-450nor2 is probably located in NH, terminus region among the first 164 amino acid 
residues, but the exact location needs further confirmation. 
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Introduction

Three structural regions: a seven-residue cyclic segment at the N-terminus formed by a 
disulfide bond between cysteines at positions 1 and 7, an amphipathic a-helix from residue 
8 to the helix-breaking proline at position 23, and a hydrophilic random coil segment from 
residue 23 to the C-terminal proline amide may be important in the biological activity of 
calcitonin [l]. Four salmon calcitonin (sCT) analogues were designed, synthesized and their 
conformational properties were studied by Fourier-transform infrared (FTIR) spectroscopy 
and circular dichroism (CD). 

Results and Discussion 

The amino acid sequence of sCT was modified both at the N- and C-terminus to study the 
effects of Cysl-Cys7 disulfide removal, Gly30 substitution with D- or L-alanine and C-
terminal proliamide replacement with diethylamide. FTIR spectra were scanned on the Bio-
Rad FTS-65A spectrophotometer. [Val1,

[Ala30]-sCT and [D-Ala30]sCT all showed 
FTIR results similar to sCT. The amide I 
band at 1658 cm-1 in trifluoroethanol 
(TFE) indi-cates -helical structures while 
a single strong peak at 1645 cm-1 in
deuterated water mainly shows random 
structures. The Fourier deconvoluted 
amide I bands of the four calcitonin 

Ala7]sCT, [Glu31, C-N(C2H5)2]sCT, Helix 

I I I I derivatives in TFE (Fig. 1) reveal more 1700 1680 1660 1640 1620 1600 
structural features as peaks around 1658 Wavenumber (cm-I)
cm-1 represent -helical structure, peaks Fig, 1, Deconvoluted amide I spectra of; A, from 1620 to 1639 cm-I indicate -sheet
structure, peaks from 1660 to 1690 cm-1

indicate turn structures and peaks around 
1645 cm-1 are characteristic of random 
structure [2]. 
Secondary structure contents measured by FTIR method were obtained by the curve-

fitting methods [2]. CD results were calculated by the PROSEC program in the JASCO CD 

Val1,Ala7/sCT;B, Glu31, C-N(C2H5)2]sCT,. C,
[Ala30/sCT; and D. [D-Ala30/sCT.
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Table 1. The secondary structures of four calcitonin derivatives in TFE measured by FTIR and CD 
methods

sCT derivatives FTIR CD 

T R R

[Val1 Ala7]sCT 48.0 7.9 34.8 9.3 48.6 14.6 36.8 

[Glu31, C-N(C2H5)2]sCT 45.3 22.2 25.3 7.2 38.3 25.9 35.9 

[Ala30]sCT 44.2 9.6 33.3 10.9 40.7 26.1 33.2 

[D-Ala30]sCT 48.5 19.9 26.3 5.3 53.7 15.6 30.7 

-helix; -sheet; T: turns; R: random structure. 

spectropolarimeter. The quantitative results in TFE are shown in Table 1. 
The FTIR and CD results are generally consistent only when the random structure 

measured by CD method includes turns. The study showed that the FTIR methods can 
provide secondary structural features in more detail. The results indicate that the deletion 
of disulfide bond at the N-terminus and modification on the C-terminus of natural sCT do 
not alter the amphipathic topology of the central calcitonin segment, but other regions of 
calcitonin have significant structural changes. 

[D-Ala30]sCT has the highest helical content as revealed by both the FTIR and CD 
methods. Comparative FTIR studies of [D-Ala30]sCT and sCT in 1,2-propanediol indicate 
that D-alanine replacement of Gly30 changes the sCT -turn structures at 1674 cm-1, while 
the contents of -helix, and random coils remain the same. -sheet
Hypocalcemic studies showed that the four sCT analogues were all active, and high helical 

content showed no increase of activity. The fact that [Ala30]sCT has a higher biological 
activity than [D-Ala30]sCT may indicate that the molecular flexibility is very important for 
receptor recognition. Although all the four sCT derivatives showed high amphipathic 
helical potency, the -sheet, turns and even random coil structures adopted by the N- and
C-terminal residues may play an important role. 
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Introduction

The antitumor activity of actinomycin D (AMD) has been attributed to its interaction with 
DNA and the most striking biological action is its selective inhibition of DNA-directed
RNA synthesis [ 1]. In order to investigate the DNA-binding ability of the new analogs: 
5,5'-Val2-AMD and 2,2'-Phe2-AMD, we applied CD spectroscopy and UV spectroscopy to 
study the DNA-binding characteristics of the analogs in comparison with those of AMD 
[2].

Results and Discussion 

The UV spectra (Fig.1) and the CD spectra (Fig.2) of the complexes were obtained on 
UV-260 spectrophotometer and J-20C spectropolarimeter by subtracting the absorption of 
the drugs. 
In Fig. 1. 5,5'-Val2-AMD shows increased the intensity of the A260 peak of the DNA 

(hyperchromic effect) and 2,2'-Phe2-AMD shows decreased value of the A260 peak
(hypochromic effect). Hyperchromic effect indicated that the drug partially unwinded the 

Fig. 1. The UV spectra of complexes of DNA Fig. 2. The CD spectra of complexes of DNA
of AMD on its analogs. The solutions of AMD on its analogs. The solutions 
(phosphate buffer PH7.2) contained 50 (phosphate buffer PH7.2) contained 50
µg/ml drugs: 5,5'- Val2-AMD (-..-), 2,2'-Phe2- µg/ml drugs: 5,5'-Val2-AMD (-..-), 2,2'-Phe2-
AMD(. ..) and zero µg/ml drugs(—). AMDC(...) and zero µg/ml drugs(—). 
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double-helix of DNA and hypochromic effect indicated that the drug shrunk it [3]. As 
shown in Fig. 2, the positive band at longer 273nm of the 5,5'-Phe2-AMD-DNA complex 
in CD spectra was reduced and shifted to the wavelength region (red shift) indicating that 
5,5'-Val2-AMD partially unwinded the double-helix of DNA [3]. Both of 2,2'-Phe2-AMD-
DNA complex and AMD-DNA complex showed two unusual ψ-CD spectra, suggesting 
that the DNA molecules were shrunk [4]. 
From the above results we concluded that the two peptide analogs could bind to DNA and 

change the conformation of DNA. 
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Introduction

The computational procedures of docking for proteins and peptides can be classified into 
three levels by the degree of approximations [I]. There are RBD (rigid-body docking) [2],
SFD ( semiflexible docking) [3] and FD (flexible docking) [4]. The RBD computation 
usually uses the crystal structures of bound and unbound complexes to perform docking 
calculation, while it is useful just for bound complex systems. It is difficult to find the 
appropriate associated site for unbound complex systems since this model does not allow 
the conformational change during the docking, however it is common that minor 
conformational changes are caused when an active molecule associates with its substrate. 
Some soft-docking procedures have been found in order to overcome the shortcoming of 
the RBD. One of the successful methods is Fang Jiang ‘s soft-docking procedure [2]. 
This procedure uses a ‘cube’ representation of molecular surface and volume. It designes 

a simple algorithm of a six-dimensional search to produced implicitly the effects of the 
conformational changes caused by complex formation. The procedure of the soft-docking
may be divided into two stages: the first is the selection of a population of complexes by 
geometric complementarity. The second is a screening process to identify a subpopulation 
with favorable energetic interactions. The geometric complementarity is evaluated by the 
score of the matched surface dots minus the number of atomic pairs which are located in 
the same cube. The energetic complementarity is evaluated by a quasi-quantitative fashion 
using ‘favor’ and ‘unfavor’ to judge the interactions. This procedure is very useful and 
effective in finding the appropriate associate site for bounded crystal complexes, however 
it is not so successful for unbound complex systems. 

Methods

In this paper, we developed a procedure based on the idea of the two-stage soft-docking for 
peptides and proteins with two modifications. First, a new structural parameter is used to 
screen the unfavorable conformations. The parameter is defined as the number of the 
atomic pairs whose distances are smaller than the sum of the two Van der Waals radii. If 
the number exceeds the defined criterion the conformation is discarded. Another 
modificationis that the second stage of original procedure is replaced by molecular 
mechanics minimization in six dimensional spaces (three translation freedom and three 
rotation freedom).We tried to use some widely used minimizing methods such as Steepest 
descent method, Gauss-Newton method for minimization, but we found they are prone to 
fall into the potential wells and difficult to escape from them because the potential energy 
surface is too complicated. As a result one direct search method, Simplex method, has been 
used in our procedure to overcome the local minimum potential well. The procedure is 
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proved to work well and our computational results are better than Jang's [2]. 
This program has been written in C. It has been assembled into our molecular design 

package which can operate under UNIX and DOS operation systems. 
The force field parameters are derived from ECEPP. The energetic term is composed of 

Van der Waals energy, electrostatic energy and H-bond energy between the active molecule 
and its substrate. 

where r is the sum of radii of atom i and atom j, e* is the depth of the energy minimum, R 
is the effective internuclear distance, P equal to r/R, qi and qj are the partial atomic charges, 

is the dielectric factor. 

Results and Discussion 

Some protein-protein systems including two bound protein complexes and two unbound 
protein complexes have been selected to test our program. Table 1 lists the parameters used 
in our calculation and Table 2 lists the results of the soft-docking calculation. The rms of 
crystal structures and the calculated conformations for bound complex system are 
calculated to evaluate the results. Our rms is smaller than that of the original inal procedure 
[2]. Another advantage progress is that our program can predict unbound complex systems 
with a quite good result. Rmd (root mean distance) was defined to test the results of 

Table 1. Parameters used in the calculation 

Molecule names Number of atoms Probe radius (Å )a Number of dots Distance restriction 
parameterb

2PTC[5] 2083 1.7 10524 1/5000
2PTC1/2PTCE       2083                1.7             10524             1/2000 

2WRP[6]                         843                               1.7                          5731                        1/5000
3B5C/5CYC[7-8]       1496                       1.7                    8633                   1/2000 

a The parameter is derived from reference [2]. 
b The number of atomic pairs whose distances are smaller than the sum of the two Van der Waals radii is defined 
as a new parameter in our calculation. The criteria of discarding the unfavorable conformation is obtained by the 
value of distance restriction parameter in Table I times the numbers of atoms of active molecule and its substrate. 
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unbound complex systems. The rmd of system 2PTCI/2PTCE is only 2.19 without 
optimization with full potential energy field. We are confident that after full minimization 
the result will be greatly improved. 

Table 2. Result of soft-docking calculation 

ProteinData Solution Rotation (deg) Translation (Å) Scorec Energy rmn/rmdd

Ban k code No. (!&mol) 

2PTC Expt. 0.0 0.0 0.0 3.0 23.2 -10.5 0.05

1 0.3 02 -0.4 3 0 23.0 -10.4 -13.1 -8754.8

2PTCI/2PTCE 1 101.0 110.0 694 14.6 6.9 11.7 -8434 -7710.7 2 .58

2 80.2 80.2 120.0 8.2 14.9 162 -686.6 2.19

2WRP Expt. 0.0 0.0 0 .0 1.3 6.0 -2 . 9

I 0.2 0.4 - 0.3 2.1 6.1 -2.2 -17.1 - 4471 0 .03

3BIC/5CYC I 60.4 9.9 151.3 14.4 8.0 -11.1 -15721 4 

2 92.3 8.6 139.9 5.0 6.7 -5 9 -14518.9

3 100.3 20.8 110.2 13.5 9.7 -12.5 -12752.5

4 90.0 11.2 119.5 8.8 11.6 -148 -12512.9

5 599 109 139.4 130 9.1 -11.6 - 1043.6

c The parameter is used to evaluate the geometric complementarity, it is obtained from the number of matched
surface dots minus the number of overlapped cubes [2].
d rmd means root mean distance. All the distances of atomic pairs of active molecule and its substrate have been 
calculated for both bound and unbound complexes. The root mean of the differences of relative distances (rmd) of 
bound and unbound complexes is used to evaluate the effectivity of the soft-docking calculation. The smaller the 
rmd, the better conformation have been predicted.
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Introduction

The Conus snails are venomous predators which immobilize their prey by a sophisticated 
venom apparatus. Hundreds of peptides known as conotoxins exist in these crude venom. 
Conotoxins provide a series of small peptides which are high-affinity antagonists for 
receptor and ion channel blockers which are useful effects as special reagents in 
neurobiology researches. The effects of crude venom and its fractions of Conus betulinus, 
collected from South China Sea, were studied using whole cell patch clamp technique in 
rats hippocampal CAI pyramidical cells. 

Results and Discussion 

Sodium and potassium currents are decreased by application of 0.1mg/ml crude venom 
and its fractions (Fig. 1 & Fig. 2). It is very interesting to note that the crude venom of 
Conus betulinus can effect the potassium current of a vertebrate neuron, which has not been 
reported.

Fig. I. Effect of crude venom(0.1 mg/ml) a: control; h: 6 min after applying venom.
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Fig. 2. Effect of peak (0.1mg/ml) : control; b: 3 min after applying peak E. 
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Introduction

For de novo design of peptide and protein agonists, most investigators have concentrated 
their efforts on designing or mimicing the peptide backbone secondary structures ( 
space) such as a-helix, -turn and -sheet structures [l-5]. Using this approach, 
considerable success has been obtained in the de novo design ofpeptides and proteins with
specific secondary structural motifs. In the peptide mimetic area, considerable success has 
been attained in obtaining non-peptide moieties thatcan force, mimic or stabilize secondary
structures such as -helices or -turns [l-3], but most of these structures fail when 
examined from the viewpoint of the side chain conformational space (topography) since
they generally cannot place side chain groups in the same three dimensional space occupied
by peptides and proteins. To bridge this gap, and develop a better understanding ofthe side
chain conformational preferences that determine the biological activities and other 
properties of peptides that depend on peptide side chain groups for their properties, we and 
others 16-81 have been developing approaches to the design and synthesis of novel amino 
acids and amino acid mimetics that constrain or fix side chain groups in chi space (chi- 
1(x1), chi-2(x2), etc.). We then incorporate these novel amino acids and mimetics into
bioactive peptide analogues specifically designed to determine the conformation and 
topographical three dimensional properties that are critical for biological activity.
Examples of such compounds that we have developed and used in biologically active 
peptides include tetrahydroisoquinoline carboxylic acid (Tic,l) [ 9], -methyltyrosine [10],
-methyltryptophan [I I], and -methyl-2'6'-dimethyltyrosine (TMT, 2) [ 121. In this paper 

we report new developments in this area. 

Results and Discussion 

Figure 1 gives the structures ofsome ofthe constrained amino acids that are of interest. In
each case the amino acid was designed to mimic an aromatic amino acid but with 
constraints at x1 and x2. In the case of Tic (1, Figure 1) the constraint imposed is
cyclization, so that only the g (-) and g (+) conformers are possible. We have thoroughly 
examined this by both NMR (9,131 and X-ray crystallography [ 13], and have shown its 
importance in biological structure-activity relationships [9]. Another kind of cyclization 
is the [2,3] methano analogues ofamino acids such as 3. These ainino acids essentially fix
the x1, torsion angle to give either a cis — or a ——trans relationship of the amine to arornatic 
moiety. On the other hand, the x2 angle is free to rotate constrained only by the Van der 
Waals steric constraints when 2'- or 6'methyl groups approach the cyclopropane methylene 
group. A similar situation is obtained in -methyl-2',6'-dinie-thyl tyrosine (2, Fig.1). A
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Fig. 1. Structures of topographically constrained amino acids constrained at x1 and x2

critical issue in 2 and 3 is whether the constraints imposed represent a sufficient constraint 
to be of biological significance. Thus we have used dynamicNMR methods to determine 
the barrier to rotation about the Cβ -Cγ bond (chi-2, x 2). In the case of β -methyl-2',6'- 
dimethyltyrosine derivatives such as 2, the barrier was found to be about 16- I7 kcal/mole 
[ 14], whereas for the 2,3-methano-2',6'-dimethylphenylalanine derivatives such as 3 the
barrier was about 15-16 kcal/mole. Thus indeed these compounds are highly x2

constrained.
A second critical issue is the extent to which the novel amino acids, though constrained, 

truly mimic the preferred side chain conformations found for the corresponding natural 
amino acids. To examine this question we have calculated (x1 ,x2) energy maps using the
Drive module of MacroModel [1.5] and for energy calculations, the AMBER force field 
[ 16] with a distance dependent dielectric =4.0rij. Chi plots of D and L tyrosine and 2 of
the 4 isomers of -methyl-2'6'-dimethyltyrosine are shown in Figure 2. The constrained 
aminoacids indeed have greatly reduced accessible conformations in chi space with
significant differences in energies for g (-), g (+) and trans rotamers in chi- 1 space. As for 
chi-2, again the space available is greatly reduced and the energy barrier calculated is about 
17 kcal/mole, consistent with the experimentally determined values. What is most 
important for applications to biologically active peptides is that the low energy forms in 
both x1 and x2 space are similar to those found for the naturally occurring amino acids, 
except that now only one chi-1 angle is highly favored and there is a high energy barrier 
between the two preferred x2 angles. Thus any effort by the receptor to choose an 
unfavorable x1 and/or x2 angle will lead to greatly reduced binding. Indeed we have shown 
on incorporating all four isomers of 2 into c[D-Pen2,D-Pen5]enkephalin (DPDPE), that only 
one compound, the (2S,3R)-TMT' isomer has both high potency and selectivity for the 6 
opioid receptor [17]. When all four isomers of 2 were incorporated into DPDPE and 
Deltorphin and examined in in vivo antinociception assays the results were extremely 
interesting as shown in Table 1. What these results demonstrate is that use of topogra- 
phically constrained amino acid residues in bioactive peptides can affect not only 
potency,but also can dramatically control the receptor type and subtype selectivity. As 
expected [(2S,3R)TMT1]DPDPE, which previously was shown to be a highly selective 
ligand for vs µ receptors, is shown to be highly selective for the , but not 2 receptor,
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Fig. 2. Chi-I /Chi-2 energy maps for aromatic amino acids. 

just as DPDPE. On the other hand, Deltorphin I , though highly selective for vs µ opioid
receptors is active at both 6, and 6, receptors, whereas [(2S,3S)TMT1] DELT-I is active
only at the 2 receptor and [(2R,3S)TMTl]DELT-I is active at both the 1, andµreceptors,
but not at 2 receptors. It is interesting to note that 2R,3S-TMT1 is a D-amino acid, and yet
the analogue is potent at both and µ receptors which is contrary to the current dogma in
this area.

Table 1. In vivo antinociception activities of analogues

Peptide Amount Antinociception (%) Following Pretreatment With 

used Control DALCE [Cys4]DELT -FNA

(nM) ( 1) ( 2) (µ) 

DPDPE 30 89 30 82 91 

[(2S,3R)TMT']DPDPE I00 90 42 72 52 

Deltorphin I 3 91 30 33 78 

[ (2S,3S)TMT1]DELT I 30 87 81 32 82 

[(2R,3S) TMT'IDEL T I 30 90 45 83 30 
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These and other exciting results have prompted us to prepare even more constrained amino 
acids such as -isopropylphenylalanine [(4, Fig. l), or -phenylleucine]. Asymmetric 
synthesis poses some problems due to steric effects, especially for setting the chirality at 
the -carbon. In order to obtain the desired isomer in high enantiomeric excess the special 
conditions shown provided the desired intermediate 10 in good yield, and then the L and 
D amino acids can be prepared asymmetrically from 10 utilizing methods already 
established in our laboratory. It is interesting to note, however, that if the Michael-like 
addition is done under other conditions, including those previously used in our laboratory 
for less hindered cases, 1,2-addition becomes the major reaction pathway. We are 
continuing to develop synthetic methods for these and other highly hindered chimeric 
amino acids and to incorporate them into bioactive peptides. 
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Introduction

Thrombin and fibrin play key roles during blood clotting. Inhibitors of thrombinand 
fibrin aggregation may be developed to antithrombotic drugs. Hirolog-I is a bifunctional 
antithrombin peptide combining the catalytic-site antithrombin peptide and exosite 
antithrombin peptide with a polyglycyl linker [ 1]. FPRP is an anti-fibrin aggregation 
peptide [2]. To develop more effective antithrombotic peptides, we designed and 
synthesized a trifunctional peptide combining Hirolog-I and FPRP with a 4-glycyl linker 
and compared it with Hirolog-I in antithrombin and anticoagulant activities. 

Results and Discussion 

Trifunctional peptide(TPI) and Hirolog-I were prepared using multipin polypeptide 
synthesizer from Australia Chiron Co. Synthetic peptides were purified to homogeneity by 
preparative C18 column employing a Waters HPLC. Anti-thrombin catalytic activities were 
monitored at 410nm [3] using the Chromozym TH substrate. Anticoagulant activities were 
determined by observing the fibrin clotting time under different conditions [4]. The results 
showed that TPI and Hirolog-I had similar antithrombin catalytic activity (Fig. 1). TPI 
showed evident anticoagulant activity at concentrations of 4x10-6M TPI at 2x10-6M showed 
similar anticoagulant activity of Hirolog-I at 6x10-6M when thrombin reacted with the 
peptides (Table 1). When fibrinogen reacted with the samples, TPI expressed good anti- 

Fig. I. Comparison of antihrombin catalytic activity of Hirolog-I and TPI. 
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Table 1. Comparison of antithrombin 
properties of Hirolog-I and TPI 

Table 2. Comparison of anticoagulant 
properties of Hirolog-l and TPI 

peptides concentration clotting time peptides concentration clotting time 
(x 10-6M) (S) (x 10-6M) (s) 

IIirolog- 0 1354 Hirolog- 0 1302 
I 0.75 2525 I 0.75 5423 

1.5 5726 1 .5 700 10 
3 11014 3 84010 
6 12527 6 102015 
0 1402 0 1405 

TPI 0.5 5405 TPI 0.5 5605
1 8407 1 7801 0 
2 13126 2 112015

4 23010 
4 )2100 80 )2500 

coagulant activity at concentration of 8x 10-6M (Table 2). The above experiments indicated 
that TPI showed both anti-thrombin and anti-fibrin aggregation activities, suggesting that 
TPI probably has higher anti-thrombin potency than Hirolog-I and providing an approach 
to construct multifunctional peptide in future. 
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Introduction

Protein de novo design is an inverse but effective approach to elucidate the relationship 
between protein tertiary structure and its amino acid sequence. Examples include de novo 
designed -helical coiled coils by Hodges’group [1] and four helical bundles by DeGrado 
and co-workers [2]. However, de novo designed peptides usually show some characteristics 
of molten globule rather than the expected native-like state [3]. Particularly, some can not
fold into their predicted structures [4,5]. Because of the low predictability, we have to 
systematically investigate the factors that dominate the formation and stability of -helix
structure by designing and characterizing model I peptide in our previous work [6]. In this 
paper, we will present a rational approach to the helical protein design based on the known 
structures of leucine zipper peptide GCN4-p1 mutants [7, 8]. 

Model I: Z-(E-E-X-Y-K-K-X)n-G Z= Ala, Ser; X=Leu, Ile, Val, Phe, Ala; Y=Ala,Leu; 
n=2,3,4;

Results and Discussion 

Harbury et al [7,8] have systematically substituted the hydrophobic residues at positions 
"a" or "d" of the GwCN4 coiled coil with a single amino acid. The mutants obtained display 
two-, three-, and four-helix structures depending on the match of the buried residues [7,8]. 
Accordingly, we have designed LI, IL, and VL peptides with computer modelling: 

LI C-(E-Id-E-Q-K-La-K)n (LI22, n=3; LI29,n=4 )
IL (E-Ld-E-Q-K-Ia-K)n (IL21,n=3; IL28, n=4; IL35, n=5) 
VL (E-Ld-E-Q-K-Va-K)n (VL21, n=3; VL28, n=4; VL35,n=5) 

The sequences of LI, IL and VL are similar to each other except for the match of 
hydrophobic residues at positions a and b. The calculation as well as visual inspection 
clearly show that the different match of a and b will lead to different aggregation (Fig. 1). 
LI peptides are favorable to fold into parallel four-helix bundles (Fig.2), whereas IL and 
VL peptides tend to form parallel di-strand coiled coils. The molecular size-exclusive
chromatography and circular dichroism (CD) studies confirmed our prediction, as 
summarized in Table 1. LI22, LI29, IL35 and VL35 can self-assembly into their predicted 
folds with high content of helix in the neutral PBS or MOPS buffers. However, IL2 1, IL28, 
VL2 1 and VL28 exist in an equilibrium between desired dimer and higher-order oligomers. 
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(A) end view (B) side view 
Fig. 2. The molecular models of Ll peptides predicted to form parallel four helical bundles.

Further CD studies illustrate that the ellipticity values at 222nm of L122, LI29, IL35 and 
VL35 are concentration-independent even diluted to eight folds from 0.27mM to 0.034mM, 
indicating that these peptides can associate into their uniquely tertiary folds. When 30% 
TFE is used as a conformation-inducing agent, the helix contents of IL21 and VL21 are
increased dramatically. In contrast, the helicities of IL28 and VL28 increase a little, while 
the long peptides IL35 and VL35 are essentially 100% helical in neutral aqueous buffers 
compared with those in the presence of 30% TFE. 

121



Z. -W. Miao et al. 

Table 1. Summary ofpeptide structures of LI, IL and VL in aqueous solution 

peptide position [222] No. of aggregation 
a d deg.m2.mol-1 predicted observed 

L122 L I 31,300 4 4 
L129 L I 43,200 4 4 

IL21 I L 24,700 2 3, 6 
IL28 I L 38,000 2 2,4 
IL3 5 I L 43,300 2 2 

VL2 1 V L 24,300 2 2,4 
VL28 V L 35,400 2 2,4 
VL3 5 V L 42,000 2 2 

The association stability of LI, IL and VL peptides has been determined by guanidine 
hydrochloride (Gu.HCI) denaturation and thermal unfolding profiles. As showed in Figs. 
3-5, the [Gu.HCl]50 values of peptides vary markedly with chain length and concentration. 
The stability against guanidine hydrochloride denaturation follows VL28<IL28<LI29 and 
VL35<LI29<IL35. The thermal unfolding profiles also give a similar result, as 
demonstrated in Fig. 6. Usually, the stability against thermal unfolding can be compared 
by their Tm which is the temperature standing for 50% denaturation. However, some Tm 
can not be obtained from the thermal unfolding profiles directly. Thus, the decrease of 
ellipticity at 222 nm is selected as a reference when temperature rises from 8°C to 80°C. It 
could be found that IL29 and IL35 are very stable to thermal melting. Their helicities only 
reduce 17.2% and 

Fig. 3. Guanidine denaturation profiles 
of LI22 and LI29 1, LI22(0,27mM) 2, 
LI29(0,08mM) 3, LI29(0.27mM) 

Fig. 4. Guanidine denaturation profiles of
VL21, VL28 and VL35 1, VL21(0.27mM) 2,
VL28(0.27mM)3,VL35(0.08mM).
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Fig. 5. Guanidine denaturation profiles of 
IL21, IL28 and IL35 I, IL21(0.27mM) 2, 
IL28(0.2 7mM) 3, IL35(0.05mM). 

Fig. 6. Thermal melting profiles and 
percentage of ellipticity decrease. 

18.3% respectively when temperature was raised from 8°C to 80°C. In addition, their linear 
melting curves account for both peptides retaining their unique tertiary folds during thermal 
denaturation. In summary, the present studies provide a rational approach for designing de
novo helical proteins with improved predictability. 
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Synthesis of a series of
amino acid and peptide-porphyrin derivatives

Xiao-Hua Chen, Xiao-Lin Hao, Gui-Ling Tian and Yun-Hua Ye
Department of Chemistry, Peking University, Beijing 100871, China 

Introduction

In de novo design of ion channel proteins, because of their rigid structures, tetrakis-
phenylporphyrins have been employed to act as templates to combine a-helical peptide 
segments for the formiation of bundle structures [I]. The aggregation state of the amphiphilic 
helix peptide can also be controlled by attaching four copies of it to this C4-symmetric
template. For this purpose, we synthesized a series of amino acid and oligopeptide-(p-,m-,
o-,)substituted tetrakis-phenylporphyrin derivatives using different coupling agents (see 
Table 1). 

Results and Discussion 

1. According to the literature [2], compounds 1, 6 and 10 were prepared with the 
corresponding substituted benzaldehydes and pyrrole in 40-50% yields. The reduction of 1
and 6 by treating with SnCI2 in concentrated hydrochloric acid obtained satisfactory yields 
(SO-95%) of 2 and 7. The compound 10 was then hydrolyzed with NaOH and pyridine to 
remove the methyl ester protection to get compound 11. The products 2 and 7 were reacted 
with succinic anhydride to get 3 and 8. The templates 3,7 and 11 were employed in peptide 
synthesis. Further condensation reactions with PheLeuOBzl, GlyGlyOC2H5, FmocGly and 
AlaOBzl got products 4, 5, 9, 12,14, 15 in good yield (65-46%). 
2. Compounds 3,7 and 11 were condensed with various amino acids or peptides by a new 
coupling agent 3-(Diethoxyphosphoryloxy)- 1,2,3-benzotriazin-4(3H)-one (DEPBT), which 
was developed by our group [3]. Other compounds were prepared by DCC. All of these 
obtained compounds have been confirmed by MS, NMR, UV-Vis and some of them by 
elemental analysis. 
3. Because of the poor solubility in most of the organic solvents, all of these substituted 
tetrakis-phenylporphyrin derivatives were difficult to purify. Also due to the incompleted 
substitutions at the four symmetric condensation positions of the porphyrins, we had to use 
silica columns or even HPLC to get the pure products. 
4. Compounds 3 and 8 have four arms stretching out from four predetermined positions of 
tetrakis-phenylporphyrin templates. The attachments provide favorable interhelical spacing 
as well as a degree of conformational flexibility and more reaction activity. We supposed 
that they may be valuable starting units for membrane proteins containing a porphyrin ring. 
In the future, the synthesis of these compounds may find application in design and synthesis 
as the template for artificial proteins. 
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Table I. The structures of amino acids, oligopeptide-tetrakis-phenylporphyrin derivatives 

No. X Y z 

1 NO, H H 
2 NH, H H 
3 NHCOCH2CH2COOH H H 
4 NHCOCH2CH2COPheLeuOBzl H H 
5 NHCOCH2CH2COGlyGlyOC2H5 H H 
6 H NO2 H
7 H NH2 H

9 H NHGIyFmoc H 
9 H NHCOCH2CH2COOH H 

10 H H COOCH3

11 H H COOH 
12 H H COOAlaOBzl 

13 H H COOAlaOH 
14 H H COOGlyGlyOC2H5

15 H H COOPheLeuOBzl 
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-helical peptides 
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Introduction

Previous studies indicate successful results on the bundles of amphiphilic transmembrane 
-helices as a structural motif for ion-channel proteins. Thus, the de novo design and 

synthesis of amphiphilic -helical peptides become practical ways for the artificial 
modeling of channel proteins [l]. On the basis of secondary structure prediction and
molecular modeling, we design, synthesize and characterize three amphiphilic 
heneicosapeptides, LSSLLGLLSSLLP LLSSLLXX, X=K(I), X=E(II), 
EALAKLLEALAKLLEALA KLK(III). 

Results and Discussion 

1. These three 2 1 -residue peptides were synthesized by means of stepwise solid-phase
peptide synthesis. With the Boc protection strategy, all syntheses were carried out manually 
starting from Boc-protected amino acids covalently linked to Merrifield resin. A 3 or 4-fold
excess of protected amino acid derivatives were coupled using DCC with HOBt as additive 
or 3-(diethoxyphosphoryloxy)- 1,2,3-benzotriazin-4(3H)-one (DEPBT), a novel organo-
phosphorus coupling reagent [2]. Coupling reactions were monitored by Kaiser test. 
Anhydrous HF was used to cleave the peptides from the resin. The crude products obtained 
were filtrated by Sephadex G-25 and further purified by RP-HPLC.
2. MS and amino acid analysis confirmed the integrity of these three amphiphilic peptides, 
the results are shown in Table 1. as follows: 

The results of amino acid analysis: 

Peptide (I): Ser 5.72(6), Gly 1.35(1), Pro 1.00(l), Leu 10.66(1l), Lys 2.33(2)
Peptide (II): Ser 5.45(6), Gly 1.29(1), Pro 1.07( l), Leu 1 1 .00(1l), Glu 2.26(2)
Peptide (III): Glu 3.3(3), Lys 4.2(4), Ala 5.8(6), Leu 7.4(8) 

3. Peptide (I) and (I I) had poor solubility which resulted in great difficulties in purification. 
They had to be dissolved in 50% acetic acid and eluted by more than 20% acetic acid. In 
order to improve the solubility of Peptide (I) and (II) as well as enhance their helical 
degree, Peptide (III) was designed and synthesized by inserting Glu and Lys, two residues 
with oppositely charged side chains, in the sequence, with the expectation that the favorable 
intrachain charge-charge interactions would result in more solubility while favoring the 
formation of -helix. Peptide(III) was readily purified by Sephadex G-25 and reversed-
phase HPLC. It also showed stronger -helical features than Peptide(I) and (II) by CD 
spectroscopy in both water and TFE (see Figure 1). 
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Table 1. The MS (FAB) of the three peptides 

Peptide(I) Peptide(II) Peptide(III) 
M.W. 2194 2196 2247 

MS(FAB) (M+H)+: 2195 (M+H)+: 2197 (M+Na+l)+: 2271 

Wavelength (nm) Wavelength (nm) 
1. CD spectrum of Peptide(III) in TFE 
2. spectrum of Peptide(III) in 20 mM 

Phosphate, 0,1 M kcl (pH=7.1) 

1. CD spectrum of Peptide(lI) (2000µg/ml) in TFE 
2.CD spectrum of Peptide(III)(1000µg/ml) in TFE 
3. CD spectrum of Peptide(I) (I000µglmI) in TFE 

Fig. 1. CD spectrum of each peptide in different conditions. 

4. The abilities of the peptides to form stable amphiphilic -helical bundles were 
characterized by circular dichroism studies in buffer or TFE solvents. Their CD curves 
displayed typical features of peptides in -helical conformation, ie., strong negative Cotton 
effects at 222 and 208nm, zero-crossover points at 202nm, and strong positive Cotton 
effects at 193 nm. And the formation of significant secondary structure in Peptide (III)
both in TFE and in water reflects its helix-formation stability. 
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Relaxin: Recent structure and activity studies

John D. Wadea, Feng Lina, Yan-Yeow Tanb, Gert Talboa and
Geoffrey W. Tregeara

Pharmacology, University of Melbourne, Parkville, Victoria 3052, Australia

aHoward Florey Institute of Experimental Physiology and Medicine bDepartment of

Introduction

The peptide hormone relaxin is produced in, and acts upon, tissues of the reproductive tract in
many mammalian species to facilitate parturition [ 1]. The primary structure of rat relaxin was 
determined by its isolation, sequencing and amino acid analysis [2]. It was shown to consist of 
a twenty four residue A-chain and a thirty five residue B-chain (Fig. 1). Comparatively little is 
known about the structure and biology of this peptide. It was shown to be active in both the 
mouse pubic ligament assay and the rat uterine contraction assay. However, it produced a non-
parallel dose-response curve to the porcine relaxin standard [2]. Binding sites for relaxin have 
been detected in the uterus and, more recently, in the brain and heart of both male and female 
rats [3,4]. Subsequent work has shown that relaxin possesses potent inotropic and chronotropic 
activity in the isolated rat heart assay [5]. This suggests that it may, in fact, have a broad 
physiological role. Given the convenience of the rat as a laboratory model for biological study 
and, as part of a study of the role of rat relaxin in pregnancy, we undertook the solid phase 
synthesis of the peptide and compared it with the native product both chemically and 
biologically.

Methods

Each of the A- and B-chains were assembled by the Boc-polystyrene solid phase method as 
previously described [6]. The N-terminal residue of the A-chain was attached as the 
pyroglutamyl form. Following cleavage and deprotection of the chains by treatment with HF, 
each was S-reduced with dithiothreitol and then purified by preparative RP-HPLC. The chain 
combination was carried out in solution also as previously described [6]. The inotropic and 
chronotropic activities of the rat relaxin in the isolated rat heart were carried out as previously 
described [5]. All data were statistically analyzed by the Student's t-test.

Z- S-G-A-L-L-S-E-G-C-C-H-I-G-C-T-R-R-S-I-A-K-L. C

R-V-S-E-E-W-M-I-Q-V-I-Q-V-C -G-R-V-A-R-A-W- I- E- V- C -G-A-S-V-G-R-L-A-L. 

Fig I Primary structure of rat relaxin 
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Results and Discussion 

The solid phase synthesis of rat relaxin proved to be difficult to successfully accomplish. The 
use of a two chain combination approach was again employed but the very poor solubility of 
the B-chain made both its purification and subsequent combination arduous with the result that 
the recovery was lower than previously achieved in our laboratory for other synthetic relaxins. 
Chain combination was less efficient than for other synthetic relaxins with the overall yield of 
final purified product being approximately 0.5%. The synthetic rat relaxin was characterized 
by a variety of analytical criteria including by MALDI-MS which gave a measured value of 
6461.1 (theory: 6460.5). The synthetic peptide was also indistinguishable from the native 
peptide including by limited tryptic digestion followed by mass spectrometric analysis of the 
digests and by circular dichroism spectroscopy (data not shown). 

Recently, the successful total chemical synthesis of human insulin was achieved via an elegant 
three-step regioselective disulfide bond approach [7]. However, attempts to adapt this method 
to the synthesis of rat relaxin were not successful, again because of the poor solubility of the 
selectively S-protected B-chain. More recent efforts to overcome this limitation have focused 
on the use of the novel secondary amide protecting group, the N-(2-hydroxy-4-methoxybenzyl)
(Hmb) [8]. The Hmb function is compatible with the Fmoc/t-butyl method of solid phase 
peptide synthesis and inhibits chain aggregation during peptide assembly. Acetylation of the 
group makes it resistant to final peptide-resin cleavage and deprotection and the resulting Ac- 
Hmb-containing peptide has substantially improved solubility in aqueous solution. 
Both native and synthetic rat relaxins were equally active in the in vitro rat heart assay. The 

two peptides were highly inotropic and chronotropic but less so than either the synthetic human 
H2 or H1 relaxins (Table I). The pD2 values are higher than for endothelin or angiotensin II. 
The efficacy of the relaxins was excellent with all compounds producing 60-40% of the 
maximum response caused by the -adrenoceptor agonist isoprenaline. Each relaxin had higher 
efficacy in the chronotropic than inotropic assay. The potent effect on the heart is probably by 
stimulation of a specific relaxin receptor for these are not abolished by the structurally similar 
insulin nor by the individual relaxin chains [9]. More recent work in our laboratory has shown 

Table I. Comparison of the inotropic and chronotropic effects of synthetic (s) and native (n) rat relaxins. 
Other peptides: human Gene 2 and human Gene I relaxins. 

Maximal response pD2 Efficacy(isoprenaline=l)

inotropic chronotropic inotropic chronopic inotropic chronotroic 
hRlxl(B29) 0.21±0.03 130±7 9.00±0.08 9.05±0.10 0.70 0.77
hRlx2(B28) 0.19±0.02 100±10 8.81±0.04 8.73±0.05 0.45 0.60

n rat Rlx 0.24±0.06 117±17 8.59±0.03 8.51±0.07 0.55 0.69
s rat Rlx 0.24±0.02 123±13 8.72±0.03 8.60±0.02 0.75 0.78
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that synthetic rat relaxin, when introduced into the lateral ventricle of the rat brain, causes 
significant production of fos in certain discrete regions known to regulate fluid balance and 
cardiovascular control. This implies that it has a direct central role, the significance of which 
requires further study [10]. The availability of the peptide will help shed further light on the 
biological role of the hormone. 
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Introduction

Cyclotheonamides (1, A: R=CHO; B: R=Ac) are macrocyclic thrombin inhibitors having 
two novel amino acid residues (Fig. 1). Their structural uniqueness and inhibiting activities 
have prompted us [1,2] and other groups to study these compounds [3]. In the synthesis of 
arginine-containing peptides, ornithine formation is often encountered. The possibility of 
preparing arginine-containing peptides by guanidination of the amino groups of the 
appropriate ornithine-containing precursors has long been recognized. Such a strategy is 
attractive for its potential to eliminate the many problems associated with the use of 
conventionally protected arginine starting materials in peptide synthesis [4]. We report here 
a new approach for the synthesis of cyclotheonamide B (1, R=Ac) via the guanidination of 
the ornithine-containing macrocyclic peptide (2).

Results and Discussion 

Deprotection of the dipeptide (3)[2] at the N -position and the tripeptide (4)[ la] at the C-
terminal and subsequent coupling with DEPC gave the linear pentapeptide ( 5). The best 
result (71% yield) was obtained by using trimethylsilyltriflate for the deprotection of Boc 
group in comparison with the use of trifluoroacetic acid (48%) or p-toluenesulfonic acid 
monohydrate (43%). After the deprotection of pentapeptide ( 5) at the C- and N-terminal,
the cyclization of ( 5) was proceeded by using FDPP to give the best yield (57%) and the 
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cyclization seems to be enhanced by the appropriate conformation of the linear peptide in 
solution and the efficiency of coupling reagents [ 1 a, 5]. The cyclic peptide (2) was treated 
with 3 1 % Hbr-HOAc and subsequent guanidination with N,N’-di-(tert-butoxycarbonyl)
thiourea to give the arginine-containing macrocyclic peptide (6). The selective deprotection 
of Cbz amido group and benzyl-type ether group was also achieved by catalytic 
hydrogenation in the presence of 1 ,4-cyclohexadiene, and unfortunately the partial 
reduction of the substituent chlorine on BzlCl2 group resulted in side reactions. Finally, 
oxidation of the -hydroxy group of (6) with Dess-Martin periodinane, followed by O, N-
deprotection, produced cyclotheonamide B ( 1, R=Ac ) in 75% yield. 
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Introduction

Superantigens (SAg) are new protein antigens [1]. A body of evidence has implicated the 
potential role of SAg in various human diseases [2]. However, little has been known so far 
about the mechanism of molecular recognition between T cells and SAg. Toxic shock 
syndrome toxin-1 (TSST-1) belongs to the group of SAg. It is a 22 kDa single-chain
polypeptide containing 194 amino acid residues and can activate human T cells bearing 
VB2. In this study, we used a new method employing synthetic peptides and antibody (Ab) 
to the CD28 to identify TSST-1 sequence involved in its binding to the T cell receptor. 

Results and Discussion 

It is feasible to use the synthetic peptide technique to locate T cell epitopes of protein 
antigens (Ag), but difficult to locate T cell epitopes of SAg [3]. T cell activation by Ag 
requires the assistance of antigen presenting cells (APC) that express MHC molecules. 
Thus, Ag must possess both T cell epitopes and MHC binding sites. These two sites in 
classical Ag are overlapping within a short peptide (10 residues or so) [4], whereas those 
in SAg are away from each other [5]. Therefore, it is difficult for a synthetic peptide of 
limited length to contain the two kinds of sites of SAg. Recently we and others have 
demonstrated that APCs assist T cell activation by SAg with CD28 costimulation and the 
cross-linked Ab to CD28 can replace APC to assist T cell activation by SAg [6]. For these 
reasons, we added Ab to CD28 to the synthetic peptide to establish a new method of 
locating T cell epitopes for SAg. 
TSST-l (125-158) and TSST-l (101-158) could not activate peripheral blood mononuclear 

cells (PBMC), but could do so with CD28 costimulation, indicating that TSST-1( 125-158)
and TSST- 1 (101 - 158) contain T cell epitopes but not MHC binding sites. The sequence 
of TSST-l(125-158) was included in TSST-l(101-158). With CD28 costimulation the 
former has much better ability to activate T cells than the latter. It is possible that the 
conformation of TSST-l(101-158) is unfavourable for its T cell epitope to bind T cells. On 
the other hand, TSST-l(125-158) and TSST-l(101-158) plus CD28 costimulation could 
not activate VB2 T cell-depleted PBMC, that is, the specificity of TSST-l(125-158) and 
TSST- 1 (1 0 1 - 158) to VB element is identical to native TSST- 1 molecule. 
Our data suggest that TSST-l(125-158) contains SAg T cell epitope of and that the 

privide method using synthetic peptides and Ab to CD28 is effective to locate T cell 
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C

Fig. 1. Effects of synthetic peptides on T cell proliferation. Proliferation of PBMC was quantitated
by incorporation of radiolabel [counts per minute(CPM)] into cellular DNA. (A) Stimulation of
PBMC by peptides alone. (B) Stimulation of PBMC by peptides plus CD28 costimulaition. (C) 
Stimulation of V 2 T cell-depleted PBMC by peptides plus CD28 costimulation. 

epitopes of SAg. Our studies provide a foundation for further studying SAg T cell epitopes 
of TSST- I.
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Introduction

O-pioid antagonists are of interest not only as pharmacological tools but also as potential 
therapeutic agents. Most importantly, chronic co-administration of a 6 antagonist and 
morphine was shown to greatly attenuate the development of morphine tolerance and 
dependence [ 1,2]. Furthermore, antagonists may be useful for the treatment of cocaine and 
alcohol addiction and as immunosuppressants in organ transplantation. Among the currently 
available antagonists, the enkephalin analog ICI 174864 is quite 6-selective but not very 
potent, whereas the naltrexone derivative naltrindole is highly potent but not very -
selective. Recently, the tetrapeptide H-Tyr-Tic-Phe-Phe-OH (TIPP; Tic = tetrahydroiso-
quinoline-3-carboxylic acid) was found to be a potent and highly selective antagonist [3]. 
The pseudopeptide H-Tyr-Tic [CH2-NHIPhe-Phe-OH (TIPP[ ]) showed the same high 

-antagonist potency as TIPP, unprecedented 6 selectivity and high stability against chemical 
and enzymatic degradation [4]. 
Even though TIPP and ] are relatively lipophilic peptides, their ability to cross the 

blood-brain barrier (BBB) may still be somewhat limited. In the case of TIPP[ ] the 
secondary amino group of the reduced peptide bond is protonated at physiological pH and, 
therefore, this pseudopeptide is somewhat more polar than the TIPP parent peptide. In an 
effort to enhance the lipophilicity of TIPP and TIPP[ ], and their ability to penetrate the 
BBB, we prepared analogs that contain various alkyl-, aralkyl- or halogen substituents. 
Alkyl- or aralkyl groups were introduced at the N-terminal amino group of TIPP or at the 
secondary amino group of TIPP [ ]. Systematic halogenation with F, Cl, Br or I in para-
position of the aromatic ring of either Phe3 or Phe4 of TIPP was also performed. 

Results and Discussion

The peptides and pseudopeptides were synthesized by the solid-phase method according to 
published protocols [3,4]. The N-terminally substituted TIPP analogs were prepared by 
reacting the N-terminal amino group of the resin-bound tetrapeptide with the appropriate 
aldehyde, followed by reductive akylation with sodium borohydride [5]. The pseudopeptides 
containing a reduced and N-alkylated peptide bond ( [CH2-NR]) in the 2-3 position of the 
peptide sequence were synthesized by first performing a reductive alkylation reaction 
between 2-Boc-l,2,3,4-tetrahydroisoquinoline-3-aldehyde and the amino group of the resin-
bound H-Phe-Phe dipeptide[4], followed by a reductive alkylation reaction between the 
secondary amino group of the reduced peptide bond and the appropriate aldehyde [6], and 
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Table 1. In vitro opioid activities and hydrophobicity parameters of TIPP analogs 

MVD assay Opioid receptor bindingc HPLC

Compound Ke [nM]a Kiµ[nM] K [n M] Kiµ/i k1c 

Tyr(N(CH2)5CH3)-Tic-Phe-Phe-OH 4.28 1080 1.10 982 5.25 

Tyr(NCH2-cyclopropyl)-Tic-Phe-Phe-OH 28.2b 6910 4.84 1430 5.79 

Tyr(N(CH2CH3)2-Tic-Phe-Phe-OH 3.39 7940 1.22 6510 6.22 

H-Tyr-Tic [CH2-NCH3]Phe-Phe-OHd 2.89b 13400 0.842 15900 4.46 

H-Tyr-Tic [CH2-NCH2CH3]Phe-Phe-OH 14.4 4530 6.31 718 4.75 

H-Tyr-Tic [CH2-N(CH2)5CH3]Phe-Phe-OH 13.1 18800 66.6 282 7.57 

H-Tyr-Tic [CH2-NCH2CH2Ph]Phe-Phe-OH 13 .8b 1130 4.51 25 1 7.89 

H-Tyr-Tic-Phe(p-F)-Phe-OH 1.62 5480 1.65 3320 5.44 

H-Tyr-Tic-Phe(p-C1)-Phe-OH 1.60 8130 1.26 6450 5.70 

H-Tyr-Tic-Phe(p-Br)-Phe-OH 3.35 1200 0.382 3140 5.86

H-Tyr-Tic-Phe(p-I)-Phe-OH 2.88 1190 0.570 2090 6.21 

H-Tyr-Tic-Phe-Phe(p-F)-OH 2.97 3210 1.26 2550 5.70 

H-Tyr-Tic-Phe-Phe(p-Cl)-OH 2.52 2070 1.02 2030 6.48 

H-Tyr-Tic-Phe-Phe(p-Br)-OH 2.93 2870 1.42 2020 6.69 

H-Tyr-Tic-Phe-Phe(p-I)-OH 2.37 2690 0.509 5280 6.85 
H-Tyr-Tic-Phe-Phe-OH (TIPP) 4.80 1720 1.22 1410 5.14

H-Tyr-Tic [CH2-NHIPhe-Phe-OH (TIPP[ ])2.89 3230 0.308 10500 4.11 

aDetermined against DPDPE. bDetermined against [D-Ala2]deltorphin I. 'Displacement of [3H]DAMGO (µ-
selective) and [3H]DSLET ( -selective) from rat brain membrane binding sites. dRef 7. eVydac column 218TP54 
(4.6 x 250 mm); I, gradient 20-50% B in 20 min (A - 0.1% TFA in H2O, B - 0.1% TFA in acetonitrile); II, isocratic
50% A/50%B; flow rate I mL/min; detection 215 nm. 

subsequent addition of the N-terminal tyrosine residue. Peptides were cleaved from the resin 
by HF/anisole treatment in the usual manner. Crude products were purified by reversed-
phase chromatography. 

Substitution of an n-hexyl group or of two ethyl groups at the N-terminal amino function
of TIPP resulted in compounds which retained antagonist potency comparable to that of the 
TIPP parent peptide, as determined with the mouse vas deferens (MVD) assay. The analog 
carrying a cyclopropylmethyl group at the N-terminus was a somewhat less potent 
antagonist. In the receptor binding assays all three N-terminally substituted TIPP analogs 
showed high 6 receptor affinities and excellent 6 receptor selectivities (Kitµ /Ki = 1000-
6500) (Table 1). Introduction of a methyl substituent at the secondary amino group of the 
reduced peptide bond of TIPP [ ] had previously been shown to produce a compound with 
unchanged 6 antagonist potency, high 6 receptor affinity and unprecedented 6 receptor 
selectivity [7]. Analogous substitution of TIPP [ ]with an ethyl-, n-hexyl- or phenethyl 
group led to compounds that showed only slightly reduced 6 antagonist potency as compared 
to TIPP or TIPP[ ]. The N-ethyl and N-phenethyl-substituted TIPP[ ]analogs retained high 
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Fig. 1. Superimposition of naltrindole (drawn in light lines) with low energy conformers of H-Tyr-
Tic [CH2-N+HCH3]Phe-Phe-OH (left panel) and H-Tyr-Tic [CH2-N+HCH2CH2phe]Phe-Phe-OH
(right panel). Peptide structures are drawn in heavy lines. 

receptor affinity, whereas the N-n-hexyl derivative bound somewhat less tightly to the 
receptor. These substituted pseudopeptides all had very weak affinity for µ receptors and, 
therefore, still showed high receptor selectivity. Systematic halogenation with F, CI, Br or 
I in para-position of the aromatic ring of either Phe3 or Phe4 of TIPP resulted in eight
compounds that all showed slightly higher antagonist potency than the parent peptide. In
comparison with TIPP, these halogenated peptides displayed either the same or slightly 
higher receptor affinity and higher receptor selectivity in all eight cases.
Determination of the hydrophobicity parameters k' by HPLC revealed that the performed 

N-terminal substitutions in TIPP resulted in compounds with markedly enhanced lipophilic 
character (Table 1). A very drastic increase in lipophilicity was observed upon introduction 
of an n-hexyl or phenethyl substituent at the secondary amino group of TIPP[ ]. 
Substitution of F, CI, Br or I in para-position of the aromatic ring of Phe3 or Phe4 of TIPP
also produced a progressive increase in lipophilic character in both cases, whereby the Phe4

halogenated analogs showed a somewhat more pronounced lipophilicity enhancement than 
the corresponding Phe3 halogenated analogs. 
At physiological pH the tertiary amino group of the peptides containing an N-alkylated

reduced peptide bond may exist as two interconverting diastereomers (Rand S configuration 
at the nitrogen). Molecular mechanics and molecular dynamics studies were performed on 
both diastereomers of H-Tyr-Tic [CH2-N+HCH3]Phe-Phe-OH and H-Tyr-Tic [CH2N+H
CH2 CH2Ph]Phe-Phe-OH, and in both cases resulted in low energy conformers that showed 
good spatial overlap between the Tyr1 and Tic2 aromatic rings and N-terminal amino group 
of the pseudopeptides with the corresponding aromatic rings and nitrogen atom of the non-
peptide antagonist naltrindole (Fig. 1). These low energy conformers closely resemble a 
previously proposed model of the receptor-bound conformation of the TIPP[ ] parent 
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peptide [8]. This finding provides an explanation for the fact that N-alkylation of the reduced 
peptide bond in TIPP[ ] results in compounds that retain high 6 antagonist potency and 6 
receptor selectivity. The results of molecular dynamics studies performed with TIPP[ ] 
analogs containing an N-alkylated reduced peptide bond in protonated form (R and S 
configuration) showed that the "ω 2" torsional angle around the -CH2-N+HR- bond
predominantly assumed a value of - 150 ° in the case of the R configuration and a value of 
+150° in the case of the S configuration. These values of " 2 " are close to the 2 value of 
180 ° in a regular trans peptide bond. Fluctuations to " 2" values of -60° (R configuration) 
and +60° (S configuration) were seen along the dynamics trajectory. These fluctuations were
relatively less frequent than in the case of TIPP[ ] in the protonated state, indicating that 
N-alkylated reduced peptide bonds are structurally somewhat less flexible than the non-
alkylated reduced peptide bond. 
In summary, the performed introduction of alkyl-, aralkyl or halogen substituents at various

positions of the TIPP or TIPP[ ] molecules resulted in compounds that showed much 
increased lipophilic character and retained high antagonist potency and receptor 
selectivity. These various substitutions by themselves or in combination can be expected to 
improve penetration of the BBB via passive diffusion. 
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Introduction

The peptide hormone LHRH (LH releasing hormone) is liberated by hypothalamic neurons 
and regulates the release of the gonadotropins luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) from the anterior pituitary gland. In 1971 Schally et al. [ 1] were 
able to isolate LHRH from hypothalamic extracts and to establish its amino acid sequence. 
The replacement of different amino acids then led to the discovery of highly active 
analogues like the superagonists, which are used clinically today in many hormone-
dependent diseases. Paradoxically, by chronic administration these LHRH-agonists can also 
be used to suppress the gonadotropins, a mechanism which is based on the induction of a 
down-regulation of pituitary receptors. However, the administration of agonists initially 
leads to a stimulatory effect on LH, FSH and sex steroid secretion, which might result in 
a "flare up" of the disease. The advantage of antagonistic analogues is the immediate onset 
of gonadal steroid suppression by competitive binding to the LH-RH receptors already after 
a single administration. So far the clinical development of LHRH-antagonists was delayed 
due to low potency, side effects such as edema due to histamine release and high dosage 
requirements [2]. With the synthesis of compounds like Nal-Glu or Antide these side-
effects started to decrease. Major improvement was achieved by the new LHRH-antagonist
Cetrorelix (INN). This antagonist is free of anaphylactoid effects and produced a strong 
suppression of gonadotropins [3]. This paper summarises results from the chemical, 
pharmacological and clinical development of Cetrorelix. 

Results and Discussion 

Synthesis and stability 
As the natural LHRH, Cetrorelix is a decapeptide but within the molecule 5 amino acids 

were replaced by unnatural D-amino acids [(Ac-D-NaI(2)1-D-Phe(4CI)2-D-PaI(3)3-D-Cit6-
D-Ala10)-LH-RH]. The peptide has a molecular weight of 143 1.07 and was synthesised 
both, in classical and solid-phase pathways. The Merrifield synthesis was performed with 
methylbenzhydrylamino-polystyreiie-divinylbenzene resin (MBHA resin), using the usual 
methods of sequential synthesis for oligopeptides. Boc-protection was cleaved 
quantitatively by 50 % trifluoroacetic acid in CH2Cl2, followed by neutralization with 10 
% diisopropylethylamine (DIPEA) in CH2Cl2. The crude peptide was resolved in aqueous 
acetic acid for separation from the resin, precipitated in vacuo and purified via preparative 
HPLC using standard reverse phase routines. 
The chemical and physical stability of Cetrorelix has been characterized in different test 

systems. Aqueous stability of Cetrorelix was investigated in the range of pH 1.0 to 13.0. 
The peptide was found to be surprisingly stable at pH 7.0 for a period of 21 days and is 
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resistant to oxidative attack with H2O2 under neutral conditions. Peptides and proteins in
general undergo proteolysis by enzymes, with severe consequences for the bioavailability 
of the drugs. Cetrorelix is highly resistant to degrading enzymes such as Chymotrypsin, 
Pronase and Nargase (Subtilisin) for several days which is in sharp contrast to LH-RH
agonists facing almost complete degradation within several hours. 

Pharmacology
Cetrorelix showed a high binding affinity to rat pituitary receptors and thus, a pronounced 

and immediate suppressive effect on the gonadotropins (LH, FSH) and subsequently on 
sex-hormones was observed in rodent animal models and in monkeys, in which Cetrorelix 
was most effective as compared to other antagonists. The strong suppression of sex-steroids
resulted in a complete tumor regression in the DMBA-induced mammary carcinoma of rats 
and similar growth inhibitory effects were found in the MXT mammary carcinoma of mice, 
the Dunning prostate carcinoma of rats and on different human ovarian cancer cell lines. 
In DMBA-tumor bearing rats much lower doses proved to be sufficient and a prolonged 
duration of action was observed as compared to other antagonists. When single high doses 
of 1 .0 mg/kg, 3.16 mg/kg and 10.0 mg/kg were injected subcutaneously, a dose- dependent
duration of growth inhibition and tumor regression was found, lasting for 43 days in the 
highest dose group. The LH-RH antagonist Antide, which was tested in comparison, was 
less effective with regard to both parameters, tumor regression and duration of tumor 
growth inhibition. The antitumor response obtained with a single dose of 1 mg/kg 
Cetrorelix could be maintained and even became more pronounced, when this dose was 
given once a week for 16 weeks without any sign of escape. We then examined the efficacy 
of dose-fractionation. When the treatment was started with a single loading dose of 3.16 
mg/kg, surprisingly, a daily dose of 3 1.6 µg/kg, equivalent to 1/l00 of the initial dose and 
given from day 7 to 2 1, was effective in maintaining tumor regression. Microscopically the 
effects of Cetrorelix on this tumor were characterized by a loss of mitotic activity, marked 
atrophy with apoptosis and normalization and differentiation towards a normal mammary 
architecture. Interestingly, a significant antitumor activity was also found in ovarian cancer 
xenografts and hormone independent animal tumor models, as the Dunning prostate cancer 
of rats. In both tumor models a decrease in tumor weight and a prolongation in survival 
time of the animals was found. For both tumor models direct cytostatic/cytotoxic effects can 
be assumed, since the measurement of EGF revealed a loss of the corresponding receptor 
as well as a decrease in EGF-levels in the tumor tissues after treatment with Cetrorelix. 
Thus, an interference of the antagonist with growth factors might contribute to the observed 
effects. In contrast to former antagonists, Cetrorelix showed a very low potency to induce 
a histamine release from mast cells in vitro and subsequently, no anaphylactoid reactions 
were seen in vivo. In safety pharmacological as well as in 6 month toxicological studies in 
rats and dogs, Cetrorelix exerted no systemic side effects. In addition, it was shown to be 
non-teratogenic and no mutagenic potential was observed. Those effects which are related 
to the pharmacological action of the compound (reduction in weight of testis, ovaries, 
uterus, sperm counts) were reversible, with the time period needed for recovery being 
dependent on the treatment duration. Based on this favourable safety-profile, clinical Phase-
I studies were initiated in volunteers. In these studies a lyophilisate of Cetrorelix-acetate
was used. 
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Summary of clinical results 
The safety of Cetrorelix was also confirmed in clinical Phase-I trials in which more than 

100 volunteers, male and female, were treated with Cetrorelix. Even in supraoptimal doses, 
the tolerability proved to be very good. The dose range tested for single doses in males was 
0.25 mg up to 20 mg. Compared to the placebo group, the extent and duration of 
suppression showed to be dose-dependent. After the administration of 1.0 to 5 mg 
Cetrorelix sc., maximal testosterone suppression was seen 8 to 12 hours after the injection. 
Twenty-four hours after administration of 1 .0 and 2.0 mg Cetrorelix, testosterone values 
were no longer different from those in the placebo group, whereas in the 5 .0-mg dose group 
testosterone concentrations increased slightly and reached serum concentrations within the 
lower normal range after 48 h. A linear kinetic relationship was found, with a calculated 
plasma t½ of 30h after single doses of 5 mg. During daily doses for 8 days, again a dose- 
dependent suppression was found but interestingly only a dosage as high as 10 mg/d was 
able to maintain testosterone levels within the castration range over the time period of 
administration [4]. With the use of lower doses an increase of testosterone levels was found 
between days 2-4 of treatment. Therefore, based on results from animal studies and 
pharmacokinetic considerations, it was tested whether a suppression of LH, FSH, and 
testosterone can be achieved by initial high-dose Cetrorelix and maintained by continued 
low-dose injections. Subsequently, a loading-dose schedule applying the 10 mg/d dose for 
5 days followed by a maintenance dose of 1 mg/d was then tested in male volunteers and 
resulted in a continuous suppression of testosterone [5]. In addition, in these studies it was 
found that treatment with Cetrorelix induced a strong (appr. 40%), reversible reduction of 
the prostate volume within 2 weeks of treatment. Whether a receptor down regulation 
induced by Cetrorelix is the basis for the efficacy of low maintenance dosages is subject to 
further investigations. Phase-I studies performed in Europe and Japan revealed that this 
loading-dose treatment was not necessary in women. In female volunteers a suppression of 
estradiol for about one week was achieved after single sc. doses of 3 to 5 mg. 

In Phase-I1 trials a beneficial effect of Cetrorelix was also found in patients suffering from 
benign prostate hyperplasia and prostate cancer [6]. In BPH patients, the efficacy with 
regard to improvement in symptoms was independent of the degree of testosterone 
suppression and a short term treatment of 4 weeks already resulted in an immediate relief 
of clinical symptoms lasting for several months in some cases. In addition, clinical studies 
were carried out in women suffering from tubal infertility who are treated with hormones 
in order to induce multiple follicular maturation for assisted reproduction (COS/ART). The 
classical stimulation procedure with gonadotropins (HMG, HCG) has the disadvantage of 
an unpredictable ovarian reaction and the occurrence of premature LH-surges. The 
endogenous LH-search can result in luteinization with a negative impact on the quality of 
the oocytes, which in turn result in the cancellation of the treatment cycle. Presently, the so 
called long protocol of LHRH-agonists, in which the treatment with agonists starts at least 
14 days before the stimulation with gonadotropins, proved to be the most effective 
procedure. However, disadvantages of this treatment schedule are the long treatment period 
and the high doses of gonadotropins necessary. The use of Cetrorelix for the avoidance of 
premature LH-surges in in-vitro fertilisation programs showed some substantial 
improvements. By a short term treatment LH-surges could be avoided in about 200 patients 
by using daily doses as low as 0.25 mg or a single dose of 3 mg. The pregnancy rate so far, 
is comparable with standard treatment and there is a chance to reduce overall treatment 
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costs by the possible reduction in the amount of HMG needed. The unwanted stimulatory 
phase of the LHRH-agonists can be avoided and the prolonged treatment duration can be 
reduced significantly [7-9]. Phase-III studies in this indication are ongoing. 

Potential depot formulation of Cetrorelix 
The LHRH-agonists currently on the market are applied as nasal sprays, sc.-implants or 

im. depot formulations based on poly-lactide / poly-glycolide matrices. The monthly dose 
of these formulations is 3.8 mg, whereas the anticipated dose for Cetrorelix is about 30 mg. 
Along with other attempts, the poorly soluble pamoate salt of Cetrorelix in defined particle 
sizes was tested for a prolonged duration of action. In rats, an effective and long lasting 
testosterone suppression was observed with pamoate-particles after single sc. doses of 0.5 
mg/kg and 1.5 mg/kg as compared to the acetate salt. Testosterone measurement after 
injection of 0.5 mg/kg revealed a complete suppression for about 15 days. Using the higher 
dose of 1.5 mg/kg the testosterone was completely suppressed for at least 30 days. 
Compared to the acetate salt the duration of action was extended by 5 days (0.5 mg) and 
15 days (1.5 mg), respectively. 

Clinical evaluation of the Cetrorelix pamoate salt 
Local tolerability of the Cetrorelix-pamoate formulation was tested in toxicological studies 

after intramuscular and subcutaneous injections into dogs. The results revealed no clinical 
signs of local intolerabilities for both the intramuscular and subcutaneous administration 
route and also applies for the control animals which had received the suspension medium 
only. In none of the animals systemic toxic effects occurred. Thus this formulation was 
tested in four placebo controlled Phase-I studies in healthy male individuals by 
intramuscular injections. When single doses of 30 and 60 mg were tested, mean plasma 
testosterone levels beneath 1 ng/ml were observed within 12 hours after administration. A 
dose related duration of testosterone suppression was found reaching 18-24 days in some 
but not all volunteers. On the basis of these results and the previous experience with 
Cetrorelix acetate, the duration of action of Cetrorelix pamoate should also be investigated 
for the purpose of a maintenance therapy after an initial 5-days pre-treatment with 
Cetrorelix acetate (so called "loading dose concept") . In the corresponding study treatment 
started with daily sc. injections of 10 mg Cetrorelix acetate for 5 days followed by a single 
administration of 60 mg Cetrorelix pamoate i.m. on day 6. Using this treatment schedule 
a reliable maintenance of testosterone-suppression to castration level could be achieved. 
To further simplify the "loading dose concept"" consequently, a further study has been 
performed using only 2 administrations of Cetrorelix pamoate, 24 h apart from each other. 
From all tested dose schedules the highest dosage group of 60 mg +60 mg showed the most 
pronounced duration of action. Testosterone was suppressed to castration levels for 25 up 
to 39 days. 
The i.m. route of administration was clearly well tolerated. Decreased libido and hot 

flushes were reported in 2 of 5 subjects after 22 days of testosterone suppression. Recently, 
first clinical trials in patients suffering from uterine myoma have been initiated and first 
results indicate an effective reduction of myoma size during treatment with Cetrorelix. The 
Cetrorelix plasma level measurements in these different studies revealed a relatively high 
variability especially within the first 8 days after administration and hence this formulation 
has to be further improved. 
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On the basis of the preclinical results and the clinical data from the treatment of more than 
600 individuals, Cetrorelix proved to be a safe LHRH antagonist and because of its 
hormone-suppressive effectiveness has the potential to be applied in a variety of clinical 
conditions. Since the antagonist effectively inhibits spermatogenesis and ovulation it might, 
in addition be useful in male contraception and in the prevention of gonadal damage by 
cytostatic agents during chemotherapy. Presently daily injections of the lyophilisate are 
used. However, for long term treatment a depot formulation is desirable and different 
approaches towards a clinically suitable depot formulation are under evaluation. 
The results described indicate that the pamoate salt of Cetrorelix has the effect of a slow 

release formulation and a suitable release characteristic, although the observed high inter- 
subject variability needs to be improved. Beside the indications of hormone dependent 
cancers, benign indications as BPH, uterine fiboids and endometriosis will be investigated. 
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Introduction

Growth hormone (GH) initiates diverse responses in various target tissues by binding to its
specific receptor located on the plasma membrane of cells [ 1]. In contrast to the extensive 
characterization of growth hormone receptors (GHR) in mammalian tissue, little
information is available concerning the properties and distribution of GHR in fish [2], 
especially the freshwater fish in China. We have screened the concentration of liver GHR 
of freshwater fish in China and found that the snakeheaded fish liver contained higher 
concentration of GHR than those of other fish. The present study was conducted to
characterize and identify GHR in snakeheaded fish liver membrane (SFLM). 

Materials

Recombinant bream growth hormone (brGH) and recombinant human growth hormone 
(hGH) were obtained from Bresatec Limited, Australia. Snakeheaded fish was purchased 
from a local market, and the liver membrane was prepared according to the method of 
Cuatrecasas [3]. 

Results and Discussion

The association of 125I-brGH to SFLM was a time and temperature dependent process. At 
25ºC, a steady state was obtained in 16 h and was maintained for about 40 h (Fig. 1). 
Ta(½) was found to be 106 minutes. Dissociation of the hormone-receptor complex was 
very slow, about 30% of bound 125I-brGH could be dissociated after incubation at 25°C for 
22 h in the presence or absence of brGH. 
The binding of 125I-bGH to SFLM was saturated with increasing amounts of membrane in 

the presence of fixed amount of labeled brGH (Fig. 2). 
The specific binding of 125I-brGH to SFLM was inhibited by unlabeled brGH in a dose-

dependent manner with IC50 13.4 ng/ml but was not affected by insulin. Human GH also 
partially competed for binding of 125I-brGH but with a 150-fold reduction in potency as 
compared with brGH (Fig. 3). 

When the ratio of bound to free 125l-brGH was plotted as a function of bound brGH, a
straight plot was obtained (Fig. 3). The equilibrium constant of association was 1.45± 0.23 
109M-1 and the binding capacity was 198± 57 fmol/mg protein. 
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Fig. 3. Competition for spcific binding of 125I-brGH to SFLM by unlabeled br-GH, human GH 
and insulin. Each point is the mean of three determinations. Inset: Scatchard plot. 

Different molecular weight forms of GHR on SFLM were observed by the following three 
methods.
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1. Sephadex G-200 column chromatography. Triton X-100 solubilized SFLM was 
incubated to equilibrium with 125I-brGH, and the mixture was applied onto a Sephadex G-
200 column (Fig. 4). The peak of 125I-brGH-receptor complex corresponded to 200-400 kD. 
2. Western blot. Mouse anti-rabbit GHR monoclonal antibody was used to carry out Wes-

tern blot. A single band with a molecular weight of about 90-93 kD was detected. 
3, Crosslinking. After SFLM was incubated to equilibrium with 125I-brGH, disuccinimidyl 

suberate was added to crosslink 125I-brGH-receptor complex. Two major autoradiographic 
bands corresponding to Mr 65 and 89 kD were observed on SDS-PAGE.

Fig 4. Gel filtration patterns demo-nstrating
specific and irreversible binding between 125l-
brGH and solu-bilized SFLM. 
A. 0.5ml solubilized membrane rece-ptor was 

incubated with 125I-brGH overnight at RT., 
cooled in ice and applied onto a column 
(1x1 00cm) of Sephadex G-200. The column 
was equilibrated and run at 4°C with 50 mM 
Tris-HCI, pH 7.2 containing 0.1 MNaCI, 10 
mM CaCl2 and 0.1 % Triton X-100. The flow
rate was about 6ml/hr, and each fraction 
contained about 0.9ml; 
B. 0.5ml of the first peak in A was 

rechromatographed;
C. Another 0.5ml of the first peak in A was 

incubated with 100 g unlabeled br-GH
overnight at RT., then reapplied onto G-200.

The above results may be explained by the partial hydrolysis and aggregation of GHR in 
the experimental process. Similar phenomenon was observed in earlier study on mammalian 
GHR[4].
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Introduction

The interaction of hormones with their receptors is affected by many factors, such as 
temperature, pH, ions etc [ 1]. Here, we report the effect of divalent cations and disulfide 
reducing agents on the binding of bream growth hormone (brGH) to snakeheaded fish liver 
membrane (SFLM). 

Results and Discussion 

The divalent ions could markedly increase the binding of 125l-brGH to SFLM and the 
optimum concentration of ions was found to be in the range of 8-12 mM in which Ca2+,
Mg2+ and Mn2+ could increase the specific binding to 230%, 180% and 200% of that in the 
absence of ion, respectively (Fig. 1). 

Fig. 1, Dose-response effect of divalent 
cation on 125I-brGH binding to SFLM Each 
point represents the mean of triplicate 
determination.

Fig. 2. Eadie-Scatchard analysis for 
influence of Ca2+ concentration on 125I-
brGH binding to SFLM. Each point 
represents the mean of triplicate deter- 
mination.
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Fig. 3. Effect of reducing agents on binding of 125I-brGH to SFLM.
A. in the presence of 0-20mM dithiothreitol (DTT);
B: in the presence of 0-l% beta-mercaptoethanol (ME).
Each point represents the mean of triplicate determination. 

Fig. 4. Scatchard plot analysis of specific binding of 125I-brGH to SFLM
A: in the presence or absence of 0.8mM DTT;
B: in the presence or absence of 0.08% ME.
Each point represents the mean of triplicate determination.

Using Eadie-Scatchard plot for dynamic analysis of calcium binding, it was found that 
in the brGH-receptor complex there was a low affinity binding site for calcium with a Km 
of 0.384 ± 0.018 mM (Fig 2),when calcium concentration was in the range of 0.1-10
mM. In addition, Scatchard plot showed that the affinity constant for 125I-brGH binding 
to SFLM changed from 1.04 ± 0.16 x 109 M-1 to 1.29 ± 0.31 x 109 M-1 (n=3, P<0.01) in 
the presence of 10 mM CaCI2.
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Fig. 5. Effect of pretreatment of brGH, membrane or both with 0.8 mM DTT on specific binding. 
A vs B, A vs D, P<.01, A vs C, P<0.05. Each value represents the mean of triplicate or more 
determinations.

Addition of 0.1-20 mM dithiothreitol (DTT) or 0.01-1% mercapto-ethanol (ME) to 
receptor binding system caused a significant dose-dependent increase in the binding of 
125I-brGH to SFLM (Fig. 3).The Scatchard analysis showed that in the presence of 0.8 
mM DTI or 0.08% ME, the binding affinity constant was changed from 1.26±0.12 x109

M-1(in the absence of reductants) to 1.62±0.15 x109 M-1 or 2.18±0.23x109 M-1

respectively. However, the binding capacity remained unchanged (Fig. 4). From Fig. 
5, it was shown that DTT increased the interaction between brGH and its receptor on 
SFLM, suggesting that this reaction may include disulfide bond exchanges [2-4]. 
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Introduction

The present study was conducted to investigate the mechanisms of thymus shrinkage in 
transgenic mice with CD3 peptide overexpression. 

Results and Discussion 

1. TUNEL assay [ 1] showed that CD3 overexpression facilitated cell death in thymocytes 
of transgenic mice (Fig. 1). 
2. In order to understand the mechanisms of apoptosis in the transgenic mice with CD3 
overexpression, a chimera that fused the extracellular and transmembrane domains of 
human CD8 to the cytoplasmic domain of CD3 was synthesized (Fig. 2) and stably 
expressed in CD8 - Jurkat T lymphocytes (CD8+) after transfection. The untransfected (Fig. 
3A) and pcDNA3 plasmid DNA transfected (Fig. 3B) Jurkat cells grew with no cell death, 
but the CD8 /pcDNA3 transfected cells grew with 33% of cell death (Fig. 3D) after stimu-

Fig. 1. Analysis of apoptosis in the Fig. 2. Diagram of the construction of 
thymocytes of transgenic mice chimeric cDNA (CD8 )and the eukaryotic 

expression vector. 
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Fig. 3. Apoptosis analysis 
A: Jurkat cells ; 
B: pcDNA3 plasmid DNA transfected cells; 
C: Negative control; 
D: CD8 transfected Jurkat cells; 

lating the cells with anti-CD8 antibody, indicating that the ITAM [2] in the CD3 
cytoplasmic tail can couple the external stimulating signals. 
3. A typical DNA ladder occurred in the McAb-treated JK/CD8 + cells but not in the control 
cells (Fig. 4), indicating that Jk/CD8 + cells died by apoptosis. From this interesting finding 
we propose a hypothesis that there might exist a death motif in the cytoplasmic tail of 
CD3
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Introduction

Hepatitis C virus (HCV), a member of the Fluviviridae family of positive-strand RNA 
viruses, is the major etiologic agent of vital non-A, non-B hepatitis. Numerous studies have 
indicated that most HCV-infected individuals will become chronic carriers, a stage that may 
lead to development of cirrhosis and hepatocellular carcinoma [1,2]. Thus, it is very 
important to develop a specific and sensitive diagnosis for the detection of HCV antibodies 
at an early phase of HCV infection and an efficient anti-HCV vaccine in HCV-infected
control. Geographically distinct isolates have been molecularly cloned and sequenced. 
Sequence analysis revealed that the HCV genome is approximately 9400 nucleotides long, 
encoding a 301 1-amino acid polyprotein [3]. Up to now, many sequences of putative HCV
proteins have been reported. Among these proteins, envelope protein and envelope protein 
El, core envelope protein, genome polyprotein and precursor protein may serve as 
important targets for anti-HCV vaccine development, since they are likely to be involved 
in host range immune selection, virus neutralization and persistent infection properties of 
virus [4]. In order to determine the most immunogenic regions, after analyzing the 
sequences of several putative HCV proteins, a common antigenic peptide shared by these 
putative HCV proteins was synthesized. This peptide may be valuable for studies of HCV 
diagnosis and vaccine development. 

Results and Discussion 

Prediction of epitopes 
The protein sequences of putative HCV proteins mentioned above, envelope protein and 

envelope protein El, core envelope protein, genome polyprotein and precursor protein 
were obtained from published studies [5- 10]. Their hydrophilicities, accessibilities, and 
secondary structures were predicted by using a PC-GENE program with the aid of 
computer. After analyzing the sequences of putative HCV proteins, a decapeptide shared 
by these putative HCV proteins, H-Gly-Asn-Ser-Ser-Arg-Cys-Trp-Val-Ala-Leu-OH, was 
selected as a common antigenic peptide. It is located in 42-51 amino acid residues of 
envelope protein, 37-46 of envelope protein El, 74-83 of precursor protein, 233-242 of 
both core envelope protein and genome polyprotein. 

Synthesis of common epitopic peptide 
The common epitopic peptide was synthesized by a solid phase FMOC-chemistry strategy 

on an ABI model 43 1A automatic peptide synthesizer (Applied Biosystems, Inc., Foster 
City, CA, USA) according to the manufacturer,s protocols. After purification on a Sephadex 
G 15 column and high performance liquid chromatography, characterization by amino acid 
analysis and mass spectrum, peptide was used directly in enzyme-linked immunosorbent 
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assay (ELISA). This peptide may be valuable for studies of HCV diagnosis and vaccine 
development.
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Introduction

Schistosomiasis is a chronic debilitating disease affecting humans in 70 countries all over 
the world, ranking second in parasitoses next to malaria. It is estimated that 200-300
million people are infected by various species of schistosomes. In spite of the development 
of active and safe drugs, prevention of rapid reinfection has remained a serious problem, 
requiring repeated drug applications over a long period. There is a clear and obvious reason 
therefore for an effective vaccine including significant levels of protection against the 
invasive stage of the parasite [I]. 
Among the candidates for an anti-schistosomal vaccine, the glutathione S-transferases

(GSTs) are of major immunological interest. These GST isoenzymes appear to play a key 
role in the parasite detoxification system. Thus, the glutathione S-transferases have 
potential as components of a vaccine against schistosomiasis [2,3]. Immunochemical 
analyses have revealed that both schistosoma mansoni and schistosoma japonicium have 
at least two GST isoenzymes, of 26 and 28kDa (Sm26, Sm28, Sj26 and Sj28). Sm26 has 
two different types (termed Sm26/1 and Sm26/2), which share an 82% identity at amino 
acid level [4]. In previous reports [5-7], the antigenic peptides of three 26kDa GST 
isoenzymes (Sj26, Sm26/1 and Sni26/2) were studied. Three high antigenic peptides were 
derived from 26 kDa GSTs of schistosoma mansoni and japonicium, potential as 
components of a vaccine against Schistosomiasis. In this paper, three multiple antigenic 
peptides (MAPS) were synthesized by using the above three effective peptides as antigenic 
peptides especially, Lys-tree as core with eight antigenic peptides. 

Results and Discussion 

Prediction of epitopes 
Nucleotide sequences and amino acid sequences of the 26kDa GST isoenzymes (Sj26, 

Sm26/1 and Sm26/2) were obtained from published data [4]. Their epitopes were predicted 
according to their hydrophilicity (Hopp and Woods method, HPLC retention method), 
flexibility and accessibility, secondary structure and charge distribution by a computer 
program Goldkey [7-9]. The secondary structure of protein was predicted by the Chou and 
Fasman method [10].

Synthesis of epitopic peptides
Epitopic peptides and MAPs were synthesized by a manual solid phase Boc-chemistry

strategy [I 1]. After HF-cleavage and purification on a Sephadex G25 column, the 
purification and characterization were carried out with HPLC and amino acid analysis. 
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Peptides were used directly in dot enzyme-linked immunosorbent assay (ELISA). 
The results of dot blot immunobinding assay given in Table 1, showed that effective 

antigenic peptides are located in the middle and near C-terminus of 26kDa GSTs. 
Moreover, the epitopic peptides with high antigenicity are located near C-terminus of 
26kDa GSTs. Three peptides, J5, S5 and M4 among them showed high antigenicity. They 
are potential peptide antigens of a vaccine against schistosomiasis. 

Table I . Antigenicities of epitopic peptides of 26kDa GSTs

Epitopic peptides A6McAb Anti-Sj-IgG
J5( SjPlS7-202) ++ ++ 

J6(SjP206-218) + + 

S3(Sm/lP 105-1 20) +++

S5(Sm/lP187-202) +++ +++ 

M4(Sm/2PlS7-202) ++ ++

Preparation of  multiple  antigenic  peptide (MAP) 
According to Table 1, three highly antigenic peptides derived from 26 kDa GSTs of

schistosoma mansoni and japonicium, potential as components of a vaccine against 
Schistosomiasis were obtained. Three multiple antigenic peptides (MAPS) were synthesized 
by using the above three effective peptides as antigenic peptides especially, Lys-tree as core 
with eight antigenic peptides [12]. The structures of MAPS and the sequences of these three 
peptides are as follows. 

MAP: -Ala-Lys-(Lys)2-(Lys)4-(antigenic peptide), 

Antigenic peptide: PQIDKYLKSSKYIAWP
PPIKNYLN SNRY IKWP 
PNIKNYLNSSKYIKWP

Among various strategies for immunization, the strategy of using synthetic peptides is
perhaps the most appealing, both in conceptual simplicity and in practical convenience, as 
recounted by Tam [13]. It is an important approach that uses a peptide segment with one 
or a few of the desired epitopes of a protein or whole organism, both are many times larger 
than the peptide. By keeping only the essential epitope(s) and eliminating all other 
unwanted portions of the protein or organism, a synthetic peptide immunogen provides the 
desired selectivity theoretically. Up to now, the use of synthetic peptides has become a well 
accepted method for the preparation of site-specific antibodies for various biochemical and 
functional studies [14,151.
As we have known, peptides are generally poor immunogens and are eliminated from the 

body rapidly. For immunization purposes, peptides have to be modified and administered 
with a formulation containing an adjuvant and a vehicle, such as paraffin oil. Many 
different approaches for peptide modification and presentation have been described in 
recent years. These include the traditional approaches of conjugation to a protein carrier 
and polymerization, as well as the new approach known as the multiple antigen peptide 
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(MAP) which contains well defined structures with or without a built-in adjuvant. The MAP 
approach developed by Dr. James P. Tam replaces the protein carrier with a small score 
matrix comprising oligomeric lysine; it is a unique presentation system that provides 
peptide epitopes unambiguously in multiple copies. As a result, a MAP provides a very 
high density of the desired peptide epitopes at the surface of the construction with a small 
non-protein core matrix as a scaffold. This eliminates many of the disadvantages associated 
with the use of a protein carrier. Another advantage is that the following two steps are 
unnecessary in preparation of peptide immunogen, to select a carrier and to select a 
conjugation method to prepare the peptide-carrier complex [16].
In summary, the antigenic peptides of three 26kDa GST isoenzymes (Sj26, Sm26/1 and 

Sm26/2, potential as components of a vaccine against Schistosomiasis) were studied. Three 
high antigenic peptides were derived from 26 kDa GSTs of schistosoma mansoni and
japonicium. Three multiple antigenic peptides (MAPs) were synthesized by using these 
three effective peptides as antigenic peptides especially, Lys-tree as core with eight 
antigenic peptides. The animal experiments of immunogenicity of these three MAPs are in 
progress.
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Introduction

Hepatitis E virus (HEV) is a major causative agent of enterically transmitted non-A, non-B
hepatitis. Outbreaks of HEV infection have occurred in many developing countries since 
the first known HEV outbreak in 1955 in New Delhi, India. HEV is an especially serious 
problem in these countries because of a high fatality rate among pregnant women [ 1]. The 
diagnosis of Hepatitis E was previously made by serologic exclusion of other cases of acute 
viral hepatitis. The cloning and sequencing of the HEV genome have led to the 
development of prototype immunoassays for the serologic detection of HEV infection [2]. 
Using the sequence of the HEV genome of Chinese strain containing three open reading 
frames (ORFs), three antigenic peptides have been derived from HEV protein of Chinese 
strain, two in structural protein components which encode by OW2 and one in unknown 
function protein which encodes by OW3 [3,4]. These three peptides were synthesized and 
used successfully for the analysis of serum samples of HEV infected patients. 

Results and Discussion 

Prediction of epitopes 
Nucleotide sequences and amino acid sequences of the HEV genome of Chinese strain 

(CE 1.1) were obtained from published data [3,4]. The epitopes, NS33, S30, S42, were 
predicted according to their hydrophilicity, flexibility and accessibility by a computer 
program Goldkey [5,6]. The secondary structure of protein was predicted by Chou and 
Fasman method [7]. The selected synthetic peptides contain hydrophilic, flexible and 
accessible sequences represented in the predicted secondary structure as -turns or random 
coils. NS33 of the synthetic peptides is predicted to have a potential to be transmembrane 
a-helices in ORF3. The function of the OW3 protein is unknown. 
A few experimental data have indicated that the C-terminal region of the OW2 protein 

contains antigenic epitopes [l-4,8,9]. Two peptides, S30 and S42, were selected from the 
hydrophilic and flexible region of the N-terminal half of the protein for synthesis with the 
knowledge that internal proteins of viral particles such as hepatitis B, C, D viruses have 
been important diagnostic reagents. 

Synthesis of epitopic peptides
Epitopic peptides were synthesized by a solid phase Fmoc-chemistry strategy on an ABI

model 43 1A automatic peptide synthesizer (Applied Biosystems, Inc., Foster City, CA, 
USA) according to the manufacturer's protocols. After purification on a Sephadex G25 
column and characterization by amino acid analysis, high performance liquid 
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chromatography, peptides were used directly in enzyme-linked immunosorbent assay 
(ELIS A). 
Antigenicity of synthetic peptides 

Reactivity of each of the synthetic peptides was determined by ELISA using serum 
specimens from patients with hepatitis E. All the specimens were initially tested by Western 
blot. All synthetic peptides were reactive with the serum specimens that were anti-HEV 
positive.
Diagnostic relevance of synthetic peptides 
A set of peptides composed of these three synthetic peptides was used to analyze serum 

samples obtained from a recent outbreak in Xinjiang, China. These serum samples included 
1 11 serum samples of acute HEV patients, 32 serum samples of convalescent HEV patients, 
1 13 serum samples of sporadic HEV patients and 106 serum samples of HEV infectious 
macaques. All HEV serum samples were identified by Western blot assay. The results are 
shown in Table 1. Our results were compared with those of diagnostic kits of American 
Genelabs. Our positive samples which were negative in Genelabs kit were confirmed by 
neutralization tests and protein print tests. 
The coincidence rates, sensitivities and specificities among our kit and American Genelabs 

kit were compared by detections to several groups of serum samples. The results are shown 
in Tables 2 - 4.
According to the results of detection to HEV infectious macaque serum samples, both kits 

showed very good specificities and false positive rates were below 11.4%. 

Table 1. Detection results of serum samples of HEV patients and HEV infectious macaques 

Sensitivity
Serum sample of HEV Our kit (%) Genelabs kit (%) 

Acute patient 86.5 73.9 
Convalescent 6.3 0.0 
Sporadic 6.2 4.4 
HEV infectious 55.7 42.5 
Total 45.2 36.2 

Table 2. Comparative testing of our kit and Genelabs kit for macaque serum samples

Genelabs kit 

+ - Total
Our kit + 11 11 22 
Our kit - 4 31 35
Total 15 42 57 

Coincidence Rate: (1 1 +3 1)/57=73.68% 
Genelabs kit to our kit 
Sensitivity: 11/22= 50% Specificity: 31/35=88.57% 
False Positive Rate: 4/35=11.43% False Negative Rate: 11/22=50% 
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Table 3. Comparative testing of our kit and Genelabs kit for patient serum samples 

Genelabs kit 

+ - Total 
Our kit + 18 4 22 
Our kit - 0 7 7 
Total 18 11 29 

Coincidence Rate: (18+7)/29=86.2% 
Genelabs kit to our kit 
Sensitivity: 18/22= 8 1.8% Specificity: 7/7=100.0% 
False Positive Rate: 0/7=0.00% False Negative Rate: 4/11=36.4% 

Table 4. Comparative testing of our kit and Genelabs kit for patients and macaque serum samples 

Genelabs kit 

+ - Total
Our kit + 29. 15 44 
Our kit - 4 38 42 
Total 33 53 86 

Coincidence Rate: (29+38)/86=77.91% 
Genelabs kit to our kit 
Sensitivity: 29/44= 65.9 1% 
False Positive Rate: 4/42=9.52% 

Specificity: 38/42=90.48% 
False Negative Rate: 15/44=34.09% 

From Tables 3 and 4, our kit and Genelabs kit showed good coincidence rate and 
specificity. However, Genelabs kit showed a lower sensitivity and a higher false positive 
rate than our kit. 

In summary, an enzyme-linked immunosorbent assay (ELISA) for hepatitis E virus (HEV) 
was prepared by using synthetic antigenic peptides NS33, S30 and S42 derived from the 
protein of HEV. It has high specificity and sensitivity and is capable of detecting specific 
antibodies in the acute, convalescent, sporadic phase of HEV infection. Our ELISA 
diagnostic kit for anti-HEV is better than Genelabs kit. It has a higher specificity and 
sensitivity, lower false positive rate than Genelabs kit. The reason is that American 
Genelabs kit is composed of two antigenic peptides prepared by cloning and expression of 
HEV gene recombinant with poor purity. Therefore it is less sensitive. However, our 
ELISA kit is composed of three artificial synthetic HEV antigenic peptides which include
all three epitopes of HEV. Thus it shows high sensitivity and specificity. 
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Introduction

Panax ginseng as famous Chinese traditional medicine attracts chemists interested in its 
effective chemical compositions, especially the water-soluble part. We show that
oligopeptides are very important water-soluble constituents in Panax ginseng which play 
an important role in neurophysiological activity, inhibition of the lipolysis of fat etc. Until 
now six oligopeptides have been isolated and identified from Panax ginseng by our group 
[ 1-7], they are: 

Recently, a very strongly acidic peptide was isolated; its amino acid constituent, N-
terminal and C-terminal were determined. 

Results and Discussion

The procedure was used to purify this pentapeptide as shown in the scheme. Most of the 
saponins and saccharides were removed by ion exchange resin, and all the charged peptides
were collected. The crude fractions were gel filtrated through Sephadex G-15, and all the 
fractions which gave the positive reaction to ninhydrin were subjected to amino acid 
analysis. The remarkable increase of Asp, Glu and Gly indicated that a very strong acidic 
peptide exists in this fraction. In order to remove free Glu, Asp etc., the fraction was 
separated by DEAE-Sephadex A-25, then lyophilized; the titled pentapeptide was obtained. 
Owing to the very strong acidity of this crude sample, it was extremely difficult to purify. 

In RP-HPLC, it could not be retained by the C- I8 column. The amino acid analysis 
demonstrated that the ratio of amino acids of this sample was Asp:Glu:Gly= 1.0:2.8:0.9. 
The N-terminal was determined to be Glu- by DNS-CI and C-terminal to be -GlyGluOH 
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Scheme I. Isolation procedure 

by carboxypeptidase A. It was shown that the content of this pentapeptide was less than one
twenty thousandth. The determination of its sequence and bioactivities are in progress. 
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Introduction

Panax ginseng C. A. Mayer is a widely used herb in traditional Chinese medicine. In the
course of our investigation of the water soluble constituents of ginseng, some nonprotein
amino acids such as y-aminobutyric acid, -oxalo-α, -diamino-propionic acid have been
isolated [ 1,2]. But ginseng peptides seldom have been studied, possibly because of their
occurrence in very low concentrations and difficulties in isolation. In the present work, a 
group of N- y-glutamyl oligopeptides, -glutamylcysteinylglycine-(2-2')-disulfide (oxidized 
glutathione, GSSG) 1, N,N'-bis-y-glutamylcystinyl glycinamide 2, y-glutamylglycinyl-
cysteine-(3-3')-disuIfide, an isomer of oxidized glutathione (i-GSSG) 3, N,N'-bis- -
glutamylcystinyl monoglycine 4, N- -glutamylcystinylglycine 5, and N - -glutamylarginine
6, were isolated for the first time from Panax ginseng. Compound 3 has never been 
reported previously. In order to further study their properties and to confirm their 
structures, we synthesized peptides 2, 3, 4, 5 and 6 by solution method. 

Fig. I. The structures of the peptides isolated,from Panax ginseng. 

Results and Discussion 

Isolation of the peptides 
The powder of ginseng root was extracted with 50% aqueous methanol at -4~0ºC. Then,

the filtrate was applied to a 001x8 cation-exchange column of H* form flushing with water 
to remove the non-charged substances such as sugar, saponins etc. The total fraction of 
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amino acids, peptides and proteins was eluted with 2M NH3 H2O. An aqueous solution of 
total fraction was subsequently subjected to a Dowex 1x8 anion-exchange column of 
HCOO- form. Neutral and basic compounds remained in the effluent and the acidic part was 
eluted with 0.3M HCOOH. The eluate was lyophilized. 
The acidic part was subjected to gel filtration on a Sephadex G-15 column and many 

fractions were obtained. Peptides 1,2,3, 4 and 5 were purified by HPLC from fractions 1 
and 2. 
The neutral and basic part was chromatographed on a Dowex 50Wx2 cation-exchange

column eluting with a linear gradient of buffer consisting of 0.75M HCOOH +0.2M 
NH4OH, pH 3.1 and 1.47M CH3COOH +l.OM NH4OH, pH 5.0. Each fraction was 
subjected to gel filtration of Sephadex G-15 after removing salts with ion-exchange resin 
and finally a pure peptide 6 was obtained from fractions 5 and 6.

Identification of the pure peptides 
1. For determinations of amino acid composition, the peptide samples were hydrolyzed

in sealed tube in 6N HCI at 110°C for 24h. The hydrolysates were analyzed with a Beckman 
12 1 MB amino acid analyzer. 
2. N-terminal and C-terminal amino acids of the peptides were determined by dansylation 

and hydrolysis of carboxypeptidase A or carboxypeptidase Y. 
3. The y-glutamyl linkage was suggested by the fact that no DABTH-glutamic acid was 

detected after DABITC/PITC Edman degradation. 
4. The molecular weight was determined by FAB-MS.
5. The peptides containing cystine were oxidized with performic acid or reduced with 2-

mercaptoethanol to form corresponding sulfonic acids or mercapto derivatives which were 
analyzed by HPLC. Peptides 4 and 5 gave two peaks because of their two asymmetrical 
chains.
Thus, the structures were established as shown in figure 1.

Synthesis of peptides
The N-protected peptides 2, 3 and 6 were synthesized by solution method using 3-O- 

(diethoxyphosphoryloxy)-l,2,3-benzotriazin-4-(3H)-one (DEPBT) [3] as a coupling 
reagent or mixed anhydride method. Their structures were confirmed by m.p., FAB-MS,
elemental analysis, specific rotation etc. The N-protected peptides 2, 3 were deblocked by 
CF3SO3H or liquid HF to get compounds 2, 3; N-protected peptide 6 was deblocked by 
hydrogenolysis to obtain compound 6, and their FAB-MS were 611(M+H)+, 613(M+H)+
and 304 (M+H) +, respectively. 

Scheme 1. The synthesis of peptide 4.
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The synthesis of asymmetrical disulfides, peptides 4 and 5, based on glutathione (GSH) 
thiolysis of the thiolsulfonate derivatives of corresponding peptides (N,N'-y-
glutamylcystine and cystinyl-glycine) is shown in Scheme 1. This method is similar to that 
of the successful synthesis of cysteine-glutathione mixed disulfide by B. Eriksson [4]. The 
final products were separated from contaminating compounds by ion-exchange
chromatography or HPLC. 
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Introduction

Marine snails of the genus Conus are known to be venomous. It is clear that the venom of 
around 500 species of Conus will be a rich source of biologically active peptides [ 1]. Studies 
on the venoms of more than 50 species have been reported, but the chemical and 
pharmacological properties of the venom of C. betulinus have not been examined at all. In 
the present work, the isolation and toxicology of a number of components from the venom 
of C. betulinus are described. 

Results and Discussion 

About 10kg of live specimens of C. betulinus were collected in Sanya, Hainan province. The 
shells were 30-150 mm in length. The venom apparatus was composed of venom bulk (5mm 
in diameter and 20mm in length) and duct (0.5mm in diameter and 100-600 mm in length). 
lg of crude lyophilized venom was obtained. 
400mg of the peptide fraction from gel filtration ( Sephadex G-25, 800x 16 mm x mm, 

0.1M NH4OAc, PH7.0, 20.6 ml/hr ) was run on reversed phase HPLC (Hewlett Packard 
1050, VWD, flow rate 2.0mlmin,2 14nm, buffer A=0. 1% TFA in H2O, buffer B=O. 1 % TFA 
in CH3CN,gradient(B%)=0-60%(40min)) using ECONO-PREP C18 column (250x10 
mmxmm, 10µ particle size), then rerun at smooth gradients, finally run on Nucleosil C,, 
column (250 x4.6 mmxmm, 5µ). Though more than 50 components were eluted, some of 
them were not enough for further investigation. 
Each component (0.05-lnmol) from HPLC was assayed. Symptoms (Table 1) could be 

observed after 15-30min and could last for 24 hours. TOF-MS, FAB-MS results of some 
components showed that the venom of C. betulinus may include different types of 
conotoxins.

One peptide (Be VIII) with Mol. Wt. 3459(TOF-MS) was sequenced: RRAAGTYC-
CNNDSQCLLNNCWGWWGGCHCXCR,H= Hyp. Gly5,Cys8,Cys15,Cys20 were conserved 
in this toxin and -conotoxins. It is unusual that BeVIIIl has the odd Cys framework (-c-c-
c-c-c-c-c-). Studies of primary structure on some components are in progress. 
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Table 1. Activities of HPLC components of the venom of C. betulinus 

Retention time (min) Activities (mice, i.c.) 

11.6 NA
15.2 NA 
15.5 hypoactive, erecting hair, exaggerated 

16.5 sensitive 
16.9 circling 
19.5 NA 
19.7 paralysis, dyspneic respiration 
22.4 NA 
24.5 NA 
25.2 paralysis, dyspnea, rolling, circling 
26.0 sensitive 
26.4 paralysis, circus movement 
26.9 hypoactive 
27.2 NA 
28.9 sensitive, irritation, attacking 
29.3 scratching, erecting hair 
30.7 circus movement, shaking, sensitive 
31.0 hypoactive 
31.5 sensitive 
32.0
32.4 convulsive, rolling, drowsy 
33.0 sensitive 
33.6 hypoactive, erecting hair, hyperpnea 
33.9 paralysis, hyperpnea 
34.3

35.0 sensitive, hyperpnea, hypoactive 
35.4 sensitive, irritation, attacking 
35.8 circus movement, hyperpnea 
36.3 sensitive 
37.2 NA 
38.2 hyperactivity, excitation 

respiration

paralysis, exaggerated respiration, erecting hair 

paralysis, convulsive, erecting tail, rolling, 
exaggerated respiration, circus movement, death 

NA=no activity. 
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MHC molecules bind antigen-derived peptides in an allele-specific manner. The resulting 
MHC class I-peptide complexes expressed on cell surfaces are recognized by CD8+

cytotoxic T lymphocytes (CTL) by means of their antigen receptor, which results in the 
activation of these cells [1,2]. The formation of relevant MHC-peptide complexes is 
therefore of great immunological interest. It has been previously shown that the peptide 
binding by murine MHC class I molecules can be studied on living cells by photoaffinity 
labeling with adequate photoreactive derivatives of antigenic peptides [3-5]. This 
photoaffiity labeling was highly specific for the restricting MHC class I molecules in the 
absence of detectable labeling of other MHC molecules or other cellular components.A 
novel strategy for the synthesis of radioiodinated photoreactive peptide derivatives was 
developed, based on simple conventional chemical procedures. As an example, a 
radioiodinated photoreactive derivative of the MAGE- 1 16 1-169 peptide (EADPTGHSY) 
was synthesized. This peptide is derived from the MAGE-I -encoded melanoma tumour 
antigen and is recognized by tumour-specific CTL in the context of HLA-Al [6]. A 
photoreactive derivative of this peptide was synthesized by automated solid-phase peptide 
synthesis in which His- 167 was replaced with N- -4-azidosalicyloy1-2,3-L-
diaminopropionic acid (Dap(ASA)). The photoreactive entity, the ASA group, is amenable 
to iodination similar to tyrosine [7], which provides simple means to incorporate a 
radiolabel of high specific activity. However, iodination of this peptide derivative, which 
contains an ASA group and a tyrosine is prone to yield mixed iodination products. This is 
particularly disturbing in this case because the tyrosine of the MAGE peptide is critically 
involved in the peptide binding to HLA-A1 [8]. 
This difficulty can be avoided by blocking the iodination of tyrosine by modification of 

its phenol group. This, for example has been accomplished by esterification of the tyrosine 
phenol group with sulphuric acid [9]. The instability of tyrosine sulphates, especially under 
acidic conditions, however, limits the usefulness of this tyrosine protection. We therefore 
examined whether tyrosine phosphates could be used instead. Due to the high stability of 
tyrosine phosphates, the synthesis and deprotection of tyrosine phosphorylated peptides is 
much less problematic. In addition, due to the growing interest of tyrosine phosphorylated 
peptides for biological studies, the synthesis of tyrosine phosphorylated peptides has been 
well established [ 10]. We found that phosphorylated side chains are inert to oxidative 
iodination and that this tyrosine protection can be readily removed after the iodination by 
alkaline phosphatase. 
The strategy to combine conventional peptide synthesis to prepare photoreactive peptide 
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derivatives and transient tyrosine phosphorylation for directing radioiodination is a simple 
and effective way to prepare well-defined photoreactive peptide derivatives of high specific 
radioactivity. The thus prepared MAGE- 1 peptide derivative EADPTGDap(IASA)SY 
efficiently and selectively photoaffinity labeled cell-associated HLA-A 1, but none of the 
other HLA molecules tested. 
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Introduction

There is growing evidence that human parathyroid hormone, hPTH( 1 -84), and its hPTH (1 -
34) fragment are promising therapeutic agents for treating osteoporosis in that they can 
stimulate production of trabecular bone in osteoporotic postmenopausal women [ 1]. Unlike 
most current therapeutic agents (i.e., estrogen, bisphosphonates, and calcitonin) which only 
prevent further bone loss, daily injection of hPTH(1-84) or hPTH(1-34) increases bone 
mass in animals and humans. The unique bone anabolic effect of hPTH has led us to search 
for more potent hPTH(1-34) analogs. 
In aqueous solution the major structural features of hPTH(1-34) are two amphiphilic 

helices located at the N- and C-termini connected by a short length of a structurally 
undefined hinge region [2] (Fig. 1). Our research is mainly focused on modification of 
residues in the hydrophobic face of the N-terminal amphiphilic -helix as well as in the 
hinge area. 

Results and Discussion 

PTH( 1-34) analogs were synthesized by the rapid Boc-chemistry SPPS strategy developed 
by Kent et al. [3] and tested in human osteosarcoma cells for stimulating the production of 
CAMP [4]. 
It is known that the amphiphilic -helix has membrane searching and binding properties 

[5]. There is also evidence implicating an interaction of the N-terminus of PTH with the 
transmembrane region of the PTH receptor [6]. From such considerations, we hypothesized 

Fig. I. Structural elements of hPTH(1-34). The regions delineated by solid bars are amphiphilic
-helical domains, The region of the reverse turn is indicated by the open bar. The two-headed 

arrow denotes the hinge sequence. 
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that the N-terminal amphiphilic -helix of PTH could have a membrane binding function 
which modulates efficient receptor-hormone interaction. Based on this hypothesis, hPTH( 1 -
34) analogs bearing cyclohexylalanine (Cha) in the hydrophobic face of the N-terminal
amphiphilic a-helix were designed. The bulky side-chain of Cha increases the size and the 
hydrophobicity of the hydrophobic face, improving lipid affinity of the peptide. 

Replacement of the leucine residue at position 7 in the hydrophobic face of the N-terminal
amphiphilic a-helix with Cha gave [Cha7]hPTH( 1 -34)NH2, which is about 2-fold more 
potent than hPTH( 1-34) in stimulating cAMP production (Table 1). A similar improvement 
in potency (2-fold) was also observed when Cha was substituted for leucine 11. Simul-
taneously incorporating Cha into these two positions yielded a highly potent analog 
(peptide #3). This analog has an EC50 at 0.6 nM and is 6.7-fold more active than its parent
peptide, hPTH( 1-34), in cAMP assay. Although the higher membrane affinity of the pepti-
des could contribute to the high potency, some other factors can not be ruled out. The large 
hydrophobic surface constructed by Cha residues could be favored for the receptor 
recognition of the hormone. It is also possible that the enlarged surface could facilitate the 
intramolecular interaction with the hydrophobic face of the C-terminal amphiphilic -helix

In another series, the hinge region between the two -helical domains was modified. 
Substitution of aminoisobutyric acid (Aib) for asparagine 16 or glutamic acid 19 in this 
region also yielded highly potent analogs, peptides #4 and #5. These analogs are about 5 
to 7-fold more potent than hPTH(1-34) in stimulating the production of CAMP. It is 
possible that Aib at positions 16 and 19 could restrict conformational freedom in this 
unordered region and increase the population of bioactive conformation in solution [ 8]. 
Combining Aib16 and Aib19 substitutions did not yield a more active analog (peptide #6). 
However, the Cha7,11 Aib19 hybrid (peptide #8) with an EC,, at 0.5 nM is the most potent 
analog among these peptides. 
In conclusion, several highly potent hPTH(1-34) analogs have been designed and 

synthesized, which represent a new class of hPTH compounds. These analogs provide new 
insights on the roles of hydrophobicity in the N-terminal amphiphilic -helix and the 
structural flexibility at the hinge region. 

Table 1. Biological activity in production of CAMP in human osteosarcoma cells 

[7].

Peptide cAMP(EC50) Relative Activity to Sequence 
(nM) hPTH( 1-34)

#1 2.3 1.7 [Cha7]hPTH(1-34)NH2

#2 2.0 2.0 [Cha11]hPTH(l-34)NH2

#3 0.6 6.1 [Cha7.11]hPTH(1-34)NH2

#4 0.7 5.7 [Aib16]hPTH(1-34)NH2

#5 0.6 6.1 [Aib19]hPTH(1-34)NH2

#6 0.6 6.7 [Aib16,19]hPTH(1-34)NH2

#7 1.1 3.6 [Cha7,11',Aib16]hPTH(1-34)NH2

#8 0.5 8.0 [Cha7,11,Aib19]hPTH(1-34)NH2

hPTW ( 1-34) 4.0 
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Introduction

1. Extracellular signals regulate many aspects of the growth and differentiation of animal 
cells. For example, receptors tyrosine kinases (RTK) and G-protein-coupled receptors 
(GPCR) which are among the various receptors located at the cell membrane are involved 
in the transfer of regulatory information from the cell surface to the nucleus. Once these 
receptors are stimulated, mitogen-activated protein kinases (MAPKs), also known as 
extracellular signal-regulated kinases (ERKs), can be stimulated and thus phosphorylate 
and regulate key intracellular enzymes and transcription factors involved in the control of 
cell proliferation as for example Fos and Jun [1].
2. The cell growth is a biological complex response involving several regulatory pathways 
but in studies relative to gastrointestinal tissues and neoplastic cells, in which 
gastrointestinal peptides controlled cell proliferation, one can suggest, at least in part, the 
involvement of their specific receptors since specific antagonists inhibited the agonistic 
effect. Moreover specific receptors for gastrointestinal peptides have been detected in 
gastrointestinal tissues and neoplastic cells [2]. Gastrin, cholecystokinin (CCK) and CCK 
related peptides comprise a neuropeptide family characterized by an identical carboxy- 
terminal pentapeptide, a critical domain for receptor binding and expression of the 
biological activity. Gastrin and CCK bind to at least two different receptor subtypes. The 
peripheral CCK-A receptors are mainly found in the pancreas, gallbladder, ileum and 
various brain nuclei. In contrast, the CCK-B/gastrin receptors are predominantly found in 
the cerebral cortex and the gastrointestinal tract. We previously reported on the presence 
of CCK-B/gastrin receptors on Jurkat cells, a human T lymphoblastic cell line [3,4]. In 
addition, we recently cloned and sequenced cDNA encoding the CCK-B/gastrin receptor 
from such cells. 
3. In the present study, we have investigated the trophic effect of CCK-8 in Jurkat cells by 
analyzing its effect on biological responses known to be regulated by the trans-activator 
proteins Fos and Jun. 

Results and Discussion 

We have studied the effect of CCK-8 on AP-1 regulated genes since activation of nuclear 
oncogenes like Fos and Jun is believed to be involved in events directly related to growth 
and differentiation of cells [5]. We have used transfected Jurkat cells with a reporter 
plasmid (p(TRE)3-tk-Luc) in which the reporter protein expression (firefly luciferase, Luc) 
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is enhanced, following Fos and Jun activation [6]. Under these experimental conditions, 
CCK-8 was able to stimulate luciferase activity in a dose-dependent manner, the maximum 
induction occurring at 100-200 nM CCK-8. This induction was inhibited by a selective 
CCK-B receptor antagonist, suggesting the involvement of the CCK-B receptor in this 
phenomenon. Transient cotransfection of cells free of CCK receptors (COS and CV 1 cells) 
with the plasmid p(TRE)3-tk-Luc and the plasmid encoding the CCK-B receptor from 
Jurkat cells clearly confirmed these results. As a control, CCK-8 was unable to induce 
luciferase expression in cells free of CCK-B receptors transiently cotransfected with the 
plasmid p(TRE)3-tk-Luc and the plasmid encoding the antisense CCK-B receptor of Jurkat 
cells, or only transfected with the plasmid p(TRE)3-tk-Luc. Quantitatively, 1 OnM CCK-8
induced luciferase activity to the same extent as 1 nM PMA (or TPA). This corresponds 
to the effect induced by EGF in breast cancer cells. 

These results suggested that L the CCK-B receptor, once activated by CCK-8 can 
contribute to modulate expression of AP-1 regulated genes. To further investigate the 
mechanism of action, Jurkat cells were transiently transfected with the plasmid p(TRE)3-tk-
Luc, and the effect of CCK-8 was studied in the absence and in the presence of two 
serine/threonine-specific protein phosphatases -1 and -2A (PP- 1 and PP-2A) inhibitors 
(okadaic acid and calyculin A). Using such a reporter plasmid, okadaic acid and calyculin 
A were shown to drastically increase the PMA (or TPA) luciferase inducibility. In contrast, 
under the same experimental conditions, okadaic acid and calyculin clearly abolished the 
CCK-8 effect. These results differentiate CCK-8 from PMA (or TPA) to activate 
expression of an AP-1 regulated gene. Such a result is in agreement with a recent study 
showing that 2 – CCK may activate MAP kinase in a protein kinase C (PKC) independent 
manner [7]. This argues in favor that the signal transduction pathway activated by the CCK-
B receptor to stimulate MAP kinase is different from that used by other seven-
transmembrane domain receptors. Taken all together, these results suggest that 3 – activation
of the CCK-B receptor by CCK-8 results in the expression of genes regulated by Fos and 
Jun. We thus conclude that activation of the CCK-B receptor induces a trophic effect on 
Jurkat cells. 
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Introduction

Mitogen-activated protein kinase (MAPK) can be activated by a variety of extracellular 
stimuli mediated by respective receptors. It has been reported that arginine-vasopressin
fragment(AVP(4-8)) can specifically bind to rat hippocampus with high affinity [1], 
stimulate the accumulation of second messenger--IP3 [2], and induce the expressions of 
Fos, nerve growth factor (NGF) and brain-derived growth factor (BDNF) genes [3].The 
enhance- ment of gene expressions was thought to be a crucial link in the action mechanism 
of memory-enhancing peptide. Currently, we have shown the involvement of a PTX-
sensitive G protein in the AVP(4-8) signaling pathway, but whether a MAPK is also
included in this Go pathway still remains to be investigated. 

Results and Discussion 

The brain tissues of Wistar rats were removed and homogenized for a designated time 
following AVP(4-8) administration(s.c.). The cytosolic extracts obtained by ultra 
centrifugation were fractionated by MONO-Q anion-exchange chromatography. Fractions 
were collected and assayed for MAPK activity by phosphorylation of its specific substrate 
MBP [4]. The protein kinase activity concentrated in the main fraction p indicated that 
AVP (4-8) significantly enhanced MAPK activity in hippocampus (Fig. 1). Furthermore, by 
using immunoblot assay with anti-ERKI or anti-ERKII polyclonal antibody, the kinase in 
fraction p was ascertained to be p44ERK (Fig.2). In accordance with immunoblotting 
result, this MAPK activity, as shown in Fig. 3, is insensitive to PKI, an adenosine 3',5'-
cyclic monophosphate-dependent protein kinase inhibitor. 
The maximum of MAPK activity stimulated by AVP(4-8) was found to be 3-fold vs 

control (P<0.0l) at 2-h in the hippocampus (Fig.4) or 2-fold vs control (P<0.00I) at l-h in 
the cortex (Fig.5) after administration(s.c.) of AVP(4-8). However, immunoblotting assay 
indicated that MAPK protein level had no detectable difference between the administration 
groups and control (Fig. 6). These results suggested that the increase of p44ERK activity 
stimulated by AVP(4-8) was through a short-period activation process caused by protein 
phosphorylation but not by protein expression. 
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Fig. 1. Fractionation of protein kinase
activities on MONO-Q chromatogra-
phy. Column, A VP(4-8)-treated group; 
Curve (...), control group. 

Fig. 2. Immunoblotting with anti-ERKII(IIc 
& IIp) and anti-ERKI(Ic & Ip) polyclonal 
antibodies. p, fraction P in Fig. 1 from 
treated group; c, control ample before 
chromatography.

Fig. 3. Profiles of the kinase activity
on MONO-Q Chromatography in the 
presence(dotted line) or absence (solid 
line) of PKI.

Fig. 4 Time course of MAPK activity
changes in rat hippocampi following the 
administration of A VP(4-8) (n=5). * *, 
P<0.01; *, P<0.05 vs. control (0).
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Fig, 5, Time course of
f

MAPK activity
changes in rat corticles following the 

administration of AVP(4-8)(n=3). ***,
P<0.001 vs. control(0).

Fig. 6. Immunoblotting analysis of MAPK
protein with anti-ERKII (Ilc &lis) and anti-
ERKI (IC & Is) polyclonal antibodies. 
hippocampal preparation from AVP(4-8)-
treated group (s) and control group (c).
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Involvement of a G-protein coupled receptor (GPCR) in 
signal transduction induced by arginine-vasopressin(4-8)
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China

Introduction

Arginine-vasopressin fragment AVP(4-8) had a high affinity receptor in rat hippocampus 
[1,2], and a remarkable induced long-term potentiation (LTP) of synaptic transmission via 
a N-methyl-D-aspartic acid-receptor (NMDA-R) plus mechanism [3]. It was reported that 
a pertussis toxin (PTX)-sensitive G protein was involved in tetanus-induced LTP in rat 
hippocampus [4]. In order to study the receptor that may be involved in LTP process 
stimulated by AVP (4-8) and the signaling pathway, changes of Mitogen-activated protein 
kinase (MAPK) activity and Ca2+/CaM-dependent protein kinarseII (CaMKII) 
autophosphorylation influenced by ZDC(C)PR, PTX, etc. were estimated and their 
significance was discussed. 

Results and Discussion 

Wistar rat hippocampi were cut into 300 µm slices and incubated at 37ºC in a humidified 
atmosphere of 95% 02-5% CO2. Effects of different drugs on MAPK activity and CaMKII 
autophosphorylation were tested. It was found that the increase of MAPK activity and 
CaMKII autophosphorylation induced by AVP(4-8) was blocked by ZDC(C)PR, an 
antagonist of AVP(4-8) (Fig. l), and completely inhibited by PTX, a selective blocker of 
Go protein (Fig.2). These facts indicated that a PTX-sensitive GPCR was involved in 
AVP(4-8)-induced signaling pathway. Acute treatment with TPA, an agonist of PKC, 
significantly elicited an increase of MAPK activity, but did not have detectable influence 
on the activity enhanced by AVP(4-8). PMB, an inhibitor of PKC, thoroughly inhibited 
the increase of MAPK activity (Fig.3). It was suggested that AVP(4-8)-induced activation 
of MAPK was mediated by PKC. 

In brief, our data clearly demonstrated the existence of a PTX-sensitive G protein, which 
mediated both mitogenic signaling pathway and CaMKII-LTP induced by AVP(4-8) and 
the receptor of AVP(4-8) in rat hippocampus should be coupled to G0 instead of Gi 
(activating MAPK not through PKC)[5] or Gq (PTX-insensitive) protein[6]. 
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Fig. I. Effect of ZDC(C)PR, an antagonist of AVP(4-8) on MAPK activity (A, n=3) and CaMKII
autophosphorylation (B, n=3) in rat hippocampal slices pretreated with AVP(4-8). c, control; ZN,
AVP(4-8); ZD, ZDC(C)PR; ZN+ZD, AVP(4-8) plus ZDC(C)PR. **, P<0.0l, *, P<0.05 vs.control.
a, P< 0. OS vs. ZN. 

Fig. 2. Effect of PTX on MAPK activity (A, n=5) and CaMKII autophosphorylation (B, n=5) in
hippocampal slices incubated with AVP(4-8). C, control; Z, AVP(4-8); P, AVP(4-8) following PTX
preincubation. **, P<0.01; *, P<0.05 vs.control. a, P<0.05 vs.Z. 

182



Bioactive Peptides 

Fig, 3. Effect of TPA and PMB on MAPK activity in hippocampal slices in the presence of AVP(4-
8)(n=5). C, control; Z, AVP(4-8); A, TPA; AZ, AVP(4-8)plus TPA; BZ, AVP(4-8)plus PMB. ***,
P<0.001, **, P<0.01; *, P<0.05 vs. control. a, P<0.001 vs. Z.
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Effect of arginine vasopressin AVP(4-8) on CaMKII 
autophosphorylation and CaM expression in rat brain 

Li-Ya Qiao, Xiu-Fang Chen, Ben-Xian Gu and Yu-Cang Du
Shanghai Institute of Biochemistry, Chinese Academy of Sciences, 

Shanghai 20003 I, China 

Introduction

The memory-enhancing peptide, AVP(4-8), existing in mammalian brain as a metabolite 
of arginine vasopressin (AVP), facilitates the short-term and long-term learning and 
memory of animals. Significant acceleration of phosphorylated growth-associated protein 
(GAP43) maturation by AVP(4-8) [ 1] may be functionally involved in synaptic plasticity, 
axon elongation and long-term potentiation (LTP) [2]. Calmodulin (CaM) is a ubiquitous 
intracellular calcium receptor which can be released from CaM-binding proteins, such as 
GAP43 and MARCKS when they are phosphorylated by protein kinase C(PKC) [3]. CaM 
is responsible for activating more than 20 enzymes [4], among them Ca2+/CaM-dependent
protein kinase (CaMKII) is a crucial enzyme for LTP. After Ca2+/CaM-dependent auto-
phosphorylation, CaMKII displays its protein kinase activity by switching the molecule 
into an "on" state. It has been found that LTP can be promptly induced by AVP(4-8) in rat 
hippocampual slices, but the process of LTP may not be necessarily related to the activa-
tion of NMDA receptor. So it is interesting to observe the changes of effective CaM level 
and CaMKII activity in rat brain when the animals are administered with AVP(4-8).

Results and Discussion 

The brain tissues of Wistar rats were removed and homogenized at designated times after 
AVP(4-8) administration(s.c.). The level of CaMKII autophosphorylation in brain cyto-
solic extracts was determined in the presence of Ca2+. A maximal increase in cerebral cortex 
stimulated by AVP(4-8) was observed to be 2-fold (P<0.00l) vs. control at h-1, while 
40% increase (P<0.05) was found in hippocampus (Fig. 1). CaMKII activity repre-sented
by its autophosphorylation level appeared to be dependent on the concentrations of Ca2+

and CaM (Fig.2). Therefore the activation of CaMKII can be regulated by the release of 
CaM from phosphorylated GAP43. Effective CaM level and its gene expression were 
separately analyzed by enzymatic determination [5] and by Northern blot assay. Total RNA 
in rat hippocampus was extracted and hybridized with CaM or GAPDH cDNA probes. The 
level of CaM mRNA was densitometrically determined on Northern blots and normalized 
by GAPDH mRNA, one hour after AVP(4-8) administration. The effective CaM in plasma 
increased to 3.4-fold (P<0.05), while the level of CaM mRNA was not detectably altered. 
However, the CaM transcription significantly rose to a maximum of 2.5-fold (P<0.0l) in 
three hours and the protein level was 5.8-fold (P<0.00l) vs. control (Fig.3). It means that 
the increase of CaM may occur at two levels, ie., delivery from the CaM pool (GAP43) 
and expression of CaM gene. 

Since the enhancement of CaM expression may replenish CaM pool and maintain high 
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activities of CaMKII and/or other CaM-coupled enzymes, the sustained activation of 
CaMKII would lead to the enhancement of synaptic transmitter release and LTP 
phenomena. Therefore, the involvement of both CaM and CaMPKII in the peptide-induced 
LTP and memory formation process was suggested. 

Fig. 1. Time course of changes of CaMKIl 
autophosphorylation level in hippocampi 

Fig. 2, Effect of Ca2+ and CaM in reaction 
system on autophosphorylation of CaMKII, a, 

(blank column, n=3) and cortices (shaded 
column, n=5) following AVP(4-8) nistration. 
***, P<0.001; *, P<0.05 vs. control (0). 

in the absence of Ca2 caM; b, in the pre- 
sence of Ca2+and c, in thepresence of Ca 2+ and
CaM

Fig. 3. Time course of the increases of CaM mRNA level (A, n=3) and CaM protein content (B, 
n=6) in cytosolic lysate of hippocampi after AVP(4-8) administration(s.c.). ***, P<0.001; **3

P<0.01; *, P<0.05 vs. control (0). 
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Synthesis of phosphopeptides as inhibitors 
of progesterone production 

Qing-Chai Xu, Gui-Shen Lu and Ying Sun 
Institute of  Materia Medica, Chinese Academy of  Medical Sciences and 

Peking Union Medical College, Beijing 100050, China 

Introduction

Many cellular functions are modulated by protein kinases and protein phosphatases which 
control phosphorylation and dephosphorylation of proteins. Therefore, phosphorylated 
peptides and proteins may play important roles in regulatory processes [1-2]. Some 
peptides with anti-progesterone production effect on corpus luteum cells were 
phosphorylated in vitro, and the activities of these phosphopeptides will be further 
investigated.

Results and Discussion 

Tyrosine was reported to have inhibiting activity on hCG-induced progesterone production 
(hCG-PP) [3]. Further investigation showed that serine and threonine had the same activity
as tyrosine. A series of peptides were designed and synthesized and their activities 
determined [4]. The results showed that some of the synthetic peptides had higher 
controlling activities on progesterone production than tyrosine. All these peptides contain 
tyrosine, serine or threonine. The activities of decreasing progesterone production of these 
peptides might be induced by activating protein phosphatase C and protein kinase C.The 
mechanism of anti-progesterone production may be related to the phosphorylation of 
proteins. It is well known that the phosphorylation of proteins on tyrosine, serine or 
threonine residues plays important roles in regulatory processes.Therefore, it is possible to 
find compounds with high activity if peptides possessing anti-progesterone production 
effects are phosphorylated. 
Eight active peptides with the structures given in Fig. 1 were phosphorylated. Firstly, the 

protected peptides with the phosphorylation sites unprotected were synthesized.Then the 

Fig. 1. The structures of eight active peptides. 
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Fig. 2. Synthetic routes of the eight phosphopeptides. 

phosphorylation was carried out, and finally the protected groups were cleaved to obtain 
the target peptides. Four synthetic routes (Fig.2) were adopted [2, 5]. 

Peptides II, IV,VII and VIII were synthesized by route(1), peptides I and VI were 
prepared by route (2). Target III and V were prepared by route (3) and (4) respectively. 

Crude products were purified by semi-preparative HPLC with 1 0m-Bondapak TMC 18 
column (10 x 250 mm). Buffer system: A, 0.1% TFA/H2O; B, 0.1% TFNMeOH. All 
compounds were examined by amino acid analysis and 31P-NMR (Table 1). The 
bioactivities of these phosphopeptides will be described in another paper. 
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Table 1. The amino acid analysis and the chemical shifts of 31P-NMR

Peptide Gly Ser Thr Tyr Lys Arg Pro Ala 31P-NMR 
(ppm

I 1.00 0.99 1.09 1.02 -3.24
II 1.07 1 .00 -3.23

III 1.00 1 .00 -3.23
IV 2.11 1 .00 +7.17
V 2.10 1 .00 +3.74
VI 1 .00 1.06 -3.17
VII 1.00 1.30 1.00 0.91 1.05 -3.63
VIII 0.87 0.87 1.00 1.00 1.00 +0.16
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Synthesis of DL-2-amino-3-( 1,2-dihydro-2-thio-
quinolinyl)propionic acid 
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Taiyuan 030024, China 

Introduction

DL-2-amino-3-( 1,2-dihydro-2-oxo-quinolinyl) propionic acid (Aoq) have been synthe-
sized [ 1,2] and resolved [2]. The physiological activities of DL-, D- and L-Aoq have been 
reported [2, 3]. In order to study the physiological activities of its sulfur substituted 
analogue-Atq, ethyl DL-2-acetylamino-3-( 1,2-dihydro-2-thio-quinoIinyl) propionate (I) as 
a precursor of Atq should be synthesized via selective thionation of ethyl 2-acetylamino-3-
(1,2-dihydro-2-oxo-quinolinyl) propionate (11). 

Results and Discussion 

The thionation reaction could occur on three functional groups of compoud II, there are 
two amide groups and an ester group, but they have different features during the thionation 
procedure. However, thioamides are generally very stable, sometimes even more stable than 
amide in alkaline medium [4]. It is suggested that thioamides have resonance structures 
because of large contributions from sp2 hybrid orbitals of the central carbon and nitrogen 
atoms. In general, sulfurizing of the carbonyl groups of esters is difficult because of the 
effection of alkoxy, the reaction occurs only in special cases [5], and is often inferior to that 
of amides in the competition of thionation [6]. 
According to the theories of reactions, the carbonyl group site a was more difficult to be 

sulfurized than the amide group of site b and site c. The thionation of amide belongs to 
nucleophilic substitution. Site b was liable to be sulfurized because of less SN2 steric 
hindrance; But the sulfurized product of site c was more stable because the conjugative 
effect reduced the energy of the thioquinolinyl cycle and rendered its structure more 
stable. So, the adoption of higher temperature, lower concentration and longer reaction 
time or other intensive measurements can benefit the sulfurizing of site c. The expected 
result was obtained, and the structures of the title compounds have been confirmed. 
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Atq and I have not been reported before, the resolution of DL-Atq and the evaluations of 
physiological activities of these compounds are in progress. 

Preparations of Atq and I 

1.2g (4 mmol) II was treated with 0.89g (4 mmol) P2S5 or 0.81g (2 mmol) p-methoxy-
phenylthionophosphine sulphide in benzene and refluxed for 4.0 hr to give 0.51g (1.60 
mmol) or 0.42g (1.32 mmol) I respectively. 0.38g (1.20 mmol) I refluxed in 30 ml 2N KOH 
for 8.5 hr to give 0.23g (0.93 mmol) DL-Atq. (yield 23. 15%) m.p. 321~322°C. Anal.Calcd. 
for C12H12O2N2S(%): C, 58.05; H, 4.87; N, 11.28; S, 12.91. Found: C, 58.10; H, 4.83; N, 
11.25; S, 12.86. IR(KBr) vmax (cm-1) 3435(OH, NH2), 1690(C=O), 1080(C=S). 1NMR

(ppm): 4.51, 5.28, 6.93, 7.21. MS(EI) m/e: 248, 204, 174. 
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Polypeptide Laboratory, Beijing Xuanwu Hospital, 
Beijing 100053, China 

Introduction

Adrenomedullin (AM) is a novel hypotensive peptide isolated from human pheo-
chromocytoma in 1993. It consists of 52 amino acid residues with a disulfide bond 
from position 16 to 21. In order to determine the relationship between hypotensive 
effect and structure of AM, we synthesized seven fragments of human AM (hAMI-
15, 16-52,23-52,22-42,26-42,28-42,. 40-52) and one fragment of rat AM (rAMl-13) 
by solid-phase method. These fragments purified by HPLC were injected 
intravenously to rats and the blood pressure(Bp) was monitored. 

Results and Discussion 

hAM16-52, 23-52, 22-42, 26-42 and 28-42 could decrease the Bp of rats by 7.0-
24.5mmHg as soon as they were injected intravenously (Fig. 1). This effect lasted 2-10
minutes and the fragments with or without a disulfide bond had similar hypotensive 
effect (Table1). N-terminal fragments (rAMl-13, hAMl-15) and C-terminal fragment 
(hAM40-52), however, had no influence on rat Bp. According to our experiment, the 
molecular structure that decreasing Bp is positioned in the central region of AM. 
AM28-42 is probably the shortest sequence needed to maintain the hypotensive effect, 
suggesting that a disulfide bond is not necessary for these effects. 

Table 1. The Effect of Fragments of AM on Bp of rats by Intravenous Injection 

fragments of AM hypotensive effect (%) mean depress Bp
(n=10) value(mmHg) 

rAM 13-52 0 0 
hAM 1- 15 0 0 
hAM16-52 100 16.06+7.13
hAM23-52 98 1 5.76+7.87 
hAM22-42 96 1 15.46+8.28 
hAM26-42 106 17.00+7 .53 
hAM28-42 97 15.5 1 +7.43 
hAM40-52 0 0
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Fig. 1. The Effect of hAMl6-52 on Bp of 
rats by Intravenous Injection. 

Fig. 2. The Effect of hAM23-52 on Bp of 
rats by Intravenous Injection. 
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Introduction

Adrenomedullin(AM) was discovered in 1993 in human pheochrocytoma, PAMP(ProAM 
22-41) was considered to be a novel hypotensor. This peptide is widely distributed in many 
tissues, with the highest concentrations in adrenal medulla and cardiac atria. Because 
pheochromacytoma patients suffered from arrhythmia during the onset of hypertension, 
PAMP may be involved in arrhythmia. 

Results and Discussion 

In the dose-response curve, PAPM and CGRP can decrease Bp, although, CGRP can not 
induce any abnormality of cardiac rhythm. Sodium nitroprusside at 1mg/kg decreased Bp 
by 34.50+11.37mm Hg equivalent to the Bp decrease induced by PAMP at 30.0nM, but no 
arrhythmia was found in the electrocardiogram. A variety of PAMP-induced arrhythmias 
are shown in Table 1. Table 2 indicates that the Bp decline of all rats with PAPM(30.0nM) 
is of the same grade regardless of arrhythmia. Table 3 reveals that PAMP(0.1nm) 
administered simultaneously with NE or E can increase significantly the incidence of 
arrhythmia.
PAMP is known to be a potent dilatator of blood vessels. The efficacy of BP decrease is 

similar to that of CGRP, which is the strongest vasodilator currently known.However, 
PAMP can induce rat arrhythmia. The more PAMP administered, the higher the incidence 

Table 1. The number of arrhythmias caused by PAMP and scores of arrhythmias 

Group SB AV block ME VT VF DT Score of 
arrhythmia

NS(40) 5.00 ± 0.00 

PAMP 0.1nM(12) 1 1 4.75 ± 0.83** 

4.75 ± 0.83** 

I II III (n)

1.0nM(12) 1 I 

10.0nM(12) 1 2 8 3 3.76 ± 1.77* 

30.0nM(12) 3 3 6 3 2 2.88 ± 1.87* 

* P<0.05 compare with NS 
VF: ventricular fibrillation AV: atrioventricular block DT: death 
ME: multiple extrasystole 

** P<0.001 compare with PAMP(30nM) 

VT: ventricular tachycardia 

SB: sinus bradycardia 
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Table 2. The relationship between arrhythmia caused by PAMP(30,0nM) and blood pressure 

Group Arrhythmia (n=11) Noemal (n=6) 

decrease(mmHg) 29.70± 8.97 32.20± 9.60 

Table 3. Effect of interaction of PAMP and NE or E on incidence of rat arrhythmia 

Group (n) A(21) B (13) C(12) D(9) E # (9) F* (33) G**(25) 

Chemicals NE E PAMP NE0.5 µg/kg E0.125 µg/kg 
and dose 0.5 µg/kg 0.125µg/kg 1.0 nM PAMPl.0mM PAMPl.0mM 

Incidence of 19.1 30.8 8.3 66.7 77.8 # 15.1 20.0 
arrhythmia(%)

* F is the sum of A and C; ** G is the sum of B and C; P<0.01 compared with F; # P<0.01 compared 
with G 

of arrhythmia. In order to lower the incidence of arrhythmia, we used CGRP and sodium
nitroprusside to decrease Bp to about the same level as that induced by PAMP, but no 
arrhythmia occurred. It can be concluded that PAMP can induce rat arrhythmia which is 
unrelated to Bp decrease. Table 3 shows that PAMP can enhance the incidence of
arrhythmias caused by NE or E. The cause of this enhancing effect is not clear.
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Introduction

Hirudin (Hir) is a single chain peptide of 65 amino acids isolated from medicinal leech 
extracts, which is a highly specific a-thrombin inhibitor [1]. Structure-function studies of 
Hir found that the minimal fragment which retains reasonable anticoagulant activity was 
Hir53-64 [2]. Hirulog-I, an analog of Hir has higher activity than Hir [3]. Calcitonin gene-
related peptide(CGRP) is a pleiotropic neuropeptide of 37 amino acids with a disulfide 
bond. It has a wide range of biological effects especially in the cardiovascular and cerebral 
vascular systems [4]. 

Hir53-64 H-Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr-Leu-OH
Hirulog-1 H-(D-Phe)-Pro-Arg-Pro-(Gly)4-Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-

CGRP H-Ala-Cys-Asp-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Leu
Glu-Glu- Tyr-Leu-OH

-Leu-Ser-Arg-Ser-Gly-Gly-Val-Val-Lys-Asn-Asn-Phe-Val-Pro-Thr-
Asn-Val-Gly-Ser-Lys-Ala-Phe-NH2

Because both Hir and CGRP are promising drugs for cardiovascular and cerebral vascular 
diseases, we designed and synthesized the following two chimeric peptides (PI and P2) 
to study their biological activities. 

PI Hir53-64-(Gly)4-CGRP
P2 Hirulog-I-HN(CH2)5CO-CGRP

Results and Discussion 

Peptides PI and P2 were synthesized from N -Fmoc-amino acids using standard solid 
phase peptide procedure and HBTU-HOBT-NMM as coupling reagent. Peptides were 
cleaved from the resin with TMBS/Thioanisole/TFA in the presence of two scavengers m-
cresol and EDT, in an ice bath for 1 h. All side-chain protecting groups were cleaved at the 
same time. The disulfide bond was formed by 10% DMSO/TFA in 25°C for 1h. The 
peptides were purified by G-15 and HPLC. Preliminary pharmacological observations of 
P1 and P2 were performed. PI and P2 have the double effects of prolonging thrombin time 
and reducing rat blood pressure (Fig. 1 and Fig. 2). 
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Fig. 1. Anticoagulant activity of P1, 
P2, Hir 53-64 and Hirulog-I.

Fig. 2. The change in the mean artrial 
pressure of the rat with PI, P2 and CGRP 
(10 nmol/Kg). 
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Introduction

The process of cancer cell invasion through basement membrane is a critical step in the
development of metastatic disease. Glycoprotein laminin and fibrinogen appear to be 
involved in the mediation of this invasion process via its binding to high affinity-receptors. 
This means there is some relationship between metastasis and thrombosis. In the present 
study RGDS( l), RGDV(2), RGDF(3), YIGSR(4) were selected to constitute YIGSRRGDS 
(5, YIGSRRGDV(6), YIGSRRGDF(7) and their antiaggregation effects were observed. 

Results and Discussion 

Peptides 1-7 were synthesized with protected L-amino acids by a solution method (Fig.1). 
Their antiaggregation effects (Table 1-2) were inductor and sequence-dependent. 

Table 1. Effect of the Peptides in the Maximal Rate of Platelet Aggregation Induced by ADP

Rate of Maximal Aggregation (%) 
Comp. ADP(mol/1) Without peptide With peptide 

1 5x10-6 2 1.74±5.29 14.80±2.77
2 5x10-5 13.50±2.92 7.53±2.43*
3 5x 10-5 38.11±4.91 33.64±7.15
4 5x10 -6 28.24±3.14 27.01±2.27
5 5x10 -6 23.43±2.10 22.24±2.11
6 5x10-6 25.77±1.38 I8.50±2.45
7 5x10-6 . 25.17±1.38 24.19±3.13

Compare to without peptide *KP<0.05; n=4. 

R+{[D+S(V,F)]} RGDS( 1), RGDV, RGDF( 3)
{4 +1-3) YIGSRRGDS(5), YIGSRRGDV(6), YIGSRRGDF(7)

Y+( I+[G+(S+R)]} YIGSR( 4)

Fig. 1. The Synthetic Route. 
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Table 2. Effect of the Peptides in the Maximal Rate of Platelet Aggregation Induced by PAF 

Rate of Maximal Aggregation (%) 
Comp. PAF(mol/1) Without peptide With peptide 

1 5x10-8 34.86±3.8 1 15.19±3.26 ***
2 5x10-8 29.76±4.94 29.58±5.41 
3 5x10-8 29.76±4.94 25.39±2.97 
4 5x10-8 26.82± 1.6 1 26.82±1.98 
5 5x10-8 21.87±3.19 17.99±1.47 
6 5x10-8 22.84±1.9 1 17.79±1.28 ** 
7 5x10-8 22.51±3.62 22.81±1.95 

Compare to no peptide ** P<0.0l; ***P<.00l, n=4. 
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Introduction

P6A (ARPAK) is known to increase microvascular permeability and coronary blood flow, 
improve dynamics in dogs with coronary thrombosis, and induce dilation of bovine 
mesenteric arteries. QP6A (QRPAK) exhibited a more potent effect than P6A. RGD 
containing peptides are able to bind to GPIIb/IIIa and inhibit platelet aggregation. The 
present paper reports the synthesis and linkage peptides and the antithrombotic effects of 
the results of hybrids of P6A, QP6A and RGDS, RGDV, RGDF. 

Results and Discussion 

Under the conditions of solution method ARPAKRGDS, ARPAKRGDV, ARPAK-RGDF,
QRPAKRGDS, QRPAKRGDV, and QRPAKRGDF were obtained in excellent yields (Fig. 
1 and Table 1). The results indicated that the chemical combination of P6A and RGD 
enhanced the antithrombus effect (Table 2 and 3). 

A(Q)+{ R+[P+(A+K)]} AR(Tos)PAK(Z) or QR(Tos)PAK(Z) ARPAK or QRPAK 
+ } 1 or 2 or 3 or 4 or 5 or 6 7 or 8 or 9 or 10 or 11 or 12 

R+{G+[D+S(V,F)]} RGDS or RGDV or RGDF 
AlaArg(Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)Ser(Bzl)OBzl (1) 
GlnArg(Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)Ser(Bzl)OBzl (2) 
AlaArg(Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)ValOBzl (3) 
GlnArg(Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)ValOBzl (4)
AlaArg( Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)PheOBzl (5) 
GlnArg(Tos)ProAlaLys(Z)Arg(Tos)GlyAsp(OcHex)PheOBzl (6) 
AlaArgPro AlaLys ArgGlyAspSer (7) 
GlnArgProAlaLys ArgGlyAspSer (8) 
AlaArgProAlaLys ArgGlyAspVal (9) 
GlnArgPro AlaLys ArgGlyAspVal (10) 
AlaArgProAlaLysArgGlyAspPhe (11)
GlnArgPro AlaLys ArgGly AspPhe (12)

Fig. I. The Synthetic Route. 
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Table 1. The Yield and FAR-MS of Compounds 1-12

Comp. 1 2 3 4 5 6

Yield(%) 95 93 96 94 95 93

MS[M+Na] + 1783 1840 1705 1762 1753 1800

Comp. 7 8 9 10 11 12
Yield(%) 75 76 76 77 75 76 

M S [ M + N a ] + 9 7 9  1 0 3 6  9 91  1 0 4 9  1 0 3 9  1 0 9 6  

Table 2. The Amino Acid Analysis of Compounds 7-12

Amino acid residue 
Comp. Ala Pro Lys Glu Arg Gly Asp Ser Val Phe 

7 1.98 0.97 0.97 -- 1.96 0.98 1.01 0.96 -- --.

8 1.97 0.98 0.97 -- 1.98 1.01 0.97 -- 1.01 --
9 1.99 1.00 0.98 -- 1.97 1.00 0.98 -- -- 1.01
10 -- 1.01 0.97 0.99 1.98 0.99 0.99 0.97 -- --

11 -- 0.97 0.99 0.97 1.98 0.98 0.98 -- 0.99 --
12 -- 0.98 0.97 0.98 1.98 0.99 0.97 - - -- 0.98

Table 3. Effect of Hybrid Peptides on Thrombosis 

Comp. Dose The weight of Comp. Dose The weight of thrombus(mg) 
thrombus(mg)

NS 0.67±0.12- 7 2.5 0.45±0.28* 

ARPAK 5.0 0.34±0.22** 8 2.5 0.48±0.10*#

QRPAK 2.5 0.44±0.08** 9 2.5 0.45±0.15*# 
RGDS 5.0 0.61±0.23 10 2.5 0.41±0.1 I**# 

RGDV 5.0 0.59±0.16 11 2.5 0.71±0.17 

RGDF 2.5 0.41±0.26* 12 2.5 0.44±0.37 

Dose: µmol/kg; n=6; compare to NS, *P<0.05; ** P<0.01; compare to RGDS, RGDV, # P<0.05. 

References

1.
2.

Nichols,A.J., Ruffolo,R. R. and Huffman, Jr. W. F., Tips, 13 (1992) 43. 
Saiki,l. J., Murata, J. And Matsuno,K., Jpn. J.Cancer Kes., 81 (1990) 660. 

201



The combination and function of YIGSR and YIGSK 

Li-Ping TUa, Karl Spechta, Li Zhaoa, Zi-Lin Chena,
Chao Wangb, Dilinur Sabitoufb, Ming Zhaob and Shi-Qi Pengb

a Jiaizgxi-OAI Gemeinsames Institut, Nanchang 330047, China 
b School of Pharmaceutical Sciences, Beijing Medical University,

Beijing 100083, China

Introduction

In the studies on metastasis related to laminin receptor YIGSR and YIGSK were identified 
as playing a critical role in binding of protein laminin to the coresponding receptor. It was 
found that the terminal amino acid in the laminin pentapeptide produced significant 
structural changes. In the present paper YIGSR (1) and YIGSK (2) were combined to yield 
YIGSRYIGSK(3) and YIGSKYIGSR(4) to compare the bioactivity change induced by 
terminal and central amino acid change. 

Results and Discussion 

Peptides 1-4 were synthesized with protected L-amino acids by use of solution method (Fig. 
1). Their antiaggregation effects show no significant differences, suggesting that as platelet 
aggregation inhibitors they were not structural dependent (Table 1 and Table 2).

Table 1. Effect of the Peptides in the Maximal Rate of Platelet Aggregation Induced by ADP 
(n=4).

Rate of Maximal Aggregation (%) 
Comp. ADP(mol/l) Without peptide With peptide 

1 1x10-5 28.24±3.14 27.0 1 ±2.2 1 
2 5x10-6 28.29±2.97 25.48±1.90*
3 1x10-5 40.52±5.44 33.93±1.10
4 1x10-5 40.52±5.44 37.69±3.27

Y+{I+[G+(S+R)]} Y(Bzl)IGS(Bzl)R(TOS) YIGSR(1)
+ }YIGSRYIGSK(3),YIGSKYIGSR(4)

Y+{ I+[G+(S+K)]} Y(Bzl)IGS(Bzl)K(ClZ)——-YIGSK(2)

Fig. 1. The Synthetic Route 
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Table 2. Effect of the Peptides in the Maximal Rate of Platelet Aggregation Induced by PAF
(n=4).

Rate of Maximal Aggregation (%)
Comp. PAF(mol/l) Without peptide With peptide 

1 5x10-8 26.82±1.61 26.82±1.98
2 5x10-8 20.22±3.36 19.65±4.06
3 5x10-8 35.66±2.92 33.2 1 ±4, 50 
4 5x10-8 35.66±2.92 34.37±3.31
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Introduction

Studies on Fgn binding to GPIIb/IIIa have identified two distinctive amino acid sequences 
within the Fgn molecule that mediate its attachment to GPIIb/IIIa. These sequences are 
Arg-Gly-Asp-Ser (RGDS) and Arg-Gly-Asp-Phe (RGDF) which correspond to 572-575
and 95-98 in the Fgn A chain respectively. They are also present in FN and vWF and 
appear to mediate the binding of each to GPIIb/IIIa. 
The binding function of GPIIb/IIIa can be blocked by synthetic (small molecular) peptides 

containing RGD and APLRV, resulting in the prevention of platelet-dependent thrombosis. 
It was found that the synthetic peptide was also vasodilator. In an attempt to demonstrate
their vasodilation effect RGDS, RGDF, APLRV, APLRVRGDS and APLRVRGDF were 
investigated.

Results and Discussion 

RGDS, RGDF, APLRV, APLRVRGDS and APLRVRGDF were synthesized with pro-
tected L-amino acids using solution method (Fig. 1).
Relaxation effects were evaluated on aortic strips treated with noradrenaline(NE) (Fig.2-

6) . The results indicated that all of the peptidesexcept RGDF exhibited vasodilation effects 
dose-dependently. Among them APLRVRGDS was the best vasodilator. The data 
suggested that coupling APLRV with RGDS or RGDF may improve their activity and 
APLRV may be responsible for the increase of the vasodilation effect of APLRVRGDS.

Ala+{Pro+[Leu+(Arg+Val)]} APLRV
+ } APLRVRGDS orAPLRVRGDF

Arg+{Gly+[Asp+Ser(Phe)]} RGDS(F)

Fig. I. The synthetic Route.

Fig. 2. The vasodilation effect of APLRV
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Fig. 3. The vasodilation effect of APLRVRGDS 

Fig. 4. The vasodilation effect of  RGDS 

Fig. 5. The vasodilation effect of  APLRVRGDF 

Fig. 6. The vasodilation effect of  RGDF 
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Introduction

In studies of the interaction between steroid and peptide hormones hydrocortisone was 
linked with UTP-A (His-Gly-Lys), UTP-B (Glu-Asp-Gly) and UTP-C (His-Gly-Glu),
respectively. The linkers, hydrocortisone-UTP-A(1), hydrocortisone-UTP-B (2), 
hydrocortisone-UTP-C(3) and UTP-A-hydrocortisone(4) were obtained. 

1. R’=O, R=COCH2CH2CO-His-Gly-Lys-OH

3. R’=O, R=COCH2CH2CO-His-Gly-Glu-OH

4. R’=H-His-Gly-Lys-NH-N=, R=H

2. R’=O, R=COCH2CH2CO-Glu-Asp-Gly-OH

Results and Discussion

Immunodepression effects were evaluated by heterotopic transplant of cardiac tissue of 
fetal mouse, phagocutosis of peritoneal mouse macrophages, and mitogen- induced
proliferation of mouse spleen cells (Tables 1-3). The results indicated that the linkers 
always exhibited higher potency than steroid or peptide,suggesting that hormone steroid 
and peptide hormones can enhance their bioactivities. 
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Table 1. Prolongation of heterotopic transplanted cardiac tissue survival induced by compounds 
1, 2, and 7 

Comp.
dose( mmol/20g/d) 0.15 0.75 1.50 

control 8.87±50.03 8.87±0.03 8.87±0.03 
Hydrocortisone 9.865±0.57 10.86±0.67** 11.67±0.59*** 
UTP-A 9.25±0.41 10.02±0.51* 10.30±0.56 

Comp. 3 10.87±0.37**# 1 1 ,00±0.49 ** 11.78±0.64*** 

Mean graft survival (days, X±E) 

n=9; Compare to control*P<0.05, **P<0.01, ***P<0.001; Compare to 2 and 4 #P<0.05. 

Table 2. The Inhibitory effects of compounds I, 2, 4, 5, 7 and 8 on phagocytosis of mouse penitoneal 
macrophages(n= 12) 

Optical density (X ± SE) at different concentration (mol/l) 

Comp. 0.001 0.010 0.100 10.00 1 .000 

Hyrocordisone 0.66±0.03* 0.56±04*** 0.53±0.05*** 0.4±0.03*** 0. 50±0.06 *** 

UP-A 0.74±0.02 0.65±0.05* 0.63±0.03** 0.59±0.03*** 0.64±0.04*

UIP-C 0.81± 0.03 0.66±0.02* 0.62±005*** 0.54±0.03*** 0. 55±0.04*** 

1 0.68±0.04 0.52±0.02*** 0.45±0.03*** 0.41 ±0.03*** 0.40±0.05 *** 

3 0.55±0.03*** 0.52±0.04*** 0.41 ±0.02*** 0.38±0.04*** 0.45 ±0. 06 * * * 

4 0.65±0.03* 0.53±0.04*** 0.44±0.03*** 0.41±0.04*** 0.44±0.05 *** 

Control(0 µ mol/l): 0.78±0.04; Compare to control * P<0.05, ** P<0.01, *** P<0.001. 

Table 3. The Influence of compouds I, 2, 4, 5, 7 and 8 on ConA induced proliferation of spleen 
lymphocytes of mouse(n=6) 

inhibitory rate (X ± SE) at defferent concentration (mol/l) 
Comp. 10-8 10.7 10-6 10-5 10-4 

Hydrocortisone 6.3±5.1 36.0±5.2** 56.4±4.2** 80.6±4.6** 75.9±10.5**

UTP-A 5.0±5.3 22.4±5.3* 48.9±16.3** 55.7±4.2** 65.2±7.2**

UTP-C 8.8±4.2 34.5±3.5** 37.4±18.6** 62.4±4.l** 64.3±8.2**

1 29.3±5.9**$ 31.4±5.1** 75.6±5.0** 79.8±11.6** 89.2±16.1**

3 37.8±3.6**## 51.2±3.1** 77.9±5.7** 84.7±55** 77.0±5.7**

Hydrocortisone 5.0±6.0 35.0+4.7** 72.4±7.2** 70.5±4.5** 78.4±83** 

4 30.7±4.6**$$ 44.0±5.4** 71.8±7.1** 78.3+4.4** 79.2±11.1** 

Hydrocortisone 7.5±5.5 35.0±6.3** 66.7±10.4** 79.3±7.7** 76.3±4.5** 

The inhibitory rate of control was 0.00; compare to control *P<0.05,** P<0.01; compare to Hydrocortisone+UTP-
A, $P<0.05; $$P<0.0I; compare to ## Hydrocortisone+UTP-C, P<0.01. 
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Introduction

The endothelins (ETs) are a family of three isopeptides (ET-1, ET-2 and ET-3) with potent 
vasoconstrictor properties [I]. All three of these peptides are encoded in the human 
genome and each is composed of 21 amino acids, with disulfide linkages between cysteine 
residues at positions 1,15 and 3,11. The ETs elicit their effects through binding to receptors 
of the G-protein coupled seven-transmembrane spanning superfamily. Two receptor sub-
types have thus far been fully characterized from human tissues through molecular cloning
and expression. Recently, compelling data has become available using receptor specific 
antagonists to support a role for the ETs in disease processes. Despite extensive animal 
model studies, however, controversy still surrounds the optimal antagonist selectivity 
considered necessary for the treatment of human disorders [2] and this may also be 
dependent upon the disease targeted. 

Results and Discussion

Recently, we reported the design and synthesis of 1,3-diarylindane-2-carboxyIic acids as 
potent endothelin antagonists, exemplified by SB 209670 (1) [3]. SB 209670 (1) is a 
highly potent antagonist which inhibits [125I]ET-1 binding to cloned human ETA and ETB

receptors with K1 values of 0.43 and 14.7 nM, respectively. Structure-activity relationship 
studies in the indane series highlight the importance of the 2-carboxyl and the
benzodioxole moieties for high affinity binding. Concurrent with our work in the indane 
series, a chemical database searching was conducted for acidic compounds containing an 
appropriately connected benzodioxole moiety (i.e. a carboxylic acid linked by two atoms 
to the 5-position of a benzodioxole group) and via this approach an additional lead 
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structure SK&F 107328 was identified. SK&F 107328 ( 2), originally prepared for our 
angiotensin II receptor antagonist program, is a dual antagonist of ET and AT- 1 receptors 
[Ki's: ETA= 400 nM, ETB= 3400 nM, AT-1= 180 nM). Molecular modeling overlays in 
which the 2-carboxylic acid and benzodioxole groups of SB 209670 are superimposed 
upon the acrylic acid and benzodioxole moieties of SK&F 107328 fail to show a 
correspondence of the 3-phenyl of SB 209670 and the N-chlorobenzyl moiety of SK&F 
107328. However, it is apparent that a good overlay can be achieved with an analog of 
SK&F 107328 in which a phenyl substituent corresponding to the indane 3-phenyl is 
placed at the 3-position of the acrylic acid. At the same time, known SAR in the 
angiotensin receptor antagonist area suggested that removal of the N-chlorobenzyl group 
from SK&F 107328 would diminish affinity to the AT-1 receptor. Thus, SB 209834 (3)
was prepared which embodies these modifications.This compound is indeed a more potent 
and selective antagonist of the endothelin receptors ( Ki's: ETA= 2 nM, ETB= 500 nM, AT-
1>10 µM) [4]. 
While SB 209834 does not contain any chiral centers the geospecific synthesis of the 

tetra-substituted olefin presents a significant synthetic challenge. Our attention therefore 
turned toward modifications of this molecule which might further simplify the structure. 

-–4 SB 212954 R=H
-5 SB 215355 R=OMe-3 SB 209834

Somewhat surprisingly, it was discovered that the phenyl group at position 3 in SB 209834 
could be translocated to N-l of the imidazole to provide SB 212954 ( 4), an analog of 
almost identical affinity to ETA and slightly greater selectivity versus ETn [K i's: ETA= 2 nM, 
ETB= 625 nM, AT-1> 10 µM) While the beneficial effect upon binding of the oxyacetic 
moiety on the N-phenyl ring in this series is not as pronounced as in the indane analogs [3], 
it is superior by at least an order of magnitude in affinity over other substituents studied 
e.g. OMe, OH, CI. In common with the indane series the benzodioxole portion of SB 
212954 is critical to receptor binding (Table 1). In the N-phenylimidazole series further 
improvement of affinity is achieved when a 2-methoxy substituent is added to the 
benzodioxole moiety generating the potent ET, selective antagonist SB 215355 ( 5) [ K i's
ETA= 0.7 nM, ETB 1 µM]. In functional assays, SB 215355 blocks the contractile response 
to ET-1 at ETA (rat aorta) with K, value of 3.3 nM and yields a Schild analysis consistent 
with competitive antagonism. 
The synthesis of SB 215355 is shown in Scheme 1. Thus, commercially available 2,4-
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dichloronitrobenzene is converted to 2,4-dimethoxynitrobenzene by treatment with sodium 
methoxide in methanol in 91% yield. Selective 2-demethylation is achieved by reaction 

a) NaOMe/MeOH, reflux (91 %); b) MeSO3H/dkMethionine, r.t. (84%); c) NaH/DMF/MOMBr 88%); 
d) H,, 10%Pd/C ,EtOH (95%); e) 1-Methoxy-1-iminopentane/CH2Cl2 (85%); f) 2-Bromomalonidialdehyde
TEA, AcOH, i-PrOH , reflux (63%); g) 2- Carboethoxy-3-(2-m ethoxy-4 5-methylenedio xyphen yl) propio nic 
acid/piperidine/AcOH/benzene (63%) h) HCl/MeOH, reflux (93%); i)NaH/DMF/BrCH2CO2Et; j) NaOH/ 
H2O/MeOH then HCl/H2O (80%, two steps). 

with DL-methionine in the presence of methanesulfonic acid. Reprotection as the MOM 
ether gives, after catalytic hydrogenation of the nitro moiety, aniline 7 in 64% yield. 

Amidine formation with 1-methoxy- 1-iminopentane and subsequent conversion to the 
desired imidazole nucleus through reaction with 2-bromomalondialdehyde gives 9 in 54% 
overall yield. 
Knoevenagel condensation of 9 with 2-carboethoxy-3-(2-methoxy-4,5-methylene-

dioxyphenyl) propionic acid followed by removal of the MOM ether protection under acid 
conditions, and introduction of the oxyacetic ester side chain via alkylation with ethyl 
bromoacetate affords diester 11. Finally, deprotection of the diester 11 by saponification 
followed by acidification yields SB 215355 (47% yield from 9).
In conclusion, we have designed a novel ETA selective antagonist SB 215355 of high 

potency, which is without measurable affinity to the AT-1 receptor. This compound should 
be a valuable tool with which to probe the involvement of the ETA receptor subtype in 
disease processes. 
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You-Shang Zhang 
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Shanghai 200031, China 

Insulin was first isolated from the canine pancreas by Banting and Best in 1921. On the 
occasion of the 75th anniversary of this great discovery in biology and medicine, it is 
appropriate to review briefly studies on insulin syntheses in which my colleagues and I have 
been involved. As a protein hormone, insulin is synthesized in vivo in the islet cells of 
animals. Insulin dependent diabetics relied solely on insulin isolated from the pancreas of 
animals such as cattle and pig until recombinant human insulin became available in recent 
years. Porcine insulin, which is mainly produced in China, turns out to be the nearest 
relative of human insulin and has been used extensively in the clinic. Over many years, 
insulin from animal pancreas continues to be isolated through acid ethanol extraction. For 
removing ethanol, different methods are available, such as vacuum distillation, ion 
exchange adsorption or calcium phosphate gel adsorption, which was used in our laboratory 
many years ago for the large scale production of porcine insulin as well as the preparation 
of insulins from different species [l]. The calcium phosphate gel was formed in situ at pH 
6 from phosphoric acid present in the extract and calcium chloride added later. The 
adsorbed proteins containing insulin were eluted in aqueous acid solution. Using this 
method, rhombohedral chicken insulin crystals and dodecahedral snake insulin crystals 
were obtained. Chicken insulin shows higher in vitro activity than insulins from other 
species and crystals of chicken and porsine insulins are isomorphous. It is worthwhile to 
solve the three-dimensional structure of chicken insulin and determine the structural basis 
of its high activity. 
With the progress of peptide synthesis, chemical synthesis in vitro became a challenge in 

the Fifties. In the Sixties, bovine or ovine insulin was synthesized in laboratories of three 
countries including China. The resynthesis of native insulin in crystalline form was of great 
help [2]. It simplified the synthesis of the whole molecule to the syntheses of its two 
separate chains. It also told us that with the unique amino acid sequence and correct 
disulfide bond pairing of A and B chains, the insulin molecule would fold in the right native 
way. Semisynthesis, especially with the aid of enzymes, has advantages for studying 
structure and function relationships of insulin. Semisynthesis can be considered as a 
combination of in vivo and in vitro syntheses using a fragment of insulin produced in vivo 
coupled with a fragment synthesized in vitro. Using tryptic semisynthesis, many analogues 
with shortened or modified C-terminal regions of the B chain were prepared. Among them 
is deshexapeptide insulin (DHI), i.e. insulin with B25 to B30 removed, which is an active 
fragment of insulin worth mentioning [3,4]. Its in vivo biological activity (40%) is much 
higher than its binding activity (2%), indicating that the active site and binding site are 
relatively independent. As Peter Schiller pointed out, analogues with high biological 
activity and low binding activity are super agonists. Recently, the three-dimensional
structure of DHI was solved [5]. It was shown that DHI retained the conformation that was 
present in DPI or insulin. This result further strengthens the idea that B25 Phe or other 
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residues as well as the lost part may be involved in receptor binding but with little effect 
on biological activity. 
With the progress of gene cloning and site-directed mutagenesis, recombinant human 

insulin and its mutants were synthesized in vivo in micro-organisms, first in E. coli by Eli 
Lilly Co. and later in yeast by Novo Nordisk Co., as reported by Markussen and 
co-workers [6]. In our laboratory, yeast cells transformed by a plasmid with ADHl or PGK 
promoter, alpha-mating factor leader sequence and synthetic gene of insulin precursor have 
been used for the preparation of human insulin [7] and its mutants with fast acting or long 
acting activity. For example, we have prepared GluA17Lys human insulin which has 
reduced (about 10%) biological activity and receptor binding activity but can be 
crystallized under conditions similar to those used for insulin, indicating that A17 Glu may 
be involved in the binding site or active site [8]. According to the cross-linking binding 
model proposed by De Meyts [9], residue A 17 in the hexamer-forming surface is involved 
in the binding of insulin to its receptor. We have also prepared human insulin mutants with 
B12 Val replaced by Thr and Leu [lo]. Surprisingly, B12 Thr mutant has full in vivo 
biological activity while B12 Leu mutant has much lower activity, suggesting that 
hydrophobicity at B 12 may not be essential for insulin activity. Compared to enzymatic 
semisynthesis, site-directed mutagenesis has the advantaget of changing residues of insulin 
at any desired position . We believe that deeper insight into the structural biology of insulin 
will be gained through this powerful approach. 
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Introduction

Basic region-leucine zipper (bZIP) family of DNA-binding protein is characterized as a
basic region that contacts DNA and an adjacent region of about 30 residues containing a 
heptad repeat of leucines. This ‘leucine zipper’ forms a coiled coil and mediates protein 
dimerization [1]. Yeast transcriptional activator GCN4 in which the DNA-binding domain 
locates within the 60 residues of the protein C-terminal is one of the most extensively 
studied bZIP proteins [2,3]. X-ray structures of two specific GCN4-DNA complexes 
provide deep insight into the molecular recognition between GCN4 bZIP peptide (226-28 1) 
and its sequence-specific DNA target sites [4,5]. In this paper, we have tried to alter the 
DNA binding specificity of GCN4 bZIP peptide for the purpose of further study on 
protein-DNA interactions. 

Results and Discussion 

We selected a peptide model of GCN4(226-252) as our research target, in which the leucine 
zipper was replaced by a disulfide bond [6]. 
We have built the computer model of the GCN4-DNA complex from its crystal structure 

data. Then the peptide MU(Q,Q) was designed, which was predicted to bind the 2 mutated 
DNA site specifically (Fig.2). 

a) oligonucleotides 
-10+1

wt 5’-AGAATTCTAGATGACTCATGAATTCCTGCA-3’
3’-TCTTAAGATCTACTGAGTACTTAAGG-5’ (AP-1 site) 

3’-TCTTAAGATCTAATGATTACTTAAGG-5’ ( 2 mutated site) 
m2 5’-AGAATTCTAGATTACTAATGAATTCCTGCA-3’

b) peptides 
226 252 

WT Ac-DPAALKRARNTEAARRSRARKLQRLKQGGC-OH
MU(Q,Q) Ac-DPAALKRARNQEAARRQRARKLQRLKQGGC-OH

Fig. 1. The sequences of the peptides and oligonucleotides synthesized. WT arid MU(Q, Q) consist 
of the basic region residues plus the C-terminal linker GI,y-Gly-Cys. 
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Fig. 2. Predicted 3-D structure of MU(Q,Q) dimer-m2 complex. 

The 30-residue peptides WT and MU(Q,Q) were synthesized by manual SPPS Fmoc-
strategy. Both WT and MU(Q,Q) monomers and their oxidized dimers were purified by 
W-HPLC and verified with FAB-MS or MALDI-TOF-MS. Oligonucleotides were 
synthesized with Applied Biosystems 381A DNA synthesizer, followed by 20% 
polyacrylamide-urea gel purification. 

The DNA-binding activities of WT and MU(Q,Q) dimers were evaluated with CD 
spectroscopy. The experiments were performed on a Jasco 5-720 spectropolarimeter. We 
measured the helicity of WT and MU(Q,Q) dimer induced by wt or m2 dsDNA, and the 
thermal stability of four complexes, i.e. WT-wt, WT-m2, MU(Q,Q)-wt and MU(Q,Q)-m2.

The CD spectra showed that the helicity of WT dimer increased 105% upon adding 
specific wt dsDNA (Fig.3(a)) and increased 80% when induced by m2 (data not shown). 
WT-wt is the most stable complex among the four peptide-DNA complexes. These 
experimental results indicated that WT dimer becomes highly helical when bound to native 
DNA site, but its helicity only partially increases when interacted with 2 mutated DNA site. 
The ellipticity of MU(Q,Q) dimer increased 30% in the presence of native DNA site, and 

its helicity increased only 17% upon addition of m2 dsDNA (Fig.3(b)). Considering the 
different helix formation of WT and MU(Q,Q) dimers in the absence of DNA (MU(Q,Q) 
has 26% more helicity than WT), we concluded that the designed MU(Q,Q) dimer failed 
to bind m2 specifically. 

In the crystal structure of GCN4-DNA complex, Ser-242 directly interacts with the 3 
thymine methyl, the Gln-242 substitution should affect DNA-binding specificity. Since Gln 
can recognize base pair A•T by forming two hydrogen bonds with the adenine base, we 
predicted that Gln-236 and Gln-242 dual substitutions could bind 2 mutated DNA site 
specifically. But the CD experiments did not show our expected results. We are now 
involved in the redesigning for the next cycle of design-synthesis-DNA-binding activity 
assays.
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(a) (b) 
Fig. 3. CD spectra of peptide dimer in the presence of ds DNA. (a) WT-wt complex; (b) MU(Q,Q)-

m2 complex, peptide dimer induced by dsDNA, ------ dsDNA. The difference spectrum was 
obtained by subtracting dsDNA, ....... peptide dimer in the absence of DNA. Conditions: 10mM 
phosphate buffer(pH7.3), 100mMNaC1, 8.0 ºC. Peptide dimer (12 M), DNA (12 M). 
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Introduction

A nonprotein amino acid, DL- -amino- -[4-( 1,2-
dihydro-2-oxo-quinolinyl)] propionic acid (DL-Aoq)
was synthesized in high yield by an improved 
method and resolved for the first time by 
chymotrypsin or subtilisin to obtain L-Aoq and D-
Aoq. The optical purity of the L- and D-isomers is 
more than 95% and 99% respectively as detected by 
a chiral HPLC column. The physiological activities 
(decrease of respiratory rhythm, decrease of heart 
rate and delta-enhancing effect) of DL-Aoq, L-Aoq
and D-Aoq were evaluated in adult male and female 
rabbits.

Results and Discussion 

Synthesis
Instead of NaH/henzene [I], Na/EtOH was used for a condensation reaction between 1,2-

dihydro-2-oxo-4-bromomethyl quinoline and diethyl N-acetylamino-malonate in mild 
condition and short reaction time to obtain diethyl N-acetylamino- -[4-( 1,2-dihydro-2-oxo- 
quinoliny1)-methyl]-malonate, yield 70%, m.p.: 224~225°C (Lit[ 1]: yield 48%, m.p.: 
225°C). This intermediate compound was hydrolyzed by base, and then acidified, and 
decarboxylated to obtain DL-Aoq HCl, yield 84%, m.p.: 252~254ºC, DL-Aoq, m.p.: 
286~288°C (dec.), (Lit[ 1]: yield 62%, m.p.: 288ºC(dec.)). DL-Aoq was described by 
¹HNMR, MS, UV, IR and elemental analysis [2] while the Lit[l] only gave its melting 
point.

Resolution
The key step of resolution was to obtain the monoester, N-Ac-DL-AoqOEt. After many 

trials, we found that N-Ac-DL-AoqOEt was easy to obtain by diethyl N-acetylamino- -[4-
( 1,2-dihydro-2-oxo-quinoline)-methyl]-malonate reaction with 0.5N NaOH at 0°C and 
stirring for 8h. N-Ac-DL-AoqOEt was then resolved by chymotrypsin (pH=7.5) or 
subtilisin (pH=8.0) to get N-Ac-L-AoqOH . N-Ac-D-AoqOEt did not hydrolyze in the same 
condition. After separation and acid hydrolysis, L-AoqOH and D-AoqOH were obtained, 
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respectively. The purity of L- and D-isomers was more than 95% and 99%, respectively, 
detected by a chiral HPLC column[3]. L-AoqOHHCl, MS(FAB): 233(M+H)+, m.p.(dec.): 

m.p.(dec.): 248~252°C, [ ]D
20: -1 8.3 (c=l, 0.5N HCI). The physical constants are identical 

to those compounds that were prepared by asymmetric synthesis and chemical resolution 
[4]. The yields of our method were higher than Lit[4]. 

Physiological activities 
The physiological activities of both D-Aoq and L-Aoq were evaluated in adult rabbits of

either sex. The delta index, sigma index, as well as respiratory rhythm and heart rate were 
served as physiological variables by using mainly mesodiencephalic intraventricular 
infusion (i.c.v.), though intravenous administration (i.v.) was also adopted for comparison.
Results in rabbits showed that the mesodiencephalic infusion of both D-Aoq and L-Aoq (1 0 
µg /animal, i.c.v.) could exert similar significant central inhibitory effects to that of 
intravenous administration (100 µg/Kg, i.v.). It is of interest that though the sigma-
enhancing effects of both D-Aoq and L-Aoq (10 µ g /animal, i.c.v.) were significant 
(P<0.001), the delta-enhancing effects of L-Aoq [ 175 ± 20 (N=8) vs 114 ± 9 for the control
(N=6), P<0.05) were less significant when compared with D-Aoq [202 ± 19(N=8) vs 114 
± 9 for the control N=6), P<0.001]. On the other hand, the mesodiencephalic 
intraventricular infusion of both D-Aoq and L-Aoq (1 0 µg/animal) could also decrease 
respiratory and heart rate in rabbits. Nevertheless, although the effects of decreasing 
respiratory rates per min of both D-Aoq and L-Aoq (10 µg/animal, i.c.v.) were significant 
(P<0.001), the effects of decreasing heart rate per min were significant only for L-Aoq [93 
± (N=8) vs 96±1 for the control (N=6), P<0.001] and not D-Aoq (P>0.05). 
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Introduction

BPP is a linear polypeptide composed of 36 amino acid residues secreted by the pancreas 
[1]. Experiments in vivo demonstrated its function of treating and preventing acute 
pancreatitis [2]. Our research showed the effects of BPP on stabilizing the lipid bilayer 
structure and inhibiting the membrane fusion of liposomes [3]. After interaction with lipids 
conforma-tional changes of BPP were studied by monolayer, fluorescence and FT-IR
spectroscopy techniques. 

Results and Discussion 

The results of monolayer experiments showed that the surface membrane pressure of lipids 
increased with added BPP. curves for various lipids showed that the critical 
membrane pressure ( c) for CL, DOPA, DOPC, DOPE and DPPC was 38mN/m, 32mN/m, 
28mN/m, 26mN/m and 23mN/m respectively (Fig. l), indicating the interaction of BPP with 
lipid and its penetration into the membrane was stronger for negatively charged lipids than
neutral lipids. 

Fig. I.              curve of interaction of BPP with CL(l),DOPA(2),DOPC(3), DOPE(4), DPPC(5). conc. 
of BPP 2µg/ml, pH7.5,T. 22°C. 
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Fig. 2. 1. fluorescence spectrum of Fig. 3. Stern-Volmer curve of fluorescence 
fluorescence PP cone. 2.38 µ mol/l. 2. quenching of Tyr on BPP by Nal . ex=280nm
adding DMPC liposomes to BPP. em–308nm 1. BPP solution. Ksv 3.0 mol/l. 10 
BPP/lipid 1:100 ex=280 nm. mMTris-Hcl, 100mM NaCl pH 7.4 2. adding 

CL/DMPC liposomers into Ksv. 1.8 mol/l. RPP/lipid 
I:50 3.adding CL/DMPC liposomes into Ksv.I.4 
mol/l. BPP/lipid I: 100. 

Blue shift of the peak of fluorescence spectrum showed that the BPP environment became 
more hydrophobic after its interaction with the lipid (Fig. 2), indicating that part of the 
polypeptide was inserted into the lipid bilayer. In order to investigate further the insertion, 
fluorescence quenching experiments were used. Quenching constant Ksv was obtained with 
NaI as a soluble quencher according to the Stern-Volmer equation: Io/I=l+Ksv[Q]. It was 
shown (Fig.3) that Ksv of BPP solution (3.0 mol/l ) was higher than that after its 
interaction with lipid (1.8 mol/l for BPP/lipid: 1 :50 and 1.4 mol/l for BPP/lipid : 1 : 100),
demonstrating penetration of BPP into the membrane. The depth of insertion was studied 
with spin-labeled PC, 5-DOXYL PC and 12-DOXYL PC containing liposomes according 
to lit. [4]. Zcf, the distance between fluorescent amino acid and the center of the lipid 
bilayer was calculated to be 136 nm, indicating an insertion depth of about 14 nm below 
the head group of phospholipids. 
The secondary structure was studied by FT-IR [5].The results of deconvoluted spectra and 

curve-fitted amino I bands of BPP showed that helix content increased from 10% to 
20%, random coil decreased from 48% to 35% before and after interaction with lipid 
(Fig.4, Fig.5). 

Acknowledgment

We acknowledge the financial support from the National Nature Science Foundation of 
China, and Dr. R.E.Chance, Eli Lilly Comp, USA who sent us BPP. 

224



Chemistry-Biology-Interface

Fig. 4. Deconvoluted spectrum and the 
curve-fitted amide I' bands of BPP.

Fig. 5. The curve fitting to the deconvoluted 
spectrum of BPP after interaction with CL/PC

liposomes.
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Introduction

Copolymers of D,L-lactic acid-co-glycolic acid (PLGA) are the widely used biodegradable 
artificial polymers for sustained-release formulation [I]. There are several LHRH agonists 
which have been successfully microencapsulated in PLGA by a phase separation technique 
[2,3]. The LHRH antagonist (TX5) [4], [NAc-D2Nal1, DpClPhe², DPhe3, Ard5, D3Pal6,
DAla10]LHRH has a high biologic potency and water-soluble. The objective of the study 
was to prepare TX5-loaded PLGA(50/50) microspheres (Ms) by oil in oil solvent 
evaporation method [5], and to evaluate the encapsulation efficiency, morphology and 
controlled release of the peptide in vitro of the resulting microspheres. 

Results and Discussion 

1.The parameters of the constant TX5-loading of  2%(W/W) by oil in oil method were as 
follows:

Amount of PLGA (50/50), mg: 

Internal organic phase (Acetonitrile), ml: 

Temp. of the oil phase, ºC: 

200;
Amount of TX5, mg: 4.10; 

2
External phase (cottonseed oil), ml: 80 
Conc. of surfactant (Span 80 HLB 4.3), % : 0.5(W/V) 

22± 1 
Agitation time for solvent evaporation, min: 60 

2. Determination of TX5 content in microspheres: 5mg TX5-loaded microspheres were 
accurately weighed and dissolved in 1ml methylene chloride. TX5 was extracted with 1 
ml 0.1M acetic acid and subjected to gradient HPLC analysis [4]. 
The LHRH antagonist TX5 can be encapsulated in PLGA (50/50) microspheres with high 

encapsulation efficiency and high yield. The successful entrapment of peptide within the 
microspheres was associated with a fast rate of precipitation of the polymer from the 
organic solvent phase and a low solubility of peptide in the oil phase. The microspheres 
with TX5-loading can sustain release in vitro for up to two months at 37 °C, 80 rpm/min. 
No indications of peptide degradation were observed after extracting the peptide from the 
microsphere, and analysis by a stability-specific HPLC-method. 
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Table I. Batch-to-batch reproducibility of 

micrographs TX5-loaded PLGA (50/50) 

Batch Encapsulation Microsphere 
efficiency(%) yield(%) 

1 77.50 95.32
2 83.50 90.03
3 84.50 89.1 1 
4 80.00 93.44
5 82.00 92.23
6 79.50 94.04

average 8 1.17 92.36
SD 2.64 ± 2.40 

Fig. I. Scanning electron microscopy 
(SEM) of the microspheres. 

Table 2. Particle .size distribution and effect of the particle size on TX5-loading and 
encapsulation efficiency of PLGA (50/50) microspheres n=6

Particle size(µm) Weight fraction (%) Encapsulation efficiency(%) 

<45 16.3 1 ±4.22 74. 50±9.00 
45-75 33.42±1.99 80.50±4.50 
75- 1 05 23.1 053.35 82.00±9 .50 
105-150 19.04±4.14 84.50±8.50 
1 50- 180 4.82±1.89 83.50±10.50
180-250 2.5 1 ±1.03 79.50±9.00 
>250 0.80 ±0. 10 80.00±9.50 

Fig. 2. SEM of the microspheres after Fig. 3. Release profiles of TX5 from 
releasing, 11 days in double distilled water 
at 37 °c, 80 rpm/min. at 37° c, 80 distilled Water. 
rpm/nin.

microsphere of different particle in double 
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Introduction

Proteins and nucleic acids are two of the most important macromolecules in living 
organisms. Phosphorus plays a significant role in the structure or functions of these two 
classes of molecules. For example, phosphodiester is the backbone of DNA and RNA, and 
many proteins' activity were regulated through phosphorylation and de-phosphorylation on 
their side chains [ 1] . In the last decade our group had studied the characteristics of N- 
dialkylphosphoryl amino acids, which embodied the basic architecture of phosphodiester 
and phosphoproteins in one molecule. It was found that many bio-mimic reactions, such as 
self-catalysis to yield peptides in organic solvents or even in aqueous solution [2,3], ester 
exchange reactions on phosphorus in alcoholic media [4,5] could occur on the 
dialkylphosphoryl amino acids. 

Results and Discussion 

When the ester is exchanged between the nucleosides and the N-dialkylphosphoryl amino 
acids, the nucleotides formed [6]. Recently we investigated the interaction between 
diisopropylphosphoryl serine (DIPP-Ser) and thymidine, which is a deoxynucleoside. With 
TLC tracing the experiment, it was shown that after prolonged reaction for days in pyridine 
at room temperature a number of thymidine derivatives were formed. For their structural 
elucidation, the FAB-MS data of the crude products separated by Sephadex G10 are 
summarized in Table 1 .Through comparing with authentic samples on capillary electro- 
phoresis (CE), 5'-TMP and 5'TpT3' were confirmed as two of the products. Further 
evidence of the phosphorylated nucleoside was shown by regular and DEPT 13C-NMR
spectra. It was shown that there were four peaks around 62-67 ppm for C,' carbon, of 
which three were split by phosphorus with 3Jp-c = 4.58 Hz, indicating that5C 1 was
phosphorylated. Simultaneously there were four peaks around 69-73 ppm for C3' carbon, 
of which one was also split by phosphorus with 3JP-C = 5.66 Hz.. Thus there might be 3'-
TMP and 3'TpT3' or 5'TpT5', as well. Among the several kinds of amino acids tested, 
except DIPP-Ser, dibutylphosphoryl serine (DBP-Ser) and diisopropylphosphoryl serine 
(DIPP-Asp) also could have similar reaction. 
In general, both nucleoside and deoxynucleoside could yield a nucleotide or 

deoxynucleotide dimer of nucleic acid in participation of dialkylphosphoamino acids. 
Based on the above results, it could be presumed that in the origin and evolution of life, 
phosphoryl amino acid might have played an important role in peptides and oligonucleic 
acids pre-biotic synthesis. 
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Table I . Positive ion FAB-MS and CE data of mixed products ofDIPP-Ser with thymidine

Possible products FAB-MS I M+l CE retention time 
(relative peak intensity) (authentic sample) 

326(20) 17.75( 17.73) 

367(80)

550(10) 10.62,10.76(10.28) 
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Introduction

Chemical cleavage of DNA is of considerable importance for both molecular biological 
study and clinical applications. The commonly used reagents for DNA chemical cleavage 
are chelates of metal ions, or antibiotics and their mimics, such as Fe(II)-EDTA [ 1], Cu(I)- 
bis-( 1,10-phenanthroline) [2], Cu(II)-thiols [3,4], dynemicin A [5], calicheamicin 1[6] and 
so on. These systems all require activation by either a strong oxidant or high concentrations 
of reducing agent to generate oxygen or hydroxyl radicals, which then induce DNA strand 
scission. Recently we reported N-(O,O-diisopropyl)phosphoryl histidine (DIPP-His) enables 
to cleavage of DNA without the participation of metal ions [7]. In this paper, we describe 
a more efficient DNA chemical cleavage system, N-(O,O-diisopropyl)phosphoryl serine 
(DIPP-Ser) in saturated histidine aqueous medium. 

Results and Discussion 

DIPP-Ser was dissolved in a saturated histidine aqueous medium, pH 7.0 and stored at 
-20°C for 20 days. Then the solution was applied as the DNA cleavage reagent. It was 
found that it caused DNA strand scission in a concentration-dependent manner, thus 
converting the supercoiled plasmid to the linear form. As the incubation time was prolonged 
to 48 hrs, DNA incubated with DIPP-Ser was totally transferred into the linear form. In a 
fresh solution of DIPP-Ser in saturated histidine aqueous medium, however no cleavage was 
observed. DIPP-Ser in Tris-HCl buffer (pH 7.5) or in imidazole aqueous solution (0.25 M, 
pH 7.5) also show no obvious DNA cleavage. The storage solutions of DIPP-Ala or DIPP-
SerOMe in saturated histidine also showed no cleavage function. 
Since incubation in saturated histidine for 24 hrs had only a barely perceptable cleavage 

effect on DNA, and DIPP-Ser in Tris-HCl buffer or in imidazole had no effect, it seems that 
neither histidine nor DIPP-Ser alone can effect cleavage on supercoiled DNA. In addition, 
the fresh solution of DIPP-Ser in histidine also showed no cutting function on DNA. It could 
be deduced that both histidine and DIPP-Ser together were essential, as well as aging and 
prolonged incubation in the solution to produce the ability to cleave DNA. 
Could it be some new compound formed in the aged mixture of DIPP-Ser with histidine 

was responsible for the DNA cleavage? Since DIPP-His could cleave DNA, we first 
considered whether the mixture yielded DIPP-His. The negative ion fast atom 
bombardment mass spectrometry of the storage solution showed no obvious DIPP-His peak 
(M-1=3 18). However, there was an intensed DIPP-Ser-His dipeptide peak (M- 1=405) in 
the MS spectrum. The results were the same as in our previous work that demonstrated 
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Scheme 1. Presumed mechanism of DNA cleavage by Ser-His dipeptide.

DIPP-amino acids could create phosphopeptide in aqueous medium solution with other 
amino acids [8]. After loss of the phosphoryl group, N-phospho-Ser-His dipeptide will 
produce Ser-His dipeptide. It was thought that the Ser-His dipeptide might evince the DNA 
cleavage phenomenon. After treatment with the authentic Ser-His dipeptide, DNA cleaving 
was indeed observed. The cleavage mechanism was postulated as Scheme 1. There are 
simultaneously both a binding site and catalysis site in one molecule. The imidazole group 
fixed the phosphoryl group through ionic interaction to hold DNA and the peptide 
together, then a pentacoordinate phosphorus transition state was formed, which was easily 
hydrolyzed by water to give DNA fragments. Further studies are now in progress to confirm 
the mechanism. 
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Introduction

RNA cleavage agents have received considerable attention for multiple purposes, such as
the strategy of coupling a RNA hydrolytic catalyst to antisense DNA for site-directed
cleavage of RNA in gene therapy [1]. Ribozymes have been described as possible agents 
against HIV. But low efficiency and high sensitivity to RNases limit their usage. In 
addition, studies on RNA structure and function have been hampered by the limited kinds 
of site-specific RNases isolated from living cells [2]. Therefore, it is necessary to develop 
new strategies for RNA hydrolyzing reagents. The cleavage of RNA via hydrolysis of the 
phospho-diester backbone has attracted many attention due to advantages over oxidative
cleavage [3,4]. It has been shown that N-(O,O-diisopropyl) phosphoryl amino acids 
possessed many bio-mimic characteristics. For example, they can self-catalyze to form 
peptides and can conduct ester exchange on phosphorus. This paper describes the RNA 
cleavage function of N-(O,O-diisopropyl)phosphoryl serine (DIPP-Ser) in histidine buffer 
and discusses the possible mechanism. 

Results and Discussion 

Fig. 1 shows the result of agarose gel electrophoresis of yeast RNA incubated with 
increasing concentrations of DIPP-Ser in saturated L-histidine buffer. The result was 
confirmed by capillary electrophoresis. The cleavage reaction seems to be specific for 
DIPP-Ser in histidine buffer, because no such phenomena occurred when Tris Cl(50 mM)
or imidazole (0.4 mM) was used instead of histidine as buffer. This phenomena also dis not 
occur when DIPP-Ala (DIPP-alanine), DIPP-SerOMe (DIPP-serine methyl ester) or serine 
(20mM) without any modification was used as cleavage agent in saturated histidine buffer. 
The above results indicated that DIPP-Ser in saturated L-histidine aqueous solution can 

cleave RNA at micromolar concentration at neutral pH and 37°C. As the concentrations 
of DIPP-Ser increased, the extent of the cleavage increased significantly. The cleavage 
reaction needs both DIPP-Ser and histidine simultaneously. In our experiment, we found 
that histidine buffer itself also catalyzed the cleavage of RNA. This result was reasonable. 
It is well known that the imidazole ring in the histidine side chain plays an important role 
in many enzymes, such as in ribonuclease A where the two imidazole rings of His-12 and 
His-1 19 act as both the acid and base catalysts in RNA cleavage. We propose that the 
mechanism for the cleavage of RNA by histidine is similar to ribonuclease A. What is most 
interesting is that the extent of cleavage increased significantly after DIPP-Ser was added. 
Moreover, cleavage occured in a DIPP-Ser concentration dependent manner. DIPP-Ser
must play an important role in the cleavage reaction. However, DIPP-Ser without histidine
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a. Before incubation b. Incubated at 37 °C for 17.5h 

Fig. I. Representative cleavage patterns of yeast RNA by DIPP-Ser and histidine on 1.2 agarose
gel. Lunes 2-7, RNA (1 mM in base) was incubated with DIPP-Ser in saturated L-histidine buffer, 
pH 7.5 at 37 °C for 17.5 hr. lane 1, the same composition with lane 7, kept at 20 °C. The
concentrations of DIPP-Ser from lanes 1-7 are 0 mM, 0.5 mM, 1.0 mM, I.5 mM, 2.0 mM, 2.5 mM,
0 mM. 

had no effect on RNA. Traced by FAB-MS, DIPP-Ser-His (N-O,O-diisopropylphosphoryl 
Ser-His) dipeptide was found in the DIPP-Ser and histidine mixture. We therefore propose 
that DIPP-Ser-His was responsible for the cleavage reaction. 
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Introduction

Protein domain is an important structural unit in protein molecules. Identification and 
assignment of domains from the three-dimensional structure can be accomplished by visual 
inspection and computer programs. A database of protein domain assignment is useful for 
molecular biologists. The rapid development of computer networks and the information 
highway provides means for constructing molecular bioinformatics servers. A World-Wide
Web Server of protein domain assignment has been set up on the Internet. 

Materials and Methods 

The table of protein domain assignment resulting from both literature paper survey and 
computer program output was used to construct the database of domain assignment for 284 
non-redundant protein chains. The database contains various information on domain 
arrangement, folding type, ellipticity and surface area, as well as PDB code, chain ID and 
protein name. It can be searched on PDB code or by a keyword of protein name. Interactive 
assignment of domains based on the 3D coordinates on local machines is available by 
running the domain assignment program on the server. The coordinates of determined 
structures were obtained from the Brookhaven Protein Data Bank. Remote users can 
provide their own set of coordinates to run the program and to get results directly. Various 
new techniques in computer and information science, such as HTML, Email and network 
programming were implemented in this work. The HTTP addresses are as follows: 
http://bonsai.lif.icnet.uk/domains/domain.html
http://www.lsc.pku.edu.cn/domains/domain.html.

Results and Discussion 

A typical output of domain assignment gives some general information. An example of the 
domain assignment for the Fc fragment of Immuno-globulin is as follows: 

PDB Code: 1fc1 
Chain ID: A 
Protein Name: Fc Fragment 
Number of residues: 2 07 
X-ray Resolution: 2 . 9 angstroms 
Percentage of Alpha: 12 
Percentage of Beta: 51 
Surface Area: 13110 angstroms 
Ellip ti ci ty : 

X-ray R factor: . 2 2 

2. 9 
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Result of domain assignment based on literature paper and from the program are as 
follows:

Number of Domains: 2 
Domain 1 

Number of fragments: 1 

Percentage of Alpha: 13
Percentage of Beta: 48
Type of fold: Beta/Beta
Number of Residues: 104
Surface Area: 672 9 
Loss of surface Area: 500 angstroms 
E l  l i p t i c i ty  : 2.4
Number of fragments: 1 

Percentage of Alpha: 11
Percentage of Beta: 55
Type of fold: Beta/Beta
Number of Residues: 102
Surface Area: 62 60 
Loss of surface Area: 508 angstroms 
E ll i p t i c i t y : 2 . 6

Start from Residue No: 238 (PDB file residue ID)
Stop at Residue No: 341 (PDB file residue ID)

Domain 2 
Start from Residue No: 342 (PDB file residue ID)
Stop at Residue No: 443 (PDB file residue ID)

Domain 1 
Start from residue No: 238 (PDB file residue ID)
Stop at residue No: 340 (PDB file residue ID)
Start from residue No: 341 (PDB file residue ID)
Stop at residue No: 444 (PDB file residue ID)

Domain 2 

Further development of this domain assignment server, such as expanding the database, 
improvement of the automatic assignment and inclusion of image presentation, is underway. 
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Introduction

It is well known that synthetic amphiphilic amino acid mimics can form vesicles or 
liposomes under certain conditions. However, construction of peptide vesicles from native 
proteins is a new attractive subject and has some potential for medical application. Various
methods of cellular and molecular biology have been used to investigate the combination 
and insertion of vesicle walls. This paper presents the morphological characterization of 
peptide vesicles by means of electron microscopy. 

Materials and Methods 

The peptide vesicle was made from a 35kD storage protein purified from the flour of 
Chinese wheat Triticum aestivum [[1]. The method of ultrathin sectioning was used in 
specimen preparation. After adding agar (1.6%) into the peptide vesicle solution, the 
specimen was fixed with glutaraldehyde (2.5%) and osmic acid (1%), dehydrated with 
acetone, embedded in Epon 8 12. It was then sectioned, stained with uranyl acetate and lead 
citrate, and examined under a JEM-1 00CX transmission electron microscope. 

Results and Discussion 

The diameter of the vesicles was shown to vary between 0.2µm to 2.0µm with a wall 

Fig. 1. Ultra  thin  section  of  peptide vesicles, about 1.5 x 1.0µm , The wall of the peptide vesicle was 
attached with fibrils . (X42900) 
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Fig. 2. The peptide vesicles fused with rabbit red blood cell .The bilayer of the red blood cell has 
changed into a single layer at the fusion position. (X22100)

thickness of  0.02-0.20µm. Fibril attachment can be found at  the surface of  the vesicles (Fig. 
1). Encasement of Even's blue (0.4kD) by peptide vesicles was shown in our experiment. 
Enclosing a 150kD fluorescent antibody will be carried out to explore its potential 
medical application as a drug carrier. Dehydration and rehydration can be found under 
both electron and light microscope. The peptide vesicles can be fused into erythrocyte 
membrane by constituting the vesicles with membrane fragments of rabbit red blood cells. 
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Introduction

Metallothioneins (MT) are a family of cysteine-rich, low molecular weight, metal-binding
proteins [I]. They play an important role in the homeostasis of essential metal ions, eg, 
zinc and copper [2], as well as in the detoxification of heavy metals such as cadimum and 
mercury. They are also important in mammalian UV response. MTs are usually single-chain
proteins, without a a-helix or -sheet, and bind a total of 7 equivalents of bivalent metal 
ions. In this regard, MTs are ideal proteins for the examination of structure/function 
relationships by site-directed mutagenesis or other molecular biological methods. The 
expression of MT in E.coli has been reported previously, but attempts to produce high 
levels of recombinant proteins had only limited success because of their low stability [3,4]. 
We describe here the expression in E. coli of mouse MT-I cDNA as a carboxyl-terminal
extension of glutathione-S-transferase.

Results

Two oligonucleotide primers were synthesized and plasmid pBX/MT, containing mMT-I
cDNA, was used as template for the polymerase chain reaction. Amplification products of 
the predicted size (205 bp) were verified on 8% PAGE. These products were then inserted 
into glutathione-S-transferase(GST) fusion expression vector, pGEX-4T-1 (Pharmacia), to 
produce plasmid pGMA5 (Fig. 1). 

E. coli BL2 1 cells transformed with pGMA8 plasmids were cultured and amplified as 
described before [5] and the fusion proteins were expressed after CdCI2and isopropyl- -D-
thiogalactoside (IPTG) were added. The GST-MT fusion protein (33KD) was detected by 
SDS-PAGE and was about 51% of total crude lysates. The fusion protein was purified by 
single-step affinity chromatography on glutathione-Sepharose4B (Pharma-cia) [5]and 
digested with thrombin on the column at 25°C. SpMT was cleaved from GST and purified 
by gel filtration on Sephadex G50 (Fig.2) and lyophilized. 
The contents of bound Cd and thiol group of GST, GST-MT fusion protein and purified 

SpMT were determined (Table 1) by atomic absorption spectro-photometry and Ellman's 
reagent, respectively. Amino acid analysis of SpMT was performed and gave the expected 
results.
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Fig. 1. Construction of plasmid pGMA5.

Table 1. Metal content and thiol content of GST, GST-MT and SpMT 

Fig. 2. Gel filtration pattern on Sephadex-G50. 

Protein Cd: Protein Thiol: Protein 

GST 0.14: 1 1.8: 1 

GST-MT 6.55: 1 18.5: 1 

Sp-MT 6.50: 1 17.4: 1 

Discussion

The expression levels of MT in E.coli are always limited because of its high content of thiol 
groups, which are toxic to the host cell. In this paper, a fusion expression vector, pGEX-
4T- 1, was selected and a much higher yield was attained than previously. The GST-MT
fusion protein synthesized in E.coli represents approx.5 1% of total cellular protein, in 
which the MT portion is about 116 8.5%. This is considerably higher than the expression 
level (0.5%) achieved for mouse [4] or monkey [3] MT in E.coli.
Protein content was estimated using a Coomassie blue-based reagent (BIO-RAD) and 

bovine serum albumin as standard. Both ratios of Cd/protein and thiol/protein are lower 
than expected, 7: 1 and 20: 1, respectively, because the reactivities of GST, MT and BSA 
with Coomassie blue in the protein assay are different. Also the presence of contaminants 
in proteins will reduce the apparent ratios. 
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Introduction

A new method is described that allows non-radioactive determination of all phosphoamino 
acids in peptides or proteins. It involves partial hydrolysis of peptides or proteins using 6
N HCI at 110°C for 1.5 hour, then derivatization of the liberated amino acids with 
phenylisothiocyanate and finally separation of all PTH-phosphoamino acids from other 
PTH-amino acids or peptides by capillary electrophoresis.The detection limits are 170 fmo] 
for phosphotyrosine, 350 fmo] for phosphothreonine and 700 fmol for phosphoserine. 

Results and Discussion 

Figure 1 shows the separation of all the phosphoamino acid PTH-derivatives. One of the 
advantages of the method is that there is almost no interference from other amino acids
under the analytical conditions. In the electrophoretic condition of pH 2.5, all PTH-
phosphoamino acids carry negative charges, whereas other PTH-amino acids carry positive 
charges or no charges. During electrophoresis, only PTH-phosphoamino acids migrate to 
the detector and all other PTH-amino acids migrate in the opposite direction and can not 
be detected. Phosphate electrophoretic buffer can inhibit the hydrolysis and the -
elimination of phosphoester bonds of PTH-phosphoamino acids. The analytical conditions 
are: fused silica capillary, 72 cm long (50 cm to detector ), 50 µm I. D.; buffer: 25 mM
sodium phosphate, pH 2.5, containing 15 mM sodium chloride; voltage: -22 kV ; 
absorbance ofPTH-derivatives monitored at 261 nm.
Kemptide ( L R R A S L G ) was phosphorylated in a reaction catalyzed by the catalytic 

subunit ofprotein kinase A. A phosphothreonine-containing peptide (K R T-P L R R ) was 
obtained by incubating the native peptide with protein kinase C and ATP. The 
phosphopeptides were purified by RP-HPLC. We applied the method to analyze the 
phosphorylation sites in the above two phosphopeptides and a phosphotyosine-containing
peptide ( E D N E Y-P T A R Q G A ) ( Fig. 2 ). Two natural phosphorylated proteins, -
casein and phosvitin, were also analyzed ( Fig. 2 ). A higher concentration of trifluoroacetic 
acid in the sample solution can destroy PTH-phosphoamino acids during electrophoresis.
0.1% or 0.2% trifluoroacetic acid in the sample solution is recommended for the analysis 
of PTH-phosphoserine.
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Fig. 1. Separation and identification of PTH-phosphoamino acids. 2 nmol phosphoserine, 
phosphothreonine and phosphotyrosine, each derivatized with phenylisothiocyanate. PTH- 
derivatives dissolved in 20 µI sample solution (0.2 % TFA, 20 % CH3CN, 25 mM NaCI) and 7nl
injected into the capillary. 

Fig. 2. Identification of phosphoamino acids in peptides or proteins. Samples were partially 
hydrolyzed and derivatized with PITC. PTH-derivatives were dissolved in 5 µl sample solution 
except for the analysis of phosvitin, in which PTH-derivatives were dissolved in 100 µ1 sample
solution; (a) 2 nmol L R R A S-P L G, injection 5 sec; (b) I nmol K R T-P L R R, injection 4 sec;
(c) I nmol E D N E Y-P TA R Q G A, injection I sec; (d) lnmol -casein, injection 2 sec; (e) 0.5 
nmol phosvitin, injection 2 sec.
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Introduction

A 28kD protein with ATPase activity was purified from the cytoplasmic extracts of maize 
pollen. It was shown that the 28kD protein was obviously different from the known motor 
proteins such as kinesin or dynamin. It was probably a new microtubule-associated protein 
with low molecular weight. 

Results and Discussion 

A new 28kD protein was purified by ammonium sulfate fractionation, DEAE-Sephadex A50

and Mono S ion-exchange chromatography (Fig. 1). Its isoelectric point was pH8.3 
determined by IEF-PAGE.Westem-blotting analysis indicated that the 28kD protein did not 
have specific immuno-reactions with anti-kinesin monoclonal and anti-dynamin polyclonal 
antibodies.The maximum ultraviolet absorbance was at 278nm. CD spectrum analysis 

Fig. 1. SDS-PAGE of the 28kD protein. Lane I, Standard MW markers;Lane 2, Crude extracts;Lane 
3, Fractions after DEAES ephadex A50 column: Lane 4, Preparation purified by Mono Q column. 

indicated that the content of -helix was 26.56%, -sheet 15.97%, and random coil 
51.88%, and the 28kD protein existed in the form of globulin. Pharmacological study 
showed that its ATPase activity was strongly inhibited by Na3VO4 but insensitive to NEM, 
it was inhibited about 50% by NaF.Oligomycin, KNO, and ouabain had no inhibitory 
effects on the ATPase activity of 28kD protein (Table 1). The above results demonstrated 
that the 28kD protein is probably a new microtubule- associated protein and may play an 
important role in the transport of substances along the microtubule in the pollen. 
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Table I. Pharmacological Characterization 

Inhibitor ATPase activity (% control)

100
1 00µM Na3VO4 13
lm MNEM 85 
2.4m MNaF 51

10µg/µ oligomycin 108
100mMKNO3 96

100µM ouabain 100
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Synthesis of peptides using a thioredoxin gene fusion 
expression system: An application to hirudin 

Xu-Dong Zhu, Du-Sheng Cheng, Xiu-Zhen Li and Feng-Yun Liu
Institute of  Biotechnology, Beijing 100071, China 

Introduction

Hirudin is a polypeptide of 65 amino acids that acts as a very specific inhibitor of -
thrombin,which plays a central role in blood clotting, because of its intrinsic properties, ie, 
strong affinity to a-thrombin, low antigenicity and low toxicity. In this article, we tried to 
obtain a large amount of hirudin by genetic engineering. Because hirudin produced in E.coli
has a half-life of only 10-15 min [I], making direct expression of hirudin difficult, the 
thioredoxin gene fusion expression system was used. 

Results and Discussion 

The hirudin gene was synthesized using codons typical for highly expressed E.coli proteins.
An ATG codon for Met at the 5' end was added to allow the cleavage of fusion protein 
with cyanogen bromide for hirudin recovery. Using the thioredoxin gene fusion expression 
system [2], the hirudin gene was designed to be expressed as a fusion protein with 
thioredoxin under the control of the P, promoter. E.coli GI724 cells were transformed and 
colonies were screened by PCR.The plasmids of three positive colonies were sequenced. 

Fig. 1. Structure of pZxdl4. 
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A plasmid with the correct nucleotide sequence was designated pZxdl4 (Fig 1). The 
bacterial cells harboring pZxdl4 were induced to express the fusion protein.The cells were 
osmotically shocked and the fusion protein was released into the shock fluid [2], and 
reacted in 70% formic acid with cyanogen bromide.The mixture was lyophilized and 
desalted on Sephadex G-25.The biological activity of the purified product was 
characterized by anticoagulant assay [3] and colorimetric assay using the thrombin 
chromogenic substrate Chromozym TH [4] (Data not shown).The yield of hirudin was at 
least 6mg/liter of bacterial culture. 
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Kinetics of self-assembly into oligopeptides 
from N-phosphoamino acids 

Wei-Hua Zhou and Yu-Fen Zhao 
Bioorganic Phosphorus Chemistry Laboratory, 

Tsinghua University, Beijing 100084, China

Introduction

The study of the kinetics of oligopeptide formation by the Fourier transform infrared 
(FTIR) spectroscopy method [1,2] was reported previously. In this paper, the oligopeptide 
formation from N-(O,O-dialkyl) phosphoamino acids (DAP-aas) in anhydrous media under 
low temperature and low concentration conditions were analyzed with biuret reaction. The 
results indicated that peptide formation followed a first-order kinetics reaction. 

Results and Discussion 

The peptides derived from DAP-aas were measured using biuret reaction. The relationship 
between peptide concentration(A) and incubation time(t) was processed as InA vs t and a 
linear connection was found, suggesting a first-order oligopeptide formation reaction. The 
rate constants k in different media are shown in Table 1 and the temperature effect on k is 
listed in Table 2. 

Table I. N-phosphonamino acids and rate constants ofpeptide formation [(RO)2P(O)NHCH(R,) COO] 

entry R group R' group in pyridine in iPrOH 
k1(x 10-5)s-1 k2(x 10-6)s-1 k1/k2

la n-butyl -CH3 1.75 2.62 6.6 
lb i-propyl -CH3 1.66 2.03 8.2 
1c ethyl -CH3 1.82 3.10 5.9 
2 i-propyl -OH 1.93 3.74 5.2 

5 i-propyl -(CH2)4NHP(O)(OR)2 1.32 / / 

3 i-propyl -COOH 2.04 5.56 3.67 
4 i-propyl -C6H5 1.50 1.17 12.8 

The peptide formation was proposed to be the result of a series of intramolecular penta-
coordinate phosphorus processes of the activated amino group and the activated carboxyl 
group [3], Therefore the rate-controlling steps could be assigned to the formation of the 
intramolecular transition state which is proportional to the concentration of DAP-aas; the 
expected kinetics should be a first-order reaction. In the presence of nucleophilic side 
chains such as the hydroxyl and carboxyl groups in DAP-aas, it might be also possible to 
form a hexa-coordinate transition state which is much more reactive for the activated 
amino group and carboxyl group formation [4]. Hence it is convincing that in the two 
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Table 2. The rate content k(X10-6, s-1) and the apparent activation energy(E) 

k in i-PrOH k in pyridine 
Entry 40°C 55°C E(kJmol.-1) 40°C 55°C E(kJmol-1)

1b 2.03 9.17 83.8 16.6 65.7 78.3 
3 5.56 12.9 117.4 20.4 151 114 

reaction systems, DAP-aas with a higher polar side chain will form peptides more easily 
(Table 1). The substituents in the phosphoryl group also had an observable impact on k, 
perhaps because of the steric hindrance to the crowded transition state formation. The 
observed rate constants IC >la>lb suggest that the smaller alkoxy1 group is more 
favourable to the transition state. As for the solvent effect, pyridine might act not only as 
the base to make the carboxyl group of DAP-aa in the form of anion, but also as the 
nucleophilic reagent to promote penta-coordinate transition state formation. Thus the 
apparent activation energy is lower compared to the condition with isopropanol as the 
solvent.

Acknowledgment

The authors thank the financial support from the China National Natural Science 
Foundation.

References

1.
2.

3.

4.

Li,Y.M., Yin,Y.W. and Zhao, Y.F., Int. J. Peptide Protein Res., 39 (1992) 375. 
Hu, X.R., Mao,T.Q., Jiang , X.Z., Lu, W.Q. and Sun, S.Q., Proceeding of the 8th Conference on Molecular 
Spectroscopy, Peking University Press, 1994, p. 25. 
Hu, R., Mao,Y. and Tao, X., In Lau, A,, Siebert, F. and Werncke, W. (Eds) Time -Resolved Vibrational 
Spectroscopy VI, Springer-Verlag, 1993, p. 260. 
Zhao, Y.F., Li, Y.M. and Yin,Y.W., Science in China (Series B), 36 (1993) 1451. 

25 0 



Inhibition of trypsin by N-phosphoamino acids 

Wei-Hua Zhou and Yu-Fen Zhao 
Bioorganic Phosphorus Chemistry Laboratory, 

Tsinghua University, Beijing 100084, China 

Introduction

The serine proteinases and their inhibitors play important roles in regulating many
biological cellular events [l]. There are numerous natural protein inhibitors including some 
with low molecular weights [2]. The N-phosphoamino acids, containing the tetrahedral 
phosphoryl group that resembles the unstable transition state involved in the catalytic 
reaction of serine proteinase, and the amino acid side chains that may act as natural 
substrates to serine proteinase, probably inhibit proteinase by the transition-state-analog
mechanism proposed by Robertu [3]. The result presented in this paper indicates that N-
(O,O-dialkyl) phospho amino acid (DAPaas) are novel trypsin inhibitors. 

Results and Discussion 

The trypsin, after being incubated with DAPaas at 25°C, gradually lost its esterase activity 
(Figure 1). Different DAPaas showed different inhibition abilities (Figure 2). N-(O,O- 
dibutyl)phosphoalanine, N-(O,O-diisopropyl) phosphoalanine (DIPP-ala) and DIPP-phe
at mM concentrations can inactivate trypsin completely in 20 h. However, DIPP-asn, DIPP-
arg, DIPP-ser and DIPP-asp inhibited only 40%~60% of trypsin activity. 
The catalytic activity of trypsin is contributed to a triad charge relay net of Ser195, His57 

and Asp 102 residues [4]. A tetrahedral intermediate(TI) through the nucleophilic attacking 
of the carbonyl carbon by the ser195 residue is involved in peptide bond hydrolysis. The 
DAPaas, assuming a transition-state-like tetrahedral structure at the phosphorus center 

Fig. 1. The esterase activity of trysin and 
trypsin+ DIPPala. 

Fig. 2. The inhibition curves of DAPaas. 
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should fit spatially to the hydrophobic catalytic site and be trapped by the active site. Thus 
the less polar DAPaas can gain access relatively easily to the hydrophobic active site. The 
trapped DAPaas, due to their high reactivity, for example, intramolecular phosphoryl group 
migration from amino group to hydroxyl group [5], react with the active residues resulting 
from spatially close contact. The 31P NMR signals at -1 ~ -2 ppm characteristic of 
alkylphosphate for purified trypsin suggested the formation of a serine/threonine adduct in 
the reaction of DAPaas with trypsin. The result with BSA inferred the formation of adduct 
only on the special protein residue. In most cases, the nucleophilic ability of the hydroxyl 
group of Ser195 may be enough to attack the electron-deficient phosphorus in DAPaas to 
form a stable tetrahedral adduct because the migration from phosphorus nitrogen bond to 
phosphorus oxygen bond is thermodynamically favoured ( G= -3OkJ/mol). 
DAPaas can inhibit trypsin. The inhibition efficiency varied with molecular polarity. The 
lower polarity molecules like DAP-ala, DIPP-phe could inactivate trypsin completely. 
However, the higher polarity molecules like DIPP-ser, and DIPP-asn, only inhibited 40% 
~60% of trypsin activity. The transition-state-like phosphoryl group with its high reactivity 
might be responsible for the inhibition ability. 
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Conjugation of galactosamine and ricin 
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Introduction

Galactosamine is a compound of live affinity, which suggests that it may be used as a 
carrier for other drugs. In this work, the possibility of using galactosamine as a carrier for 
protein drugs is investigated. Ricin toxin, chosen as a model protein, has been tested. We 
successfully linked D-galactosamine hydrochloride with ricin and obtained a purified 
conjugant.

Method and Results 

D-galactosamine hydrochloride was prepared from sodium chondroitin. Sodium 
chondroitin was dissolved in an appropriate amount of water by stirring at warm tempera-
ture, then concentrated hydrochloric acid was added to neutralize the reaction liquid, until 
it had strong acidity, then stirring and reflux for 2hrs . The completion of the hydrolytic 
reaction was detected by TLC, after which active carbon was added for decolorization, then 
filtering and evaporating to remove the water. The residue was purified by recrystallization 
from the mixed solvent alcohol-acetone. A white crystal is obtained and dried in vacuum. 
M.P. 178-179ºC [ ] +90°. Ricin was purified from caster bean. Galactosamine and ricin 
were conjugated through their -NH2 and -COOH groups with linking agents N-(3-
Dimethylaminopropyl)-N'-ethylcarbodiimidehydrochloride (EDC). Ricin was dissolved in 
phosphate buffer(pH7.0), then galactosamine was added. After mixing well, EDC was 
added and dissolved completely, then the pH of the reaction solution was adjusted to 7.0 
with 1MNaCO3, and kept at 23ºC for 24 h. Purification was performed by Sephadex G-25
column chromatography, the protein eluate was pooled and dialyzed against distilled water, 
then concentrated and stored at 4ºC for use. 

The conjugate was identified by the phenol sulfate method. The phenol-sulfate reagent can 
give a color reaction with the hexose group in the conjugant accompanied by maximum 
absorption at 490nm. Phenol-sulfate reagent was added to the diluted conjugate solution, 
ricin solution was also added separately as contrast, and 20min later OD490 was detected. 
As a result, the conjugate reaction mixture appears as an obvious orange color compared 
to the ricin reaction mixture, proving that galactosamine was successfully conjugated to 
protein.
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