g

= ==




ADVANCES IN ENZYMOLOGY

AND RELATED AREAS OF MOLECULAR BIOLOGY

F. F. Nord, Founding Editor

AMINO ACID METABOLISM, Part A

Volume 72

Edited by DANIEL L. PURICH
University of Florida College of Medicine
Gainesville, Florida

3

WILEY
1998
AN INTERSCIENCE® PUBLICATION

John Wiley & Sons, Inc.
New York * Chichester - Weinheim ¢ Brisbane * Singapore * Toronto



This book is printed on acid-free paper.
Copyright © 1998 by John Wiley & Sons, Inc. All rights reserved.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system or
transmited in any form or by any means, electronic, mechanical, photocopying,
recording, scanning or otherwise, except as permitted under Sections 107 or 108 of
the 1976 United States Copyright Act, without either the prior written permission
of the Publisher, or authorization through payment of the appropriate per-copy fee
to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923,
(508) 750-8400, fax (508) 750-4744. Requests to the Publisher for permission should
be addressed to the Permissions Department, John Wiley & Sons, Inc., 605 Third
Avenue, New York, NY 10158-0012, (212) 850-6011, fax (212) 850-6008, E-Mail:
PERMREQ @ WILEY.COM.

Library of Congress Catalog Card Number: 41-9213
ISBN 0-471-24643-3
Printed in the United States of America.

10987654321



ADVANCES IN ENZYMOLOGY

AND RELATED AREAS OF
MOLECULAR BIOLOGY

Volume 72



LIST OF CONTRIBUTORS

JounN S. BLANCHARD, Department of Biochemistry, Albert Einstein
College of Medicine, Bronx, NY 10461

ARTHUR J.L. CooPER, Departments of Biochemistry and of Neurol-
ogy and Neuroscience, Cornell University Medical College, New
York, NY 10021

DanieL L. PuricH, Department of Biochemistry and Molecular Biol-
ogy, University of Florida College of Medicine, Gainesville, FL
32610-0245

DieTER HAUsSSINGER, Medizische Universitatsklinik, Heinrich-
Heine-Universitat Diisseldorf, Moorenstrasse 5, D-40225 Diissel-
dorf, Germany

Kari I. Kivirikko, Collagen Research Unit, Biocenter and Depart-

ment of Medical Biochemistry, University of Oulu, Kajaanintie
52 A, FIN-90220, Finland

YosHITAKA IKEDA, Department of Biochemistry, Osaka University
Medical School, 2-2 Yamadaoka, Suita, Osaka 565, Japan

TaiNa PiHLAJANIEMI, Collagen Research Unit, Biocenter and De-
partment of Medical Biochemistry, University of Oulu, Kajaanin-
tie, 52 A, FIN-90220, Finland

NiGEL G.J. RicHARDS, Department of Chemistry, University of Flor-
ida, Gainesville, FL 32611

GiovANNA ScapriN, Department of Biochemistry, Albert Einstein
College of Medicine, Bronx, NY 10461

SHELDON M. ScHUSTER, Department of Biochemistry and Molecular
Biology, University of Florida, Gainesville, FL 32610

JANET L. SmiTH, Department of Biological Sciences, Purdue Univer-
sity, West Lafayette, IN 47907

Naoyuki TaniGucHI, Department of Biochemistry, Osaka Univer-
sity Medical School, 2-2 Yamadaoka, Suita, Osaka 565, Japan

HowArD ZALKIN, Department of Biochemistry, Purdue University,
West Lafayette, IN 47907



PUBLISHER’S FOREWORD

Many of the most notable achievements in the molecular life sci-
ences were initiated by enzymologists. The assertion of Hopkins
that cell life is ‘‘an ordered sequence of events governed by specific
catalysts’’ has become a truism in the analytical investigation of all
life processes. The field of enzymology has grown by leaps and
bounds over the past half-century, and with explosive growth of
molecular and cell biology, new enzymes and enzymatic activities
are still routinely found. Terms such as ‘‘ribozyme,”” ‘‘abzyme’’ (or
catalytic antibodies), ‘‘molecular motors’’ (e.g., dynein and kinesin),
and ‘‘polyprotein proteinases’’ have entered the biochemical litera-
ture in just the past decade or so.

Professor F. F. Nord began Advances in Enzymology in 1941 after
he had been appointed Professor of Biochemistry at Fordham Uni-
versity. Advances is the successor to Ergebnisse der Enzymf-
orschung, a periodic review series started in 1930, while he was still
a chemistry professor in Berlin. His idea was to identify areas of
enzymology that had undergone significant recent growth. He then
sought out expert opinions of others to find an appropriate author
to communicate the nature of those strides and to illustrate how
these findings could be of broader interest.

This tradition of excellence was maintained by Professor Alton
Meister who, with the pubication of Volume 35, succeeded Dr. Nord
as the series editor. A man of enormous intellect and awareness
of the discipline, Dr. Meister produced 37 volumes of Advances in
Enzymology. He was proud of the chapters in this series, not so
much as a testimony to his good judgment (though certainly his in-
stincts and insights about enzymology were always on the mark),
but as contributions of intrinsic worth to other practitioners of a field
that has sprung up around enzyme catalysis and regulation. His last
effort appeared as Volume 71 about a year after his untimely death
in 1995.

vii



viii PUBLISHER'S FOREWORD

The series will now be continued by Daniel L. Purich, Professor
of Biochemistry and Molecular Biology at the University of Florida
College of Medicine.

New York, New York John Wiley & Sons, Inc.
March 1998



PREFACE

Advances in Enzymology is now nearing its seventh decade as
the leading periodic and authoritative review of the latest scientific
achievements in enzymology. This field concerns itself with the mul-
tifaceted nature of enzymes—their reaction properties; their kinetic
behavior; their catalytic mechanisms; their regulatory interations;
their expression from genes; their zymogen and other storage forms;
their mutant forms (both naturally occurring and man-made); their
associated pathophysiology; and their virtually limitless use in agri-
culture, nutrition, biomedicine, and biotechnology. As the new edi-
tor of this series, I shall endeavor to maintain the standard of excel-
lence so masterfully established by Dr. Nord and so skillfully
pursued by the late Alton Meister.

The value of Advances in Enzymology ultimately will only endure
if practicing enzymologists judge its chapters to add value to their
own pursuits. Accordingly, this volume marks the advent of several
changes that should appeal to its readers. This and many subsequent
volumes will be thematically organized so that readers of one chapter
will be more likely to be interested in several or all of the
other contributions. This monograph-within-a-monograph approach
places added burdens on the contributors and editor for the timely
appearance of each volume, but the final product should provide
broader and more integrated perspective on any particular topic.
Another new feature will be the inclusion of an abstract describing
the scope and content of each chapter (the abstracts can be found
in the front matter of the volume). While this was previously an
unnecessary feature of earlier volumes in this series, abstracts allow
users of information retrieval services to identify material of interest.
In the future we may also be able to provide such information in
advance of the actual publication date, thereby minimizing the lag
time between a volume’s first appearance and wider public aware-
ness of its contents.
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X PREFACE

In seeking to present readers with the latest and most accurate
information about enzyme action, I invite other enzymologists to
contact me about their interests, their criticisms, and above all their
ideas for improving the impact of this series.

Gainesville, Florida DaNIEL L. PUuricH
March 1998



ABSTRACTS

Advances in the Enzymology of Glutamine Synthesis
DANIEL L. PURICH

Meister’s proposal of a y-glutamyl-P intermediate in the glutamine
synthetase reaction set the scene for understanding how the step-
wise activation of the carboxyl group greatly increased its suscepti-
bility toward nucleophilic attack and amide bond synthesis. Topics
covered in this review include: the discovery of the enzymatic syn-
thesis of glutamine; the role of glutamine synthetase in defining the
thermodynamics of ATPases; early isotopic tracer studies of the syn-
thetase reaction; the proposed intermediacy of vy-glutamyl-phos-
phate; the mechanism of methionine sulfoximine inhibition; stereo-
chemical mapping of the enzyme’s active site; detection of enzyme
reaction cycle intermediates; borohydride trapping of y-glutamyl-
P; positional isotope exchanges catalyzed by glutamine synthetase;
regulation of bacterial enzyme; and a brief account of how knowl-
edge of the atomic structure of bacterial glutamine synthetase has
clarified ligand binding interactions. Concluding remarks also ad-
dress how the so-called ‘‘Protein Ligase Problem’’ may be solved
by extending the catalytic versatility of carboxyl-group activating
enzymes.

Hepatic Glutamine Transport and Metabolism
DIETER HAUSSINGER

Although the liver was long known to play a major role in the
uptake, synthesis, and disposition of glutamine, metabolite balance
studies across the whole liver yielded apparently contradictory find-
ings suggesting that little or no net turnover of glutamine occurred
in this organ. Efforts to understand the unique regulatory properties
of hepatic glutaminase culminated in the conceptual reformulation
of the pathway for glutamine synthesis and turnover, especially as
regards the role of sub-acinar distribution of glutamine synthetase
and glutaminase. This chapter describes these processes as well as
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Xii ABSTRACTS

the role of glutamine in hepatocellular hydration, a process that is
the consequence of cumulative, osmotically active uptake of gluta-
mine into cells. This topic is also examined in terms of the effects
of cell swelling on the selective stimulation or inhibition of other far-
ranging cellular processes. The pathophysiology of the intercellular
glutamine cycle in cirrhosis is also considered.

Enzymes Utilizing Glutamine as an Amide Donor
HOWARD ZALKIN AND JANET L. SMITH

Amide nitrogen from glutamine is a major source of nitrogen
atoms incorporated biosynthetically into other amino acids, purine
and pyrimidine bases, amino-sugars, and coenzymes. A family com-
prised of at least sixteen amidotransferases are known to catalyze
amide nitrogen transfer from glutamine to their acceptor substrates.
Recent fine structural advances, largely as a result of X-ray crystal-
lography, now provide structure-based mechanisms that help to ex-
plain fundamental aspects of the catalytic and regulatory interactions
of several of these aminotransferases. This chapter provides an over-
view of this recent progress made on the characterization of amido-
transferase structure and mechanism.

Mechanistic Issues in Asparagine Synthetase Catalysis
NIGEL G. J. RICHARDS AND SHELDON M. SCHUSTER

The enzymatic synthesis of asparagine is an ATP-dependent pro-
cess that utilizes the nitrogen atom derived from either glutamine or
ammonia. Despite a long history of kinetic and mechanistic investi-
gation, there is no universally accepted catalytic mechanism for this
seemingly straightforward carboxyl group activating enzyme, espe-
cially as regards those steps immediately preceding amide bond for-
mation. This chapter considers four issues dealing with the mecha-
nism: (a) the structural organization of the active site(s) partaking
in glutamine utilization and aspartate activation; (b) the relationship
of asparagine synthetase to other amidotransferases; (c) the way in
which ATP is used to activate the B-carboxyl group; and (d) the
detailed mechanism by which nitrogen is transferred.
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Mechanisms of Cysteine S-Conjugate 3-Lyases
ARTHUR J. L. COOPER

Mercapturic acids are conjugates of S-(N-acetyl)-L-cysteine
formed during the detoxification of xenobiotics and during the me-
tabolism of such endogenous agents as estrogens and leukotrienes.
Many mercaturates are formed from the corresponding glutathione
S-conjugates. This chapter focuses on (a) the discovery of the cys-
teine S-conjugate B-lyases; (b) the involvement of pyridoxal-5-phos-
phate; (c) the influence of the electron-withdrawing properties of the
group attached to the sulfur atom; and (d) the potential of cysteine
S-conjugates as pro-drugs.

v-Glutamyl Transpeptidase:
Catalytic Mechanism and Gene Expression

NAOYUKI TANIGUCHI AND YOSHITAKA IKEDA

The y-glutamyl transpeptidases are key enzymes in the so-called
v-glutamyl cycle involving glutathione synthesis, the recovery of its
constituents, and in the transport of amino acids. This membrane-
bound ectoenzyme thus serves to regulate glutathione synthesis.
This chapter deals with the active site chemistry of y-glutamyl trans-
peptidase, including the role of side-chain groups on the light subunit
as well as several serine residues in the catalytic process. Also con-
sidered are genomic studies indicating (a) the presence of a single
gene in mouse and rat; (b) the occurrence of multiple genes in hu-
mans; (c) the involvement of multiple promoters for gene expression;
and (d) how these multiple promoters may play a role in the tissue-
specific expression of y-glutamyl transpeptidases.

Enzymology of Bacterial Lysine Biosynthesis
GIOVANA SCAPIN AND JOHN S. BLANCHARD

Bacteria have evolved three strategies for the synthesis of lysine
from aspartate via formation of the intermediate diaminopimelate
(DAP), a metabolite that is also involved in peptidoglycan forma-
tion. The objectives of this chapter are descriptions of mechanistic
studies on the reactions catalyzed by dihydrodipicolinate synthase,
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dihydrodopicolinate reductase, tetrahydrodipicolinate N-succinyl-
transferase, N-succinyl-L,L-DAP aminotransferase, N-succinyl-
L,L-DAP desuccinylase, L,L-DAP epimerase, L,L-DAP decarbox-
ylase, and DAP dehydrogenase. These enzymes are discussed in
terms of kinetic, isotopic, and X-ray crystallographic data that allow
one to infer the nature of interactions of each of these enzymes with
its substrate(s), coenzymes, and inhibitors.

Collagen Hydroxylases and the Protein Disulfide
Isomerase Subunit of Prolyl 4-Hydroxylases

KARI I. KIVIRIKKO AND TAINA PIHLAJANIEMI

Prolyl 4-hydroxylases catalyze the formation of 4-hydroxyproline
in collagens and other proteins with an appropriate collagen-like
stretch of amino acid residues. The enzyme requires Fe(Il), 2-oxo-
glutarate, molecular oxygen, and ascorbate. This review concen-
trates on recent progress toward understanding the detailed mecha-
nism of 4-hydroxylase action, including: (a) occurrence and function
of the enzyme in animals; (b) general molecular properties; (c) intra-
cellular sites of hydroxylation; (d) peptide substrates and mechanis-
tic roles of the cosubstrates; (e) insights into the development of
antifibrotic drugs; (f) studies of the enzyme’s subunits and their cata-
lytic function; and (g) mutations that lead to Ehlers-Danlos Syn-
drome. An account of the regulation of collagen hydroxylase activi-
ties is also provided.
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This volume is dedicated to the late Professor Alton Meister, the
immediate past Editor of Advances in Enzymology, in recognition
of his major contribuitons to amino acid metabolism. This is Part A
in a subseries, entitled ‘*Amino Acid Metabolism.’” Topics in Part
A should be of immediate interest to those who are broadly con-
cerned with amino acid assimilation and metabolism. Investigators
interested in enzyme mechanism and regulation will also find this
volume to be especially valuable.
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