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Preface

In addition to performing its prime functicn as a vehicle for scientific communications of varied colora-
tions, Molecular and Cellular Biochemistry is again focusing on two subjects which it treats in depth. One of
these is a book issue dealing with the traunsglutaminase reaction. The other is this issue that deals with
induction and modulation of enzymes. This is a very broad subject that calls for broader coverage than could
be included in one book issue. However, | have eiected to include only certain contributions that serve as
general examples of the principles involved.

There are six articles on enzyme regulation in hepatocyte culture. These include argiiase and argino-succi-
nate synthetase, y-glutamyl transferase and plasminogen activitor. Other regulatory enzymes that are
discussed are protein kinases, 2,3-bisphosphoglycerate synthetases, carbamoyi phosphate synthetase, heme
oxygenase, cytochrome P-450, tyrosine hydroxyiase, fatty acid synthetase, acetyl CoA carboxylase, among
others. Also included is the regulation of several enzyme inessengers RN As.

As in the past, subscribers to the journal will receive this double volume as a continuation of regular issues

- of the journal Molecular and Cellular Biochemistry. This double volume will aiso be available separately in
the form of a book issue to interested readers through Martinus Nijhoff Publishers.

. ' V.A. Najjar



Contents

Part 1
T. D. Gelenrter, P. A. Barouski-Miller, P. L. Coleman and B. J. Cwikel: Hormonal regulation of

plasminogen activator in rat hepatoma cells

J. W. Grisham: Cell types in rat liver cultures: their identification and isolation

C. Guguen-Guillouzo and A. Guillouzo: Modulation of functional activities in cultured rat hepatocytes

D. F. Haggerty, E. B. Spector, M. Lynch, R. Kern, L. B. Frank and S. D. Cederbaum: Regulation of
expression of genes for enzymes of the mammalian urea cycle in permanent cell-culture lines of
hepatic and non-hepatic origin

R. Barouki, M.-N. Chobert, J. Finidori, M.-C. Billon and J. Hanoune: The hormonal induction of
gamma glutamyltransferase in rat liver and in a hepatoma cell line

L. J. Crane and D. L. Miller: Plasma protein induction by isolated hepatocytes

Part I1

D. K. Granner and J. L. Hargrove: Regulation of the synthesis of tyrosine aminotransferase: the
relationship to mRNATAT

J. M. Masserano and N. Weiner: Tyrosine hydroxylase regulation in the central nervous system

Part 111

A.J. Fulco, B. H. Kim, R. S. Matson, L. O. Narhi and R. T. Ruettinger: Nonsubstrate induction of a
soluble bacterial cytochrome P-450 monooxygenase by phenobarbital and its analogs

G. Kikuchi and T. Yoshida: Function and induction of the microsomal heme oxygenase

Part IV

W. L. Miller, D. C. Alexander, J. C. Wu, E. S. Huang, G. K. Whitfield and S. h. Hall: Regulation of
B-chain mRNA of ovine follicle-stimulating hormone by 178-estradiol

W.E. G. Miiller, A. Bernd and H. C. Schréder: Modulation of poly (A)(+)mRNA-metabolizing and
transporting systems under special consideration of microtubule protein and actin

P. H. Pekala and J. Moss: 3T3-L1 preadipocyte differentiation and poly(ADP-ribose) synthetase

P. K. Sarkar and S. Chaudhury: Messenger RNA for glutamine synthetase

Part V

R. Sasaki and H. Chiba: Role and induction of 2,3-bisphosphoglycerate synthase

J. G. Cory and A. Sato: Regulation of ribonucleotide reductase activity in mammalian cells

M. R. Waterman and R. W. Estabrook: The induction of microsomal electron transport enzymes

V. Rubio, H. G. Britton and S. Grisolia: Activation of carbamoyl phosphate synthetase by
cryoprotectants

11
23
35

57

77
-89

113
129

155
163

187

197
221
233

247
257
267

279



6

G. C. Ness: Regulation of 3-hydroxy-3-methylglutaryl coenzyme A reductase 299
J. W. Porter and T. L. Swenson: Induction of fatty acid synthetase and acetyl-CoA carboxylase by

isolated rat liver cells

307



Enzyme Induction
and Modulation

edited by V. A. Najjar






Enzyme Induction
and Modulation

edited by

V.A. NAJJAR

Division of Protein Chemistry

Tufts University School of Medicine
Boslmk% Massachusetts, U.S.A.

Reprinted from Molecular and Cellular Biochemistry Volumes 53/54, 1983

1983 MARTINUS NIJHOFF PUBLISHERS . d
a member of the KLUWER ACADEMIC PUBLISHERS GROUP w
BOSTON / THE HAGUE / DORDRECHT / LANCASTER



Distributors

for the United States and Canada: Kluwer Boston, Inc., 190 Old Derby Street,
Hingham, MA 02043, USA .

JSor all other countries: Kluwer Academic Publishers Group, Distribution Center,
P.O.Box 322, 3300 AH Dordrecht, The Netherlands

Library of Congress Cataloging in Publication Data

Library of Congress Cataloging in Publication Data
Main entry under title:

Enzyme induction and modulation.

(Developments in molecular and cellular biochemistry)
Originally published as v. 53-54 of Molecular and
celluler biochemistry.
1. Enzyme induction--Addresses, essays, lectures.
2. Liver cells--Addresses, essays, lectures. 3. Cell
culture--Addresses, essays, lectures. I. Najjar,
Victor A. II. Molecular and cellular biochemistry.
III. Series.
QP601.E517 1983 599'.01925 83-8338
ISBN 0-89838-583-0

ISBN 0-89838-583-0

Copyright
© 1983 by Martinus Nijhoff Publishers, Boston.

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means, mechanical,
photocopying, recording, or otherwise, without the prior written permission of
the publishers,

Martinus Nijhoff Publishers, 190 Old Derby Street, Hingham, MA 02043, USA.

PRINTED IN THE NETHERLANDS



Contents

Part 1
T. D. Gelenrter, P. A. Barouski-Miller, P. L. Coleman and B. J. Cwikel: Hormonal regulation of

plasminogen activator in rat hepatoma cells

J. W. Grisham: Cell types in rat liver cultures: their identification and isolation

C. Guguen-Guillouzo and A. Guillouzo: Modulation of functional activities in cultured rat hepatocytes

_ D.F. Haggerty, E. B. Spector, M. Lynch, R. Kern, L. B. Frank and S. D. Cederbaum: Regulation of
expression of genes for enzymes of the mammalian urea cycle in permanent cell-culture lines of
hepatic and non-hepatic origin

R. Barouki, M.-N. Chobert, J. Finidori, M.-C. Billon and J. Hanoune: The hormonal induction of
gamma glutamyltransferase in rat liver and in a hepatoma cell line

L. J. Crane and D. L. Miller: Plasma protein induction by isolated hepatocytes

Part I1

D. K. Granner and J. L. Hargrove: Regulation of the synthesis of tyrosine aminotransferase: the
relationship to mRNATAT

J. M. Masserano and N. Weiner: Tyrosine hydroxylase regulation in the central nervous system

Part 111
A.J. Fulco, B. H. Kim, R. S. Matson, L. O. Narhiand R. T. Ruettinger: Nonsubstrate induction of a

soluble bacterial cytochrome P-450 monooxygenase by phenobarbital and its analogs
G. Kikuchi and T. Yoshida: Function and induction of the microsomal heme oxygenase

Part IV

W. L. Miller, D. C. Alexander, J. C. Wu, E. S. Huang, G. K. Whitfield and S. h. Hall: Regulation of
B-chain mRNA of ovine follicle-stimulating hormone by 178-estradiol

W. E. G. Miiller, A. Bernd and H. C. Schréder: Modulation of poly (A)(+)mRNA-metabolizing and
transporting systems under special consideration of microtubule protein and actin

P. H. Pekala and J. Moss: 3T3-L1 preadipocyte differentiation and poly(ADP-ribose) synthetase

P. K. Sarkar and S. Chaudhury: Messenger RNA for glutamine synthetase

Part V

R. Sasaki and H. Chiba: Role and induction of 2,3-bisphosphoglycerate synthase

J. G. Cory and A. Sato: Regulation of ribonucleotide reductase activity in mammalian cells

M. R. Waterman and R. W. Estabrook: The induction of microsomal electron transport enzymes

V. Rubio, H. G. Britton and S. Grisolia: Activation of carbamoyl phosphate synthetase by
cryoprotectants

11
23
35

57

77
89

113
129

155
163

187

197
221
233

247
257
267

279



6

G. C. Ness: Regulation of 3-hydroxy-3-methylglutaryl coenzyme A reductase 299
J. W. Porter and T. L. Swenson: Induction of fatty acid synthetase and acetyl-CoA carboxylase by

isolated rat liver cells 307






.



Preface

In addition to performing its prime functicn as a vehicle for scientific communications of varied colora-
tions, Molecular and Cellular Biochemistry is again focusing on two subjects which it treats in depth. One of
these is a book issue dealing with the transglutaminase reaction. The other is this issue that deals with
induction and modulation of enzymes. This is a very broad subject that calls for broader coverage than could
be included in one book issue. However, | have eiected to include only certain contributions that serve as
general examples of the principles involved.

There are six articles on enzyme regulation in hepatocyte culture. These include arginase and argino-succi-
nate synthetase, y-glutamyl transferase and plasminogen activitor. Other regulatory enzymes that are
discussed are protein kinases, 2,3-bisphosphoglycerate synthetases, carbamoy! phosphate synthetase, heme
oxygenase, cytochrome P-450, tyrosine hydroxyiase, fatty acid synthetase, acetyl CoA carboxylase, among
others. Also included is the regulation of several enzyme messengers RN As.

As in the past, subscribers to the journal will receive this double volume as a continuation of regular issues
of the journal Molecular and Cellular Biochemistry. This double volume will aiso be available separately in
the form of a book issue to interested readers through Martinus Nijhoff Publishers.

. V.A. Najjar



Part 1



&

Molecular and Cellular Biochemifll‘y 53/54, 11-21 (1983).
© 1983, Martinus Nijhoff Publishers, Boston. Printed in The Netherlands.

Hormonal regulation of plasminogen activator in rat hepatoma cells

Thomas D. Gelehrter, Patricia A. Barouski-Miller, Patrick L. Coleman and Bernard J. Cwikel
‘ Departments of Internal Medicine and Human Genetics, University of Michigan Medical School, Ann
Arbor, M148109, U.S.A.

Summary

Plasminogen activators are membrane-associated, arginine-specific serine proteases which convert the
inactive plasma zymogen plasminogen to plasmin, an active, broad-spectrum serine protease. Plasmin, the
major fibrinolytic enzyme in blood, also participates in a number of physiologic functions involving protein
processing and tissue remodelling, and may play an important role in tumor invasion and metastasis. In HTC
rat hepatoma cells in tissue culture, glucacorticoids rapidly decrease plasminogen activator (PA) activity. We
have shown that this decrease is mediated by induction of a soluble inhibitor of PA activity rather than
modulation of the amount of PA. The hormonally-induced inhibitor is a cellular product which specifically
inhibits PA but not plasmin. We have isolated yariant lines of HTC cells which are selectively resistant to the
glucocorticoid inhibition of PA but retain other glucocorticoid responses. These variants lack the hormonal-
ly-induced inhibitor; PA from these variants is fully sensitive to inhibition by inhibitor from steroid-treated
wild-type cells. Cyclic nucleotides dramatically stimulate PA activity in HTC cells in a time- and concentra-
tion-dependent manner. Paradoxically, glucocorticoids further enhance this stimulation. Thus glucocorti-,
coids exert two separate and opposite effects on PA activity. The availability of glucocorticoid-resistant
variant cell lines, together with the unique regulatory interactions of steroids and cyclic nucleotides, make
HTC cells a useful experimental system in which to study the multihormonal regulation of plasminogen
activator.

Introduction

Plasminogen activators (PAs) are membrane-
associated arginine-specific serine proteases found
in a variety of tissues {l). PA selectively hydro-
lyses a single Arg-Val bond of the plasma zymo-
gen, piasminogen, to yield the active serine pro-
tease, plasmin, the major fibrinolytic activity in
blood (2, Fig. 1). Plasmin is a broad-spectrum
endopeptidase which can act on a variety of pro-
teins. Because plasminogen is present in plasma in
relatively high concentrations (1.5 to 2 uM, or
0.5% of all plasma proteins), the plasminogen ac-
tivator-plasmin cascade provides considerable po-
tential proteolytic activity (2, 3). Thus generation

of plasmin both amplifies PA activity and broad-
ens the substrate specificity. In addition to plas-
min’s well-known role in fibrinolysis, it is also in-
volved in many normal physiologic functions which
involve protein processing, cell migration and tissue
remodelling (1, 3,4, Table 1). By acting directly on
fibrin and directly or indirectly (via activation of
procollagenase) on connective tissue matrix (5, 6),
the plasminogen activator-plasmin cascade may al-
so play an important role in tumor invasion and
metastasis (1, 3, 4, 6).

Not surprisingly for an enzyme of such biological
importance, plasminogen activator is subject to
regulation by a variety of effectors (see 7 for re-
view). Steroid (8-16) and polypeptide hormones



