WWILEY-VCH

B.Ernst,G. W. Hart, P. Sinay

Carbohydrates in
Chemistry and Biology

Part I: Chemistry of Saccharides

Vol.1




Beat Ernst, Gerald W. Hart, Pierre Sinay

Carbohydrates

Part I

Vol. 1

in Chemistry
and Blology

Chemical Synthesis of N___~
Glycosides and Glycomimetics

(T

FWILEY-VCH

Weinheim - New York - Chichester
Brisbane - Singapore - Toronto




Prof. Dr. B. Ernst Prof. Dr. G. W. Hart Prof. Dr. P. Sinay

Institut fiir Molekulare Dept. of Biological Chemistry Dept. de Chimie, URA 1636
Pharmazie Johns Hopkins University Ecole Normale Supérieure
Universitit Basel School of Medicine 24 rue Lhomond
Klingenbergstrasse 50 725 N. Wolf St. Rm. 75231 Paris Cedex 05
4051 Basel 401 Hunterian France
Switzerland Baltimore, MD 21205-2185

USA

‘ This book was carefully produced. Nevertheless, editors, authors and publisher do not warrant ‘
. the information contained therein to be free of errors. Readers are advised to keep in mind that

‘ statements, data, illustrations, procedural details or other items may inadvertently be ‘
 inaccurate.

Cover picture: 3,6-dideoxyhexose binding to antibody se155.4
Courtesy of David Bundle, University of Alberta

Library of éongress Card No.: applied for
A catalogue record for this book is available from the British Library.

Die Deutsche Bibliothek - CIP Cataloguing-in-Publication-Data
A catalogue record for this publication is available from Die Deutsche Bibliothek

ISBN 3-527-29511-9

© WILEY-VCH Verlag GmbH, D-69469 Weinheim (Federal Republic of Germany). 2000

Printed on acid-free and chlorine-free paper.

All rights reserved (including those of translation in other languages). No part of this book may be
reproduced in any form - by photoprinting, microfilm, or any other means - nor transmitted or
translated into machine language without written permission from the publishers. Registered
names, trademarks, etc. used in this book, even when not specifically marked as such, are not to be
considered unprotected by law.

Composition: Asco Typesetters, Hongkong. Printing: betz-druck gmbH, D-64291Darmstadt.
Bookbinding: Wilhelm Osswald & Co., D-67433 Neustadt.

Printed in the Federal Republic of Germany.



Beat Ernst, Gerald W. Hart, Pierre Sinay

Carbohydrates in Chemistry and Biology

F)WILEY-VCH



Related Titles from WILEY-VCH

A. E. Stiitz (ed.)

Iminosugars as Glycosidase Inhibitors

XIV, 397 pages with 152 figures, 24 in color, and 48 tables
plus a comprehensive 123-table of glycosidase inhibitors
1999. ISBN 3-527-29544-5. Cloth

Y. Chapleur (ed.)

Carbohydrate Mimics — Concepts and Methods
XXVIII, 604 pages with 375 figures and 52 tables
1998. ISBN 3-527-29526-7. Cloth

H. van Bekkum, H. Réper, A. G. Vorhaben (eds.)
Carbohydrates and Organic Raw Materials 111
X, 315 pages with 156 figures and 68 tables

1996. ISBN 3-527-30079-1. Cloth

T. K. Lindhorst

Essentials of Carbohydrate Chemistry and Biochemistry
XIV, 323 pages with 244 figures and 11 tables

2000. ISBN 3-527-29543-7. Paperback



About the Editors

Beat Ernst studied chemistry at the ETH in Ziirich, Swit-
zerland, where he completed his PhD-thesis about novel
tricyclic hydrocarbons under the guidance of Professors
Oskar Jeger and Camille Ganter. After his post-doctoral
research on tirandamycinic acid with Professor R. E.
Ireland at caltech in Pasadena, he joined the Central
Research Laboratories of Ciba-Geigy (now Novartis) in
Basel where he headed the Carbohydrate Research Sec-
tion. In 1998 he became Professor of Molecular Pharmacy
at the University of Basel, Switzerland. His major research
interests are Carbohydrate Chemistry and Glycobiology—
mainly the chemical and enzymatic syntheses of oligo-
saccharides, investigation of carbohydrate/lectin inter-
actions and carbohydrate mimics. In 1991 he was
awarded the Werner-Price of the Swiss Chemical Society,
and in 1993 he became CIBA-fellow for his research
contributions.

Gerald Warren Hart is Director and DeLamar Professor
of Biological Chemistry at Johns Hopkins University in
Baltimore, MD. He studied biology, and chemistry at
Washburn University and completed his PhD-thesis in
developmental biology at Kansas State University before
he was appointed assistant professor of Biological Chem-
istry at Johns Hopkins University School of Medicine.
From 1993 to 1997 he held a chair at the department of
Biochemistry and Molecular Genetics at the University of
Alabama before he returned to Johns Hopkins University.
In 1989 he founded the journal Glycobiology which be-
came the leading journal in the field. His research results
and contributions to the field of glycobiology are honored
with many prices and awards—President of the Society of
Glycobiology, Member of the Council of the ASBMB,
First International Glycoconjugate Organization Award,
just to name a few.



VI

About the Editors

Pierre Sinay studied chemistry at Ecole Nationale Supér-
jeure des Industries Chimiques, Nancy, France, and
received his PhD from the University of Nancy. After his
post-doctoral research at Harvard University he became
Professor at the University of Orléans before he was
appointed professor of organic chemistry at Pierre et
Marie Curie University and Ecole Normale Supérieure in
Paris. His main research focuses on the chemical synthesis
of oligosaccharides of biological relevance and on the de-
velopment of new synthetic methods in the carbohydrate
field. He is Editor-in-Chief of the journal Carbohydrate
Letters and he has published numerous scientific papers
and patents. In 1987 he was elected president of the or-
ganic chemistry division of the French Chemical Society.
In 1978 he was awarded the Le Bel Price of the French
Chemical Society, in 1996 he was triple-honoured with the
Desnuelles Price, the Bethellot Medal and with the election
as corresponding member of the French Academy of
Sciences.



List of Contributors

(only main authors are listed)

Gillian Air

Dept. of Biochemistry and Molecular Biology

University of Oklahoma, Health Center
BMSB 840, P. O. Box 26901

Oklahoma City, OK 73190

USA

Nathan N. Aronson
Department of Biochemistry
University of South Alabama
MSB 2152

Mobile, AL 36688

USA

Michele Aubery
U180-INSERM U180
45 Rue Des Saints Peres
75006 Paris

France

Claudine Augé

Laboratoire de Chimie Organique
Multifonctionelle

DR2 CNRS 462

Universite de Paris-Sud Inst. de Chimie
Moleculaire (ICMO)

91405 Orsay Cedex

France

John S. Axford

St. George’s Hospital Med. Ctr.

Cranmer Terrace

London SW17 ORE

England

Samuel H. Barondes

Langley Porter Psych. Inst.
401 Parnassus Avenue

San Francisco, CA 94143-0984
USA

Subhash Basu

University of Notre Dame
Stephan Chemistry Hall, Rm 443
Notre Dame, IN 46556

USA

Jean-Marie Beau

Univ. Paris-Sud

Lab. de Synthese de Biomolecules
URA CNRS 462, Inst. de Chimie
91405 Orsay

France

Merton Bernfield

Harvard Medical School
Enders Building, Room 961
300 Longwood Avenue
Boston, MA 02115

USA

Mikael Bols

Department of Organic Chemistry
Aarhus University
Langelandsgade 140

8000 Aarhus C

Denmark



LVIII  List of Contributors

Inka Brockhausen
Department of Medicine
Queen’s University
Etherington Hall, room 1021
Kingston, Ontario K7L 3N6
Canada

Max Burger

Friedrich Miescher Institut
4002 Basel

Switzerland

Arnold I. Caplan

Case-Western Reserve University
Cleveland, OH 44106

USA

Henrik Clausen

Department of Oral Diagnostics
University of Copenhagen
Norre Alle 20

DK-2200 Copenhagen

N. Denmark

Gary W. Conrad
Kansas State University
Ackert Hall
Manhattan, KS 55606
USA

Paul Crocker

Department of Biochemistry
The Welcome Trust Building
University of Dundee
Dundee, DD1 SHN
Scotland

Richard D. Cummings

Department of Biochemistry and
Molecular Genetics

University of Oklahoma HSC

975 NE 10 St., BRC 417

Oklahoma, OK 73104

USA

Nancy Dahms

Medical College of Wisconsin
P. O. Box 26509

8701 Watertown Plank Road
Milwaukee, W1 53226-0509
USA

Samuel J. Danishefsky
Department of Chemistry
Columbia University
Havemeyer Hall

New York, NY 10027
and
Laboratory for Bioorganic Chemistry

The Sloan-Kettering Institute for Cancer

Research
1275 York Avenue
New York, NY 10021
USA

Alan Darvill
University of Georgia
220 Riverbend Road
Athens, GA 30602
USA

James W. Dennis

Div. of Cancer and Cell Biology
Mount Sinai Hosp., Res. Inst.
600 University Ave.

Toronto, ON M5G 1X5
Canada

Anne Dell

Wolfson Laboratories
Department of Biochemistry
Imperial College of Science
London SW7 2AY

England

Hugues Driguez
CERMAV-CNRS

B. P. 53

38041 Grenoble cedex
France

Dirk H. van den Eijnden
Department of Medicinal Chemistry
Vrije Universiteit

Van der Boechorststraat 7
1081 BT Amsterdam

The Netherlands

Alan D. Elbein

Dep. of Biochemistry and Molecular Biology

University of Arkansas, Slot 516
4301 W. Markham Street

Little Rock, AR 72205-7199
USA

Paul Englund

Johns Hopkins University
School of Medicine

725 North Wolfe St.
Baltimore, MD 21205
USA



Beat Ernst

Institute of Molecular Pharmacy
Pharmacenter

Universitit Basel
Klingenbergstrasse 50

4051 Basel

Switzerland

Mail: beat.ernst@unibas.ch

Marilynn E. Etzler
University of California
Davis, CA 95616

USA

Ten Feizi

Clinical Research Centre
Watford Road

Harrow, MDX HA1 3UJ
England

Bert Fraser-Reid

Natural Products and Glycotechnology
Research Institute

Inc. 4118 Swarthmore Road

Durham, North Carolina 27707

USA

Hudson H. Freeze

The Burnham Institute
10901 N. Torrey Pines Road
La Jolla, CA 92093

USA

Michiko Fukuda

Burnham Institute

(formerly La Jolla Cancer Res. Fndm.)
10901 North Torrey Pines Road

La Jolla, CA 92037

USA

James L. Funderburgh
Kansas State University
Ackert Hall
Manhattan, KS 66506
USA

Robert M. Garbaccio

Laboratory for Bioorganic Chemistry

The Sloan-Kettering Institute for Cancer
Research

1275 York Avenue

New York, NY 10021

USA

List of Contributors LIX

Teresa Garrett

Duke University Medical Center
c/o Dr. C. Raetz

P. O. Box 3711

Durham, NC 27710

England

Rita Gerardy-Schahn

Institut fiir Medizinische Mikrobiologie
Medizinische Hochschule Hannover
Carl-Neuberg-Stralle 1

30625 Hannover

Germany

Roberto A. Geremia

Centre de Recherches sur les
Macromolécules Végétales
Université Joseph Fourier
Cermav-CNRS, BP 53
38041 Grenoble Cedex 9
France

Rudolph Geyer
Biochemisches Institut
Universitdt Giessen
Friedrichstr. 24

35392 Giessen
Germany

Gary R. Gray

Department of Chemistry
Institute of Technology
University of Minnesota

207 Pleasant Street S. E.
Minneapolis, MN 55455-0431
USA

Sen-Itiroh Hakomori

Pacific Northwest Research Foundation
720 Broadway

Seattle, WA 98122

USA

Robert S. Haltiwanger

State University of New York
Stony Brook, NY 11794-5215
USA

Gerald W. Hart

Department of Biological Chemistry
John Hopkins University

401 Hunterian Building

725 N. Wolfe Street

Baltimore, MD 21205-2185

USA



LX List of Contributors

Steve W. Homans

School of Biochemistry
and Molecular Biology

University of Yeeds

LSZ 9ST

United Kingdom

Hideharu Ishida

Department of Applied Bio-organic
Chemistry

Gifu University

Gifu 501-11

Japan

Wolfgang Jéager

Biacore AB

Jechtinger Strasse 8

79111 Freiburg

Germany

Osamu Kanie

Glycoscience Laboratory

Mitsubishi Kasei Institute of Life Sciences
(MILS)

Machida-shi

Tokyo 194-8511

Japan

Karl-Anders Karlsson

Institute of Medical Biochemistry

Goteborg University

Medicinaraegatan 9A

P. O. Box 440

405 30 Geteborg

Sweden

Makoto Kiso

Department of Applied Bio-organic
Chemistry

Gifu University

Gifu, 501-11

Japan

Sharon S. Krag

Department of Biochemistry

Johns Hopkins University

615 North Wolfe Street

Baltimore, MD 21205

USA

J. J. Krepinsky

Department of Medical Genetics and
Microbiology

University of Toronto

Toronto, ON M5S 1A8

Canada

Horst Kunz

Institut fir Organische Chemie
Universitdt Mainz
J.-Joachim-Becher-Weg 18-20
55099 Mainz

Germany

Joseph T. Y. Lau

Roswell Park Memorial Institute
666 Elm Street

Buffalo, NY 14263

USA

Torvard C. Laurent

Department of Medical and Physiological
Chemistry

University of Uppsala

Avd. for Med. Kemi, Box 575

751 23 Uppsala

Sweden

Yuan C. Lee

Department of Biology
Johns Hopkins University
3400 North Charles Street
Baltimore, MD 21218
USA

Ludwig Lehle

Lehrstuhl fiir Zellbiologie und
Pflanzenphysiologie

Universitdt Regensburg

93040 Regensburg

Germany

William J. Lennarz

Department of Biochemistry and Cell Biology
SUNY Stony Brook

Room 450, Life Sciences Bldg.

Stony Brook, NY 11794-5215

USA

Steven V. Ley

Chemical Laboratory
University of Cambridge
Lensfield Road
Cambridge CB2 1EW
England

Yu-Teh Li

Department of Biochemistry, SL43
Tulane University

School of Medicine

1430 Tulane Avenue

New Orleans, LA 70112

USA



Ulf Lindahl

Medical and Physiological Chemistry
Uppsala Universitet

P. O. Box 575

7512 Uppsala

Sweden

Clifford A. Lingwood
Department of Microbiology
Hospital for Sick Children
555 University Avenue
Toronto, OT M5G 1X8
Canada

Jean-Maurice Mallet

Department de Chimie, URA 1686
Ecole Normale Superieure

24 rue Lhormond

75231 Paris Cedex 05

France

Ernesto Marques

Department of Pharmacology and Molecular
Science

John Hopkins University

School of Medicine

725 North Wolfe Street

Baltimore, MD 21205-2185

USA

Jamey Marth

Howard Hughes Medical Institute
University of California, San Diego
9500 Gillman Drive, 0625

La Jolla, CA 92093-0625

USA

Rodger McEver

Oklahoma Medical Research Ed.
825 NE 13™ Street

Oklahoma City, OK 73104

USA

Anant K. Menon

Department of Biochemistry
University of Wisconsin-Madison
420 Henry Mall

Madison, WI 53706-1569

USA

List of Contributors LXI

Kelly L. Moremen

Complex Carbohydrate Research Center
University of Georgia

220 River Bend Road

Athens, GA 30602-7229

USA

Heinz E. Moser

GeneSoft Inc

Two Corporate Drive

South San Francisco, CA 9080
USA

Reinhold Ohrlein

Ciba Speciality Chemicals Inc.
K-420.2.19

4002 Basel

Switzerland

Peter Orlean

309 Roger Adams Laboratory
University of Illinois at Urbana
600 South Mathews Avenue
Urbana, IL 61801

USA

Stefan Oscarson

Department of Organic Chemistry

Stockholm University

Arrhenius Laboratory Svante Arrhenius vag 12
10691 Stockholm

Sweden

Monica M. Palcic

Department of Chemistry

University of Alberta

Edmonton, AB, T6G 2G2

Canada

Luigi Panza

Dipartimento di Chimica Organica e
Industriale

Via Venezian 21

20133 Milano

Italy

Armando J. Parodi
Biquimicas-Fundaction Campomar
University of Buenos Aires
Antonio Machado 151

Buenos Aires, 1405

Argentina



LXII  List of Contributors

Serge Pérez

Centre de Recherches sur les
Macromolécules Végétales
Université Joseph Fourier
Cermav-CNRS, BP 53
38041 Grenoble Cedex 9
France

Thomas Peters

Medizinische Universitit Zu Liibeck
Institut fiir Chemie

Ratzeburger Allee 160

23538 Liibeck

Germany

Vince Pozsgay

National Institute of Health
6 Center Dr. MSC 2720
Bldg. 6, Rm. 2A02
Bethesda, MD 20892-2720
USA

Christian Raetz

Department of Biochemistry
Duke University Medical Center
P.O. Box 3711

Durham, NC 27710

USA

Ossi Renkonen

University of Helsinki
Institute of Biotechnology
P. O. Box 56

00014 University of Helsinki
Finland

Peter J. Roach

Department of Biochemistry
Indiana University

School of Medicine

635 Barnhill Dr.
Indianapolis, IN 46202-5122
USA

Steven D. Rosen
Department of Anatomy

University of California, San Francisco

Box 0452
San Francisco, CA 94143
USA

Konrad Sandhoff

Institut fur Organische Chemie und
Biochemie

Universitdt Bonn

Gerhard-Domagk-Str. 1

53121 Bonn

Germany

Harry Schachter
Department of Biochemistry
Hospital for Sick Children
555 University Avenue
Toronto, ON M5G 1X8
Canada

Roland Schauer
Christian-Albrechts Universitit zu Kiel
Olshausenstr. 40

24098 Kiel

Germany

Ronald L. Schnaar

Department of Pharmacology and Molecular
Science

Johns Hopkins School of Medicine

725 North Wolfe Street

Baltimore, MD 21205

USA

Richard R. Schmidt
Fakultit fiir Chemie
Universitdt Konstanz
Postf. 5560 M 725
78457 Konstanz
Germany

Joel Shaper

Oncology Center

Johns Hopkins Hospital
600 North Wolfe Street
Baltimore, MD 21287
USA

Pierre Sinay

Departement de Chimie
Ecole Normale Superieure
24 rue Lhomond

75231 Paris Cedex 50
France



Dorothe Spillmann

Department of Medical Biochemistry
and Microbiology

University of Uppsala

The Biomedical Centre

P. O. Box 575

751 23 Uppsala

Sweden

Robert C. Spiro

Department of Biological Chemistry
Harvard Medical School

Joslin Research Laboratory

1 Joslin Place

Boston, MA 02215

USA

Jun-ichi Tamura
Faculty of Education
Tottori University
Tottori 680-0945
Japan

Garry Taylor
Department of Biology and Biochemistry
University of Bath
Calverton Down
Bath, BA2 7AY
England

Joyce Taylor-Papadimitriou
Epithelial Cell Biology Laboratory
Imperial Cancer Research Fund
44 Lincoln’s Inn Field

London, WC2A 3PX

England

Bryan P. Toole
Department of Anatomy
Tufts University HSC
136 Harrison Avenue
Boston, MA 02111

USA

Eric J. Toone
Department of Chemistry
Duke University
Durham, NC 27708-0346
USA

Andrea T. Vasella

Laboratorium fiir Organische Chemie
Eidgendssische Technische Hochschule
Universitédtsstrasse 19

8092 Ziirich

Switzerland

.

List of Contributors  LXIII

Alain Veyrieres

Ecole Nationale Superieure

de Chimie de Rennes

Campus du Beaulieu Avenue du General
Leclerc

35700 Rennes

France

Barbara Vertel

Department of Cell Biology and Anatomy
Chicago Medical School

3333 Green Bay Road

North Chicago, IL 60064-3095

USA

Johannes F. G. Vliegenhart

Bijvoet Center for Biomolecular Research
Utrecht University

P. O. Box 80075

3508 TB Utrecht

The Netherlands

David J. Vocadlo

Department of Chemistry
University of British Columbia
Vancouver B.C. V6T 171
Canada

Russell Wallis

Department of Biochemistry
Glycobiology Institute
University of Oxford

South Parks Road

Oxford, OX1 3QU

England

Thomas Warner

541 Wellington Drive
San Carlos, CA 94070
USA

Hans Peter Wessel

F. Hoffmann-La Roche AG

Pharma Research Discovery Chemistry
PRPV-D Building 15/110

4070 Basel

Switzerland

Thomas N. Wight

Department of Pathology SM-30
University of Washington
School of Medicine

Seattle, WA 98195

USA



LXIV  List of Contributors

David B. Williams
Department of Biochemistry
University of Toronto
Toronto, ON MS5S 1A8
Canada

Lawrence J. Williams

Laboratory for Bioorganic Chemistry

The Sloan-Kettering Institute for Cancer
Research

1275 York Avenue

New York, NY 10021

USA

Stephen G. Withers
Department of Chemistry
University of British Columbia
2036 Main Mall

Vancouver, B.C. V6T 171
Canada

Chi-Huey Wong
Department of Chemistry
Scripps Research Institute
10550 N. Torrey Pines Road
La Jolla, CA 92037

USA
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al,3-GalT
a2,3-SialT
02,6-SialT
aGalF
aGlcF
aMuNeuAc
apNPFuc
apNPGal
apNPGalNAc
apNPGlc
apNPGIcNAc
opNPMan
apNPNeuAc
A

aa

Ac

AcHmb
ACP

AF

AFM
AgOTf

AGP

alg

All

AlINAc
Aloc

APC

APP

APS

APS

al,3-Galactosyltransferase

02,3-Sialyltransferase

02,6-sialyltransferase

a-Galactosyl fluoride

a-Glucosyl fluoride

4-Methylumbelliferone a-D-N-acetylneuraminic acid
para-Nitrophenyl o-L-fucopyranoside
para-Nitrophenyl a-D-galactopyranoside
para-Nitrophenyl 2-acetamido-2-deoxy-o-D-galactopyranoside
para-Nitrophenyl o-D-glucopyranoside
para-Nitrophenyl 2-acetamido-2-deoxy-o-D-glucopyranoside
para-Nitrophenyl o-D-mannopyranoside
para-Nitrophenyl-a-D-N-acetylneuraminic acid
Angstrom

amino acid

acetyl

N-2-acetoxy-4-methoxybenzyl

acyl carrier protein

aggregation factor

atomic force microscopy

silver trifluoromethanesulfonate (silver triflate)
arabinogalactan protein

asparagine-linked glycosylation

allyl

N-Acetylallosamine

Allyloxycarbonyl

antigen-presenting cell

acute phase protein

adenosine phosphosulfate

ammonium persulfate
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AR

ARIS
ASGP-R
Asialo-GM;
Asn

Asn GT
ASTF-GP
B1,4-GalT
BManF
BMuGlc
BMuGIcNAc

BMuXyl
BoNPGal
BoNPGlc
BpCIPMan
BPhGal
BPhGlc
BpNP2dGlc
BpNPGal
BpNPGalNAc
BpNPGlc
BpNPGIcNAc
BpNPMan
BpNPXyl
BpOMePhGlc
BVGal

9-BBN

BDA

BHK

bFGF
BLAST

BM

BMP

Bn

Boc

BOP

bp

Bu
BU4NSSTr
Bz

Bzl

CAA
CAM
CAN

acrosome reaction

acrosome reaction-inducing substance

asialoglycoprotein receptor
B-p-Gal(1-3)-B-D-GalNAc(1-4)-B-p-Gal(1-4)-B-p-Glc-O-Cer
asparagine

asparagine glucosyltransferase

(GalGlcNAcMan); ManGlcNAc; Asn
B1,4-Galactosyltransferase

B-Mannosyl fluoride

4-Methylumbelliferyl B-p-glucopyranoside
4-Methylumbelliferyl 2-acetamido-2-deoxy-B-D-glucopyrano-
side

4-Methylumbelliferyl B-D-xylopyranoside

ortho-Nitrophenyl B-pD-galactopyranoside

ortho-Nitrophenyl B-D-glucopyranoside

para-Chlorophenyl B-D-mannopyranoside

Phenyl B-pD-galactopyranoside

Phenyl B-pD-glucopyranoside

para-Nitrophenyl 2-deoxy-B-D-arabino-hexopyranoside
para-Nitrophenyl B-p-galactopyranoside

para-Nitrophenyl 2-acetamido-2-deoxy-B-D-galactopyranoside
para-Nitrophenyl B-D-glucopyranoside

para-Nitrophenyl 2-acetamido-2-deoxy-B-D-glucopyranoside
para-Nitrophenyl B-D-mannopyranoside

para-Nitrophenyl B-pD-xylopyranoside

para-Methoxyphenyl B-D-glucopyranoside

Vinyl B-p-galactopyranoside

9-Borabicyclo[3.3.1]nonane

butane diacetal

baby hamster kidney

basic fibroblast growth factor

basic alignment search tool

basement membrane

bis(monoacylglycero)phosphate

benzyl

tert-butoxycarbonyl
benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexa-
fluorophosphate

base pair

butyl

Tetrabutylammoniumsaltoltriphenylmethanethiol

benzoyl

benzyl

carbohydrate amino acids

cell adhesion molecule

Cer(IV)ammoniumnitrate



