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PREFACE

Recent progress and developments in enzymology were the subject of
this Special FEBS Meeting, held in April 1979 in Cavtat, Dubrovnik.

The lectures held at the Meeting are presented in two volumes:
"Enzyme Regulation and Mechanism of Action" and "Industrial and
Clinical Enzymology".

The mechanism of enzyme action and structure of enzymes are presented
in the first volume. The subject of the first part of this volume

is the regulation and mechanism of enzyme activity. The second part
deals with enzymes of nucleic acid and protein biosynthesis, while
the third part is composed of papers dealing with the problems of
proteolytic enzymes.

The present volume contains data about the structure, function and
role of various enzymes and multienzyme complexes. One should always
be aware of the fact that metabolic pathways must be considered as

a whole, rather than as a collection of individual enzymes. Attention
must also be paid to environmental changes which may influence the
biosynthesis and repression of enzymes in the cell.

We hope that the present volume will stimulate further work and that
enzymologists will find new and interesting ideas that will help
them in their studies on the complex role and function of enzymes in
the metabolism of the cell.

P. Mildner
B. Ries

ix



LIST OF CONTRIBUTORS

N.H. AXELSEN
Immunochemical Section, Treponematosis Dept., Statens Seruminstitut,
Copenhagen

J. BABNIK
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

M. BALTZINGER
IBMC, Lab. Bioch. , 15, rue Descartes, 67000 Strasbourg, France

S. BARBARIC
Laboratory of Biochemistry, Faculty of Technology, University of Zagreb,
Pierottijeva 6, 41000 Zagreb, Yugoslavia

S.F. BARBASHOV
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

A.J. BARRETT
Molecular Pathology Department, Strangeways Laboratory, Cambridge CB1 4RN,
England

S.F. BERESTEN
Institute of Molecular Biology, Academy of Sciences of the USSR, Moscow V-334

0.S. BHANOT

Department of Biochemistry, New York University School of Medicine, New York,
N.Y. 10016, U.S.A.

D.M. BLEILE
Clayton Foundation Biochemical Institute and Department of Chemistry, University
of Texas at Austin, Austin, Texas, U.S.A.

D.M. BLOW
Blackett Laboratory, Imperial College, London SW7 2BZ

T.L. BLUNDELL

Laboratory of Molecular Biology, Dept. of Crystallography, Birbeck College,
Univ. of London, Malot Street, London WCIE 7HX, U.K.

X1



xii List of Contributors

J.S. BOROTA
Dept. Biochem., Medical School, Novi Sad, Yugoslavia

J. BRZIN
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

T.V. BULARGINA
Biochemistry Department, Moscow State University, Moscow, USSR

R.W. CHAMBERS
Department of Biochemistry, New York University School of Medicine, New York,
N.Y. 10016, U.S.A.

P.B. CHOCK
Laboratory of Biochemistry, National Heart, Lung and Blood Institute, National
Institutes of Health, Bethesda, Maryland 20205, U.S.A.

P. CORNELIS
Laboratoire de Cytogenetique, Institut Carnoy, Louvain-la-Neuve, Belgium

F. CRAMER
Max-Planck-Institut fiir experimentelle Medizin, Abteilung Chemie, Hermann-Rein-Str.
3, 3400 Gottingen, Federal Republic of Germany

0. CRIVELLARO
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

A. DIETRICH
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

R. DJORDJEVIC
Dept. of Biochemistry, Institute of Biological Research, Belgrade, Yugoslavia

DEANA A. DONELLA
Institute of Biological Chemistry, University of Padova, 35100 Padova, Italy

J.P. EBEL
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

R. EHRLICH
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

A.E. EVANGELOPOULOS
The National Hellenic Research Foundation, 48 Vassileos Constantinou Avenue,
Athens 501/1, Greece

F. FASIOLO
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

0.0. FAVOROVA
Institute of Molecular Biology, Academy of Sciences of the USSR, Moscow V-334

B. FOLTMANN
Institute of Biochemical Genetics, University of Copenhagen

S. FUNAYAMA

Instituto de Enzimologia del C.S.I.C., Facultad de Medicina, Universidad
Auténoma, Madrid 34, Spain



List of Contributors xiii

R.C. GALLO
Laboratory of Tumor Cell Biology, National Cancer Institute, Bethesda, Maryland
20014, U.S.A.

C. GANCEDO
Instituto de Enzimologia del C.S.I.C., Facultad de Medicina, Universidad Auténoma,
Madrid 34, Spain

J.M. GANCEDO
Instituto de Enzimologia del C.S.I.C., Facultad de Medicina, Universidad Anténoma,
Madrid 34, Spain

R. GIEGE
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

I.A. GRIVENNIKOV
Biochemistry Department, Moscow State University, Moscow, USSR

F. GUBENSEK
Dept. of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

H. HOLZER
Biochemisches Institut der Universitat Freiburg, D-7800 Freiburg i.Br., Germany

B.L. HORECKER
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

B. HOVEMANN
Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.

J.S. HUANG

Laboratory of Protein Studies, Oklahoma Medical Research Foundation, and Dept.
of Biochemistry and Molecular Biology, Univ. of Oklahoma Health Sciences Center,
Oklahoma City, Oklahoma, U.S.A.

S.S. HUANG

Laboratory of Protein Studies, Oklahoma Medical Research Foundation, and Dept.
of Biochemistry and Molecular Biology, Univ. of Oklahoma Health Sciences Center,
Oklahoma City, Oklahoma, U.S.A.

M.Z. HUMAYUN
Department of Biochemistry, New York University School of Medicine, New York,
N.Y. 10016, U.S.A.

B. JACROT
Inst. Lane-Langevin, 38000 Grenoble, France

D. JANEKOVIC
Max-Planck-Institut filir Biochemie, 8033 Martinsried, Federal Republic of Germany

H.B. JONES
Laboratory of Molecular Biology, Department of Crystallography, Birbeck College,
Univ. of London, Malet Street, London, WCIE 7HX, U.K.

D. KANAZIR
The Serbian Academy of Sciences and Arts, Belgrade, Yugoslavia



xiv List of Contributors

M. KATAN
Dept. of Molecular Biology and Endocrinology, Boris Kidri¥% Institute, Vinla,
Yugoslavia

G. KEITH
IBMC, Lab. Bioch., 15, rye Descartes, 67000 Strasbourg, France

D. KERN
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

G. KHAN

Laboratory of Molecular Biology, Department of Crystallography, Birbeck College,
University of London, Malet Street, London WCIE 7HX, U.K.

L.L. KISSELEV
Institute of Molecular Biology, Academy of Sciences of the USSR, Moscow V-334

S.N. KOCHETKOV
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

M. KOPITAR
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

G.K. KOVALEVA
Institute of Molecular Biology, Academy of Sciences of the USSR, Moscow V-334

B. KOZULIC
Laboratory of Biochemistry, Faculty of Technology, University of Zagreb,
Pierottijeva 6, 41000 Zagreb, Yugoslavia

I. KREGAR
Dept. of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

T. LAH
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

J.F. LEFEVRE
Lab. Phys., UER Pharm., Univ. L. Pasteur, 67000 Strasbourg, France

V. LESKOVAC
Institute of Chemistry, University of Nova Sad, Yugoslavia

U.Z. LITTAUER
Dept. of Neurobiology, Weizmann Inst. of Sciences, Rehovot, Israel

P. LOCNIKAR
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

J.S. MacGREGOR
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

H.M. MADNICK

Division of Cell and Molecular Biology, State Univ. of New York, Amherst,
New York 14260, U.S.A.

J. MAO

Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.



List of Contributors XV

D.V. MARINKOVIC
Dept. Pharmacol., UTHSC, Dallas, TX, U.S.A.

C.L. McMINN
Department of Biochemistry, University of Edinburgh Medical School, Teviot Place,
Edinburgh EH8 9AB, Scotland

F. MEGGIO
Institute of Biological Chemistry, University of Padova, 35100 Padova, Italy

R. METLAS
Dept. of Molecular Biology and Endocrinology, Boris Kidrit Institute, VinZa,
Yugoslavia

P. MILDNER
Laboratory of Biochemistry, Faculty of Technology, University of Zagreb,
Pierottijeva 6, 41000 Zagreb, Yugoslavia

D. MORAS
Lab. Cristallochimie, Univ. L. Pasteur, 67000 Strasbourg, France

M. MULLER
Institut fiir Toxikologie und Biochemie der Gesellschaft fiir Strahlen- und
Unweltforschung Minchen, D-8042 Neuherberg, Germany

M.V. NESTEROVA
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

M.B. NOVAKOVIC
Dept. Molec. Biol., B. Kidrich Inst., 11000 Beograd, Yugoslavia

N.G. OIKONOMAKOS
The National Hellenic Research Foundation, 48 Vassileos Constantinou Avenue,
Athens 501/1, Greece

J.H. OTTAWAY

Department of Biochemistry, University of Edinburgh Medical School, Teviot Place,
Edinburgh EH8 9AG, Scotland

A.C. PARKS

Division of Cell and Molecular Biology, State Univ. of New York, Amherst, New
York 14260, U.S.A.

M.R. PAVLIC
Institute of Biochemistry, School of Medicine, Univ. of Ljubljana, 61000
Ljubljana, Yugoslavia

L.H. PEARL

Laboratory of Molecular Biology, Department of Crystallography, Birbeck College,
University of London, Malet Street, London WCIE 7HX, U.K.

M. PECH

Institut fiir Physiologische Chemie, Physikalische Biochemie und Zellbiologie
der Universitat, Miinchen

S.L. PETROVIC
Dept. Molec. Biol., B. Kidric 1Institute, 11000 Beograd , Yugoslavia



xvi List of Contributors

F.H. PETTIT
Clayton Foundation Biochemical Institute and Department of Chemistry, University
of Texas at Austin, Austin, Texas, U.S.A.

L.A. PINNA
Institute of Biological Chemistry, University of Padova, 35100 Padova, Italy

S. PONTREMOLI
University of Genoa, Genoa, Italy

S. POPIC

Dept. of Molecular Biology and Endocrinology, Boris Kidrié Institute, Vinda,
Yugoslavia

T. POPOVIC
Department of Biochemistry, J. Stefan Institute, 61000 Ljubljana, Yugoslavia

L.J. REED

Clayton Foundation Biochemical Institute and Department of Chemistry, University
of Texas at Austin, Austin, Texas, U.S.A.

P. REMY
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

M. RENAUD
IBMC, Lab. Bioch., 15, rue Descartes, 67000 Strasbourg, France

S.G. RHEE

Laboratory of Biochemistry, National Heart, Lung and Blood Institute, National
Institutes of Health, Bethesda, Maryland 20205, U.S.A.

N. RIBARAC-STEPIC
Dept. of Biochemistry, Institute of Biological Research, 1100 Belgrade, Yugoslavia

B. RIES
Laboratory of Biochemistry, Faculty of Technology, University of Zagreb,
Pierottijeva 6, 41000 Zagreb, Yugoslavia

J.R. RUBIN
MRC Laboratory of Molecular Biology, Hills Road, Cambridge, England

M.G. SARNGADHARAN

Department of Cell Biology, Litton Bionetics, Inc., Kensington, Maryland 20795,
UeShs

L.P. SASHCHENKO
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

V.S. SCHEINKER
Institute of Molecular Biology, Academy of Sciences of the USSR, Moscow V-334

0. SCHMIDT

Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.

W. SCHULTZ
Mak-Planck-Institut fiir Biochemie, 8033 Martinsried, Federal Republic of Ge rmany



List of Contributors xvii

H.L. SEGAL .
Division of Cell and Molecular Biology, State Univ. of New York, Amherst,
New York 14260, U.S.A.

E.S. SEVERIN
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

B.T. SEWELL
Laboratory of Molecular Biology, Department of Crystallography, Birbeck College,
University of London, Malet Street, London WCIE 7HX, U.K.

S. SILVERMAN
Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.

V.N. SINGH
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

D. SOLL
Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.

H. SOREQ
Dept. of Neurobiology, Weizmann Inst. of Sciences, Rehovot, Israel

T.G. SOTIROUDIS
The National Hellenic Research Foundation, 48 Vassileos Constantinou Avenue,
Athens 501/1, Creece

E.R. STADTMAN
Laboratory of Biochemistry, National Heart, Lung, and Blood Institute, National
Institutes of Health, Bethesda, Maryland 20205, U.S.A.

D. STEFANOVIC
Department of Molecular Biology and Endocrinology, Boris Kidrié Institute,
Vinta, Yugoslavia

V.M. STEPANOV
Institute of Genetics and Selection of Industrial Microorganisms, Moscow, USSR

K.0. STETTER
Institut fur Botanik der Universitdt, Minchen, Federal Republic of Germany

R.E. STREECK
Institut fiir Physiologische Chemie, Physikalische Biochemie und Zellbiologie
der Universitdt Miinchen, Miinchen, Federal Republic of Germany

A. SUHAR
Department of Biochemistry, Institute J. Stefan, 61000 Ljubljana, Yugoslavia

S.C. SUN
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

J. TANG

Laboratory of Protein Studies, Oklahoma Medical Research Foundation, and Dept.
of Chemistry and Molecular Biology, University of Oklahoma Health Sciences
Center, Oklahoma City, Oklahoma 73104, U.S.A.



xviii List of Contributors
G. TAYLOR

Laboratory of Molecular Biology, Dept. of Crystallography, Birbeck College,
University of London, Malet Street, London WCIE 7HX, U.K.

W.M. TEAGUE
Clayton Foundation Biochemical Institute and Department of Chemistry, University
of Texas at Austin, Austin, Texas, U.S.A.

J.C. THIERRY
Lab. Cristallochimie, Univ. L. Pasteur, 67000 Strasbourg, France

D. TRAJKOVIC
Dept. of Biochemistry, Institute of Biological Research, 11000 Belgrade,
Yugoslavia

I.N. TRAKHT
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

0. TSOLAS
Roche Institute of Molecular Biology, Nutley, N.J., U.S.A.

V. TURK
Department of Chemistry, Edvard Kardelj University, 61000 Ljubljana, Yugoslavia

Kh.A. ULMASOV
Institute of Molecular Biology, USSR Academy of Sciences, Moscow 117334, USSR

S.K. VASSILENKO
Institute of Organic Chemistry, Novosibirsk, USSR

S.P. WOOD
Laboratory of Molecular Biology, Department of Crystallography, Birbeck College,
University of London, Malet Street, London WCIE 7HX, U.K.

H. YAMADA
Department of Molecular Biophysics and Biochemistry, Yale University, New Haven,
Connecticut 06520, U.S.A.

S.J. YEAMAN
Clayton Foundation Biochemical Institute and Department of Chemistry, University
of Texas at Austin, Austin, Texas, U.S.A.

G. ZACCAI
Inst. Laue-Langevin, 38000 Grenoble, France

H.G. ZACHAU
Institut fiir Physiologische Chemie, Physikalische Biochemie und Zellbiologie
der Universitdt Minchen, Miinchen, Federal Republic of Germany

W. ZILLIG
Max-Planck-Institut fiir Biochemie, 8033 Martinsried, Federal Republic of Germany



8051812

Preface

List of Contributors

Regulation of Enzyme Activity

Partial Amino Acid Sequence of Rabbit Liver Fructose

1,6-Bisphophatase (Fru-Pjase, EC 3.1.3.11) and Sites of Cleavage by

Proteinases
B.L. Horecker, J.S. MacGregor, V.N. Singh, O. Tsolas, S.C. Sun,
0. Crivellaro and S. Pontremoli

Physiological Inactivation of Enzymes in Yeasts
C. Gancedo, S. Funayama and Juana M. Gancedo

Structural Requirements of a Rat Liver Proteinkinase Displaying a
Specificity Similar to That of the Mammary Gland Caseinkinase(s)
F. Meggio, A. Donella Deana and L.A. Pinna

Structure and Functions of Protein Kinases
E.S. Severin, S.N. Kochetkov, T.V. Bulargina, Kh.A. Ulmasov,
I.A. Grivemnikov, I.N. Trakht, S.F. Barbashov, L.P. Saschenko
and M.V. Nesterova

Structure, Function and Regulation of the Mammalian Pyruvate
Dehydrogenases Complex

L.J. Reed, F.H. Pettit, S.J. Yeaman, W.M. Teague and D.M. Bleile

Role of Enzyme Catalyzed Covalent Modifications in Regulation of
Glutamine Synthetase
E.R. Stadtman, P.B. Chock and S.G. Rhee

Control Points in the Citric Acid Cycle
J.H. Ottaway and C.L. McMinn

Acid Phosphatase, a Glycoprotein of the Yeast Cell Wall
P. Mildner, S. Barbarié, B. Kozulié and B. Ries

Ligand Binding Properties and Subunit Interactions in Yeast Alcohol

Dehydrogenase
V. Leskovac

ix

%l

23

35

47

57

69

83

93



vi Contents

Probing of Enzyme Microenvironment of Fluorescein Derivatives
N.G. Otikonomakos, T.G. Sotiroudis and A.E. Evangelopoulos

On the Role of Water in the Acceleration of an Enzymatic Reaction
M.R. Pavlié

Enzymes in Nucleic Acid and Protein Synthesis

Restriction Nucleases in the Analysis of Bovine 1.706 Satelite DNA
R.E. Streeckm M. Pech and H.G. Zachau

Enzymatic Synthesis of Site-Specific Mutation in an Essential Gene of
Bacteriophage @X174
R.W. Chambers, 0.S. Bhanot and M.Z. Humayun

DNA Polymerases of Human Normal and Leukemic Cells
M.G. Sarngadharan and R.C. Gallo

Comparative Studies of Structure and Function of DNA-Dependent RNA
Polymerases from Eubacteria and Archabacteria
W. Z2illig, K.O. Stetter, W. Schulz and D. Janekovic

In Vitro Transcription of Cloned Eukaryotic tRNA Genes
0. Sehmidt, B. Hovemann, S. Silverman, H. Yamada, J. Mao and D. Svll

Crystallographic Studies of Tyrosol tRNA Synthetase
D.M. Blow and J.R. Rubin

Molecular Enzymology of Tryptophanyl-tRNA Synthetase from Beef
Pancreas
L.L. Kisselev, G.K. Kovaleva, 0.0. Favorova, V.S. Scheinker and
S.F. Beresten

Aminoacyl-tRNA Synthetases: Interactions with their Ligands
J.P. Ebel, P. Remy, M. Baltzinger, R. Ehrlich, J.F. Lefevre,
M. Renaud, F. Fasiolo, G. Keith, O. Favorova, S. Vassilenko,
R. Giege, A. Dietrich, D. Kern, D. Moras, J.C. Thierry, B. Jacrot
and G. Zaceail

Proofreading Process in Protein Biosynthesis on the Mechanism of
Aminoacylation of tRNA
F. Cramer

Polynucleotide Phosphorylase as a Probe for the Regulatory Function
of the 3'-OH Region of mRNA and Viral RNA in Translation
U.Zz. Littauer, H. Soreq and P. Cornelis

Cortisol Mediated Control at the Translation Level in Anabolic Target
Liver Cells. Modulation of Translation and Ribosomal Proteins
Phosphorylation

D. Kanazir, D. Stefanovié, R. Metlad, S. Popié, M. Katan,

D. Trajkovié, N. Ribar-Stepié and R. Djordjevié

Coordinacy in the Induction of Acid Glycosidases by Testosterone in
Mice
S.L. Petrovié, J.S. Borota, M.B. Novakovié and D.V. Marinkovié

103

113

125

135

145

159

179

189

211

223

233

245

259



Contents
Proteolytic Enzymes

Gastric Proteinases and their Zymogens. Phylogenetic and
Developmental Aspects
B. Foltman and N.H. Axelsen

The Active Site of Acid Proteinases
T.L. Blundell, H.B. Jones, G. Khan, G. Taylor, B.T. Sewell,
L.H. Pearl and S.P. Wood

Structure and Function of Cathepsin D
J.S. Huang, S.S. Huang and J. Tang

Thiol Proteinases of Human Lysosomes
A.J. Barrett

Carboxyl and Thiol Intracellular Proteinases
V. Turk, I. Kregar, F. Gubendek, T. Popovid, P. Lodnikar and T. Lah

Intracellular Serine Proteinases of Bacteria - Isolation, Chemistry,
Evolutionary Aspects

V.M. Stepanov

Proteinases and Endogenous Proteinase Inhibitors in Yeast
M. Miller and H. Holzer

The Structure-Function Relationships of Collagenolytic Enzymes
B. Keil

Intracellular Neutral Proteinases and their Inhibitors
M. Kopitar, J. Brzin, J. Babnik, V. Turk and A. Suhar

Characteristics of the Uptake and Degradation of Yeast Invertase in
Rat Tissues

H.L. Segal, H.M. Madnick and A.C. Parks
Author Index

Subject Index

281

289

307

331

339

351

377

391

405

e



