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Preface

The present bound edition of Human Protein Data includes the description of 314 human proteins. With
this number of human proteins described the compendium is now becoming of broad interest and makes it
a valuable handbook for a quick reference to the most pertinent data on one particular human protein.

Human Protein Data was started in a loose-leaf form with a 1st Installment in June 1992. The Ist Install-
ment contained descriptions of 158 human proteins. It was followed by a 2nd Installment in November
1993 with 49 new proteins, and in June 1995 with the 3rd Installment containing descriptions of 56 new
proteins. i

With the 4th and Sth Installments revisions of 95 contributions from the st Installment and 41 from the
2nd Installment have been printed. In addition 26 contributions have been reviewed by the authors and
been declared as still actual (indicated in the list of proteins by two asterisks). Thus the total number of
proteins revised comes to 162 of the original 207 contributions collected in the first two Installments. The
goal, already planned at the beginning, namely to revise the contributions every 4 to 5 years has therefore
largely been realized. It is the continuous willingness of the authors to help realizing the compendium, that
so many revisions of contributions could be collected in these two installments.

It is with the 6th Installment, published in March [998; that the compendium has been expanded with the
descriptions of 51 new human proteins. :

It is part of the introduction to the 1st Installment (1992) of Human Protein Data, which gives the basic
idea on how this project was started:

Overwhelming progress in the last twenty years of molecular biology has made available the amino
acid sequences of thousands of proteins of human, animal, bacterial and viral origin. The elucidati-
on of the human genome will add an immense body of knowledge on DNA sequences and ultima-
tely on amino acid sequences of proteins.

High resolution two-dimensional gel electrophoresis has already localized over 3400 human pro-
teins as products of the transcription of the genetic information. More than 1000 proteins have
been identified and there is no doubt that in the next few years this number will increase. The three-
dimensional structure of some 500 proteins is more or less well established. The information on
protein structure and function is expanding in scope and depth. Superfamilies of proteins are being
recognized with similar amino acid sequence motifs and structures as well as comparable function.

This extraordinary accumulation of knowledge in molecular biology and possibly the shift of a vast
number of scientists into this field has caused a change in the methods of biochemistry. A few years
ago a newly discovered protein first had to be isolated. Its physico-chemical parameters and its ami-
no acid sequence were then determined. Crystallization and the determination of the three-dimen-
sional structure by X-ray crystallography was the ultimate goal in its characterization. Physiologi-
cal and pathological characteristics were explored simultaneously. Today many proteins are only
perceived by their function, and ultimately their DNA and amino acid sequence is determined by
cDNA technology.

It is the aim of the present compendium to bring together information from both fields and to pre-
sent the data in a condensed and distinct way.

The idea of creating Human Protein Data emerged during several years of my work as a biochemist
in the Department of Internal Medicine at the Inselspital, Bern, Switzerland. 1 was frequently faced
with questions on characteristics and biological functions of proteins. Sometimes the questions
were easy to answer, but in other instances they involved hours of research in review and original
articles or in databases.

At this point [ started collecting data on proteins relevant to my own field of research, blood coagu-
lation. Since this particular field alone is growing fast, and the accumulation of data overwhelming,
it soon became difficult to keep track of the data on coagulation proteins, and almost impossible on
other human proteins.
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Since my data on coagulation proteins was never complete and up-to-date, nor did I have the time
to collect data on proteins of other fields, I started the search for an existing collection of protein
data. Apart from the well-known and frequently used databases on amino acid and DNA sequences,
which contain little information on physico-chemical parameters and even less on biological or
pathological functions, there are only a few books containing all this information. One is the Hand-
book of Biochemistry and Molecular Biology, edited by G.D. Fasman, with much helpful informa-
tion on physico-chemical data on proteins of human, animal and plant origin. Two other well-
known books are Molecular Biology of Human Proteins with special Reference to Plasma Proteins
(last edition 1966), by Schultze and Heremans, and a series of five volumes, The Plasma Proteins,
edited by F.W. Putnam (last edition 1975 - 1987), both giving relatively short reviews on single pro-
teins. Unfortunately, they all share the same disadvantage of not having been updated frequently
enough.

At some point I realized that a concise collection of recent data on human proteins simply did not
exist. I started working out the idea of what such a collection should look like. I asked one of my
colleagues, Miha Furlan, to create with me a sample page on fibrinogen, a protein that we have both
been interested in for many years.

With this sample page and a list of the names of the first one hundred proteins to be included in a
starting volume [ contacted Hans F. Ebel, Editor of chemistry and biochemistry books at VCH
Publishers in Weinheim, Germany. After several lively discussions and evaluations of the project
with VCH they agreed to publish Human Protein Data as a compendium.

I would like to express my thanks especially to my secretary Christine von Griinigen, who coordinates the
secretarial and editorial work with more than 300 authors. I would also like to acknowledge Dr. Hans-
Joachim Kraus, Karin Dembowsky and their staff at WILEY-VCH for their continuous support.

March 1998 André Haeberli



Introduction

The two-volume set includes the descriptions on 314 human proteins and thus all proteins described in the
Installments 1-6 of the loose-leaf form of Human Protein Data.

Preceding the protein data sheets, the complete, most recent addresses of all authors including phone, FAX
and E-mail address are given. Following the address list, there is a list of synonyms and abbreviations of
all proteins covered in the six issucs. This list will help the reader find his way to the protein he might be
looking for.

A computer program at the end of the compendium contains part of the information and allows searches
through the data, e.g., sorted lists of proteins with increasing molecular weight or increasing IEP.

The statement ,,Unknown* in a specific field means either that this field is not applicable or that the spe-
cific value has not yet been determined.

Remarks on the specific fields

Although the titles to the single fields are self-explanatory, a short summary as to the content of each field is
provided here:

Synonyms Many proteins have several synonyms and some of the proteins are still recogni-
zed by their older names. All common synonyms are mentioned and listed in front
of the compendium.

Abbreviations The most commonly used abbreviations are listed. All abbreviations are indexed
in the synonym and abbreviation list.

Classifications Classifications of the proteins such as electrophoretic mobility, protein classes
and/or the EC No. for enzymes are given.

Description A short and concise description of the protein is given. If the protein is synthesi-
zed in different organs, reference to identity or nonidentity is given.

Structure The structures known from physico-chemical measurements, from electron
microscopy, NMR or crystallography are described here. For many proteins com-
prehensible models are added at the end of the data sheets.

Molecular Weight In general the molecular weight of the intact protein is given first. In addition the
molecular weights of subunits, polypeptide chains or discrete fragments with bio-
logical signifcance are included. The methods used for the determination are
given in parentheses.

Sedimentation Coeff.  The sedimentation coefficient is given in Svedberg (S) units.

[soelectric Point For a homogeneous protein the precise [EP is given; if the protein is heterogeneous
(e.g. glycoproteins) the range or multiple IEP’ are given. Special conditions for
the determination of the IEP (e.g. urea) are given in parentheses.

Extinction Coeff. The extinction coefficient is either given as E (280 nm, 1%, lcm) or as molar
extinction coefficient or both. The extinction coefficients for subunits or
polypeptide chains are given as well.

Enzyme Activity The mode of action of enzymes is described. The protein’s enzyme activity is clas-
sified according to the rules of the IUB.

Coenzymes/Cofactors  Coenzymes and cofactors related to the protein are listed and their role is explai-
ned.



X Introduction

Substrates

[nhibitors

Biological Functions

Physiology/Pathology

Degradation

Genetics/Abnormalities

Half-Life

Concentration

Isolation Method(s)

Amino Acid Sequence

Disulfides/SH-Groups

_ General References

Ref. for DNA/AA
Sequences

The most important biological substrates for enzymes or inhibitors are listed. The
most valuable chromogenic substrates used to determine the enzyme activity in
vitro may be mentioned.

The most important biological inhibitors and their mode of action are briefly de-
scribed. The most relevant and useful synthetic inhibitors are listed.

The concise biological function is described here.

The major physiological role of the protein is described. The consequences of re-
duced concentration, overproduction, or the absence of the protein are mentioned.

The most important pathways and products of degradation and any biological ac-
tivity associated with the degradation products are described.

The prominent genetic facts are noted and abnormal forms of the protein are de-
scribed. The gene localization is indicated.

The biological half-life is given. This applies specially for circulating proteins.

The concentration of the protein is given for different body fluids or even in cells.
Ranges of normal concentrations are mentioned.

The most successful method(s) along with the best biological source for isolating
the protein is briefly described.

This paragraph in general does not include the whole amino acid sequence, since
there are many databases containing this information. Instead, particularly pro-
minent or physiologically important parts of the amino acid sequence and se-
quence homologies with other proteins or families of proteins are mentioned.

The number of disulfide bonds and their location are indicated.
The number of free SH-groups is mentioned.

The most important references and if possible recent reviews on the protein are

given.

References to DNA or amino acid sequences are given here. Citation of acces-
sion numbers and the respective databank are given where applicable.



List of Proteins, with Contributors

Installments 1 to 6

B-N-acetyl-D-hexosaminidase
Acetylcholinesterase

Acyl-CoA dehydrogenase
Albumin

Alcohol dehydrogenase
Aldehyde dehydrogenase, El, liver cytoplasm
Aldehyde dehydrogenase, E2, liver mitochondria
Aldehyde dehydrogenase, E3, liver cytoplasm
Aldehyde dehydrogenase, stomach cytoplasm
Aldehyde oxidase

Aldehyde reductase

Aldose reductase
Alpha-1-antichymotrypsin
Alpha-1-microglobulin
Alpha-1-proteinase inhibitor
Alpha2-HS-glycoprotein
Alpha-2-macroglobulin
Alpha-2-macroglobulin receptor
Alpha-2-plasmin inhibitor
Alpha-amylase
Alpha-L-iduronidase
Aminopetidase N
Aminopeptidase P

Amyloid B-protein precursor
Angiogenin
Angiotensin-converting enzyme
Ankyrin

Antithrombin

Apolipoprotein(a)
Apolipoprotein A-1
Apolipoprotein A-II
Apolipoprotein A-IV
Apolipoprotein B-48
Apolipoprotein B-100
Apolipoprotein B messenger RNA editing protein
Apolipoprotein CI and CIV
Apolipoprotein CII
Apolipoprotein CIII
Apolipoprotein D
Apolipoprotein E

Aquaporin-1

Arrestin

Arylamine N-acetyltransferase
Aspartate aminotransferase
Band 3 protein

Beta 1,4-galactosyltransferase
Beta-2-microglobulin

Biliverdin reductase
Butyrylcholinesterase

Cl1 inhibitor

Clq complement protein

C1r complement protein

C3 complement protein

* revised 1997  ** revised 1997, but unchanged
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Don J. Mahuran and Roderick B.C. Tse
Urs Brodbeck

Kay Tanaka and Yasuyuki Ikeda
Theodore Peters, Jr.

Bendicht Wermuth

Regina Pietruszko

Regina Pietruszko

Regina Pietruszko and Gloria Kurys
Regina Pietruszko

Russ Hille

Oleg A. Barski and Kurt M. Bohren
Kurt M. Bohren and Oleg A. Barski
Harvey Rubin and Michael Plotnick

Bo Akerstrom

Maurice C. Owen and Robin W. Carrell
Willi Jahnen-Dechent and Werner Miiller-Ester]
Lars Sottrup-Jensen

Dudley K. Strickland

Nobuo Aoki

Michio Ogawa

Peter R. Clements and John J. Hopwood
Hans Sjdstrom and Ove Norén

Greet C. Vanhoof and Filip Goossens
Wilma Wasco

Bert L. Vallee

James F. Riordan

William T. Tse and Samuel] E. Lux
Jui-Yoa Chang

Gunther M. Fless and Angelo M. Scanu
Lawrence Chan

Lawrence Chan

Richard B, Weinberg

Lawrence Chan

Lawrence Chan

Lawrence Chan

Vassilis I. Zannis and Dimitris Kardassis
Eleni E. Zanni and Vassilis I. Zannis
Dimitris Kardassis and Eleni E. Zanni
Carlos Lépez-Otin

Stanley C. Rall, Jr.

Landon S. King and Peter Agre
Krzysztof Palczewski and Larry A. Donoso
Denis M. Grant and Urs A. Meyer
Erika Sandmeier and Philipp Christen
Hermann Passow

Eric G. Berger and Martine Malissard
Lennart E. Logdberg

Mahin D. Maines

Oksana Lockridge

Peter J. Spith

Michael Loos and Franz Petry

Gérard I. Arlaud

Reinhard Burger
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XII

Proteins and Contributors

C4 complement protein *
C4b-binding protein *
C5 complement protein *
C6 complement protein *
C7 complement protein *
C8 complement protein *
C9 complement protein

Ca**/calmodulin-dependent protein kinase i1
Calcitonin and procalcitonin

Calcitonin gene-related petide

Calcium adenosinetriphosphatase

Caldesmon

Calmodulin

Calpain

Carbonic anhydrase I

Carbonic anhydrase II

Carbonic anhydrase 111 *
Carbonic anhydrase IV *
Carbony! reductase

Carboxyl ester lipase

Carboxypeptidase N

Cartilage oligomeric matrix protein

Catalase *
Catechol-O-methyltransferase
CD23

CD 26

CD 59

Choriogonadotropin
Chromogranin A
Chromogranin B

Chymase

Clusterin

Collagen Introduction
Collagen type |

Collagen type II

Collagen type V

Collagen type VI

Collagen type VII

Collagen type IX

Collagen type X *
Collagen type XI

Collagen type X11

Collagen type XIII

Collagen type XIV

Collagen type XV

Collagen type XVIII

Collectin receptor

Complement receptor type 1 *
Cortisol binding globulin

C-reactive protein *
Creatine kinase *
Cyclophilin-18

Cyclophilin-20

Cyclophilin-40

Cystatin A

Cystatin B

Cystatin C *

* X ¥ ¥

* revised 1997 ** revised 1997, but unchanged

R. Duncan Campbell and S.K. Alex Law
Andreas Hillarp and Bj6rn Dahlbick
Rick A. Wetsel
Dieter E. Jenne
Richard G. DiScipio
James M. Sodetz
Jiirg Tschopp
Yoko Yamagata and Gerald Thiel
Jan A. Fischer and Walter Born
Jan A. Fischer and Walter Born
Ernesto Carafoli, Thomas Vorherr and Danilo Guerini
Anindita Sen and Joseph M. Chalovich
Wai Yiu Cheung and Dennis L. Merat
Koichi Suzuki and Hiroshi Kawasaki
Sven Lindskog
Teaster T. Baird, Jr., Eric D. Roush
and Carol A. Fierke
David N. Silverman
Abdul Waheed and William 8. Sly
Bendicht Wermuth
Karen Reue
Dirk F. Hendriks and Katinka A. Schatteman
Jack Lawler
Gian Franco Gaetani and Anna Maria Ferraris
Barbara Bertocci and Mose® Da Prada
Erich Kilchherr and Christoph H. Heusser
Ingrid A. De Meester and Anne-Marie Lambeir
Peter J. Sims
David Puett
Hans-Hermann Gerdes and Wieland B. Huttner
Hans-Hermann Gerdes and Wieland B. Huttner
George H. Caughey
Arcadio Chonn and Jiirg Tschopp
Michel van der Rest
Michel van der Rest
Michel van der Rest
Mahnaz Moradi-Améli and Michel van der Rest
Beat Trueb
Louise M. Rosenbaum
Peter Bruckner
I. Terrig Thomas and Raymond P. Boot-Handford
Mahnaz Moradi-Améli and Michel van der Rest
Gregory P. Lunstrum
Taina Pihlajaniemi
Gregory P. Lunstrum
Taina Pihlajaniemi
Marko Rehn
Rajneesh Mathotra and Robert B. Sim
Alison L. Gibb and Edith Sim
Paul F. Edgar and Robin W. Carrell
Richard F. Mortensen
Lucia Sacchetti and Giuliana Fortunato
Wei Li and Robert E. Handschumacher
Fabrice Allain and Genevigve Spik
Lynda J. Kieffer and Robert E. Handschumacher
Ari Rinne
Ari Rinne, Riitta Rinne and Mikko Jérvinen
Anders O. Grubb
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Cystatin D

Cystatin S,SN,SA

Cysteine-rich protein

Cytochrome C

Cytochrome C oxidase

Decay accelerating factor

Dopamine beta-hydroxylase

Endopeptidase-24.11

Erythrocyte acid phosphatase

Erythropoietin

Erythropoietin receptor

Factor I

Factor V

Factor VII

Factor VIII

Factor IX

Factor X

Factor XI

Factor XII

Factor B

Factor D

Factor H

Ferritin

Fibrinogen

Fibronectin

Fructose-1,6-bisphosphate aldolase

Furin

Gamma-glutamyltransferase

Glucocerebrosidase

Glucose-6-phosphatase

Glucose-6-phosphate dehydrogenase

Glucose transport protein 1

Glucose transport protein 2

Glucose transport protein 3

Glucose transport protein 4

Glucose transport protein 5

Glucose transport protein 7

Glucuronate-2-sulphatase

Glutamic y-semialdehyde dehydrogenase,
liver mitochondria

Glutathione peroxidase, cellular

Glutathione peroxidase, extracellular

Glyceraldehyde-3-phosphate dehydrogenase

Glycogen phosphorylase

Glyoxalase |

Gilyoxalase I

Granulocyte colony-stimulating factor (G-CSF)

Granulocyte-macrophage colony-stimulating
factor (GM-CSF)

Haemosiderin

Heme oxygenases

Hemoglobin

Hemopexin

Heparin cofactor II

Hepatic lipase

Histidine-rich glycoprotein

Hormone-sensitive lipase

Iduronate-2-sulfatase

* revised 1997 ** revised 1997, but unchanged
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Milagros Balbin and Anders O. Grubb
Satoko Isemura

Nancy E. Cooke and Stephen A. Liebhaber
Teresa J.T. Pinheiro and Anthony Watts
Angelo Azzi

Douglas M. Lublin

Annie Lamouroux and Jacques Mallet

A. John Kenny

Robert L. Van Etten

Jerry L. Spivak

Lena Avedissian and Jerry L. Spivak

Michael K. Pangburn

Richard J. Jenny

Walter Kisiel

Leon W, Hoyer

Syed S. Ahmad and Peter N. Walsh

Craig M. Jackson

Frank A. Baglia and Peter N. Walsh

Bernhard Limmle and Walter A. Wuillemin
Michael K. Pangburn

Manuel Pascual and Jiirg A. Schifferli

Robert B. Sim

Robert R. Crichton and Roberta J. Ward
Miha Furlan

Dean F. Mosher

Francesco Salvatore and Paola Costanzo
Elizabeth C. Ledgerwood and Stephen O. Brennan
Giuseppe Castaldo and Lucia Sacchetti
Gregory A. Grabowski

Ann Burchell

Gian Franco Gaetani and Anna Maria Ferraris
Ann Burchell

Ann Burchell

Ann Burchell

Ann Burchell

Ann Burchell

Ann Burchell

Julie Bielicki, Craig Freeman, John J. Hopwood
Regina Pietruszko

Kazuhiko Takahashi and Ikuko Saito
Kazuhiko Takahashi and Ikuko Saito
Francesco Salvatore and Lisa de Conciliis
Christopher B. Newgard

Paul I, Thornalley

Paul J. Thornalley

Nicos A. Nicola

Nicos A. Nicola

Roberta I, Ward

Mahin D. Maines

H. Franklin Bunn

Ursula Muller-Eberhard and Stephan Immenschuh
Douglas M. Tollefsen

John S. Hill and Howard Wong

H. Roger Lijnen

Mandeep Dhadly and Karen Reue

Julie Bielicki and John J. Hopwood
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XIv

Proteins and Contributors

Immunoglobulin A

Immunoglobulin D

Immunoglobulin E

Immunoglobulin G

Immunoglobulin M

Insulin and proinsulin

Insulin-like growth factor binding protein-1
Insulin-like growth factor binding protein-2
Insulin-like growth factor binding protein-3
Insulin-like growth factor binding protein-4
Insulin-like growth factor binding protein-5
Insulin-like growth factor binding protein-6
Insulin-like growth factor I

Insulin-like growth factor II
Inter-alpha-inhibitor

Interferon Alpha

Interferon Gamma

Interferon Gamma Receptor

Interleukin 1

Interleukin 2

Interleukin 3

Interleukin 4

Interleukin 5

Interleukin 6

Interleukin 8

Interleukin 10

Interluekin 11

Interleukin 12

Interleukin-1 receptor antagonist

J Chain

Kallistatin

Kininogens

Lactase-phlorizin hydrolase

Lactate dehydrogenase

Lactoferrin

Laminin

Lecithin cholesterol acyltransferase
Leukemia inhibitory factor (LIF)
Leukocyte cathepsin G

Leukocyte elastase

Lipocortin I

Lipoprotein lipase

Lysozyme

Macrophage colony-stimulating factor (M-CSF)
Mannose-binding lectin

Membrane cofactor protein (CD46)
Membrane-type 1 matrix metalloproteinase
Multimerin

Myeloperoxidase

Myoglobin
N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-6-sulphatase
Nerve growth factor

Neutrophil collagenase

Neutrophil lipocalin

Nitric oxide synthase

Opsin

Ornithine carbamoyltransferase

* revised 1997 ** revised 1997, but unchanged
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Jiri Mestecky and Michael W.Russell
Philip W. Tucker

Kimishige Ishizaka

Frantisek V. Skvaril

Stephen J. Perkins

John A. Galloway and Ronald E. Chance
Robert C. Baxter and Janet L. Martin
Robert C. Baxter and Janet L. Martin
Janet L, Martin and Robert C. Baxter
Janet L. Martin and Robert C. Baxter
Janet L. Martin and Robert C. Baxter
Janet L. Martin and Robert C. Baxter
Robert C. Baxter and Janet L. Martin
Robert C. Baxter and Janet L. Martin
Wolfgang Gebhard

Denis O'Shaughnessy and Erich Hochuli
Sefik S. Alkan

Gianni Garotta

Teresa Krakauer and Joost J. Oppenheim
Thomas L. Ciardelli

James N. Ihle

Erich Kilchherr and Christoph H. Heusser
Colin J. Sanderson

Shizuo Akira and Tadamitsu Kishimoto
Alfred Walz and Marco Baggiolini
Kristopher Josephson and Mark R. Walter
David A. Williams

David H. Presky and Alvin S. Stern
Michael F. Smith, Jr.

Jiri Mestecky and Michael W. Russell
Julie Chao, Robert Q. Miao and Lee Chao
Werner Miiller-Esterl

Giorgio Semenza and Ned Mantei

Lucia Sacchetti and Giuliana Fortunato
Genevidve Spik and Jean Montreuil
Hynda K. Kleinman

Ana Jonas

Nicos A. Nicola

David L. Farley

David L. Farley

Joyce A. Eldering and Brigitte M. Frey
Howard Wong and Michael C. Schotz
Masakazu Kikuchi and Masaaki Matsushima
Nicos A. Nicola

Uday Kishore and Kenneth B.M. Reid

M. Kathryn Liszewski and John P. Atkinson
Yoshifumi Itoh and Motoharu Seiki
Catherine P.M. Hayward

William M, Nauseef

Chandramowli Ganesh and Raghavan Varadarajan
Julie Bielicki and John J. Hopwood

Julie Bielicki and John J. Hopwood
Gerhard Heinrich

Michael Pieper and Harald Tschesche
Volker Z61zer and Harald Tschesche
Benjamin Hemmens and Bernd Mayer
Paul A. Hargrave and J. Hugh McDowell
Bendicht Wermuth
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Osteonectin

Pancreatic secretory trypsin inhibitor
Parathyroid hormone

Parathyroid hormone-related protein
Pepsinogen

P-Glycoprotein

Phenylalanine hydroxylase
Phospholipase A,

Phospholipase C

Plasma factor XIII

Plasminogen

Plasminogen activator inhibitor type 1

Plasminogen activator inhibitor type 2

Platelet basic protein

Platelet-derived growth factor

Platelet factor 4

Platelet membrane glycoprotein Iba (GPIbar)

Platelet membrane glycoprotein IbB (GPIbB)

Platelet membrane glycoprotein V (GPV)

Platelet membrane glycoprotein IX (GPIX)

Prekallikrein

Procarboxypeptidase U

Prolactin

Prolactin receptor

Prolyl oligopeptidase

Properdin

Prostasin

Prostate specific antigen

Protein C

Protein C inhibitor

Protein kinase C

Protein S

Prothrombin

Retinol-binding protein

Rhodopsin kinase

Secretogranin II

Secretory component

Semenogelin I

Semenogelin I

Serum amyloid A protein

Serum amyloid P component

Somatotropin

Somatotropin receptor &
somatotropin binding protein

Spectrin

Sucrase-isomaltase

Superoxide dismutase

Surfactant protein A

Surfactant protein D

Synapsin I, Synapsin II

Tamm-Horsfall protein

Tenascin

Tetranectin

Thioltransferase

Thrombomodulin

Thrombospondin-1

Thrombospondin-2

* revised 1997  ** revised 1997, but unchanged
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George L. Long and Kenneth G. Mann

Michio Ogawa

Roman Muff and Jan A. Fischer

Jan A. Fischer and Roman Muff

Kenji Takahashi

Tip W. Loo and David M. Clarke

Randy C. Eisensmith and Savio L.C. Woo

Fritz Mirki

Fritz Mirki

Thung-Shenq Lai, Komandoor E. Achyuthan
and Charles S. Greenberg

Johann Schaller and Egon E. Rickli

Daniel A. Lawrence and David J. Loskutoff

Egbert K.O. Kruithof

Kenneth J. Clemetson

Carl-Henrik Heldin

Stefan Niewiarowski and Bradford A. Jameson

Kenneth J. Clemetson

Kenneth J. Clemetson

Kenneth J. Clemetson

Kenneth J. Clemetson

Michael Silverberg

Dirk F. Hendriks and Katinka A Schatteman

Vincent Goffin and Joseph A. Martial

Vincent Goffin and Paul A. Kelly

Filip J. Goossens and Greet C. Vanhoof

Kenneth B.M, Reid

Jack X. Yu, Lee Chao and Julie Chao

Anders Peter, Johan Malm and Hans Lilja

Lei Shen and Bjorn Dahlbdck

Koji Suzuki

Doriano Fabbro and Christoph Borner

Andreas Hillarp and Bjorn Dahlbick

Craig M. Jackson

Lars Rask

Krzysztof Palczewski

Hans-Hermann Gerdes and Wieland B. Huttner

Michael W. Russell and Jiri Mestecky
Anders Peter, Johan Malm and Hans Lilja
Anders Peter, Johan Malm and Hans Lilja
Earl P. Benditt and Nils Eriksen

Mark B. Pepys

Gerhard Baumann

Gerhard Baumann

Jean Delaunay

Erwin E. Sterchi
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XVI Proteins and Contributors

Thrombospondin-3
Thrombospondin-4
Thromboxane synthase
Thyroglobulin
Thyrotropin
Thyrotropin receptor

Thyroxine-binding globulin

Tissue factor

Tissue factor pathway inhibitor
Tissue kallikrein

Tissue transglutaminase

Tissue-type plasminogen activator
Transferrin

Transferrin receptor

Transforming growth factor-beta 3 (1,2)
Transthyretin

TRH receptor

Tripeptidyl peptidase II

Troponin C

Trypsin(ogen) 1 and Trypsin(ogen) 2
Tryptase

Tryptophan hydroxylase

Tubulin

Tumor necrosis factor

Tyrosine hydroxylase
UDP-glucuronosyltransferases
Urokinase plasminogen activator receptor
Versican

Vitamin D binding protein
Vitamin K dependent carboxylase
Vitamin K epoxide reductase
Vitronectin

Von Willebrand factor

Xanthine oxidoreductase
Zn-alpha-2-glycoprotein

* revised 1997  ** revised 1997, but unchanged

*k

* Kk

* %k
Kk
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Brian Burchell
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Maria T. Dours-Zimmermann
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Komandoor E. Achyuthan

Noble Center for Biomedical Research
Oklahoma Medical Research Foundation
Oklahoma City, OK 73104

US.A.

Plasma factor XIII

Daniel Aeschlimann
Department of Medicine
University of Wisconsin
4459 Medical Science Center
1300 University Avenue
Madison, WI 53706

US.A.

Phone: +1 608 262 1375
FAX: +1 608 263 4969
Tissue transglutaminase

Peter Agre

Johns Hopkins University
Department of Biological Chemistry
725 N. Wolfe Street

Baltimore, MD 21205-2185

US.A.

Phone: +1410 9553154

FAX: +14109553149

E-mail: peteragre@mail.bs.jhu.edu
Agquaporin-1

Syed S. Ahmad

Thrombosis Research Center

Temple University School of Medicine
3400 North Broad Street

Philadelphia, PA 19140

US.A.

Phone: +1 215221 4375

FAX: +12152212783

Factor IX

Bo Akerstrom

Department of Medical

and Physiological Chemistry
Lund University

P.O. Box 94

§-22100 Lund

Sweden

Phone: +46 46 222 8578
FAX: +46462224022
E-mail: bo.akerstrom @medkem.lu.se
Alpha-1-microglobulin

Shizuo Akira

Department of Biochemistry
Hyogo College of Medicine
1-1 Mukogawa-cho
Nishinomiya, Hyogo 663
Japan

Phone: +81 0798 45 6355
FAX: +810798 46 3164
Interleukin 6

Sefik S. Alkan

Ciba Geigy Ltd.

Department of Allergy/Immunology
R-1056-407

CH-4002 Basel

Switzerland

Phone: +41 61 697 5384

FAX: +41 616973968
Interferon gamma

Fabrice Allain

Laboratoire de Biochimie

Université des Sciences et Technologies de Lille
F-59655 Villeneuve d’Ascq Cédex

France

Phone: +33 20434 155

FAX: 43320436555

Cyclophilin-20 .

Lena Avedissian

Ross 1025

Johns Hopkins University School of Medicine
720 Rutland Avenue

Baltimore, MD 21205

US.A.

Phone: +1 410955 5454

FAX: +1410955 0185

Erythropoietin receptor

José M. Andreu

Centro de Investigaciones Biologicas C.S.1.C
Velazquez 144

E-28006 Madrid

Spain

Phone: +34 1585 4380

FAX: +3415627518

Tubulin
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Ina Red Cross Blood Center
Ina-Machi, Kitaadachi-Gun
Saitama-Ken 362

Japan

Phone: +8148 722 1211

FAX: +8148 7216404

E-mail: aoki.medl.1@med.tmd.ac.jp
Alpha-2-plasmin inhibitor

Gérard J. Arlaud

Laboratoire d'Enzymologie Moléculaire
Institut de Biologie Structurale

41, Avenue des Martyrs

F-38027 Grenoble Cédex

France

Phone: +33 76 884 981

FAX: +3376 885494

E-mail: arlaud@ibs.fr

Clr complement protein

John P. Atkinson

Washington University School of Medicine
Division of Rheumatology
Department of Internal Medicine
Campus Box 8045

660 South Euclid

St. Louis, MO 63110

US.A.

Phone: +1 314 362 8392

FAX: +13143621366

E-mail: jatkinso@imgate.wustl.edu
CD46

Angelo M. Azzi

Institut fiir Biochemie und Molekularbiologie
Universitit Bern

Biihlstrasse 28

CH-3012 Bern

Switzerland

Phone: +41 316314131

FAX: +41316313737

Cytochrome C oxidase

Marco Baggiolini
Theodor-Kocher-Institut
University of Bern

Freiestrasse 1

CH-3000 Bern 9

Switzerland

Phone: +41 316314143
FAX: +41316313799
E-mail: baggiolini @tki.unibe.ch
Interleukin 8

Frank A. Baglia

Thrombosis Research Center

Temple University School of Medicine
3400 North Broad Street

Philadelphia, PA 19140

US.A.

Phone: +1 2152214375

FAX: +12152212783

Factor X1

Teaster T. Baird

Department of Biochemistry
Duke University Medical Center
Box 3711

Durham, NC 27710

US.A.

Phone: +1919 684 8976

FAX: +1919 684 4050
Carbonic anhydrase Il

Milagros Balbin

Departemento de Biologia Funcional
Universidad de Oviedo

E-33006 Oviedo

Spain

Phone: +34 85 104 202

FAX: +3485103534

Cystatin D

Oleg A. Barski

Baylor College of Medicine
The Diabetes Research Center
Texas Children’s Hospital

1102 Bates, Suite 830, MC 3-2353
Houston, TX 77030-2399
US.A.

Phone: +1 7137703771
FAX: +17137703766
E-mail: obarski @bcm.tme.cdu
Aldose Reductase

Aldehyde Reductase

Gerhard Baumann

Center for Endocrinology and Molecular Medicine

Northwestern University Medical School

303 East Chicago Avenue

Chicago, IL 60611

US.A.

Phone: +1312 503 4128

FAX: +1 3129089032

E-mail: gbaumann@nwu.edu

Somatotropin

Somatotropin-receptor & somatotropin binding
protein
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Robert C. Baxter

Kolling Institute of Medical Research
Royal North Shore Hospital

St Leonards, NSW 2065

Australia

Phone: +61 2 9926 8486

FAX: +6129926 8484

Email: robaxter@med.su.oz.au
Insulin-like growth factor I

Insulin-like growth factor Il

Insulin-like growth factor binding protein-1
Insulin-like growth factor binding protein-2
Insulin-like growth factor binding protein-3
Insulin-like growth factor binding protein-4
Insulin-like growth factor binding protein-5
Insulin-like growth factor binding protein-6

Earl P. Benditt

Department of Pathology SJ-60
University of Washington

Seattle, WA 98195

US.A.

Phone: +1 206 543 7472

FAX: +1206 685 3662 or 543 3644
Serum amyloid A

Eric G. Berger

Physiologisches Institut

Universitit Ziirich

Wintherthurerstr. 190

CH-8057 Ziirich

Switzerland

Phone: +41 12575070

FAX: +4113640564

E-mail: egberger@physiol.unizh.ch
Beta 1,4-galactosyltransferase

Barbara Bertocci

Faculté de Médicine Necker U.L. 373
156, Rue de Vaugirard

F-75730 Paris Cédex 15

France

Phone: +33 14061 5681

FAX: +33140615590
Catechol-o-methyltransferase

Julie Bielicki

Lysosomal Diseases Research Unit
Department of Chemical Pathology
Women's and Children's Hospital
North Adelaide, SA 5006

Australia

Phone: +61 8 204 7293

FAX: +618204 7100
Glucuronate-2-sulphatase
lduronate-2-sulphatase
N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-6-sulphatase
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Francesco Blasi

Unita di Genetica Molecolare

HSR Ospedale S. Raffaele DIBIT

Via Olgettina 60

1-20132 Milano

Italy

Phone: +39 22643 4832

FAX: +39226434844

E-mail: blasif@dibit.hsr.it

Urokinase plasminogen activator receptor

Kurt M. Bohren

Baylor College of Medicine
The Diabetes Research Center
Texas Children’s Hospital

1102 Bates, Suite 830, MC 3-2353
Houston, TX 77030-2399
US.A.

Phone: +1 713 770 3759/70
FAX: +17137703766
E-mail: kbohren@bcm.tme.edu
Aldose Reductase

Aldehyde Reductase

Raymond P. Boot-Handford

Dept. Biochemistry and Molecular Biology Sciences
University of Manchester

Stopford Building

Oxford Road

Manchester, M13 9PT

United Kingdom

Phone: +44 61 275 5117

FAX: +44 612755082

Collagen type X

Walter Born

Research Laboratory for Calcium Metabolism
Depts. of Orthopaedic Surgery and Medicine
Forchstrasse 340

CH-8008 Ziirich

Switzerland

Phone: +411 386 1650

FAX: +411386 1652

Calcitonin and procalcitonin

Calcitonin gene-related peptide

Christoph Borner
Present address unknown
Protein kinase C

Sylviane Boularand

Laboratoire Neurobiologie Cellulaire et Moléculaire
C.N.RS.

1, Avenue de la Terasse

F-91198 Gif sur Yvette

France

Phone: +33 16982 3636

FAX: +33169823580

Tryptophan hydroxylase
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Stephen O. Brennan

Molecular Pathology Laboratory
Christchurch School of Medicine
Christchurch Hospital
Christchurch

New Zealand

Phone: +64 3 364 0549

FAX: +64 3 364 0750

Furin

Ad Brinkman

Vlieland Hoever 63

NL-3137 GV Vlaardingen

The Netherlands

Phone: +31 10 475 1069

Insulin-like growth factor binding protein-1

Urs Brodbeck

Institut fiir Biochemie und Molekularbiologie
Biihistrasse 28

P.0O. Box 98

CH-3000 Bern 9

Switzerland

Phone: +41316314111

FAX: +41316313737

E-mail: brodbeck @mci.unibe.ch
Acetylcholinesterase

George J. Broze, Jr.

Division Hematology/Oncology

Medical Center

Jewish Hospital at Washington University
216 South Kingshighway Blvd.

St.Louis, MO 63110

US.A.

Phone: +1 314 362 8811

FAX: +13143628813

Tissue factor pathway inhibitor

Peter Bruckner

Institut fiir Physiologische Chemie
Universitit Miinster
Waldeyerstrasse 15

D-48149 Miinster

Germany

Phone: +49 251 835 591

FAX: 449251 835596

E-mail: pibi@uni-muenster.dc
Collagen type IX

H. Franklin Bunn

Room 919 Thorn Bldg.
Brigham and Women's Hospital
Shattuck St.

Boston, MA 02115

US.A.

Phone: +1 617 732 5841
FAX: +1617 7326088
Hemoglobin

Ann Burchell

Ninewells Hospital and Medical School
Department of Obstetrics and Gynaecology
University of Dundee

Dundee DD1 9SY

United Kingdom

Phone: +44 1382 632 445

FAX: +44 1382 566 617

E-mail: a.burchell@dundee.ac.uk
Glucose-6-phosphatase

Glucose transport protein 1

Glucose transport protein 2

Glucose transport protein 3

Glucose transport protein 4

Glucose transport protein 5

Glucose transport protein 7

Brian Burchell

Ninewells Hospital and Medical School
Department of Obstetrics and Gynaecology
University of Dundee

Dundee DD1 9SY

United Kingdom

Phone: +44 1382 660 111

FAX: +44 1382 644 620
UDP-glucuronosyltransferases

Reinhard Burger
Robert-Koch-Institut
Bundesgesundheitsamt
Nordufer 20

D-13353 Berlin

Germany

Phone: +49 30 4547 2356
FAX: +49 304547 2602
C3 complement protein

R. Duncan Campbell

MRC Immunochemistry Unit
Department of Biochemistry
University of Oxford

South Parks Road

Oxford OX1 3QU

United Kingdom

Phone: +44 865 275 354
FAX: +44 865275729
C4 complement protein

Ernesto Carafoli

Laboratorium fiir Biochemie

ETH-Zentrum

Universititsstrasse 16

CH-8092 Ziirich

Switzerland

Phone: +411 256 3011

FAX: +4112526323

Calcium adenosinetriphosphatase (plasma
membrane)
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Robin W. Carrell

MRC Center

Department of Haematology
University of Cambridge
Hills Road

Cambridge CB2 2QH
United Kingdom

Phone: +44 223 336 788
FAX: +44 223336827
Alpha-1-proteinase inhibitor
Cortisol binding globulin

Giuseppe Castaldo

Dip. di Biochimica e Biotecnologie Medica
1l Facolta di Medicina e Chirurgia

Universith degli Studi di Napoli "Federico II"
Via Sergio Pansini 5

1-80131 Napoli

Italy

Phone: +39 81 746 3135

FAX: +39 81746 3650
Gamma-glutamyltransferase

George H. Caughey

Cardiovascular Research Institute
University of California San Francisco
San Francisco, CA 94143-0911
US.A.

Phone: +1415 476 9920

FAX: +1415 4769749

E-mail: ghc@itsa.ucsf.edu

Tryptase

Chymase

Joseph M. Chalovich

East Carolina University
School of Medicine

Dept. of Biochemistry
Greenville, NC 27858-4354
US.A.

Phone: +1919 816 2675
FAX: +19198163383
Caldesmon

Lawrence Chan

Department of Cell Biology
Baylor College of Medicine
One Baylor Plaza

Houston, TX 77030

US.A.

Phone: +1 713 798 4478
FAX: +1713798 8764
E-mail: Ichan@bcm.tmc.edu
Apolipoprotein A-I
Apolipoprotein A-1l
Apolipoprotein B-100
Apolipoprotein B messenger RNA edit. prot,
Apolipoprotein B-48
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Ronald E. Chance

Lilly Research Laboratories
The Lilly Corporate Center
Mail Drop 1543
Indianapolis, IN 46285
US.A.

Phone: +1 317 276 4233
FAX: +13172769159
Insulin and proinsulin

Jui-Yoa Chang
Ciba-Geigy Ltd.
K-121.1.04

CH-4002 Basel
Switzerland

Phone: +4161696 1111
FAX: +41 61 696 8313
Antithrombin

Julie Chao

Department of Biochemistry and
Molecular Biology

Medical University of South Carolina
171 Ashley Avenue

Charleston, SC 29425-2211
US.A.

Phone. +1 803 792 4321

FAX: +1 803 792 1627
E-mail: chaoj@musc.edu
Kallistatin

Prostasin

Tissue Kallikrein

Lee Chao

Department of Biochemistry and
Molecular Biology

Medical University of South Carolina
171 Ashley Avenue

Charleston, SC 29425-2211
U.S.A.

Phone. +1 803 792 4321

FAX: +18037921627
E-mail: chaol@musc.edu
Kallistatin

Prostasin

Tissue Kallikrein

Wai Yiu Cheung

St. Jude Children's Research Hospital
Department of Biochemistry
Memphis, TN 38101

US.A.

Phone: +1 901 522 0563

FAX: +1901 525 8025
Calmodulin
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Arcadio Chonn
Present address unknown
Clusterin

Philipp Christen

Biochemisches Institut der Universitit Ziirich
Winterthurerstr.190

CH-8057 Ziirich

Switzerland

Phone: +41 1257 5511(60)

FAX: +411 3637947

E-mail: chris@biocfebs.unizh,ch

Aspartate aminotransferase

Thomas Ciardelli

Dept. of Pharmacology and Toxicology
Dartmouth Medical School

7650 Remsen Building

Hanover, NH 03756-3835

US.A.

Phone: +1 603 650 1826

FAX: +1603 6501129
Interleukin-2

David M. Clarke

Department of Medicine

University of Toronto

Medical Sciences Building, Room 7342
Toronto, Ontario MSS 1A8

Canada

Phone: +1 416978 1105

FAX: +1416978 1105
P-glycoprotein

Peter R. Clements

Lysosomal Diseases Research Unit
Women's and Children's Hospital
North Adelaide, SA 5006
Australia

Phone: +61 8 204 7293

FAX: +61 82047106
a-L-iduronidase

Kenneth J. Clemetson
Theodor-Kocher-Institut

Freiestr.1

CH-3012 Bern

Switzerland

Phone: +41316314148

FAX: +41316313799

Platelet basic protein

Platelet membrane glycoprotein Ibo. (GPIbo)
Platelet membrane glycoprotein IbB (GPIbp)
Platelet membrane glycoprotein V (GPV)
Platelet membrane giycoprotein IX (GPIX)

Inge Clemmensen

Department of Clinical Biochemistry
Statens Seruminstitut

Copenhagen

Denmark

Tetranectin

Désiré J. Collen

Center for Molecular and Vascular Biology
Bldg. Teaching and Research

Campus Gasthuisherg University of Leuven
Herestraat 49

B-3000 Leuven

Belgium

Phone: +32 16215775

FAX: +3216215990

Tissue-type plasminogen activator

Nancy E. Cooke

Department of Medicine and Genetics
University of Pennsylvania

700 Clinical Research Building

422 Curie Boulevard

Philadelphia, PA 19104-6144

US.A.

Phone: +1 215 898 4425

FAX: +12158980189

E-mail. cooke@hmivax.humgen.upenn.edu
Vitamin D binding protein
Cysteine-rich protein

Paola Costanzo

Facolta di Medicina ¢ Chirurgia
Dipartimento di Biochimica e Biotecnologie
Mediche

Universitd degli Studi di Napoli "Federico IT"
Via Sergio Pansini 5

1-80131 Napoli

Italy

Phone: +39 81 746 3147

FAX: +39 81746 3650
Fructose-1,6-bisphosphate aldolase

Robert R. Crichton

Department de Chimie

Biochimie (BIO)

Université Catholique de Louvain
B-1348 Louvain-la-Neuve
Belgium

Phone: +32 10472 794

FAX: +3210472836

Ferritin
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Bjorn Dahlbick

University Hospital

Department of Clinical Chemistry
§-20502 Malmd

Sweden

Phone: +46 4033 1501

FAX: +4640337044
C4b-binding protein

Protein C

Protein §

Mose Da Prada

Hoffmann-La Roche PRPN
Grenzacherstrasse

CH-4002 Basel

Switzerland

Phone: +41 61 688 3071
FAX: 441616884484
Catechol-O-methyltransferase

Lisa de Conciliis
Facolta di Medicina e Chirurgia

Dipartimento di Biochimica e Biotecnologie Mediche
Universita degli Studi di Napoli "Federico I1"

Via Sergio Pansini 5
1-80131 Napoli

Italy

Phone: +39 81 746 3135
FAX: +39 81746 3650

Glyceraldehyde-3-phosphate dehydrogenase

Jean Delaunay

INSERUM U299

Centre Hospitalier de Bicétre
78, rue du Général Leclerc
F-94275 Le Kremlin Bicétre
France

Phone: +33 14670 89 89
FAX: +331467064 46
Spectrin

Ingrid A. De Meester

University of Antwerp

Department of Pharmaceutical Sciences
Universiteitsplein 1

B-2610 Wilrijk

Belgium

Phone: +32 38 202727

FAX: +3238202745

E-mail: idmeest@uia.ua.ac.be

CcD26
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Mandeep Dhadly

Lipid Research Laboratory

VA Wadsworth Medical Center
Building 113, Room 312

Los Angeles, CA 90073

US.A.

_Phone: +1 310 824 4395

FAX: +1310478 4538
Hormone-sensitive lipase

Richard G. DiScipio

La Jolla Institute for Exp. Medicine
11077 N.Torrey Pines Rd.

La Jolla, CA 92037

US.A.

Phone: +1 619 587 8788 ext 249 or 375
FAX: +16194589072

E-mail: richard@ljiem.org

C7 complement protein

William A. Dittman

Durham V.A. Medical Center
P.O.Box 111-G

508 Fulton Street

Durham, NC 27705

US.A.

Phone: +1 919 286 6944
FAX: +1919286 6823
Thrombomodulin

Larry A. Donoso

Wills Eye Hospital

900 Walnut Street
Philadelphia, PA 19107-5598
US.A.

Phone: +1 215928 3268
FAX: +12155924628
Arrestin

Maria T. Dours-Zimmermann
Institut fiir Klinische Pathologie
Universititsspital
Schmelzbergstrasse 12
CH-8091 Ziirich

Switzerland

Phone: +411 2553945

FAX: +4112554508
Versican

Ann D, Dunn

Health Sciences Center
University of Virginia
P.O. Box 511
Charlottesville, VA 22908
US.A.

Phone: +1 804 924 5929
FAX: +1 804 296 9275
Thyroglobulin
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John T. Dunn

Division Endocrinology
University of Virginia
P.O. Box 511
Charlottesville, VA 22908
US.A.

Phone: +1 804 924 5929
FAX: +1 804 296 9275
Thyroglobulin

Paul F. Edgar

MRC Center

Department of Haematology
University of Cambridge
Hills Road

Cambridge CB2 2QH
United Kingdom

Phone: +44 223 336 788
FAX: +44 223336827
Cortisol binding globulin

Randy C. Eisensmith
Department of Cell Biology
Room T-705A

Baylor College of Medicine
One Baylor Plaza

Houston, TX 77030

US.A.

Phone: +1 713 798 4530
FAX: +1713798 8019
E-mail: randye@bcm.tmc.edu
Phenylalanine hydroxylase

Joyce A. Eldering
Medizinische Poliklinik
Freiburgstrasse 3
CH-3010 Bern
Switzerland

Phone: +4131 632 88 90
FAX: +41313813412
Lipocortin [

Caroline A. Enns

Department of Cell Biology L215
Oregon Health Sciences University
3181 SW Sam Jackson Park Rd
Portland, OR 97201

US.A.

Phone: +1 503 494-5845

FAX: +1503 494 4253

E-mail: ennsca@ohsu.edu
Transferrin receptor

Nils Eriksen

Department of Pathology Box 357335
University of Washington

Seattle, WA 98195-7335

US.A.

Phone: +1 206 543 7499

FAX: +1 206 685 3662

Serum amyloid A

Doriano Fabbro

Abteilung Pharma Forschung
K-125.405
Oncology-Virology
Ciba-Geigy

CH-4002 Basel

Switzerland

Phone: +41 61 696 76 81
FAX: +4161696 3835
E-mail: doriano.fabbro@chbs.mhs.ciba.com
Protein kinase C

David L. Farley
Ciba-Geigy Ltd.

K 125.902

CH-4002 Basel
Switzerland

Phone: +41 61 696 5864
FAX: +41616967228
e-mail: farley@fmi.ch
Leukocyte cathepsin G
Leukocyte elastase

Anna Maria Ferraris

IST - Istituto di Oncologia Clinice e Sperimentale
University of Genova

Viale Benedetto XV,10

1-16132 Genova

Ttaly

Phone: +39 10 353 4933

FAX: +3910509 052

Catalase

Glucose-6-phosphate dehydrogenase

Carol A, Fierke

Department of Biochemistry
Duke Uiversity Medical Center
Box 3711

Durham, NC 27710

US.A.

Phone: +1 919 684 8976
FAX: +1919 684 4050
Carbonic anhydrase Il
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Catherine G. Figarella

Groupe de Recherche sur les Glandes Exocrines

Faculté de Médécine

27, Boulevard Jean Moulin

F-13385 Marseille Cedex 05

France

Phone: +33 91 78 82 60

FAX: +3391786895
Trypsin(ogen) 1 and Trypsin(ogen) 2

Jan A. Fischer

Research Laboratory for Calcium Metabolism
Departments of Orthopaedic Surgery and
Medicine

Forchstrasse 340

CH-8008 Ziirich

Switzerland

Phone: +411 3861651

FAX: +4113861652

Calcitonin and procalcitonin

Calcitonin gene-related peptide
Parathyroid hormone

Parathyroid hormone-related protein

Gunther M. Fless
University of Chicago
5841 S. Maryland

Mail Code MC 5041
Chicago, IL 60637
US.A.

Phone: +1 312702 0369
FAX: +13127024534
Apolipoprotein(a)

Giuliana Fortunato

Facolta di Medicina e Chirurgia
Dipartimento di Biochimica e
Biotecnologie Mediche
Universita degli Studi di Napoli "Federico II"
Via Sergio Pansini 5

1-80131 Napoli

Italy

Phone: +39 81 746 3135
FAX: +39 81746 3650
Creatine kinase

Lactate dehydrogenase
Superoxide dismutase

Craig Freeman

Lysosomal Diseases Research Unit
Department of Chemical Pathology
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Université des Sciences et Technologies de Lille
F-59655 Villeneuve d'Ascq Cédex

France

Phone: 43320434 155

FAX: +3320436 555

Lactoferrin

Cyclophilin-20

Jerry L. Spivak

Johns Hopkins University School of Medicine
720 Rutland Avenue

Traylor 924

Baltimore, MD 21205

US.A.

Phone: +1 410955 5454

FAX: +14109550185

E-mail: jlspivak@welchlink.welch.jhu.edu
Erythropoietin

Erythropoietin receptor

Erwin E. Sterchi

Institute of Biochemistry and Molecular Biology
University of Bern

Biihlstrasse 28

CH-3000 Bern 9

Switzerland

Phone: +4131 6314111

FAX: 441316313737

E-mail: sterchi@mci.unibe.ch
Sucrase-isomaltase

Alvin S. Stern
Hoffmann-La Roche, Inc.
340 Kingsland Street
Nutley, NJ 07110-1199
US.A.

Phone: +1 201 2355129
FAX: +1 201 235 3805
Interleukin 12

Dudley K. Strickland

The Jerome H. Holland Laboratories
Department of Biochemistry
American Red Cross

15601 Crabbs Branch Way
Rockville, MD 20855

US.A.

Phone: +1 301 738 0726

FAX: +1301 738 0794
Alpha-2-macroglobulin receptor

Koichi Suzuki

Institute of Molecular and Cellular Biosciences
University of Tokyo

1-1-1Yayoi, Bunkyo-ku

Tokyo 113

Japan

Phone: +81 338122111

FAX: +81338130654

Calpain
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Koji Suzuki

Department of Molecular Pathobiology
Mie University School of Medicine
Tsu-city, Mie 514

Japan

Phone: +81 592 315036

FAX: +81592 315209

E-mail: suzuki@doc.medic.mie-u.ac.jp
Protein C inhibitor

Brian D. Sykes

Department of Biochemistry
University of Alberta

Edmonton, Alberta T6G 2H7
Canada

Phone: +1 403 492 5460

FAX: +1403 492 0886

E-mail: Brian.Sykes@ualberta.ca
Troponin C

Kazuhiko Takahashi

Dept. Hygienic Chemistry

Fac. Pharmaceutical Sciences
Hokkaido University

Kita-ku, Sapporo 060

Japan

Phone: +81 11 706 3244

FAX: +81 117064989
Glutathione peroxidase, cellular
Glutathione peroxidase, extracellular

Kenji Takahashi

School of Life Science

Laboratory of Molecular Biochemistry
Tokyo University of Pharmacy and Life Science
Horinouchi, Hachioji

Tokyo 192-03

Japan

Phone: +81 426767146

FAX: 481426767149

E-mail: kenjitak @ls.toyaku.ac.jp
Pepsinogen

Kay Tanaka

Department of Human Genetics

Yale University School of Medicine
333 Cedar Street

New Haven, CT 06510

US.A.

Phone: +1 203 785 2659

FAX: +1203 785 3363

E-mail; tanakak @biomed.med.yale.edu
Acyl-CoA dehydrogenases
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Gerald Thiel

Institute for Genetics
University of Koin
Ziilpicherstrasse 47
D-50674 Koln

Germany

Phone: +49 221 470 4847
FAX: +492214705172

Ca?*+/calmodulin dependent protein kinase I
Synapsin I, Synapsin Il

J. Terrig Thomas

Department of Biochemistry and Molecular
Biology

University of Manchester
School of Biological Sciences
Stopford Building

Oxford Road

Manchester M13 9PT

United Kingdom

Phone: +44 61 275 5102
FAX: +44 61 275 5082
Collagen type X

Paul J. Thornalley

Dept. of Biological and Chemical Sciences
University of Essex

Central Campus Wivenhue Park
Colchester CO4 3SQ

United Kingdom

Phone: +44 206 873 010

FAX: +44 206 872 592

E-mail: thorp@essex.ac.uk

Glyoxalase I, Glyoxalase II

Douglas M. Tollefsen

Hematology Division

Washington University Medical School
660 South Euclid Avenue

P.O. Box 8125

St. Louis, MO 63110

USA.

Phone: +1 314 362 8830

FAX: +1314 362 8826

E-mail: tollefsen @visar.wustl.edu
Heparin cofactor Il

Birgitta Tomkinson

Biomedical Center

Department of Veterinary Medical Chemistry
Swedish University of Agricultural Sciences
P.O. Box 575

$-75123 Uppsala

Sweden

Phone: +46 18 174 158

FAX: +4618550762

E-mail: birgitta.tomkinson@ vmk.slu.se
Tripeptidyl peptidase 11
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Beat Trueb

M.E. Miiller Institut fiir Biomechanik
University of Bern

P.O. Box 30

CH-3010 Bern

Switzerland

Phone: +31 6328726

FAX: +316324999

E-mail: trueb@mem.unibe.ch
Collagen Type VI

Harald Tschesche
Universitit Bielefeld
Fakultit fiir Chemie
Universititsstr, 25
D-33615 Bielefeld
Germany

Phone: +49 521 106 2081
FAX: +49521 106 6014
E-mail: Tschesche@chema.uni-bielefeld.de
Neutrophil collagenase
Neutrophil lipocalin

Jiirg Tschopp

Institute of Biochemistry
University of LaU.S.A.nne
155, Chemin des Boveresses
CH-1066 Epalinges
Switzerland

Phone: +412131657 38
FAX: +41213165705
C9 complement protein
Clusterin

Roderick B.C. Tse

The Hospital for Sick Children
Research Institute

Division of Neurosciences
555, University Avenue

9th Floor, Elm Wing, Room 9142
Toronto, Ontario M5G 1X8
Canada

Phone: +1416 813 5766
FAX: +14168135086
B-N-acetyl-D-hexosaminidase

William T. Tse

Division of Hematology/Oncology
Children’s Hospital, Enders 7

300 Longwood Avenue

Boston, MA 02115

US.A.

Phone: +1 617 355-7904

FAX: +1617 3557262

E-mail; tsew@al.tch.harvard.edu
Ankyrin

Philip W. Tucker

Institute for Cell. and Mol. Biology
University of Texas

Austin, TX 78712

US.A.

Phone: +1 512475 7705

FAX: +15124757707

E-mail: philtucker@mail.utexas.edu
Immunoglobulin D

Bert L. Vallee

CBBSM, Mudd 106

Harvard Medical School

250 Longwood Avenue

Boston, MA 02115

US.A.

Phone: +1 617 432 1367

FAX: +1617 566 3137

E-mail: bvallee @ warren.med.harvard.edu
Angiogenin

Michel van der Rest
Institut de Biologie Structurale
41, Avenue des Martyrs
F-38027 Grenoble Cedex 1
France

Phone: +33 7688 3482
FAX: +33 7688 9484
E-mail: mv@Ibs.fr
Collagen Introduction
Collagen type 1

Collagen type 11

Collagen type V

Collagen type XI

Greet C. Vanhoof

Janssen Pharmaceutica N.V.
Turnhoutseweg, 30

B-2340 Beerse

Belgium

Phone: +32 14 60 6183

FAX: 43214606111

E-mail: gvanhoof@janbe.jnj.com
Aminopeptidase P

Prolyl oligopeptidase

Robert L. Van Etten

Department of Chemistry

Purdue University

West Lafayette, IN 47907-1393
US.A.

Phone: +1317 494 5274

FAX: +1765494 0239

E-mail: vanetten©chem.purdue.edu
Erythrocyte Acid Phosphatase
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Raghavan Varadarajan

Molecular Biophysics Unit

Indian Institute of Science
Bangalore - 560012

India

Phone: +91 80 309 2612

FAX: +9180334 1683

E-mail: varadar@mbu.iisc.ernet.in
Myoglobin

Cees Vermeer

Department of Biochemistry
University of Limburg

P.O. Box 616

NL-6200 MD Maastricht

The Netherlands

Phone: +3143 388 1682

FAX: +3143 3670992
Vitamin K-dependent carboxylase
Vitamin K epoxide reductase

Thomas Vorherr

Laboratorium fiir Biochemie

ETH-Zentrum

Universitiitsstrasse 16

CH-8092 Ziirich

Switzerland

Phone: +41 1256 3011

FAX: +4112526323

Calcium adenosinetriphosphatase (plasma
membrane)

Abdul Waheed

St. Louis University
Health Sciences Center
Department of Biochemistry
and Molecular Biology
School of Medicine

1402 S. Grand Blvd.

St. Louis, MO 63104
US.A.

Phone: +1314 577 8131
FAX: +13147761183
Carbonic anhydrase IV

Nigel P.C. Walker
Hauptlaboratorium - A30
BASF AG

Carl -Bosch-Str. 38
D-67056 Ludwigshafen
Germany

Phone: +49 621 604 2638
FAX: +49 621 602 0440
Tumor necrosis factor
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Peter N. Walsh

Thrombosis Research Center
Department of Medicine and Biochemistry
Temple University School of Medicine
3400 North Broad Street

Philadelphia, PA 19140

US.A.

Phone: +1 215707 4375

FAX: +1215707 3005

E-mail: pnw@astro.ocis.temple.edu
Factor IX

Factor XI

Mark R. Walter

University of Alabama at Birmingham
Center for Macromolecular Crystallography
268 Basic Health Sciences

1918 University Boulevard
Birmingham, AL 35294-0005

US.A.

Phone: +1 205 934 9279

FAX: +1205934 0480

E-mail: walter@mimas.cmc.uab.edu
Interleukin-10

Alfred Walz
Theodor-Kocher-Institut
University of Bern
Freistrasse 1

CH-3000 Bern 9
Switzerland

Phone: +41 31 6314166
FAX: +41316313799
Interleukin 8

Cindy Wang

Department of Biochemistry and
Molecular Biology

Medical University of South Carolina
171 Ashley Avenue

Charleston, SC 29425-2211
US.A.

Phone. +1 803 792 4321

FAX: +1 8037921627
E-mail: wangc@musc.edu
Tissue Kallikrein

Lee-Ho Wang

Division of Hematology

Department of Internal Medicine
University of Texas School of Medicine
Houston, TX 77030

US.A.

Thromboxane synthase
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Roberta J. Ward

Department of Clinical Biochemistry
Kings College

London

United Kingdom

Ferritin

Haemosiderin

Robin A. Warren

Department of Cell Biology L215
Oregon Health Sciences University
3181 SW Sam Jackson Park Rd.
Portland, OR 97201

US.A.

Phone: +1 503 494-5845

FAX: +1503 494 4253

E-mail: warrenr@ohsu.edu
Transferrin receptor

Wilma Wasco

Genetics and Aging Unit
Massachusetts General Hospital
Harvard Medical School

149 13th Street

Charlestown, MA 02129-9142
US.A.

Phone: +1 617 726 8307
FAX: +16177265677
E-mail: wasco@helix.mgh.harvard.edu
Amyloid B-protein precursor

Anthony Watts

University of Oxford
Biochemistry Department
South Parks Road

Oxford OX1 3QU

United Kingdom

Phone: +44 1865 275 268
FAX: +44 1865275234
Cytochrome C

Richard B. Weinberg

Medical Center Boulevard

The Bowman Gray School of Medicine
Winston-Salem, NC 27157

US.A.

Phone: +1910716 4612

FAX: +1910716 6376

E-mail: weinberg@bgsm.cdu
Apolipoprotein A-1V

Bendicht Wermuth

Department of Clinical Chemistry
University of Bern

Inselspital

CH-3010 Bern

Switzerland

Phone: +41 3163229 85
FAX: +41316324862
E-mail: bwermuth@insel.ch
Alcohol dehydrogenase
Carbonyl reductase

Ornithine carbomoyltransferase

Rick A. Wetsel

Institute of Molecular Medicine
The University of Texas

Health Science Center-Houston
2121 W. Holcombe Blvd.
Houston, TX 77030

US.A.

Phone: +1 713 792 5495
FAX: +17137451929

C5 complement protein

David A. Williams

Herman B Wells Center for Pediatric Research

Howard Hughes Medical Institute
Research Laboratories

Indiana University School of Medicine
Cancer Research Building

1044 W. Walhut St., Room 402¢c
Indianapolis, IN 46202-5225

US.A.

Phone: +1 317 274 8960

FAX: +1317274 8679

E-mail: dwilliam@indyvax.iupui.edu
Interleukin-11

Howard Wong

Lipid Research

VA Wadsworth Medical Center
Bldg 113, Room 312

Los Angeles, CA 90073

US.A.

Phone: +1 310 268 3927
FAX: +13104784538
Hepatic lipase

Lipoprotein lipase
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Savio L.C. Woo

Room T-721

Department of Cell Biology
Baylor College of Medicine
One Baylor Plaza

Houston, TX 77030
USA..

Phone: +1 713 798 6080
FAX: +17137901211
Phenylalanine hydroxylase

Walter A. Wuillemin

Inselspital

Central Hematology Laboratory
University of Bern

CH-3010 Bern

Switzerland

Phone: +41316329%4 14
FAX: +41316329366
Factor XII

Yoko Yamagata

Laboratory of Neurochemistry

National Institute for Physiological Sciences
Myodaiji, Okazaki 444

Japan

Phone: +81 564 557 822

FAX: +81564527913
Ca**/calmodulin-dependent protein kinase I

Jack X. Yu

Department of Biochemistry and
Molecular Biology

Medical University of South Carolina
171 Ashley Avenue

Charleston, SC 29425-2211

US.A.

Phone. +1 803 792 4321

FAX: +18037921627

Prostasin

Eleni E. Zanni

Section of Molecular Genetics
‘Whitaker Cardiovascular Institute
Boston University Medical Center
Center for Advanced Biomedical Research
700 Albany Street, W-509
Boston, MA 02118-2394

US.A.

Phone: +1 617 638 5085

FAX: +16176385141
Apolipoprotein CIl
Apolipoprotein CIIl
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Vassilis I. Zannis

Section of Molecular Genetics
Whitaker Cardiovascular Institute
Boston University Medical Center
Center for Advanced Biomedical Research
700 Albany Street, W-509
Boston, MA 02118-2394

U.S.A.

Phone: +1 617 638 5085

FAX: +16176385141
Apolipoprotein Cl and CIV
Apolipoprotein CIl
Apolipoprotein CHI

Luciano Zardi

Istituto Nazionale per la Ricerca sul Cancro
Laboratory of Cell Biology

Viale Benedetto XV, 10

1-16132 Genova

Italy

Phone: +39 10 352 855

FAX: +39 10352999

Tenascin

Dieter R. Zimmermann

Institut fiir Klinische Pathologie
Universititsspital
Schmelzbergstrasse 12
CH-8091 Ziirich

Switzerland

Phone: +411 2553945

FAX: +4112554508
Versican

Volker Zlzer
Universitit Bielefeld
Universititsstr. 25
D-33615 Bielefeld
Germany

Neutrophil lipocalin
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Synonyms and Abbreviations
Installments 1 to 6

Synonym, Abbreviation See under

(if no listing here, then see left column)
1-pyrroline-5-carboxulate dehydrogenase Glutamic-y-semialdehyde dehydrogenase,

liver mitochondria

1,4-D-glucan:orthophosphate D-glucosyltransferase Glycogen phosphorylase
2-sulpho-L-iduronate-2-sulphatase Iduronate-2-sulphatase
2.58 NGF Nerve growth factor
4-sulphate sulphatase N-acetylgalactosamine-4-sulphatase
4-sulpho-N-acetylgalactosamine sulphatase N-acetylgalactosamine-4-sulphatase
4-sulphatase N-acetylgalactosamine-4-sulphatase
4-S N-acetylgalactosamine-4-sulphatase
9.5S oy-glycoprotein Serum amyloid P component
118 protein C1 q complement protein
19S y-globulin Immunoglobulin M
20 kDa homologous restriction factor (HRF20) CD 59
26 kDa protein Interleukin 6
43K protein Osteonectin
48 kDa protein Arrestin
48K Arrestin
150 k calmodulin binding protein from chicken gizzard Caldesmon
al(VDe2(VDa3 (VD) Collagen type VI
al(dX) Collagen type IX
ol(X)]s Collagen type X
alo203 Collagen type XI
al-Achy Alpha-1-antichymotrypsin
ol-ACT Alpha-1-antichymotrypsin
o,-antitrypsin Alpha-1-proteinase inhibitor
04-AT Alpha-1-proteinase inhibitor
oy-m Alpha-1-microglobulin
om Alpha-1-microglobulin
alm Alpha-1-microglobulin
- 1-microglobulin Alpha-1-microglobulin
oy-microglycoprotein Alpha-1-microglobulin
o;-PEG Insulin-like growth factor binding protein-1
o-1-proteinase inhibitor Alpha-1-proteinase inhibitor
oy-PI Alpha-1-proteinase inhibitor
o2 (IX) Collagen type IX
op-AP Alpha-2-plasmin inhibitior
o-2-antiplasmin Alpha-2-plasmin inhibitor
o-HS Alpha2-HS glycoprotein
op-HS glycoprotein
oM Alpha-2-macroglobulin
MR Alpha-2-macroglobulin receptor
o;-macroglobulin Alphay-macroglobulin
o-2-macroglobulin receptor Alpha-2-macroglobulin receptor
oz-microglobulin-related protein Neutrophil lipocalin
op-neuramino-glycoprotein C1l-inhibitor
o-PI Alpha-2-plasmin inhibitor
0p-plasmin inhibitor Alpha-2-plasmin inhibitor
o3 (IX) Collagen type IX
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LII Synonyms and Abbreviations

o-amylase
o-cysteine proteinase inhibitor
a-glucan phosphorylase

o-L-idopyranosyluronic acid 2-sulphate sulphohydrolase

o-L-iduronidase
o-L-iduronide iduronohydrolase
o-thiol proteinase inhibitor

o, B-tryptase

B-amyloid precursor protein
fB-amyloid protein precursor
f3-1,4-galactosyltransferase
B1,4-gal-T

B-glycoprotein

Blc-globulin

Blc-protein

B E globulin

BiH

B24-globulin

B-m

fam

f2m

beta-2-m

B-apolipoprotein

B-Gle

B-glycosidase complex
B-migrating plasminogen activator inhibitor
B-N-acetyl-D-hexosaminidase
B-N-acetylglucosaminidase
B-nerve growth factor

B-NGF

pprp

B-TG (B-thromboglobulin)
B-thromboglobulin (3-TG)
Yi-globulin

Yia-globulin

Y>-globulin

YA

y-aminobutyraldehyde dehydrogenase

v ¢ globulin

YCSF

YG

Y-globulin

Y-glutamyl-carboxylase
v-guanidinobutyraldehyde dehydrogenase

y-macroglobulin
Yy-seminoprotein
Y-trace

YaT

A2HS . human (Swiss Prot)
aa;

AAT

AAtase

Alpha-amylase
Kininogens

Glycogen phosphorylase
Iduronate-2-sulphatase

o-L-iduronidase

Kininogens

Tryptase

Amyloid B-protein precursor
Amyloid B-protein precursor
Beta 1,4-galactosyltransferase
Beta 1,4-galactosyltransferase
Hemopexin

C3 complement protein

C3 complement protein

C4 complement protein
Factor H

Immunoglobulin A
Beta-2-microglobulin
Beta-2-microglobulin
Beta-2-microglobulin
Beta-2-microglobulin
Apolipoprotein B-100
Glucocerebrosidase
Lactase-phlorizin hydrolase

Plasminogen activator inhibitor type-1

B-N-acetyl-D-hexosaminidase

Nerve growth factor

Nerve growth factor

Amyloid B-protein precursor

Platelet basic protein

Platelet basic protein

Immunoglobulin G

Immunoglobulin A

Immunoglobulin G

Immunoglobulin A

Aldehyde dehydrogenase, E3,
liver cytoplasm

Cystatin C

Cystatin C

Immunoglobulin G

Immunoglobulin G

Vitamin K-dependent carboxylase

Aldehyde dehydrogenase, E3, liver
cytoplasm

Immunoglobulin M

Immunoglobulin M

Prostate specific antigen

Cystatin C

Cystatin C

Alpha2-HS Glycoprotein
Cytochrome C oxidase
Aspartate aminotransferase
Aspartate aminotransferase
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A-B collagen

Abnormal protein kinase C

Accelerator globulin

ACE

Acetylcholinesterase

AChE

Acid B-glucosidase

Acid cysteine proteinase inhibitor

Acid stable subunit of the 140kDa IGF complex
ACP1

ACPI

Acyl-CoA: (acceptor) oxidoreductase
Acyl-CoA dehydrogenase

ADA-bp

ADA-cp

Adenosine 5'-trisphosphate-creatine phosphotransferase
Adenosine deaminase binding protein
Adenosine-deaminase complexing protein
AD

ADH

Adipogenesis inhibitory factor

Adipsin

ADR

AE1

AFBP (amniotic fluid binding protein)

AHF

AHG

AHSG

AKRIAL

AKRI1B!

Alanine aminopeptidase

Alanyl aminopeptidase

Alb

Albumin

Alcohol dehydrogenase

Aldehyde dehydrogenase, El, liver cytoplasm
Aldehyde dehydrogenase, E2, liver mitochondria
Aldehyde dehydrogenase, E3, liver cytoplasm
Aldehyde dehydrogenase, stomach cytoplasm
Aldehyde oxidase

Aldehyde reductase

ALDH 1

ALDH2
ALDH 3
ALDHI
ALDHII
ALDH I
ALDHIV
Aldolase

Aldose reductase
Alpha-1-antichymotrypsin

Synonyms and Abbreviations LI

Collagen type V

Protein kinase C

Factor V

Angiotensin converting enzyme

Acetylcholinesterase

Glucocerebrosidase

Cystatin A

Insulin-like growth factor binding protein-3
Erythrocyte acid phosphatase

Cystatin A

Acyl-CoA dehydrogenase

CD 26

CD 26

Creatine kinase

CD 26

CD 26

Acyl-CoA dehydrogenase
Alcohol dehydrogenase
Interleukin 11

Factor D

Aldose reductase

Band 3 protein (AE1)
Insulin-like growth factor binding protein-1
Factor VIII

Factor VIII

Alpha2-HS Glycoprotein
Aldehyde reductase
Aldose reductase
Aminopeptidase N
Aminopeptidase N
Albumin

Aldehyde dehydrogenase, E1,
liver cytoplasm

Aldehyde dehydrogenase,E2,
liver mitochondria

Aldehyde dehydrogenase,
stomach cytoplasm

Aldehyde dehydrogenase, E2,
liver mitochondria

Aldehyde dehydrogenase, El,
liver cytoplasm

Aldehyde dehydrogenase,
stomach cytoplasm

Glutamic-y-semialdehyde dehydrogenase,
liver mitochondria

Fructose-1,6-biphosphate aldolase
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LIV Synonyms and Abbreviations

Alpha-1-antitrypsin Alpha-1-proteinase inhibitor
Alpha-1-AT Alpha-1-proteinase inhibitor
Alpha-1-m Alpha-1-microglobulin
Alpha-1-microglobulin

Alpha-1-microglycoprotein Alpha-1-microglobulin
Alpha,-PI Alpha-1-proteinase inhibitor
Alpha-1-proteinase inhibitor

Alpha-2-antiplasmin Alpha-2-plasmin inhibitor
Alphay-AP Alpha-2-plasmin inhibitior
Alpha2-HS glycoprotein

Alpha-2-macroglobulin
Alpha-2-macroglobulin receptor

Alpha-2-neuramino-glycoprotein C1-inhibitor

Alpha,-PI Alpha-2-plasmin inhibitor

Alpha-2-plasmin inhibitor

Alpha-aminoacyl-peptide hydrolase Aminopeptidase N

Alpha-amylase

Alpha,beta-tryptase Tryptase

Alpha-L-idopyranosyluronic acid 2-sulphate Induronate-2-sulphatase
sulphohydrolase

Alpha-L-iduronidase o-L-iduronidase

Alpha-L-iduronide iduronohyrolase o-L-iduronidase

ALR1 Aldehyde reductase

ALR2 Aldose reductase

Aminoacyl-prolyl-peptide hydrolase Aminopeptidase P

Amino-oligopeptidase Aminopeptidase N

Aminopeptidase M Aminopeptidase N

Aminopeptidase N

Aminopeptidase P

Amniotic fluid binding protein Insulin-like growth factor binding protein-1

AMPEPN Aminopeptidase N

AmP Aminopeptidase P

AMPP Aminopeptidase P

Amy Alpha-amylase

amyl Alpha-amylase

amy?2 Alpha-amylase

amy2A Alpha-amylase

amy2B Alpha-amylase

amy3 Alpha-amylase

Amyloid B-protein precursor

Amyloid precursor protein Amyloid B-protein precursor

Amyloid protein precursor Amyloid B-protein precursor

Ang Angiogenin

Anaphylatoxin inhibitor Carboxypeptidase N

Angiogenin

Angiotensin converting enzyme

Anion exchange protein Band 3 protein (AE1)

Anionic trypsin(ogen) Trypsin(ogen) 2

Ankl Ankyrin

Ankyrin

Ankyrin 1 Ankyrin

Ankyring Ankyrin

Annexin I Lipocortin I

Anticonvertin : Tissue factor pathway inhibitor

Anti-gelatin factor Fibronectin

Antihemophilic factor Factor VIII

Antihemophilic factor B Factor IX

Antihemophilic globulin Factor VIII
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Antithrombin
Antithrombin BM
Antithromboplastin
Antitrypsin

Apase M

aPKC

APN

Apo(a)

ApoA-1

ApoA-II

ApoA-IV

ApoB-48
ApoB-100

ApoB mRNA Editase

ApoCl

ApoCIl

ApoCIll

ApoD

apo-Gln-I
apo-Gln-II
apo-LP-A-1
apo-LP-A-II
ApoE

apol

ApoLDL

ApoLf (iron-free)
apoLp-Ala
apoLp-Glu
apoLp-Ser
apopec] (apoB mRNA editing component 1)

apoSAA

apoTf (iron-free)

Apoferritin (iron-free)
Apolipoprotein(a)

Apolipoprotein alanine (apoLp-Ala)
Apolipoprotein A-I

Apolipoprotein A-II

Apolipoprotein A-IV
Apolipoprotein B-48
Apolipoprotein B-100

Apolipoprotein B messenger RNA editing protein

Apolipoprotein Bs

Apolipoprotein CI

Apolipoprotein CII
Apolipoprotein CIIT
Apolipoprtoein CIV
Apolipoprotein D

Apolipoprotein E
Apolipoprotein-Gln-I
Apolipoprotein-Gln-1I
Apolipoprotein glutamine (apoLp-Gln)
Apolipoprotein J

Apolipoprotein serine (apoLp-Ser)
APP

APP

AQP1

Synonyms and Abbreviations LV

Heparin cofactor I
Tissue factor pathway inhibitor
Alpha-1-proteinase inhibitor
Aminopeptidase N
Protein kinase C
Aminopeptidase N
Apolipoprotein(a)
Apolipoprotein A-1
Apolipoprotein A-1I
Apolipoprotein A-IV
Apolipoprotein B-48
Apolipoprotein B-100
Apolipoprotein B messenger RNA editing
protein
Apolipoprotein CI
Apolipoprotein CII
Apolipoprotein CIII
Apolipoprotein D
Apolipoprotein A-I
Apolipoprotein A-II
Apolipoprotein A-I
Apolipoprotein A-IT
Apolipoprotein E
Clusterin
Apolipoprotein B-100
Lactoferrin
Apolipoprotein CIII
Apolipoprotein CII
Apolipoprotein CI
Apolipoprotein B messenger RNA editing
protein
Serum amyloid A
Transferrin
Ferritin

Apolipoprotein CIII

Apolipoprotein B-48

Apolipoprotein A-1

Apolipoprotein A-II

Apolipoprotein CII

Clusterin

Apolipoprotein CI and Apolipoprotein CIV
Aminopeptidase P

Amyloid B-protein precursor

Aquaporin-1
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LVI Synonyms and Abbreviations

Agquaporin-1

Arginine carboxypeptidase
Arginine procarboxypeptidase
Arginine-rich apoprotein
AR1

ARP

Arr

Arrestin

Arylamine N-acetyltransferase
Arylsulphatase B

ASAT

ASB

Aspartate aminotransferase
Aspartate transaminase
AspAT

AST

AT-1II

Atmungsferment

Atypical protein kinase C
Autoprothrombin II-A
Autoprothrombin III
Autorosette inhibition factor

B

BAF (B cell activating factor)
Band 3 protein (AE1)

BCDF-y

B cell activating factor (BAF)

B cell differentiation factor for IgG1
B cell growth factor II (murine)

B cell stimulatory factor (BSF-2)
B cell stimulatory factor-1 (BSF-1)
BCHE

BChE

Beta-1-glycoprotein
Beta-1c-globulin

Beta-1c-protein

Beta-1E globulin

Betal 4-gal-T

Beta 1,4-galactosyltransferase
beta-2-m

Beta-2-microglobulin
Beta-apolipoprotein

Beta-Glc

Beta-glycosidase complex
Beta-migrating plasminogen activator inhibitor
Beta-N-acetyl-D-hexosaminidase
Beta-N-acetylglucosaminidase
Beta-nerve growth factor
Beta-NGF

Beta-thromboglobulin

BHCP (human C-peptide, synthetic)
Binding protein 24

Bile salt-acitvated lipase

Bile salt-stimulated lipase
Biliverdin reductase

BP-24

BP-25

Carboxypeptidase N
Procarboxypeptidase U
Apolipoprotein E
Aldehyde reductase
Apolipoprotein E
Arrestin

N-Acetylgalactosamine-4-sulphatase
Aspartate aminotransferase
N-Acetylgalactosamine-4-sulphatase

Aspartate aminotransferase
Aspartate aminotransferase
Aspartate aminotransferase
Antithrombin

Cytochrome C oxidase
Protein kinase C

Protein C

Factor X

Histidine-rich glycoprotein

Factor B
Interleukin 1

Interleukin 4
Interleukin 1
Interleukin 4
Interieukin 5
Interleukin 6
Interleukin 4
Butyrylcholinesterase
Butyrylcholinesterase
Hemopexin

C3 complement protein
C3 complement protein
C4 complement protein
Beta 1,4-galactosyltransferase

Beta-2-microglobulin

Apolipoprotein B-100
Glucocerebrosidase

Lactase-phlorizin hydrolase
Plasminogen activator inhibitor type 1
B-N-acetyl-D-hexosaminidase
fB-N-acetyl-D-hexosaminidase

Nerve growth factor

Nerve growth factor

Platelet basic protein

Insulin and proinsulin

Insulin-like growth factor binding protein-4

Carboxyl ester lipase
Carboxyl ester lipase

Insulin-like growth factor binding protein-4
Insulin-like growth factor binding protein-1
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BP-28

BP-29

BP-53

Blood coagulation factor XIII
Blood plasminogen activator
BM-40 (basement membranc)
bNOS

BPA (Burst Promoting Activity)
BSE-1 (B cell stimulatory factor-1)
Brain-type facilitative glucose transport protein
BSF-2 (B cell stimulatory factor-2)
BSSL

BuChE

Burst promoting activity (BPA)
Butyrylcholinesterase

BVR

C1-bar-esterase inhibitor
Cl(bar)-INH
Cl(bar)-inhibitor
C1-INA

C(bar)1-INH

C1-INH

Cl-inhibitor

Clq

Clq complement protein
ClgR

Clq receptor

Clr (activated form)
Clr (proenzyme form)
C1r complement protein
Cls(bar)-inhibitor
Cls-inhibitor (C1-inactivator)
C3

C3b-inactivator
C3b-inactivator accelerator
C3b/C4b inactivator
C3b/C4b receptor

C3 complement protein
C3PA

C3 proactivator

C3 proactivator convertase
Cc4

c4

C4-binding protein
C4b-binding protein
C4b-INA cofactor
C4BP

C4 complement protein
C5

C5 complement protein
C6

C6 complement protein
c7

C7 complement protein
Cc8

C8 complement protein
c9

Synonyms and Abbreviations vl

Insulin-like growth factor binding protein-1
Insulin-like growth factor binding protein-3
Insulin-like growth factor binding protein-3
Plasma factor XIII

Tissue-type plasminogen activator
Osteonectin

Nitric oxide synthase

Interleukin 3

Interleukin 4

Glucose transport protein 3

Interleukin 6

Carboxy! ester lipase
Butyrylcholinesterase

Interleukin 3

Biliverdin reductase

C1-inhibitor
Cl-inhibitor
C1-inhibitor
Cl-inhibitor
C1-inhibitor
C1l-inhibitor

C1q complement protein

Collectin receptor
Collectin receptor
C1r complement protein
Clr complement protein

Cl-inhibitor
Cl-inhibitor

C3 complement protein
Factor 1

Factor H

Factor I

Complement receptor type 1
Factor B

Factor B

Factor D

C4 complement protein
C4 complement protein
C4b-binding protein

C4b-binding protein
C4b-binding protein

C5 complement protein
C6 complement protein
C7 complement protein
C8 complement protein

C9 complement protein
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LVIII Synonyms and Abbreviations

C9 complement protein

CAl

CAll

CAII

CAIV

Ca’*and phospholipid-dependent protein kinase
Ca® ATPase

Ca’*/calmodulin-dependent protein kinase IT
Ca®* pump

CAB

CaD (h-CaD, 1-CaD)

Cachectin

CAF (calcium activated factor)

Cal {

Caly

Calcitonin

Calcitonin and procalcitonin

Calcitonin gene-related peptide

Calcium activated factor (CAF)

Calcium activated neutral protease (CANP)
Calcium activated sarcoplasmic factor (CASF)

Calcium adenosinetriphosphatase (plasma membrane)

Calcium-dependent muscle regulatory protein
Calcium dependent protease (CDP)
Calcium-dependent protein kinase C
Calcium-dependent regulatory protein
Calcium protease

Caldesmon

CALLA

Calmodulin

Calpactin II

Calpain

CaM

CaM kinase IT

CaM-PK 11

CANP (calcium activated neutral protease)
Capnophorin

Carbonate dehydratase (isoenzyme I)
Carbonate dehydratase (isoenzyme II)
Carbonate dehydratase (isoenzyme III)
Carbonate dehydratase (isoenzyme IV)
Carbonate hydrase IV

Carbonate hydro-lyase (isoenzyme I)
Carbonic anhydrase 1

Carbonic anhydrase II

Carbonic anhydrase I1I

Carbonic anhydrase IV

Carbonic anhydrase B

Carbonyl reductase

Carboxylase

Carboxyl ester hydrolase

Carboxyl ester lipase
Carboxypeptidase N

Cartilage oligomeric matrix protein

Carbonic anhydrase I

Carbonic anhydrase II

Carbonic anhydrase IIL

Carbonic anhydrase IV

Protein kinase C

Calcium adenosinetriphosphatase
(plasma membrane)

Calcium adenosinetriphosphatase
(plasma membrane)

Carbonic anhydrase I

Caldesmon

Tumor necrosis factor

Calpain

Caldesmon

Caldesmon

Calcitonin and procalcitonin

Calpain
Calpain
Calpain

Troponin C
Calpain

Protein kinase C
Calmodulin
Calpain

Endopeptidase-24.11
Lipocortin I

Calmodulin

Ca?*/calmodulin-dependent protein
kinase II

Ca*/calmodulin-dependent protein
kinase 11

Calpain

Band 3 protein (AE1)

Carbonic anhydrase I

Carbonic anhydrase II

Carbonic anhydrase III

Carbonic anhydrase IV

Carbonic anhydrase IV

Carbonic anhydrase I

Carbonic anhydrase 1

Vitamin K-dependent carboxylase
Carboxyl ester lipase
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CASEF (calcium activated sarcoplasmic factor)
Catabolin

Catalase

Catechol-O-methyltransferase

CatG

Cationic trypsin(ogen)

CBG

Cbr (15-OH-PGDH)

CCK-RP (cholecystokinin releasing peptide)
CD

CD-10

CD13

CD23

CD 26

CD35

CD42a

CD42b

CD42c

CD42d

CD46

CD 55

CD 59

CDF (cytotoxic T cell differentiation factor)
CDM

CDP (calcium dependent protease)

CEH

CEL

Cerebrospinal fluid IGFBP-22
Cerebrospinal fluid IGFBP-32

Ceredase

CG

CgA

CgB

CgC

cGPx

c¢GSHPx

CGRP

CHE

ChE

CHIP28 (Channel-forming integral protein of 28kD)
Cholecystokinin releasing peptide (CCK-RP)
Cholesterol esterase

Cholinergic neuronal differentiation factor (CNDF)
Choriogonadotropin

Chorionic gonadotropin

Christmas factor

Chromogranin A

Chromogranin A:CgA

Chromogranin B

Chromogranin C

Chymase

Chymotrypsin-like neutral protease

CK

C kinase

C-kinase

Synonyms and Abbreviations LIX

Calpain
Interleukin 1

Leukocyte cathepsin G
Trypsin(ogen) 1

Cortisol binding globulin

Carbonyl reductase

Pancreatic secretory trypsin inhibitor
Caldesmon

Endopeptidase-24.11
Aminopeptidase N

Complement receptor type 1

Platelet membrane glycoprotein IX (GPIX)

Platelet membrane glycoprotein Iba
(GPIboy)

Platelet membrane glycoprotein Ibj
(GPIbp)

Platelet membrane glycoprotein V (GPV)

Membrane cofactor protein (CD46)

Decay accelerating factor

Interleukin 6

Caldesmon

Calpain

Carboxy! ester lipase

Carboxyl ester lipase

Insulin-like growth factor binding protein-5
Insulin-like growth factor binding protein-6
Glucocerebrosidase
Choriogonadotropin

Chromogranin A

Chromogranin B

Secretogranin II

Glutathione peroxidase, cellular
Glutathione peroxidase, cellular
Calcitonin gene-related peptide
Butyrylcholinesterase
Butyrylcholinesterase

Aquaporin-1

Pancreatic secretory trypsin inhibitor
Carboxyl ester lipase

Leukemia inhibitory factor (LIF)

Choriogonadotropin
Factor IX

Chromogranin A
Secretogranin II
Leukocyte cathepsin G
Creatine kinase

Protein kinase C
Protein kinase C

6. Installment 1998



LX Synonyms and Abbreviations
Class 1
Class 2

Classical protein kinase C
Clearing factor
Clearing-factor lipase
CLGl1

CLI

CLMF

Cluster differentiation antigen 10
Clusterin

CM

CM

CNDF (cholinergic neuronal differentiation factor)
Coagulation factor II
Coagulation factor III
Coagulation factor V
Coagulation factor VII
Coagulation factor VIII
Coagulation factor IX
Coagulation factor X
Coagulation factor XI
Coagulation factor XII
COL13A1

COL15A1

COL18Al
Cold-insoluble globulin
Collagen I

Collagen II

Collagen V

Collagen VI

Collagen VII

Collagen IX

Collagen X

Collagen XI

Collagen XII

Collagen X111

Collagen XIV
Collagen XI

Collagen type I
Collagen type II
Collagen type V
Collagen type VI
Collagen type VII
Collagen type IX
Collagen type X
Collagen type XI
Collagen type XII
Collagen type XIII
Collagen type XIV
Collagen type XV
Collagen type XVIII
Collectin receptor
Colony-stimulating factor-1

Colony-stimulating factor-2

Aldehyde dehydrogenase, E1,

liver cytoplasm

Aldehyde dehydrogenase, E2,

liver mitochondria
Protein kinase C
Lipoprotein lipase
Lipoprotein lipase
Neutrophil collagenase
Clusterin
Interleukin 12
Endopeptidase-24.11

Aldehyde oxidase

Xanthine oxidoreductase
Leukemia inhibitory factor (LIF)

Prothrombin
Tissue factor
Factor V

Factor VII

Factor VIII

Factor IX

Factor X

Factor XI

Factor XII
Collagen type XIII
Collagen type XV
Collagen type XVIII
Fibronectin
Collagen type I
Collagen type 11
Collagen type V
Collagen type VI
Collagen type VII
Collagen type IX
Collagen type X
Collagen Type XI
Collagen type XII
Collagen type XIII
Collagen type XIV
Collagen type X1

Macrophage colony-stimulating factor

(M-CSF)

Granulocyte-macrophage colony-stimulating

factor GM-CSF
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Colony-stimulating factor-o

Colony-stimulating factor-f

Common acute lymphoblastic leukaemia antigen

COMP

Complement C3
Complement C4
Complement C5
Complement C6
Complement C8
Complement factor D
Complement factor H
Complement factor I
Complement lysis inhibitor
Complement protein Clq
Complement protein Clr
Complement protein C3
Complement protein C4
Complement protein C5
Complement protein C6
Complement protein C7
Complement protein C8
Complement protein C9
Complement receptor type 1
Complement S-protein
COMT

Conglutinin activating factor (KAF)

Connective tissue activating peptide-III

Conventional protein kinase C
Convertase

Core-specific lectin

Cortisol binding globulin
CcoX

CP4

cp

CPI-A

CPI-B

CPK

cPKC

cPLA,, cytosol

CPN

CPR

CPU

CR1

C-reactive protein

Creatine kinase

Creatine kinase conversion factor
Creatine phosphokinase
Creatine phosphoryltransferase
Cromer blood group antigen
CRP

CRP

CSF-1

CSF-2

CSF-20

Synonyms and Abbreviations LXI

Granulocyte-macrophage colony-stimulating
factor GM-CSF

Granulocyte colony-stimulating factor
(G-CSF)

Endopeptidase-24.11

Cartilage oligomeric matrix protein

C3 complement protein

C4 complement protein

CS5 complement protein

C6 complement protein

C8 complement protein

Factor D

Factor H

Factor 1

Clusterin

Clg complement protein

Clr complement protein

C3 complement protein

C4 complement protein

C5 complement protein

C6 complement protein

C7 complement protein

C8 complement protein

C9 complement protein

Vitronectin
Catechol-O-methyltransferase
Factor I

Platelet basic protein

Protein kinase C

Furin

Mannose-binding lectin

Cytochrome C oxidase
Surfactant protein D
Insulin and proinsulin
Cystatin A

Cystatin B

Creatine kinase

Protein kinase C
Phospholipase A,
Carboxypeptidase N
Procarboxypeptidase U
Procarboxypeptidase U
Complement receptor type 1

Carboxypeptidase N

Creatine kinase

Creatine kinase

Decay accelerating factor

C-reactive protein

Cysteine-rich protein

Macrophage colony-stimulating factor
(M-CSF)

Granulocyte-macrophage colony-stimulating
factor GM-CSF

Interleukin 3
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LXII

Synonyms and Abbreviations

CSF-28
CSF-a

CSF-B Ppo

CSF-Eo

CSIF

CSRP

CT

CTAP-III (connective tissue activating peptide-III)
CxRP (rabbit)

Cylcophilin A

Cyclophilin B

Cyclophilin-1

Cyclophilin-18

Cyclophilin-20

Cyclophilin-40

CyP-A

CyPB

CPH-B

CyP-1

CyP-18

CyP-20

CyP-40

Cystatin A

Cystatin B

Cystatin C

Cystatin D

Cystatin S,SN,SA

Cysteine-rich protein

Cytochrome aa;

Cytochrome C

Cytochrome C oxidase
Cytochrome c:0O, oxidoreductase
Cytokine synthesis inhibitory factor
Cytosolic-transglutaminase
Cytotactin

Cytotoxic lymphocyte maturation factor
Cytotoxic T cell differentiation factor (CDF)

DAF

DAPIV

DBH

DBH

DBP

DEAE

DEAE

Decay accelerating factor

deltaaT

Dermatan sulfate cofactor

D-factor

D-fructose-1,6-biphosphate D-glyceraldehyde-3-phosphate-lyase
D-glyceraldehyde-3-phosphate dehydrogenase
DIA (differentiation inhibitory activity)
Diastase

DIF (differentiation inducing factor)
Differentiation inducing factor (DIF)
Differentiation inhibitory activity (DIA)

Interleukin 3

Granulocyte-macrophage colony-stimulating
factor GM-CSF

Granulocyte colony-stimulating factor
(G-CSE)

Interleukin 5

Interleukin 10

Cysteine-rich protein

Calcitonin and procalcitonin

Platelet basic protein

C-reactive protein

Cyclophilin-18

Cyclophilin-20

Cyclophilin-18

Cyclophilin-18
Cyclophilin-20
Cyclophilin-20
Cyclophilin-18
Cyclophilin-18
Cyclophilin-20
Cyclophilin-40

Cytochrome C oxidase

Cytochrome C oxidase
Interleukin-10

Tissue transglutaminase
Tenascin

Interleukin 12
Interleukin 6

Decay accelerating factor
CD 26

Dopamine beta-hydroxylase
Dopamine beta-hydroxylase
Vitamin D binding protein
Aldehyde oxidase

Xanthine oxidoreductase

Cystatin C

Heparin cofactor II

Leukemia inhibitory factor (LIF)
Fructose-1,6-biphosphate aldolase
Glyceraldehyde-3-phosphate dehydrogenase
Leukemia inhibitory factor (LIF)
Alpha-amylase

Leukemia inhibitory factor (LIF)

Leukemia inhibitory factor (LIF)

Leukemia inhibitory factor (LIF)
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Differentiation retarding factor (DRF)
Dipeptidy! aminopeptidase IV
Dipeptidy! carboxypeptidase
Dipeptidyl-peptidase IV

Dopamine B-hydroxylase

Dopamine beta-hydroxylase
Dopamine beta-monoxygenase
DPIV

DPPIV

DREF (differentiation retarding factor)

El isozyme
E2 isozyme
E3 isozyme

E-24.11

EAP

ecNOS

EDF (eosinophil differentiation factor)

eGPx

eGSHPx

Endogenous pyrogen (EP)

Endopeptidase-24.11

Endoplasmic reticulum glucose transport protein
Endothelial cell type plasminogen activator inhibitor
Endothelial-transglutaminase

Enkephalinase

eNOS

Eosinophil colony stimulating factor

Eosinophil differentiation factor

EP

EP (endogenous pyrogen)

Epidermal SH-Proteinase inhibitor

EPI (extrinsic pathway inhibitor)

EPO

EPO-R

EpoR

Erythrocyte acid phosphatase

Erythrocyte ankyrin
Erythrocyte-transglutaminase

Erythrocyte-type facilitative glucose transport protein
Erythropoietin

Erythropoietin receptor

Extrinsic pathway inhibitor

FII

F IIa (activated)
F V (procofactor)
F Va (cofactor)
FvIll

FVIILC

FIX

FIXa

F IXax

F IXa (activated)
F IXaP

Synonyms and Abbreviations LXII

Leukemia inhibitory factor (LIF)
CD26

Angiotensin converting enzyme
CD 26

Dopamine beta-hydroxylase

Dopamine beta-hydroxylase

CD 26

CD 26

Leukemia inhibitory factor (LIF)

Aldehyde dehydrogenase, E1,
liver cytoplasm
Aldehyde dehydrogenase, E2,
liver mitochondria
Aldehyde dehydrogenase, E3,
liver cytoplasm
Endopeptidase-24.11
Erythrocyte acid phosphatase
Nitric oxide synthase
Interleukin 5
Glutathione peroxidase, extracellular
Glutathione peroxidase, extracellular
Interleukin 1

Glucose transport protein 7
Plasminogen activator inhibitor type-1
Tissue transglutaminase
Endopeptidase-24.11

Nitric oxide synthase
Interleukin 5

Interleukin 5

Erythropoietin

Interleukin 1

Cystatin A

Tissue factor pathway inhibitor
Erythropoietin
Erythropoietin-receptor
Erythropoietin-receptor

Ankyrin
Tissue transglutaminase
Glucose transport protein 1

Tissue factor pathway inhibitor

Prothrombin
Prothromin
Factor V
Factor V
Factor VII
Factor VIII
Factor IX
Factor IX
Factor IX
Factor IX
Factor IX

6. Installment 1998



LXIV Synonyms and Abbreviations

FX

FXI

F Xla (activated)

F XII

F Xlla (activated)

F X1

F XIMa (activated)

Factor I (Roman One)
Factor I-cofactor

Factor Il (Roman Two)
Factor V

Factor VII

Factor VIII

Factor VIlI-related protein
Factor IX

Factor X

Factor XI

Factor XII

Factor X111

Factor B

Factor D

Factor H

Factor I (letter)

FAD

FAD

Fast acting inhibitor

Fast (F) chain

Fat/muscle plasma membrane glucose transport protein
FBP aldolase

FceRII

Fce receptor 11

FD

Fe,Lf (iron-saturated)
Fe,Tf (iron-saturated)
FecTf

FCNTf

Ferritin

Fetomodulin

Fetuin

Fg

Fgb

Fibrinase

Fibrinogen

Fibrinoligase

Fibrin polymerase

Fibrin stabilizing factor
Fibroblast surface glycoprotein
Fibronectin

Fletcher factor

FN
Fructose-1,6-biphosphate aldolase
Fructose- 1,6-biphosphate-triosephosphate-lyase
FSG

Furin
(5-glutamyl)-peptide:amino acid 5-glutamyltransferase
G3PD

G3PDH

G-6-Pase

Factor X

Factor X1

Factor X1

Factor XII

Factor XII

Plasma factor XIII
Plasma factor XIII
Fibrinogen

Factor H
Prothrombin

Von Willebrand factor

Plasma factor XIII

Aldehyde oxidase

Xanthine oxidoreductase
Plasminogen activator inhibitor type-1
J chain

Glucose transport protein 4
Fructose-1,6-biphosphate aldolase
CD23

CD 23

Factor D

Lactoferrin

Transferrin

Transferrin

Transferrin

Thrombomodulin
Alpha2-HS glycoprotein
Fibrinogen

Fibrinogen

Plasma factor XIII

Plasma factor XIII
Plasma factor XIII
Plasma factor XIII
Aminopeptidase N

Plasma prekallikrein
Fibronectin

Fructose-1,6-biphosphate aldolase
Aminopeptidase N

Gamma-glutamyltransferase
Glyceraldehyde-3-phosphate dehydrogenase
Glyceraldehyde-3-phosphate dehydrogenase
Glucose-6-phosphatase
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G6PD

G6PDH

G6S

Gal-6-S

GaINAc-6-8

GALNS

Galactose-6-sulphate sulphatase
Galactose-6-sulphatase

gal-T

Gamma-aminobutyraldehyde dehydrogenase

Gamma c globulin

gamma-CSF

Gamma-globulin

Gammaglutamylcarboxylase
Gamma-glutamyltransferase
Gamma-glutamyltransferase
Gamma-glutamyltranspeptidase
Gamma-guanidinobutyraldehyde dehydrogenase

Gamma-M

Gamma-macroglobulin

Gamma-trace

gamma-GT

GAPD

GAPDH

GAS

GBG

GC

GC'ase

GCDFP-24 (gross cystic disease fluid protein of 24 kDa)
GCDFP-44 (gross cystic disease fluid protein of 44 kDa)
GC-globulin

GCP

G-CSF

Gelatin (after denaturation)
GGT

GH

GHBP

GHR

GLO (gene)

GLO 1-1

GLO 1-2 (allozyme)

GLO 2-2 (allozyme)

Glol (protein)

Glol-A

Glol-E

Gloll (protein)

Globin

Glucocerebrosidase
Glucogenase
Glucose-6-phosphatase
Glucose-6-phosphate dehydrogenase
Glucose-6-phosphatase system transport protein
Glucose transport protein 1
Glucose transport protein 2
Glucose transport protein 3

Synonyms and Abbreviations LXV

Glucose-6-phosphate dehydrogenase
Glucose-6-phosphate dehydrogenase
N-Acetylgalactosamine-6-sulphatase
N-Acetyigalactosamine-6-sulphatase
N-Acetylgalactosamine-6-sulphatase
N-Acetylgalactosamine-6-sulphatase
N-Acetylgalactosamine-6-sulphatase
N-Acetylgalactosamine-6-sulphatase
Beta 1,4-galactosyltransferase
Aldehyde dehydrogenase, E3,

liver cytoplasm
Cystatin C
Cystatin C
Immunoglobulin G
Vitamin K-dependent carboxylase

Gamma-glutamyltransferase

Gamma-glutamyltransferase

Aldehyde dehydrogenase, E3,
liver cytoplasm

Immunglobulin M

Immunglobulin M

Cystatin C

Gamma-glutamyltransferase

Glyceraldehyde-3-phosphate dehydrogenase

Glyceraldehyde-3-phosphate dehydrogenase

Glucuronate-2-sulphatase

Factor B

Vitamin D binding protein

Glucocerebrosidase

Apolipoprotein D

Zn alpha-2-glycoprotein

Vitamin D binding protein

Interieukin 8

Granulocyte colony-stimulating factor
(G-CSF)

Collagen type I

Gamma-glutamyltransferase

Somatotropin

Somatotropin binding protein

Somatotropin receptor

Glyoxalase I

Glyoxalase I

Glyoxalase I

Glyoxalase I

Glyoxalase |

Glyoxalase [

Glyoxalase 1

Glyoxalase I1

Hemoglobin

Alpha-amylase

Glucose transport protein 7
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LXVI Synonyms and Abbreviations

Glucose transport protein 4

Glucose transport protein 5

Glucose transport protein 7

Glucosylceramidase

Glucuronate reductase

Glucuronate-2-sulphatase

Glucuronate-2-sulphate sulphatase

GLUT 1

GLUT 2

GLUT 3

GLUT 4

GLUT 5

GLUT7

Glutamate-o-ketoglutarate transaminase

Glutamate-oxalacetate transaminase

Glutamic-y-semialdehyde dehydrogenase,
liver mitochondria

Glutamic-aspartic transaminase

Glutamic-oxaloacetic transaminase

Glutamine:D-glutamyl-peptide 5-glutamyltransferase

Glutaredoxin

Glutathione peroxidase, cellular

Glutathione peroxidase, cytosolic

Glutathione peroxidase, classical

Glutathione peroxidase-1

Glutathione peroxidase, extracellular

Glutathione peroxidase plasma

Glyal-mesenchymal extracellular matrix protein (GMEM)

Glyceraldehyde-3-phosphate dehydrogenase

Glycyl-prolyl-B-naphthylamidase

Glycine-rich beta-globulin

Glycogen phosphorylase

Glycocalicin (extracellular fragment)

Glycoprotein 4-beta-galactosyltransferase

Glucocerebrosidase
Aldehyde reductase

Glucuronate-2-sulphatase

Glucose transport protein 1
Glucose transport protein 2
Glucose transport protein 3
Glucose transport protein 4
Glucose transport protein 5
Glucose transport protein 7
Aspartate aminotransferase
Aspartate aminotransferase

Aspartate aminotransferase
Aspartate aminotransferase
Gamma-glutamyltransferase
Thioltransferase

Glutathione peroxidase, cellular
Glutathione peroxidase, cellular
Glutathione peroxidase, cellular

Glutathione peroxidase, extracellular
Tenascin

CD 26
Factor B

Platelet membrane glycoprotein Ibot
(GPIboy)
Beta 1,4-galactosyltransferase

Glyoxalase 1

Glyoxalase II

GlxI Glyoxalase |

GIxII Glyoxalase 11

GM-CSF Granulocyte-macrophage colony-stimulating
factor GM-CSF

GMEM (Glyal-mesenchymal extraceliular matrix protein) Tenascin

Goblin Ankyrin

GOT Aspartate aminotransferase

gp-80 Clusterin

gp150 Aminopeptidase N

gp Il Clusterin

GP Glycogen phosphorylase

GPDH Glyceraldehyde-3-phosphate dehydrogenase

GPIX Platelet membrane glycoprotein IX (GPIX)

GPV Platelet membrane glycoprotein V (GPV)

GPIba Platelet membrane glycoprotein Ibo. (GPIber)

GPIbp Platelet membrane glycoprotein Ibf (GPIb)

G protein-coupled receptor kinase 1

Granulocyte chemotactic protein

Granulocyte collagenase

Granulocyte colony-stimulating factor (G-CSF)
Granulocyte-macrophage colony-stimulating factor (GM-CSF)

Rhodopsin kinase
Interleukin 8
Neutrophil collagenase
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GRKl1

Group-specific component of serum

Growth hormone

Growth hormone dependent IGF-binding protein
Growth hormone binding protein

Growth hormone receptor

GRx

GSHPx-1

GT

GT

H

Haemoglobin

Haemosiderin

Hageman factor

HAGH (gene)

hAR

Hb

HCII

HCAI

HCAII

HCA I

HCA IV

HCAB

hCG

HCSF (histamine-producing cell-stimulatory factor)
HCPTP-A

HCPTP-B

hCyP2

Heat shock protein 32

Heme oxygenases
Hemoglobin

Hemopexin

Hemopoietin-1
Hemopoietin-2

Heparin cofactor

Heparin cofactor II

Heparin neutralizing factor
Heparin-releasable lipase
Hapatic lipase

Hepatic triacylglycerol lipase
Hepatocyte stimulating factor (HSF)
Hepatocyte stimulating factor III (HSF IIT)
HEPR

Hex

Hexabrachion

HF

Hg

Hgb

hGHBP

hGH

hGHR

High affinity platelet factor 4

High Km aldehyde reductase

HILDA (human interleukin for DA cells)
Histamine-producing cell-stimulatory factor (HCSF)
Histidine-rich glycoprotein

Synonyms and Abbreviations LXVI

Rhodopsin kinase

Vitamin D binding protein

Somatotropin

Insulin-like growth factor binding protein-3
Somatotropin binding protein
Somatotropin receptor

Thioltransferase

Glutathione peroxidase, cellular

Beta 1,4-galactosyltransferase
Gamma-glutamyltransferase

Factor H
Hemoglobin

Factor XII

Glyoxalase II

Aldose reductase
Hemoglobin

Heparin cofactor Il

Carbonic anhydrase I
Carbonic anhydrase 11
Carbonic anhydrase III
Carbonic anhydrase IV
Carbonic anhydrase I
Choriogonadotropin
Interleukin 3

Erythrocyte acid phosphatase
Erythrocyte acid phosphatase
Cyclophilin-20

Heme oxygenases

Interleukin 1
Interleukin 3
Antithrombin

Platelet factor 4
Lipoprotein lipase

Hepatic lipase

Interleukin 6

Leukemia inhibitory factor (LIF)

Apolipoprotein B messenger RNA editing
protein

B-N-acetyl-D-hexosaminidase

Tenascin

Factor XII

Hemoglobin

Hemoglobin

Somatotropin binding protein

Somatotropin

Somatotropin receptor

Platelet factor 4

Aldehyde reductase

Leukemia inhibitory factor (LIF)

Interleukin 3
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LXVIII Synonyms and Abbreviations

HK

hK3

HKBP

H-kininogen

HL

HLE

HNC

HNE

HNL

HO

HO-1

HO-2

Hormone-sensitive lipase

HPGF (hybridoma/plasmacytoma growth factor)
HPI

HPRO (proinsulin)

HSL

Hpx

HRF20 (20 kDA homologous restriction factor)
HRG

HRGP

HSA

HSF (hepatocyte stimulating factor)

HSFIII (hepatocyte stimulating factor ITT)
HSP32 (Heat shock protein 32)

HTGL

HUK

Human cytoplasmic phosphotyrosyl phosphatase
Human bone-derived IGFBP

Human glandular kallikrein
Human glandular kallikrein 3
Human "high Km" aldehyde dehydrogenase

Human interleukin for DA cells (HILDA)
Human red milk protein

Human tissue kallikrein

HuMb

HUMTFRR

Hx

HxB

Hybridoma/plasmacytoma growth factor (HPGF)

1

128

1ol

Jal

IATI

IBP-1

IDS

IDUA

Iduronate sulphatase
Iduronate-2-sulphatase
IFN

IFN-0A

IFN a-2a

IFN alfa-2a

IFN-y

Kininogens

Prostate specific antigen
Kallistatin

Kininogens

Hepatic lipase
Leukocyte elastase
Neutrophil collagenase
Leukocyte elastase
Neutrophil lipocalin
Heme oxygenases
Heme oxygenases
Heme oxygenases

Interleukin 6

Insulin and proinsulin

Insulin and proinsulin

Hormone-sensitive lipase

Hemopexin

CD 59

Histidine-rich glycoprotein

Histidine-rich glycoprotein

Albumin

Interleukin 6

Leukemia inhibitory factor (LIF)

Heme oxygenases

Hepatic lipase

Tissue kallikrein

Erythrocyte acid phosphatase

Insulin-like growth factor binding
protein-5

Tissue kallikrein

Prostate specific antigen

Glutamic-y-semialdehyde dehydrogenase,
liver mitochondria

Leukemia inhibitory factor (LIF)

Lactoferrin

Tissue kallikrein

Myoglobin

Transferrin receptor

Hemopexin

Tenascin

Interleukin 6

Factor I
Iduronate-2-sulphatase
Inter-alpha-inhibitor
Inter-alpha-inhibitor
Inter-alpha-inhibitor
Insulin-like growth factor binding protein-1
Iduronate-2-sulphatase
o-L-iduronidase
Iduronate-2-sulphatase

Interferon gamma
Interferon alpha
Interferon alpha
Interferon alpha
Interferon gamma
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IFNy-R

IFN-g

IFNg-R

IFN-R

IgA

Igh

IgE

IGF-1

IGF-II (rat IGF-II: MSA)
IGFBP-1

IGFBP-2

IGFBP-3

IGFBP-4

IGFBP-5

IGFBP-6

1gG

IgG1

1gG2

IgG3

IgG4

igM

IL-1

IL-IRa

IL-1ra

IL-2

IL-3

IL-4

IL-5

IL-6

IL-8

IL-10

IL-11

IL-12

IL12

Immune adherance receptor
Immune interferon
Immunoglobulin A
Immunoglobulin D
Immunoglobulin E
Immunoglobulin G
Immunoglobulin M
Inducible carboxypeptidase activity
Inhibitory IGF-binding protein

In-IGFBP

iNOS

Insulin

Insulin and proinsulin

Insulin-like growth factor binding protein-1
Insulin-like growth factor binding protein-2
Insulin-like growth factor binding protein-3
Insulin-like growth factor binding protein-4
Insulin-like growth factor binding protein-5
Insulin-like growth factor binding protein-6
Insulin-like growth factor I

Insulin-like growth factor II

Insulin responsive glucose transport protein

Synonyms and Abbreviations LXIX

Interferon gamma receptor

Interferon gamma

Interferon gamma receptor

Interferon gamma receptor
Immunoglobulin A

Immunoglobulin D

Immunoglobulin E

Insulin-like growth factor I

Insulin-like growth factor II

Insulin-like growth factor binding protein-1
Insulin-like growth factor binding protein-2
Insulin-like growth factor binding protein-3
Insulin-like growth factor binding protein-4
Insulin-like growth factor binding protein-5
Insulin-like growth factor binding protein-6
Immunoglobulin G

Immunoglobulin G

Immunglobulin G

Immunglobulin G

Immunglobulin G

Immunoglobulin M

Interleukin 1

Interleukin-1 receptor antagonist
Interleukin-1 receptor antagonist
Interleukin-2

Interleukin 3

Interleukin 4

Interleukin S

Interleukin 6

Interleukin 8

Interleukin 10

Interleukin-11

Interleukin 12

Interleukin 12

Complement receptor type 1

Interferon gamma

Procarboxypeptidase U

Insulin-like growth factor binding
protein-4

Insulin-like growth factor binding
protein-4

Nitric oxide synthase

Insulin and proinsulin

Glucose transport protein 4
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LXX Synonyms and Abbreviations

Inter-alpha-inhibitor
Inter-alpha-trypsin-inhibitor
Interferon alpha

Interferon B, (IFNQ,)
Interferon gamma
Interferon y receptor
Interferon gamma receptor
Interleukin 1

Interleukin-1 receptor antagonist
Interleukin 2

Interleukin 3

Interleukin 4

Interleukin 5

Interleukin 6

Interleukin 8

Interleukin 10

Interleukin 11

Interleukin 12

Intima collagen

IRAP

Isoniazid transacetylase

ITI

IVD (isovaleryl-CoA-dehydrogenase)

1)

*J1" antigen
J chain
Joining chain

KAF (Conglutin activating factor)
KAF (kinase activating factor)
Kalinin

Kallikrein-binding protein
Kallistatin

Katacalcin (PDN-21)

KBP

Kidney brush border neutral peptidase
Kinase activating factor (KAF)
Kininase 1

Kininase II

Kininogens

k-laminin

KO-reductase

Labile factor

LACI (lipoprotein-associated coagulation inhibitor)
Lactase-glycosylceramidase
Lactase-phlorizin hydrolase

Lactate dehydrogenase

Lactoferrin

Lactogenic hormone

Lactogen(ic) receptor

Lactose synthase A protein
Lactotransferrin

LAF (Lymphocyte-activating factor)
Laki-Lorand factor

Laminin

LA PF4 (low affinity platelet factor 4)

Inter-alpha-inhibitor
Interleukin 6

Interferon gamma receptor

Collagen type VI

Interleukin-1 receptor antagonist
Arylamine N-acetyltransferase
Inter-alpha-trypsin-inhibitor
Acyl-CoA-dehydrogenase

Tenascin
Tenascin

J-chain

Factor I
Calpain
Laminin
Kallistatin

Calcitonin and procalcitonin
Kallistatin
Endopeptidase-24.11

Calpain

Carboxypeptidase N
Angiotensin converting enzyme

Laminin
Vitamin K epoxide reductase

Factor V
Tissue factor pathway inhibitor
Lactase-phlorizin hydrolase

Prolactin

Prolactin receptor

Beta 1,4-galactosyltransferase
Lactoferrin

Interleukin 1

Plasma factor XIII

Platelet basic protein
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Large external transformation-sensitive(LETS) protein
L-aspartate: 2-oxoglutarate aminotransferase
LCI

LCAT

LCAD (long chain acyl-CoA-dehydrogenase)
LD

LDH

Lecithin cholestero} acyltransferase

LEM (Leukocyte endogenous mediator)
Leucyl-beta-naphtylamidase

Leukemia inhibitory factor (LIF)

Leukocyte cathepsin G

Leukocyte clastase

Leukocyte endogenous mediator (LEM)
Leukocyte interferon A

Leukocyte interferon alpha-2

Leuserpin 2

Lf

L-hexonate dehydrogenase
L-idurono-sulphate sulphatase

LIF

Lipid-soluble vitamin ester hydrolase
Lipocalin 2

Lipocortin I

Lipoprotein lipase

Lipoprotein-associated coagulation inhibitor
Liver plasma membrane glucose transport protein
Liver transglutaminase

Liver-type glucose transport protein

LK

L-kininogen

L(+)lactate:NAD* oxidoreductase

M

Ln

Low affinity Fce receptor

Low affinity IgE receptor

Low affinity platelet factor 4 (LA PF4)

Low density lipoprotein receptor related protein
Low-KM aldehyde reductase

Low molecular weight phosphotyrosyl protein phosphatase

Low M,PTPase

LPH

L-phenylalanine 4-monooxygenase
LPL

LRP

Lung fibroblasts-derived IGFBP
Luteotropic hormone (LTH)
Lymphocyte-activating factor (LAF)
Lymphocyte-derived neutrophil activating peptide
LYNAP

Lysophospholipase

Lysozyme

Lysine carboxypeptidase

mAAP
MACIF (Membrane attack complex inhibitory factor)
MacNOS

Synonyms and Abbreviations LXXI

Fibronectin

Aspartate aminotransferase
Lipocortin I

Lecithin-cholesterol acyltransferase
Acyl-CoA-dehydrogenase

Lactate dehydrogenase

Lactate dehydrogenase

Interleukin 1
Aminopeptidase N

Interleukin 1

Interferon alpha

Interferon alpha

Heparin cofactor IT

Lactoferrin

Aldehyde reductase
Iduronate-2-sulphatase
Leukemia inhibitory factor (LIF)
Carboxy! ester lipase

Neutrophil lipocalin

Tissue factor pathway inhibitor
Glucose transport protein 2
Tissue transglutaminase
Glucose transport protein 2
Kininogens

Kininogens

Lactate dehydrogenase

Laminin

Laminin

CD 23

CDh23

Platelet basic protein
Alpha-2-macroglobulin receptor
Aldose reductase

Erythrocyte acid phosphatase
Erythrocyte acid phosphatase
Lactase-phlorizin hydrolase
Phenylalanine hydroxylase
Lipoprotein lipase
Alpha-2-macroglobulin receptor
Insulin-like growth factor binding protein-6
Prolactin

Interleukin 1

Interleukin 8

Interleukin 8

Carboxy! ester lipase

Carboxypeptidase N
Aminopeptidase N

CD 59
Nitric oxide synthase
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LXXII Synonyms and Abbreviations
Macrophage and granulocyte inducer-M

Macrophage colony-stimulating factor (M-CSF)
Macrophage granulocyte inducer-1G

Macrophage-granulocyte inducer-1 GM

Macrophage granulocyte inducing protein 2 (MGI-2)
Mannan-binding lectin

Mannan-binding protein

Mannan binding protein receptor
Mannose-binding lectin

Matrix metalloproteinase-8

Mast cell chymase

Mast cell growth factor

Mast cell growth factor-2 (MCGF-2)

Mast cell tryptase

Matrix metalloproteinase 14 (MMP-14)

MBL

MBP

MCAD (medium chain acyl-CoA-dehydrogenase)
MCF (mononuclear cell factor)

MCGF-2 (mast cell growth factor-2)

MCH class I light chain

MCP

M-CSF

MDR1 protein

MDNCF

Medullasin

Megakaryocyte colony-stimulating factor (Mk-CSF)
Melanoma-derived lipoprotein lipase inhibitor (MLPLI)
MEM-43 antigen

Membrane attack complex inhibitory factor (MACIF)
Membrane attack complex inhibitory protein (MIP)
Membrane carbonic anhydrase

Membrane cofactor protein (CD46)

Membrane inhibitor of reactive lysis (MIRL)
Membrane-type 1 matrix metalloproteinase

Merosin

Mesosecrin

Metserpin

MGI-1G

CSF)

MGI-1GM

MGI-2 (macrophage granulocyte inducing protein 2)
MGI-M

MHC class I $-chain

Microsomal aminopeptidase

Microsomal proline aminopeptidase

Microvillar aminopeptidase

Milk derived growth factor

Minactivin

MIP (Membrane attack complex inhibitory protein)
MIRL (Membrane inhibitor of reactive lysis)
Mk-CSF (megakaryocyte colony stimulating factor)

Macrophage colony-stimulating factor
(M-CSF)

Granulocyte colony-stimulating factor
(G-CSF)

Granulocyte-macrophage colony-stimulating
factor

Interleukin 6

Mannose-binding lectin

Mannose-binding lectin

Collectin receptor

Neutrophil collagenase

Chymase

Interleukin 3

Interleukin 4

Tryptase

Membrane-type 1 matrix metalloproteinase

Mannose-binding lectin

Mannose-binding lectin

Acyl-CoA dehydrogenase

Interleukin 1

Interleukin 4

Beta-2-microglobulin

Membrane cofactor protein (CD46)

Macrophage colony-stimulating factor
(M-CSF)

P-glycoprotein

Interleukin 8

Leukocyte elastase

Interleukin 3

Leukemia inhibitory factor (LIF)

CD 59

CD 59

CD 59

Carbonic anhydrase IV

CD 59

Laminin

Plasminogen activator inhibitor type 1
Alpha-1-proteinase inhibitor

Granulocyte colony-stimulating factor (G-

Granulocyte-macrophage colony-stimulating
factor GM-CSF

Interleukin 6

Macrophage colony-stimulating factor
(M-CSF)

Beta-2-microglobulin

Aminopeptidase N

Aminopeptidase P

Aminopeptidase N

Transforming growth factor - beta 3 (1,2)

Plasminogen activator inhibitor type-2

CD 59

CD 59

Interleukin 3
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MLPLI (melanoma-derived lipoprotein lipase inhibitor)

MMP-8

MMP-14

Modulator protein

MONAP

Monoacylglycerol acyltransferase

Monocyte-derived neutrophil activating peptide

Monocyte-derived neutrophil chemotactic factor

Mononuclear cell factor (MCF)

Monotor peptide

mPAP

MPO

MSA (multiplication stimulating activity)

MT1-MMP

MT-MMP

MT-MMP-1

Mucopeptide glycohydrolase

Mucopeptide N-acetylmuramoylhydrolase

Multi-colony stimulating factor

Multidrug resistance protein

Multidrug transporter

Multifunctional Ca**/calmodulin-dependent
protein kinase

Multimerin

Multiplication stimulating activity (MSA)

Muramidase

Myeloperoxidase

Myoglobin

Myotendinous antigen

N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-4-sulphate sulphatase
N-Acetylgalactosamine-6-sulphatase
N-Acetylgalactosamine-6-sulphate sulphatase
NAD*

NAD*

NAD-linked aldehyde dehydrogenase

NAD-linked aldehyde dehydrogenase

NADP-dependent 15-hydroxyprostaglandin dehydrogenase
NAF (neutrophil activating factor)

NAG

NAP-1 (neutrophil activating peptide 1)
NAP-2 (neutrophil activating peptide 2)
NAT

Natural killer cell stimulatory factor
NCF

ncNOS

NCPL

NE

Nerve growth factor

Neumega®

Neutral cysteine proteinase inibitor
Neutral endopeptidase

Neutrophil activating factor

Neutrophil activating peptide-1 (NAP-1)
Neutrophil activating peptide-2 (NAP-2)

Synonyms and Abbreviations LXXIII

Leukemia inhibitory factor (LIF)
Neutrophil collagenase
Membrane-type 1 matrix metalloproteinase
Calmodulin
Interleukin 8
Hepatic lipase
Interleukin 8
Interleukin 8
Interleukin 1
Pancreatic secretory trypsin inhibitor
Aminopeptidase P
Myeloperoxidase
Insulin-like growth factor II
Membrane-type 1 matrix metalloproteinase
Membrane-type 1 matrix metalloproteinase
Membrane-type 1 matrix metalloproteinase
Lysozyme
Lysozyme
Interleukin 3
P-glycoprotein
P-glycoprotein
Ca”*/calmodulin-dependent protein

kinase II

Insulin-like growth factor binding protein-2
Lysozyme

Tenascin

N-Acetylgalactosamine-4-sulphatase

N-Acetylgalactosamine-6-sulphatase

Aldehyde oxidase

Xanthine oxidoreductase

Aldehyde dehydrogenase, E1,
liver cytoplasm

Aldehyde dehydrogenase, E2,
liver mitochondria

Carbonyl reductase

Interleukin 8

B-N-acetyl-D-hexosaminidase

Interleukin 8

Platelet basic protein

Arylamine N-acetyltransferase

Interleukin 12

Interleukin 8

Nitric oxide synthase

Cystatin B

Leukocyte elastase

Interleukin 11
Cystatin B
Endopeptidase-24.11
Interleukin 8
Interleukin 8

Platelet basic protein
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LXXIV Synonyms and Abbreviations

Neutrophil chemotactic factor
Neutrophil collagenase
Neutrophil elastase
Neutrophil gelatinase associated lipocalin
Neutrophil lipocalin

NGAL

NGF

Nicein

Nitric oxide synthase

NKSF

nNOS

N,O-acetyltransferase
N,O-AT

NOS

Non-conventional protein kinase C
Nonspecific cholinesterase
Non-specific esterase
Non-specific lipase

Novel protein kinase C

nPKC

N-procalcitonin (PAS-57)

O-acetyltransferase

OAF (Osteoclast-activating factor)
OAT

ON

Opsin

Ornithine carbamoyltransferase
Ornithine transcarbamylase
Osteoclast-activating factor (OAF)
Osteonectin

OTC (OCT)

Oxidase

P
P18
p30
p35
pl46
pl55
PA

PACE (Paired basic Amino acid Cleaving Enzyme)

PAH

PAI-1

PAI-2

PAI-3

p-Amy

Pancreatic amylase

Pancreatic kallikrein

Pancreatic secretory trypsin inhibitor
Parathormone

Parathyrin

Parathyroid hormone

Parathyroid hormone-like peptide
Parathyroid hormone-related protein
Particle-bound aminopeptidase
PAS-57 iN-procalcitonin)

Pathway I reductase

Interleukin 8

Leukocyte elastase
Neutrophil lipocalin

Neutrophil lipocalin
Nerve growth factor
Laminin

Interleukin 12

Nitric oxide synthase
Arylamine N-acetyltransferase
Arylamine N-acetyltransferase
Nitric oxide synthase

Protein kinase C
Butyrylcholinesterase
Carboxyl ester lipase
Carboxyl ester lipase

Protein kinase C

Protein kinase C

Calcitonin and procalcitonin

Arylamine N-acetyltransferase
Interleukin 1
Arylamine N-acetyltransferase
Osteonectin

Ornithine carbamoyltransferase
Interleukin |

Ornithine carbamoyltransferase
Cytochrome C oxidase

Properdin

CD 59

Prostate specific antigen

Lipocortin I

Aminopeptidase N

Multimerin

Transthyretin

Furin

Phenylalanine hydroxylase
Plasminogen activator inhibitor type-1
Plasminogen activator inhibitor type-2
Protein C inhibitor

Alpha-amylase

Alpha-amylase

Tissue kallikrein

Parathyroid hormone
Parathyroid hormone

Parathyroid hormone-related protein
Aminopeptidase N

Calcitonin and procalcitonin
Vitamin K epoxide reductase
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PBP

P-cell stimulating factor

PCI

P component

pCPB

PDGF

PDN-21 (Katacalcin)

PE

PEP

PEPP

Pepsinogen

Peptidase P

Peptidyl-dipeptidase A

Peptidyldipeptide hydrolase

Peptidyl- prolyl cis-trans isomerase B

PF4

PG

Pg

Pg

P-glycoprotein

PG-M (chick homologue}

P-gp

pGPx

pGSHPx

PH

Phenylalanine hydroxylase

p-HMW-collagen

Phorbol ester receptor

Phosphatide 2-acylhydrolase
Phosphatidylcholine cholinephosphohydrolase
Phosphatidyicholine phosphodiesterase
Phosphatidylcholine:sterol O-acyltransferase
Phosphatidylcholine-sterol acyltransferase
Phosphatidylinositol biphosphate phosphodiesterase
Phosphatidylinositol inositolphosphohydrolase
Phosphatidylinositol phosphodiesterase
Phosphodiesterase activator

Phospholipase A-1

Phospholipase A-2

Phospholipase C

Phospholipid-cholesterol acyltransferase
Phosphorylase

PI

plgR

PK

PKC

PLA-1

PLA;

Placental plasminogen activator inhibitor
Placental protein 12

Plasma albumin

Plasma cholinesterase

Plasma carboxypeptidase B

Plasma factor XIII

Plasma membrane facilitative glucose transport protein 1
Plasma membrane facilitative glucose transport protein 3
Plasma membrane facilitative glucose transport protein 5
Plasma plasmin inhibitor

Synonyms and Abbreviations LXXV

Platelet basic protein
Interleukin 3

Protein C inhibitor

Serum amyloid P component
Procarboxypeptidase U
Platelet-derived growth factor
Calcitonin and procalcitonin
Prolyl oligopeptidase

Proly! oligopeptidase
Aminopeptidase P

Aminopeptidase P

Angiotensin converting enzyme
Angiotensin converting enzyme
Cyclophilin-20

Platelet factor 4

Pepsinogen

Pepsinogen

Plasminogen

Versican

P-glycoprotein

Glutathione peroxidase, extracellular
Glutathione peroxidase, extracellular
Phenylalanine hydroxylase

Collagen type IX

Protein kinase C

Phospholipase A,

Phospholipase C

Phospholipase C

Lecithin cholesterol acyltransferase
Lecithin cholesterol acyltransferase
Phospholipase C

Phospholipase C

Phospholipase C

Calmodulin

Hepatic lipase

Lecithin cholesterol acyltransferase
Glycogen phosphorylase
Alpha-2-plasmin inhibitor

Secretory component

Plasma prekallikrein

Protein kinase C

Hepatic lipase

Phospholipase A,

Plasminogen activator inhibitor type 2
Insulin-like growth factor binding protein-1
Albumin

Butyrylcholinesterase
Carboxypeptidase N

Glucose transport protein 1
Glucose transport protein 3
Glucose transport protein 5
Alpha-2-plasmin inhibitor
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LXXVI Synonyms and Abbreviations

Plasma prekallikrein

Plasma procarboxypeptidase B

Plasma thromboplastin antecedent (PTA)
Plasma thromboplastin component (PTC)
Plasma transglutaminase

Plasmin inhibitor

Plasminogen

Plasminogen activator inhibitor type-1
Plasminogen activator inhibitor type-2
Plasminogen activator inhibitor type-3
Platelet antiheparin activity

Platelet basic protein

Platelet-derived growth factor

Platelet factor 4

Platelet glycoprotein G

Platelet membrane glycoprotein Ibct (GPIboy)
Platelet membrane glycoprotein Ibf (GPIbp)
Platelet membrane glycoprotein V (GPV)
Platelet membrane glycoprotein IX (GPIX)
PLAUR (gene)

PLC

Plg (gene name Plg)

Pluripoietin

PMNL-collagenase

PO

Poly-Ig receptor

Polymeric immunoglobulin receptor
POPase

post-y-globulin

post-y-protein

Post-proline cleaving enzyme
Post-heparin lipase

Post-proline dipeptidyl aminopeptidase
PP12

PPCE

P-PI

PPIB

Ppo

Prealbumin

Precursor of serum prothrombin conversion accelerator
Pregnancy-associated endometrial o;-globulin
Prekallikrein (plasma)

PRL

PRLR

Proaccelerin

Procalcitonin

Procarboxypeptidase R

Procarboxypeptidase U

Processing endoprotease

Proconvertin

ProCPU

Profibrinolysin

Proinsulin

Prolactin

Prolactin receptor

Proline-rich protein

Procarboxypeptidase U
Factor XI

Factor IX

Plasma factor XIII
Alpha-2-plasmin inhibitor

Protein C inhibitor
Platelet factor 4

Thrombospondin-1

Urokinase plasminogen activator receptor

Phospholipase C

Plasminogen

Granulocyte colony-stimulating factor
(G-CSF)

Neutrophil collagenase

Prolyl oligopeptidase

Secretory component

Secretory component

Proly! oligopeptidase

Cystatin C

Cystatin C

Prolyl oligopeptidase

Hepatic lipase

CD 26

Insulin-like growth factor binding protein-1

Prolyl oligopeptidase

Alpha-2-plasmin inhibitor

Cyclophilin-20

Granulocyte colony-stimulating factor
(G-CSF)

Transthyretin

Factor VII

Insulin-like growth factor binding protein-1

Prolactin

Prolactin receptor

Factor V

Calcitonin and procalcitonin
Procarboxypeptidase U

Furin

Factor VII
Procarboxypeptidase U
Plasminogen

Insulin and proinsulin

C4b-binding protein
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Proline specific endopeptidase
Prolyl endopeptidase

Prolyl oligopeptidase

pro-pCPB

Properdin

Proserozyme (archaic)
Prostaglandin 9-keto reductase
Prostasin

Prostate specific antigen
Protectin

Protein I

Protein III

Protein 2.1

Protein C

Protein C inhibitor

Protein HC (human complex-forming)
Protein kinase C

Protein S

Proteoglycan-LT

Prothrombin

Prothrombokinase

Protirelin receptor

Prower factor

PSA

PSAP

PSE

Pseudocholinesterase

PSTI

PTA (plasma thromboplastin antecedent)
PTC (plasma thromboplastin component)
PTH

PTHP

Ptyalin

Pulmonary surfactant apoprotein

R

RBP

RCAP

Receptor for immune or type II interferon
Receptor transforming factor (RTF)
Red cell acid phosphatase

Red milk protein

Renal kallikrein

Retinol-binding protein

Rho

Rhodopsin kinase

RK

rHTF (recombinant)

rHuEPO (recombinant)

RTF (receptor transforming factor)

4-S

4-sulphatase

4-sulphate sulphatase
4-sulpho-N-acetylgalactosamine sulphatase
S-2-hydroxyacylglutathione hydrolase

SA

SAA

Synonyms and Abbreviations LXXVI

Proly! oligopeptidase
Proly! oligopeptidase

Procarboxypeptidase U

Prothrombin
Carbony! reductase

CD 59

Synapsin I, Synapsin II
Synapsin I, Synapsin II
Ankyrin

Alpha-1-microglobulin

Collagen type IX

Factor X

TRH receptor

Factor X

Prostate specific antigen

Surfactant protein A

Prolyl oligopeptidase
Butyrylcholinesterase

Pancreatic secretory trypsin inhibitor
Factor X1

Factor IX

Parathyroid hormone

Parathyroid hormone-related protein
Alpha-amylase

Surfactant protein A

Opsin

Retinol-binding protein
Erythrocyte acid phosphatase
Interferon gamma receptor
Calpain

Erythrocyte acid phosphatase
Lactoferrin

Tissue kallikrein

Opsin

Rhodopsin kinase
Tissue factor
Erythropoietin
Calpain

N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-4-sulphatase
N-Acetylgalactosamine-4-sulphatase
Glyoxalase II

Albumin

Serum amyloid A
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LXXVIII Synonyms and Abbreviations

Salivary cysteine proteinase inhibitor
Salivary amylase

Salt-resistant lipase

s-Amy

S-antigen

SAP

sC

SCAD (short chain acyl-CoA-dehydrogenase)
S-cyclophilin

SCYLP

S-D-lactoylglutathione methylglyoxal lyase (isomerising)
Secreted cyclophilin -like protein

Secreted protein, acid and rich in cysteine (SPARC)
Secretogranin II

Secretogranin I

Secretory component

Secretory piece

Secretory protein I

Semenogelin I

Semenogelin II

Serum albumin

Serum amyloid A

Serum amyloid P component

Serum carboxypeptidase B

Serum cholinesterase

Serum-spreading factor

Sgl

Sgl

Sgll

SgII

SGP-2

Short chain collagen

SI

S-1

Siderophilin

Sixth component of the complement system
Skeletal growth factor

Skin chymotrypsin-like serine protease
s-laminin

SMA

SMC

Small intestine facilitative glucose transport protein
Small intestine sugar transport protein

SOD

Somatomedin A

Somatomedin C

Somatotrophin

Somatotropic hormone

Somatotropin

Somatotropin receptor & somatotropin binding protein
SP-40,40

SP-A

SP-A receptor

SPARC (secreted protein, acid and rich in cysteine)
SP-D

Spectrin

Sperm mobility inhibitor precursor

SP-1

Cystatin S, SN, SA
Alpha-amylase

Hepatic lipase
Alpha-amlyase

Arrestin

Serum amyloid P component
Secretory Component
Acyl-CoA dehydrogenase
Cyclophilin-20
Cyclophilin-20
Glyoxalase I
Cyclophilin-20
Osteonectin

Chromogranin B

Secretory component
Chromogranin A

Albumin

Carboxypeptidase N
Butyrylcholinesterase
Vitronectin

Semenogelin I
Chromogranin B
Secretogranin II
Semenogelin I

Clusterin

Collagen type VI
Sucrase-isomaltase
Sucrase-isomaltase
Transferrin

C6 complement protein
Insulin-like growth factor IT
Chymase

Laminin

Insulin-like growth factor I
Insulin-like growth factor I
Glucose transport protein 5
Glucose transport protein 5
Superoxide dismutase
Insulin-like growth factor I
Insulin-like growth factor I
Somatotropin
Somatotropin

Clusterin

Surfactant protein A
Collectin receptor
Osteonectin
Surfactant protein D

Semenogelin I
Chromogranin A
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sPLA,, secretory

SPMIP

Stefin A

Stefin B

STH

Stuart factor

Sucrase

Sucrase-isomaltase
Sucrase-isomaltase complex
Sulfated glycoprotein-2
Sulphoiduronate sulphatase
Superoxide dismutase
Superoxide: superoxide oxidoreductase
Surface fibroblast (SF) antigen
Surfactant protein A
Surfactant protein D

Synapsin I

Synapsin 11

Syndein

Tl

T3

TAFI

Tamm-Horsfall glycoprotein
Tamm-Horsfall protein

TATI (tumor-associated trypsin inhibitor)
Tb

TBG

T-cell growth factor

T cell growth factor-2

T cell replacing factor (murine)
T cell stimulating factor

TCGF

TCGEF-2

T-chain

T component

Tenascin

Testosterone-repressed prostatic messenger 2

Tetranectin

TF

Tf

TfnR

TfR

TFPI

Tg

Tgl

Tg2

TGc

TGF-B3(1,2)

TH

Thioltransferase

THP

Thrombin-activable fibrinolysis inhibitor
Thrombin-sensitive protein
Thrombinogen (archaic)
Thrombomodulin
Thrombospondin-1
Thrombospondin-2

Synonyms and Abbreviations LXXIX

Phospholipase A,
Semenogelin I
Cystatin A
Cystatin B
Somatotropin
Factor X
Sucrase-isomaltase

Sucrase-isomaltase
Clusterin
Iduronate-2-sulphatase

Superoxide dismutase
Fibronectin

Ankyrin

Trypsin(ogen) 2
Trypsin(ogen) 1
Procarboxypeptidase U
Tamm-Horsfall protein

Pancreatic secretory trypsin inhibitor
Tubulin

Thyroxine-binding giobulin
Interleukin 2

Interleukin 4

Interleukin 5

Interleukin 12

Interleukin 2

Interleukin 4

Secretory component
Secretory component

Clusterin

Tissue factor

Transferrin

Transferrin receptor
Transferrin receptor

Tissue factor pathway inhibitor
Thyroglobulin

Trypsin(ogen) 1

Trypsin(ogen) 2

Tissue transglutaminase
Transforming growth factor - beta 3 (1,2)
Tyrosine hydroxylase

Tamm-Horsfall protein
Procarboxypeptidase U
Thrombospondin-1
Prothrombin
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LXXX Synonyms and Abbreviations

Thrombospondin-3
Thrombospondin-4

Thromboxane synthase

Thy-1 inducing factor
Thyrocalcitonin

Thyroglobulin

Thyroid galactosyltransferase
Thyroid hormone-binding globulin
Thyroid prohormone
Thyroid-stimulating hormone
Thyroliberin receptor

Thyropexin

Thyrotropin

Thyrotropin receptor

Thyrotropin releasing factor (TRF) receptor
Thyrotropin releasing hormone (TRH) receptor
Thyroxine-binding globulin

Ti2

Til

Tissue factor

Tissue factor inhibitor

Tissue factor pathway inhibitor
Tissue kallikrein

Tissue plasminogen activator
Tissue thromboplastin

Tissue transglutaminase
Tissue-type plasminogen activator
TK

™

Tm

TN

TN

TnC

TNF

TNF-a

t-PA

t-PA inhibitor

TPH

TPOH

TPOHase

TPPII

TR

Transcortin

Transferrin

Transferrin binding protein
Transferrin receptor
Transforming growth factor - beta 3 (1,2)
Transglutaminase type II
Transport piece

Transthyretin

TRHR

TRH receptor

Triose phosphate-dehydrogenase
Tripeptidy! aminopeptidase
Tripeptidyl-peptidase I
Triphosphoinositide inositoltriphosphohydrolase
Troponin A

Troponin C

Interleukin 3
Calcitonin and procalcitonin

Beta 1,4-galactosyltransferase
Thyroxine-binding globulin
Thyroglobulin

Thyrotropin

TRH receptor
Thyroxine-binding globulin

TRH receptor
TRH receptor

Trypsin{ogen) 2
Trypsin(ogen) 1

Tissue factor pathway inhibitor

Tissue-type plasminogen activator
Tissue factor

Tissue kallikrein
Glucocerebrosidase
Thrombomodulin

Tenascin

Tetranectin

Troponin C

Tumor necrosis factor

Tumor necrosis factor
Tissue-type plasminogen activator
Plasminogen activator inhibitor type 1
Tryptophan hydroxylase
Tryptophan hydroxylase
Tryptophan hydroxylase
Tripeptidyl-peptidase II
Transferrin receptor

Cortisol binding globulin

Transferrin receptor
Tissue transglutaminase
Secretory component
TRH receptor

Glyceraldehyde-3-phosphate dehydrogenase
Tripeptidyl-peptidase IT

Phospholipase C
Troponin C
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TRPOHase

TRY 1

TRY II

Trypsin(ogen) 1
Trypsin(ogen) 2

Tryptase

Tryptase I-ITI
Tryptophan-5-hydroxylase
Tryptophan-5-monooxygenase
Tryptophan hydroxylase
TS

TSF

TSH

TSHR

TSH receptor

TSP

TSP-1

TSP-2

TSP-3

TSP-4

TTase

tTG

TTR

Tub

Tubulin

Tumor-associated trypsin inhibitor (TATI)
Tumor necrosis factor
TXS

Typel

Type II

Type I Ca**/calmodulin-dependent protein kinase

Type Il IFN

Type IT IEN-R

Type Il interferon
Type I NOS

Type I NOS

Type III NOS

Type V

Type VI

Type VII

Type IX

Type X

Type XII

Type XI1 A

Type XII B

Type XIII

Type XIV

Type M-collagen
TyrOHase

Tyrosine 3-hydroxylase
Tyrosine 3-monooxygenase
Tyrosine hydroxylase

UDPgalactose-glycoprotein: galactosyltransferase
UDP-glucuronosyltransferases
UDP-glucuronyltransferase

UDPGTs

Synonyms and Abbreviations LXXXI

Tryptophan hyrodxylase
Trypsin(ogen) 1
Trypsin(ogen) 2

Tryptase
Tryptophan hydroxylase
Tryptophan hydroxylase

Thrombospondin-1
Interleukin 12
Thyrotropin
Thyrotropin receptor
Thyrotropin receptor
Thrombospondin-1
Thrombospondin-1
Thrombospondin-2
Thrombospondin-3
Thrombospondin-4
Thioltransferase
Tissue transglutaminase
Transthyretin
Tubulin

Pancreatic secretory trypsin inhibitor

Thromboxane synthase
Collagen type I
Collagen type I
Ca/calmodulin-dependent protein
kinase 11
Interferon gamma
Interferon gamma receptor
Interferon gamma
Nitric oxide synthase
Nitric oxide synthase
Nitric oxide synthase
Collagen type V
Collagen type VI
Collagen type VII
Collagen type IX
Collagen type X
Collagen type XII
Collagen type XII
Collagen type XII
Collagen type XIII
Collagen type XIV
Collagen type IX
Tyrosine hydroxylase
Tyrosine hydroxylase
Tyrosine hydroxylase

Beta 1,4-galactosyltransferase

UDP-glucuronosyltransferases
UDP-glucuronosyltransferases
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LXXXIY Synonyms and Abbreviations

UGTs

Undulin

uPAR

Urinary kallikrein

Urokinase plasminogen activator receptor

Uromodulin

Uromucoid

Vascular plasminogen activator
VvC

Verdoperoxidase

Versican

Visual purple

Vitamin D binding protein
Vitamin K-dependent carboxylase
Vitamin K-epoxidase

Vitamin K epoxide reductase
Vitronectin

VN

Vn

Von Willebrand factor

vWF

WEHI-3 growth factor

Xanthine dehydrogenase
Xanthine oxidase

Xanthine oxidoreductase
XPNPEP

X-Pro aminopeptidase
X-Pro-dipeptidyl aminopeptidase

Zn-o; gp

Zn alpha-2-glycoprotein
Zwischenferment
Zymohexase

UDP-glucuronosyltransferases
Collagen type XIV

Urokinase plasminogen activator receptor

Tissue kallikrein

Tamm-Horsfall protein
Tamm-Horsfall protein
Tissue-type plasminogen activator
Versican

Myeloperoxidase

Opsin

Vitamin K-dependent carboxylase
Vitronectin

Vitronectin

Von Willebrand factor

Interleukin 3

Xanthine oxidoreductase
Xanthine oxidoreductase

Aminopeptidase P
Aminopeptidase P

CD 26

Zn alpha-2-glycoprotein

Glucose-6-phosphate dehydrogenase
Fructose-1,6-biphosphate aldolase
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General Abbreviations

Amino acid

Base pair

Dalton
Diisopropylfluorophosphate
Electron microscopy
Guanidine hydrochloride

PAGE
SDS
Sia
S.D.

wm

Abbreviations for Amino Acids

Ala
Asx
Cys
Asp
Glu
Phe
Gly
His
Ile
Lys
Leu
Met
Asn
Pro
Gin
Arg
Ser
Thr
Val
Trp
Tyr
Glx

N<Eg<HWmOovZZIrmR~"ZIQUmouOw»

Hour/hours
Isoelectric focusing
Kilo base

Liter

Moles/L, molar

Millimoles/L, millimolar

molecular weight
Nanometer

Polyacrylamide gel electrophoresis
Svedberg unit (10" s)
Sodium dodecyl sulfate (¢.g. SDS-PAGE)

Sialic acid
Standard deviation

Angstrom = 107 meters or 0.1 nm
Molar extinction coefficient
Micromoles/L, micromolar

Mikrometer

Alanine
Asparagine/Aspartate
Cysteine
Aspartate
Glutamate
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Tryptophan
Tyrosine
Glutamine/Glutamate
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Human Protein Data
Edited by André Haeberli
© Wiley-VCH Verlag GmbH, 1998

B-N-Acetyl-D-hexosaminidase
Don J. Mahuran and Roderick B. C. Tse

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

B-N-Acetylglucosaminidase; NAG (EC 3.2.1.30)
Hex
EC3.2.1.52

Hex is a lysosomal hydrolase. The Hex isozymes are composed of all pos-
sible dimeric combinations of an o and/or a f subunit (60% aa identity).
There are two major isozymes in normal human tissues, Hex A and B. A
minor, unstable isozyme of Hex termed Hex S is found at low levels in
samples from patients with Sandhoff disease (B-subunit deficiencies).
Hence, Hex S is not considered a physiologically functional form of Hex.
The heat stability and pl of these isozymes are in a decreasing order such
that Hex B (BP) > Hex A (af) >> Hex S (ox). Hex A (or Hex S) in serum
can be specifically denatured by heating at 59°C for 15 min (see
Concentration).

Both subunits undergo extensive modification during their biosynthesis.
The mature subunits have complex polypeptide chain structures due to pro-
teolytic processing in the lysosome. The pro-o-polypeptide chain (64 kDa)
is converted to a small non-glycosylated o, (7 kDa) and major glycosyl-
ated o, (56 kDa) chain held together by a disulfide bond in the mature o-
subunit. The common pro-p chain (67 kDa) is cleaved into three mature
glycosylated polypeptide chains, a small B, (12 kDa) and two major By, (24
kDa) and B, (28 kDa) chains, held together by disulfide bonds. Association
of the inactive subunits (likely in the ER), produces active pro-isozymes.
Hence, the structures of the precursor->mature forms of isozymes are: Hex
A, of- > (opom) (B,BsBa): Hex B, BB- > 2(B,BuB,). Brackets indicate
disulfide bonded polypeptide chain. For simplicity the precursor structures
are normally given.

Hex A and Hex B isozymes have a molecular mass of about 120 (= 10)
kDa

5.88 (native enzyme)
4.8 (Hex A), 6.9 (Hex B), <3.5 (Hex S)
11.11 (280nm, 1cm, 1%)

6.5 nmol of MU/hr/ng of pure enzyme (assayed with 1.6 mM 4-MU-
GlcNAc,

Hydrolysis of Gy, ganglioside by Hex A requires the presence of a 22
kDa, heat stable, cofactor known as the Gy, activator protein (activator).
The hydrophilic moiety of Gy, is recognized and bound by a specific
region on the activator. The ceramide residue of Gy is then pulled out of
the lipid membrane bilayer and folded into a hydrophobic groove of the
activator. The resulting activator-lipid complex (1:1) is fully water soluble.
The activator then binds to a specific recognition site of Hex A in such a
way that the terminal B-linked GaINAc residue of Gy, is correctly posi-
tioned in the active center of the enzyme (see Substrates) L2
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Substrates

Inhibitors

Biological Functions

Physiology/Pathology

Hex is specific for GIcNAc and GalNAc residues in B-anomeric linkage. In
addition to the natural substrates (see Biological Function), the enzyme
also recognizes several artificial substrates consisting of GicNAc or
GalNAc residues B-linked to molecules that fluoresce or have chromogen-
ic properties after hydrolysis. The artificial substrates are commercially
available and are hydrolyzed at a greater rate than the natural substrates,
i.e. the Gy, (with saturated [activator]): 4-MU-GIcNAc-6-SO, hydrolysis
ratio = 1:1300), but they lack part of the specificity of the natural
substrates >,

Natural substrates that can be hydrolyzed by Hex A (and possibly Hex S)
but not Hex B, generally contain negatively charged group(s) on or near
the terminal non-reducing sugar residue; this suggests the presence of a
positively charged binding pocket in the a-subunit that is not found in the
B-subunit. All Hex isozymes catabolize neutral artificial substrates. How-
ever, in vivo only Hex A in combination with the Gy, activator protein,
can catabolize negatively charged Gmp-ganglioside. In vitro assays
demonstrate that detergents can be substituted for the activator; however
under these conditions Hex S, as well as Hex A, but not Hex B can effici-
ently hydrolyze Gy ganglioside. Interestingly Hex B can hydrolyse Ga,,
the neutral, asialo derivative of Gy, in the presence of detergent, but not in
the presence of activator alone. As well the activator, even in the absence
of Guma, can inhibit the hydrolysis of 4-MU-GlcNAc-6-SO, by both Hex A
and Hex S. These data indicate that the binding site for the complex is also
located in the &-subunit, but that elements of the §-subunit are necessary to
somehow correctly orientate the complex and allow hydrolysis of the
ganglioside. The most common artificial substrate used to assay total Hex
protein is the fluorescent compound 4-methylumbelliferyl-N-acetyl-B-D-
glucosamine (4-MU-GIcNAc). Hex A (and Hex S) can be assayed
specifically using a negatively charged 4-MU derivative containing -
linked GlcNAc-6-SO4 (4-MU-GIcNAc-6-SOy). Ratios of 4-MU-GlcNAc:4-
MU-GIcNAc-6-SO, hydrolysis using 1.6mM substrates are: Hex A, 4:1;
Hex S, 1:1; and Hex B, 300:1 ',

The colorimetric substrate, p-nitrophenyl-B-D-GlcNAc and B-D-GlcNAc-
SO, are also widely used but are less sensitive and can be subjected to
some interference from colored materials in crude tissue extracts or in
body fluids **.

The following are competitive inhibitors, with the first being an inhibitory
ion and should be avoided in buffers, whereas the latter two are specific
inhibitors of the enzmye.

Acetate ions; N-actyl-hexosaminolactone; (+) -6-Acetamido-1,2-anhydro-
6-deoxy-myo-inositol (N-acetylconduramine B trans-epoxide, also a
“pseudo-substrate")™

Lysosomal Hex cleaves glycosidic linkages of non-reducing, terminal B-D-
N-acetylglucosamine (GlcNAc) or [B-D-N-acetylgalactosamine (GalNAc)
residues on glycolipids, glycoproteins, steroids, and glycosaminoglycans.
In vivo, these enzymes are active on a variety of glycoconjugates, such as
glycolipids (globoside) and certain mucopolysaccharides. However, only
Hex A, in combination with a specific activator protein, can hydrolyze the
tcrmin‘azl4N-acetylgalactosamine residue from the Gy, ganglioside (glyco-
lipid) ™"

Most naturally occurring deleterious mutations affecting the o-subunit
result in a total loss of Hex A activity and mature o-CRM (Hex B levels
are normal or increased), and are associated with the most common form
of Guz-gangliosidosis, i.e. infantile (classical) Tay-Sachs disease. In the
rare B1 variant form of Tay-Sachs disease normal levels of mature - and



Degradation

Genetics/Abnormalities

Half-life

Concentration

B-CRM and Hex A and Hex B activities are found when samples are
assayed with neutral substrates, e.g., 4-MU-GIcNAc. However, the B1-
variant Hex A is inactive toward Gy, and o-specific GlcNAc-6-sulfate
containing substrates, suggesting an active site mutation (see Genetics/
Abnormalities). Mutations affecting the B-subunit result in the deficiency
of both Hex A and B activity (1-5% residual activity is from Hex S) and
mature B-CRM, and give rise to another form of Gy;-gangliosidosis, Sand-
hoff discase. The third form of Gy,-gangliosidosis is caused by mutations
in the GM2A gene encoding the activator °,

The Gwmp-gangliosidoses show extreme variability in clinical phenotype.
Patients are generally classified according to the age at onset of clinical
symptoms and the age at death. There are three such categories: infantile,
subacute, and chronic. Patients with the common infantile form display the
most consistent phenotype. There is evidence of neurological disease by 6
months of age with more profound symptoms occurring later in the first
year of life. Thereafter motor and mental deterioration progress rapidly.
Death usually occurs by the age of 5 years. Biochemically, these patients
lack any residual activity towards Gy;,-ganglioside. Sandhoff has estimated
that 10% of normal Hex A activity can be compatible with normal life.
Hence, small variations in residual activity, e.g., 1 - 5% may account for
the large clinical variations found within the less severe phenotpyes 2.

Intralysosomal

The o and B subunits are encoded by the evolutionarily related HEXA and
HEXB genes mapped on chromosome 15q23-q24 and 5q13, respectively *.
Mutations in the HEXA gene are responsible for Tay-Sachs disease (TSD)
which occurs with high incidence (1/3900) in the Ashkenazi Jewish
population (classical infantile form). The major mutation (81%) in this
population is a 4 bp insertion in exon 11 (early stop codon and unstable
mRNA, also found in the general population). A "G to C" transversion in
the S'end of intron 12 (abnormal splicing and unstable mRNA) accounts
for another 20% of the Jewish Tay-Sachs alleles. The "G to A" substitution
in exon 7 (Gly-269 — Ser, chronic variant, also present in the general
population) makes up 3% of the mutant Jewish alleles. In addition, a 7.6 kb
deletion in the 5-end of the HEXA gene (no mRNA synthesized), is
commonly found in TSD patients of French Canadian heritage. A rare
enzymatic variant of TSD disease, the B1 variant, is due to one of two
mutations which change a-Arg-178 to either His or Cys ("G to A" or "C to
T", respectively). The Arg-178 — His substitution is the most common
and is found in patients from different geographic and ethnic origins.
Recently a-Arg-178 and its § homolog, B-Arg-211, have been shown to be
part of the catalytic sites %, Over 60 mutations in the HEXA gene have been
identified 2.

Mutations in the HEXB gene can result in Sandhoff disease with a pre-
dicted incidence of about 1 in 300,000 in the general population. A sur-
prisingly high frequency (8 out 30 Sandhoff alleles examined) 16 kb
deletion mutation (removing the promotor and exon 1-5), was found in
patients from at least three ethnic backgrounds, suggesting that it may have
been subjected to genetic drift. Almost 20 HEXB mutations have been
identified 7.

Long lived

This can be given by Hex A activity*/total activity® times 100%



Isolation Method

Amino Acid Sequence

Genotype Total activity % HexA Hex A Activity
"Noncarriers" 700 + 200 63+6.0 470 £ 80
Tay-Sachs disease 900+ 100 4.0+2.0 40£20
Sandhoff disease 40+ 20 100 (Hex S)

TSD-Heterozygotes 600£100 40zx5 280+ 70
SD-Heterozygotes ~ 600 = 100 80 4.0 500+ 90

a. After heating, obtained by subtracting the residual from the total

activity.

b. Activity is expressed as nmoles of 4-methylumbelliferone produced/ml

of serum/hour + SD (unpublished data).

Most convenient source human placenta:

Concanavalin-A-Sepharose affinity column chromatography separates gly-

coproteins (including Hex) from the total soluble proteins.

2-acetamido-N-(g-aminocaproyl)-2-deoxy-f-D-glucopyranosylamine cou-

pled to Sephacryl S-200 is used as a specific Hex affinity column.

The anionic exchanger DEAE coupled to various supports, e.g. Sepharose

6B-Cl, is used to finally separate the Hex isozymes ®*°.

o-subunit-{o}{ oty }

MTSSRLWFSL __ LLAAAFAGRA TA[LWPWPQNF QTSDQRYLYP
NNFQFQYDVS  SAAQPGCSVL DEAFQRYRDL LFG]SGSWPRP
YLTGKRH{TLE KNVLVVSVVT PGCNQLPTLE SVENYTLTIN
DDQCLLLSET ~ VWGALRGLET FSQLVWKSAE GTFFINKTEI
EDFPRFPHRG  LLLDTSRHYL PLSSILDTLD VMAYNKLNVE
HWHLVDDBSF  PYESFTFPEL MRKGSYNPVT ~HIYTADQVKE
VIEYARLRGI  RVLAEFDTPG HTLSWGPGIP GLLTPCYSGS
EPSGTFGPVN  PSLNNTYEFM STFFLEVSSV FPDFYLHLGG
DEVDFTCWKS NPEIQDFMRK KGFGEDFKQL ESFYIQTLLD
IVSSYGKGYV  VWQEVFDNKV KIQPDTIIQV WREDIPVNYM
KELELVTKAG  FRALLSAPWY LNRISYGPDW KDFYVVEPLA
FEGTPEQKAL  VIGGEACMWG EYVDNTNLVP RLWPRAGAVA
ERLWSNKLTS  DLTFAYERLS HFRCELLRRG VQAQPLNVGF
CEQEFEQT} *

B-subunit [B,1{ By} (B

MELCGLGLPR _PPMLLALLLA TLLAAMLALL TQVALVVQVA
EAARAPSVSA (KPGPALWPLP LSVKMTPNLL, HLAPENFYIS
HSPNSTAGPS CTLLEEAFRR YHGYIFG]FY KWHHEPAEFQ
AK{TQVQQLLV SITLQSECDA FPNISSDESY TLLVKEPVAV
LKANRVWGAL RGLETFSQLV YQDSYGTFTI NESTIIDSPR
FSHRGILIDT SRHYLPVKII LKTLDMAFNK FNVLHWHIVD
DQSFPYQSIT FPELSNKGSY SLEHUYTPND VRMVIEYARL
RGIRVLPEFD ~TPGHTLSWGK GQKDLLTPCY S}RQN(KLDS
FGPINPTLNT TYSFLTTFFK EISEVFPDQF IHLGGDEVEF
KCWESNPKIQ DFMRQKGFGT DFKKLESFYI QKVLDIIATI
NKGSIVWQEV FDDKAKLAPG TIVEVWKDSA YPEELSRVTA
SGFPVILSAP WYLDLISYGQ DWRKYYKVEP LDFGGTQKQK
QLFIGGEACL WGEYVDATNL TPRLWPRASA VGERLWSSKD
VRDMDDAYDR LTRHRCRMVE RGIAAQPLYA GYCNHENM) *

*The N-terminal signal peptide sequence is underlined. Sequences of each
mature polypeptide are in brackets. Each polypeptide is linked by disulfide
bonds in the mature subunit. The aa residues between brackets are cleaved
off during maturation processes, Double underlined residues represent
used glycosylation sites 2 The most conserved domain within 15 Hex re-
lated sequences from various species including bacteria is between Plle-
194/alle-161 and PSer-259/aSer-226 (dotted underline). Two of the
invariant residues in this domain have been shown to be involved in
substr&te catalysis, PArg-211/0Arg-178 and BAsp-196/ctAsp-163 (under-
lined) ™.



Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Hex A -(native)-at least two disulfide bonds.
Hex B -(native)-at least two disulfide bonds.

1.) Furst, W. and Sandhoff, K. Biochim. Biophys. Acta 1992, 1126:1-16.
2.) Gravel, R.A. et al. The Gy, gangliosidoses. In: The Metabolic Basis of
Inherited Disease. Scriver, C.V., Beaudet, A.L., Sly, W.S,, Valle, D. (eds).
McGraw-Hill, New York 1995, pp.2839-2879.
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4.) Mahuran, D., Novak, A., Lowden, J.A. Isozymes. Curr. Top. Biol.
Med. Res. 1985, 12:229-288.

5.) Legler, G. and Bollhagen, R. Carbohydr. Res. 1992, 233:113-123.

6.) Brown, C.A. and Mahuran, D.J. J. Biol. Chem. 1991, 266:15855-
15862.

7.) Mahuran, D.J. Biochim. Biophys. Acta 1991, 1096:87-94.

8.) Mahuran, D.J. and Lowden, J.A. Can. J. Biochem. 1980, 58:287-294,
9.) Geiger, B. and Arnon, R. Biochemistry 1976, 15:3483-3493.

10.)Tse, R., Wu, Y ], Vavougios, G., Hou, Y., Hinek, A., Mahuran, D.J.
Biochemistry 1996, 35:10894-10903.

The GSDB (hitp://www.ncgr.org:80(gsdb/) accession numbers of the
nucleotide and deduced sequences of the two human subunits are as
follows:

a-chain = M13520

fB-chain = M13519.



Acetylcholinesterase

Urs Brodbeck

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.
Enzyme Activity
Coenzymes/Cofactors
Substrates

Inhibitors

Biological Functions

Physiology/Pathology

None
AChE
EC 3.1.1.7

A membrane bound enzyme functionally occuring in multiple molecular
forms which differ in the number of catalytically active subunits, in the
primary structure, in glycosylation as well as in the mode of anchoring to
cell membranes.

ACHhHE from red cell membranes (G2-form) consists of two disulfide linked
catalytic subunits to which a glycosyl-phosphatidylinositol membrane an-
chor is attached via amide linkage to the C-terminal amino acid. In brain,
AChE is composed of 4 catalytic subunits (G4-form) connected by disul-
fide bonds to a scarcely defined hydrophobic peptide of approximately
20 kDa which serves as membrane anchor. In motor end plates, AChE is
a dodecameric, asymmetric structure in which the 12 catalytic subunits are
linked by disulfide bonds to 3 collagen-like molecules (A 12-form). Minor
amounts of AChE exist as intracellular or secretory soluble monomeric G1
and G4-forms.

G2-AChE from red cells in presence of Triton X-100: 151 kDa (sedimenta-
tion equilibrium); subunit molecular weight: 71 -73 kDa, after deglycosy-
lation 60 kDa (SDS-PAGE). G4-AChE from human brain 66 kDa before
and 59 kDa after deglycosylation (SDS-PAGE)

G2-AChE: 6.5 S; G4-AChE: 10.0 S

G2-AChE: pH 4.5-5.2 (5 isoforms).

Unknown

Hydrolyzes acylcholine-esters with a high preference fo acetylcholine
None

Acetylcholine, acetylthiocholine > propionylcholine > butyrylcholine
See Physiology/Pathology

Hydrolysis of the neurotransmitter acetylcholine in cholinergic synapses
and in motor end plates; occurs in many non-cholinergic cells in which
function is unknown.

Specific inhibition of AChE by organophosphorous compounds, carba-
mates, and quaternary nitrogen containing compounds, leads to endoge-
nous accumulation of acetylcholine; results in hypersalivation, miosis,
watery nasal discharge, bronchoconstriction, increased bronchial secre-
tion, nausea, abdominal cramps, involuntary defecation and urination,
bradycardia, hypotension, muscle twitching and fasciculation, eventually

severe muscle weakness and paralysis. Death may be caused by respiratory
and/or circulatory failure.
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Degradation

Genetics/Abnormalities

Half-life

Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Unknown

All forms of AChE are thought to be derived from one gene by multiple
splicing. Within the coding region, there are two splicing sites which gen-
erate three coding exons. In all cases known so far, exons 1 and 2 do not
vary while exon 3 Jeads to the multiplicity of molecular forms differing in
the total number of amino acid residues. Brain G4-AChE contains 583
amino acids (data for mouse brain AChE) while the glycosyl-phos-
phatidylinositol membrane anchored G2-form in erythrocytes is 38 amino
acids shorter. All potential N-glycosylation sites reside within coding re-
gion 1 and 2.

Unknown

Minor membrane constituent. In red cell membranes, estimated number of
AChE molecules is 700-800 per single cell.

By affinity chromatography: G2-form of AChE from human red cell
membranes, G4-form from human caudate nucleus.

AChE belongs to the class of serine esterases. Highly homologous to
cholinesterase (EC 3.1.1.8) and structurally similar to other esterases as
well as to thyroglobulin (in the C-terminal domain). Nucleotide sequence
and primary structure of human AChE elaborated by H. Soreq and collab-
orators.

7 Cys residues, 6 involved in intrachain disulfide bonding (conserved in all
forms of AChE as well as in thyroglobulin), one in interchain disulfide
bonding (near C-terminus, in variable region of G2 and G4-form).

Brodbeck, U. “Amphiphilic acetylcholinesterase: properties and interac-
tions with lipids and detergents™. In: Progress in Protein-Lipid Interactions
2, Watts, A. and De Pont, J. J. H. H. M. (eds.) Elsevier, Amsterdam, 1986;
pp. 303-338.

Massoulié, J. and Toutant, J. P. “Vertebrate Cholinesterases: Structures
and Types of Interaction™. In: Handbook of Experimental Pharmacology
86, Whittaker, V. P. (ed.) Springer, Berlin, 1988; pp. 167-224.

Taylor, P. “The Cholinesterases”. J. Biol. Chem. 1991, 266: 4025-4028.

Soreq, H. and Zakut, H. “Cholinesterase Genes: Multileveled Regula-
tion”. In: Monographs in Human Genetics, Sparkes, R. S. (ed.) 1990, Vol.
13, Karger Basel.

Soreq, H. et al. Molecular cloning and construction of the coding region
for human acetylcholinesterase reveals a G 4 C-rich attenuating structure.
Proc. Natl. Acad. Sci. USA 1990, 87: 9688-9692.
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Acyl-CoA dehydrogenase
Kay Tanaka and Yasuyuki Ikeda

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point

Extinction Coeff.

Enzyme Activity

Acyl-CoA:(acceptor) oxidoreductase
AD preceded by abbr for substr size.
EC 1.3.99.2(SCAD); 1.3.99.3(MCAD);1.3.99.0(1VD)

A group of 5 similar enzymes in a gene family, each having distinct sub-
strate specificity [short chain (SCAD), medium chain (MCAD), long chain
(LCAD), 2-methyl-branched (2-meBC) ADs and isovaleryl-CoA dehydro-
genase (IVD). Human SCAD, MCAD and IVD have also been purified,
but rat enzymes are particularly well studied, providing most of the
following data. Human enzyme share similar properties with their rat
counterparts. All ADs are ubiquitously distributed, with high concentra-
tions in heart muscle, liver, kidney and skeletal muscle. All are homotetra-
meric, located in mitochondrial matrix and contain one mol FAD per
subunit. Each AD is encoded in a nuclear gene, synthesized in cytosol as a
precursor with a 2.8 - 3.2 kDa leader peptide at the N-terminal, imported
into mitochondria and processed. Recently, another enzyme, very long
chain acyl-CoA dehydrogenase (VLCAD) was identified. This enzyme
differs considerably from other ACDs for its larger subunit size and for its
dimeric structure.

The monomer peptide chain folded into 3 domains: N- and C-terminal
domains mainly consist of antiparallele alpha-helices; middle domain is
packed with 2 beta-sheets. FAD is burried in a crevice, that is formed
between the N-terminal and middle domains. The C-terminal domain
forms the core of the tetramer. In addition to these three domains, VLCAD
contains a long extra domain (180 aa) at the C-terminus.

(Subunit Size) SCAD: 42.2 kDa; MCAD: 43.7 kDa; LCAD: 44.7 kDa;
IVD: 43.1 kDa; 2-meBCAD: = 42 kDa. VLCAD: 71 kDa

Unknown
SCAD, MCAD, LCAD 4.8-4.9;IVD, 2-meBCAD 5.5- 5.6

SCAD 12.8; MCAD: 12.6; LCAD: 22.6; IVD: 12.3; 2-meBCAD: 12.5 (all
280 nm, 1 %, 1 cm, rat enzymes).

Abstracts one hydrogen each from the & and 4 positions of acyl-CoA, and
transfer electrons to electron transfer flavoprotein (ETF). Each AD has a
distinct substrtate specificity (see under Substrates). When AD interacts
with a substrate, a base (y-carboxyl of glutamate-376 in the case of
MCAD) in the protein abstracts an oR-proton, producing a carbanion. A
BR-hydrogen is then abstracted by N5 of flavin as a hydride ion. This
sequence can be completed only in the presence of an appropriate electron
acceptor. In the absence of electron acceptor, the original -hydrogen
returns to flavin. The o-proton exchanges with protons in the media before
returning to the substrate. Thus, substrate remains chemically unchanged,
but with a new o-proton.
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Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions

Physiology/Pathology

Degradation

Genetics/Abnormalities

Half-life

All ADs contain FAD as a prosthetic group. In the dehydrogenation
reaction, each AD requires ETF as an obligatory electron acceptor. In in
vitro experiments, ETF can be replaced with phenazine methosulphate.

Each AD has a distinct substrate specificity: SCAD: C4-C6; MCAD: C4-
C12; LCAD: C8-C20; VLCAD: C14-C24 (all straight chain acyl-CoAs);
IVD: isoCS5; 2-meBCAD: isoC4, 2-meC4, 2-propyl-CS5 (valproyl-CoA).

(Methylelecyclopropyl)acetyl-CoA (MCPA-CoA), a metabolite of hypo-
glycin, selectively inhibits some ADs very severely. Hypoglycin is a toxin
that is contained in unripe ackee, a Jamaican local fruit. MCPA-CoA is a
enzyme-activated inhibitor. MCPA-CoA inhibits MCAD most severely,
followed by SCAD and IVD. 2-meBCAD is inhibited only slowly and
mildly. LCAD is not inhibited at all, obviously because the molecular size
of MCPA-CoA is too small as a substrate analog for LCAD. When MCPA-
CoA interacts with AD, its o-proton abstraction leads to opening of the
cyclopropyl ring and its covalent addition to the flavin. Likewise, 2-alkyl-
and 3-alkyl-acyl-CoA inhibit ADs in a similar manner.

VLCAD, LCAD, MCAD and SCAD catalyze the first reaction in a
sequence of mitochondrial B-oxidation cycles for fatty acids with varying
chain length, converting acyl-CoA to the corresponding 2-enoyl-CoA.
VLCAD appears to be the rate-limiting enzyme. IVD catalyzes the third
reaction in the leucine pathway, converting isovaleryl-CoA to 3-methyl-
crotonyl-CoA. 2-meBCAD catalyzes the third reaction in the isoleucine
and valine pathways, converting 2-methylbutyryl-CoA and isobutyryl-CoA
to tiglyl- and methacrylyl-CoAs, respectively.

Hypoglycin ingestion in the form of unripe ackee fruit is the cause for
Jamaican vomiting sickness, an acute violent and highly lethal metabolic
discase characterized by repeated vomiting, severe hypoglycemia and
absence of ketone bodies. Patietns with this disease excrete various
abnormal metabolites produced by the inhibition of various ADs and
glutaryl-CoA dehydrogenase. These include various short and medium
chain- monocarboxylic acids and their glycine conjugates, and dicar-
boxylic acids.

Degradation has been not studied.

cDNAs for all six ACDs both from human and rat sources have been se-
quenced. The assignment in human are: LCAD, chromosome 2, q34-q35;
MCAD, chromosome 1, P-31; SCAD, chromosome 12, q22-qter; IVD,
chromosome 15, ql4-qter. Genetic deficiencies of IVD (isovaleric
acidemia), MCAD, LCAD and SCAD have been identified. Isovaleric
acidemia is clinically characterized with episodic vomiting and keto-
acidosis accompanied by the accumulation of isovaleric acid in body
fluids. Five different IVD mutations have been identified. The disorder,
which was previously conceived LCAD deficiency, have recently been
shown, in fact, to be VLCAD deficiency. MCAD and VLCAD-deficiencies
are characterized by hypoketotic hypoglycemic episodes, could be fatal
without treatment. The incidence of MCAD-deficiency (1:10,000) is one
of the highest among genetic metabolic disorders. MCAD-deficiency
occurs mostly in northern European population. 90% of the variant MCAD
genes carry A985G transition, resulting Glu substitution of Lys-304. This
mutation originated from a single person.

SCAD, MCAD, IVD: 4 hrs; LCAD: > 4 hrs. (all rat)



Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Only guess can be obtained from purification data. In order to achieve
homogeneity, rat ADs were purified as follows: SCAD, 131 fold; MCAD,
149 fold; LCAD, 78 fold; VLCAD 178 fold; IVD, 957 fold, all in liver
mitochondria. 2-meBCAD, considerably lower than IVD.

Before FPLC application, the preferred system was a sequence of mito-
chondria isolation/sonication, 40 - 80% ammoniumsulfate precipitation,
DEAE-Sephadex (1), hydroxyapatite (2), Matrex Gel Blue A (with NaCl/
FAD double gradient) (3), Agarose-hexane-CoA and Bio-Gel A-0.5 col-
umns. (1) partially isolated IVD from 4 others. (2) was effective separating
SCAD + 2-meBCAD, MCAD and LCAD from each other. (3) removed
remaining IVD from SCAD, and also residual SCAD from 2-meBCAD
preparations. (4) is effective isolating LCAD from MCAD and SCAD. The
isolation method using FPLC has been applied only to isolating MCAD,
SCAD and LCAD that are expressed in bacteria: these data suggest that the
use of FPLC would greatly simplify the isolation of various Ads.

The sequences of all human and rat ACDs, 6 from either source, have been
deduced from the respective cDNA sequences. The size of the mature en-
zymes and leader peptides are: SCAD, 388 +26; MCAD, 396 + 25;
LCAD, 400 + 30; and IVD 393 + 30 (rat), 29 (human). They share 30-35%
sequence identity, thus belonging to a gene family. The sequence similarity
in the leader peptide and in the N-terminal region is lower. Otherwise, their
sequence similarity extends from the N- to the C-terminals. The y-carboxyl
of Glu-376 is shown to be the -proton abstracting base in MCAD, based
on the use of mechanism based inactivator and also on crystallographic
study. However, this Glu residue is not conserved in LCAD and IVD. A
number of mutations in human variant ADs (IVD, MCAD and SCAD) has
been identified: see above.

Unknown

Tkeda, Y. and Tanaka, K. J. Biol. Chem. 1983, 258:1077-1085.

Ikeda, Y. and Tanaka, K. J. Biol. Chem. 1983, 258:9477-9487.
Ikeda, Y. et al. J. Biol. Chem. 1985, 260:1311-1325.

Ikeda, Y. et al. Arch. Biochem. Biophys. 1987, 252:662-674.

Ikeda, Y. and Tanaka, K. Biochim. Biophys. Acta 1990, 1038:216-221.
Finocchiaro, G., et al. J. Biol. Chem. 1987, 262:7982-7989.

Kim, I.P. and W, J. Proc. Natl. Acad. Sci. USA 1988, 85:6677-6681.
Powell, P.J. and Thorpe, C. Biochemistry 1988, 21:6685-6695.
Vockley, J. et al. Am. J. Human Genet. 1991, 49:147-157.

Yokota, Y. et al. Am. J. Human Genet. 1991, 49:1281-1290.

Izai, K. et al. J. Biol. Chem. 1992, 267:1027-1033.

The enzyme name is followed by the EMBL/GenBank Data Libraries
accession number and reference.

Rat SCAD (J05030), LCAD (J05029) and IVD (05031): Matsubara, Y. et
al. J. Biol. Chem. 1989, 264:16321-1331.

Human SCAD: Naito, E. et al. J. Clin. Invest. 1989, 83:1605-1613.
Human IVD: Matsubara, Y. et al. J. Clin. Invest. 1990, 85:1058-1064.
Human LCAD (M74096): Indo, Y. et al. Genomics 1991, 11:609-620.

Rat MCAD (J02791): Matsubara, Y. et al. J. Biol. Chem. 1987, 262:
10104-10108.

Human MCAD: Kelly, D. et al. Proc. Natl. Acad. Sci. USA 1987, 84.4068-
4072.

Human VLCAD: Aoyama, T. et al. Am. J. Hum. Genet. 1995, 57:273-283.
Human 2-meBCAD: Rosen, R. et al. Genomics 1994, 24:280-287.



Albumin

Theodore Peters, Jr.

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.

Enzyme Activity
Coenzymes/Cofactors
Substrates

Inhibitors

Biological Functions

Physiology/Pathology

Degradation

Serum albumin; Plasma albumin
SA; HSA; Alb
Soluble in water, 0.5 sat'd. ammon.sulfate

The major circulating plasma protein, synthesized in the liver and present
in all body fluids. A monomeric, single-chain molecule, with no prosthetic
groups or carbohydrates attached. Homologous in structure to o-fetopro-
tein, o-albumin (afamin), and vitamin D-binding protein (G¢c-component).

Single peptide chain divided into 9 SS-bonded loops grouped into 3 ho-
mologous domains (see figure). Hydrodynamic studies suggest an ellipsoid
with axes 40 X 140 A units. X-ray crystaliography shows as heart-shaped,
= 80 X 80 X 30 A units, 67% helical. Two ligand sites symmetrically
placed in subdomains IIA and IIIA.

66,438 (calculated from aa composition).

448

5.6 defatted; 4.6 with 6 fatty acids

5.31 (280 nm, 1%, 1cm); molar absorbance 35,279.

None, but can slowly catalyze hydrolysis of S-fatty acyl and nitrophenyl
esters. Influences the metabolism of the eicosanoids; affects activity of
lipases by binding long-chain fatty acids.

None
None
None

Acts as transport agent for long-chain fatty acids, prostaglandins, hematin,
thyroxine, copper(Il), cystine, nitric oxide and pyridoxal phosphate. Single
thiol has antioxidant function. Binds bilirubin and many drugs (e.g.
warfarin) in IIA site, other drugs (e.g. benzodiazepines) and short-chain
fatty acids in IIIA site. Binds more weakly to calcium, steroid hormones,
and tryptophan.

Provides 80% of colloid osmotic pressure and 100% of protein contribu-
tion to acid/base balance of plasma. Its concentration is a marker for good
nutrition and longevity. A negative acute phase protein, production
declines in trauma, infection, and illness; hypoalbuminemia presages
increased morbidity or mortality. Values less than 20 g/l are usually
accompanied by edema. A major pharmaceutical product, administered
parenterally in circulatory failure.

Normally degraded intracellularly in many tissues to free amino acids.
About 10% believed to be lost into the gut.
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Genetics/Abnormalities

Half-life
Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA Sequences

A single gene situated at proximal end of long arm of chromsome 4, band
ql1 - 22; order of albumin superfamily genes is: 5'-albumin, o-fetoprotein,
o-albumin, vitamin D-binding protein-centromere-3'. Codominant expres-
sion. More than 50 variants exhibiting electrophoretic differences identi-
fied as "bisalbuminemia”. Of these, the site of mutation has been identified
in 54. Three of these carry carbohydrate as a result of generation of a
glycosylation sequence. Five are variant proalbumins, carrying a basic
aminoterminal hexapeptide. "Analbuminemia", reported in 28 cases, is
caused by mutations at mRNA intron splice junctions; actually 0.1-1 g/LL
albumin is present in serum due to "leaky" nature of the mutations.

19 days (blood circulation)
Serum or plasma: 42 g/L (range 35 - 50 g/L)

Isolated from serum or plasma by precipitating globulins at 0.5 sat'd.
ammon. sulfate, then reducing pH to 4.9; also by affinity chromatography
on Cibacron Blue columns and by conventional ion exchange and molec-
ular exclusion chromatography. Commercially produced by low tempera-
ture-ethanol "Cohn" procedures developed during World War II. Recom-
binant production is in progress by several firms.

See figure below. Homology with o-fetoprotein 40%, with o-albumin
36%, and with vitamin D-binding protein 19%. High in charged aa
residues, giving high total charge and solubility; a single Trp residue at
position 214,

Contains 17 disulfide bonds situated sequentially. A single cysteine SH is
at residue 34.

Peters, T., Jr. All About Albumin: Biochemistry, Genetics and Medical
Applications. San Diego: Academic Press, 1996, pp. 432

Carter, D.C. and Ho, 1.X. Structure of serum albumin. Adv. Prot. Chem.
1994, 45:153-204.

Kragh-Hansen, U. Structure and ligand binding properties of human serum
albumin, Dan. Med. Bull. 1990, 37:57-84.

Rothschild, M.A., Oratz, M. and Schreiber, S.S. Serum albumin.
Hepatology (Review) 1988, 8:385-401.

Rochu D. Human albumin: structure, synthesis and functions (Fre). Rev.
Fr. Transfus. Immuno-Hematol. 1986, 29:13-33.

Peters, T., Jr. Serum albumin, Adv. Prot. Chem. 1985, 37:161-245.

Nishio, H., Heiskanen, M., Palotie, A. et al. Tandem arrangement of the
human serum albumin multigene family in the sub-centromeric region of
4q: Evolution and chromosomal direction of transcription. J. Mol. Biol.
1996, 259:113-119.

Bélanger, L., Roy, S. and Allard, D. New albumin gene 3' adjacent to the
ol-fetoprotein locus. J. Biol. Chem. 1994, 269:5481-5484.

Lichenstein, H.S., Lyons, D.E., Wurfel, M.M. et al. Afamin is a new
member of the albumin, alpha-fetoprotein, and vitamin D-binding protein
gene family. J. Biol. Chem. 1994, 269:18149-18154.

Minghetti, P.P., Ruffner, D.E., Kuang, W.J. et al. Molecular structure of
the human albumin gene is revealed by nucleotide sequence within q11-22
of chromosome 4. J. Biol. Chem. 1986, 261:6747-6757.

Lawn, R.M., Adelman, J., Bock, S.C. et al. The sequence of human serum
albumin ¢cDNA and its expression in E. coli. Nucleic Acids Res. 1981,
9:6103-6114.
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Alcohol dehydrogenase

Bendicht Wermuth

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.

Isoelectric Point

Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

None
ADH
EC1.1.1.1

Cytosolic, polymorphic enzymes derived from at least 7 genes with distinct
but overlapping patterns of expression. ADHI1 (¢ subunit) ADH2 (8) and
ADH3 (y) constitute Class 1 ADH and are predominantly expressed in the
liver. ADH4/Class 2 ADH (% subunit) is found in liver and to a lesser ex-
tent in the stomach. ADHS/Class 3 ADH (y subunit) is expressed in all
tissues, but to different extents. ADH6 mRNA occurs in liver and stomach,
but the corresponding protein has not convincingly been demonstrated in
humans. ADH7/Class 4 ADH (o or p subunit) predominates in stomach
and oesophagus.

Dimeric, globular protein of 368-391 aa/subunit. Each subunit is composed
of a coenzyme binding and a catalytic domain and contains two Zn atoms
essential for catalytic activity and structural integrity. Polymorphisms exist
within classes. The 3D structures of ADH 1, 2, 5 and 7 have been deter-
mined at 2.5, 2.2, 2.7 and 3.0 A resolution, respectively.

80,000 approx. (aa sequence). Exact values depend on the subunit compo-
sition

5.1S(Class 1)

Calculated IEPs are 7.9-8.3 for Class 1 ADH, and 7.8, 7.3 and 7.9 for
Class 2, 3 and 4 ADH, respectively. However, Class 1 isozymes migrate
towards the cathode upon starch gel electrophoresis at pH 8.5, whereas
class 2 ADH migrates towards the anode.

Calculated values are between 0.46 and 0.85 (280 nm, 1%, lcm) depen-
dent on aa composition. Exact values for individual isozymes have not
been determined.

Oxidoreductase acting on the alcohol group of donors with NAD? as
acceptor.

NADT, acceptor of hydride ion. Zn, tetrahedrally coordinated with one
coordination position bonding to the OH-group of alcohols.

Primary and secondary alcohols of great diversity, including ethanol,
medium chain-length alcohols, w-hydroxyfatty acids, retinol, steroids and
alcohols derived from biogenic amines. Class 3 ADH also acts as
formaldehyde dehydrogenase using glutathione as cosubstrate, Marked
differences exist between isozymes in substrate specificity and kinetic
constants (Km, V).

Pyrazole and 4-alkyl derivatives act primarily on class 1 isozymes.
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Biological Functions

Physiology/Pathology

Degradation

Genetics/Abnormalities

Haif-life

Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Oxidation of toxic alcohols, including ethanol. Physiological alcohols
probably include steroids (Class 1 ADH), biogenic alcohols (Class 2
ADH) and retinol (Class 4 ADH).

Largely unknown. Class 4 ADH may play a role in embryogenesis by
providing retinal for retinoic acid synhesis.

Unknown

The loci for all ADH genes are clustered on chromosome 4 between q21
and q25. Phylogenetic studies suggest that ADHS (Class 3 ADH) is the
parent enzyme from which the other classes evolved by gene duplication.

Unknown

= 1% of soluble proteins of hepatocytes; not usually detectable in plasma
and other body fluids.

Class 1 ADH: Affinity chromatography on immobilized pyrazole. Class 2,
3 and 4 ADHs do not bind to pyrazole and are purified by ion exchange
and nucleotide affinity chromatography. Identification of isozymes is best
achieved by starch gel electrophoresis.

Sequences of all ADH isozymes have been determined and are deposited
in the Swiss Prot database (ADHA_HUMAN, ADHB_HUMAN, ADHG
_HUMAN, ADHP_HUMAN, ADHX_HUMAN, ADH6_HUMAN, ADH7
_HUMAN). Sequence homologies range from ca. 60 % positional identiy
between the different ADH classes and 93 % between the Class 1 isoymes.

No disulfides

Jornvall, H. and Ho6g, J.0. Nomenclature of alcohol dehydrogenases.
Alcohol. 1995, 30:153-161.

Sequences are deposited in the EMBL/Genbank databases.



Aldehyde dehydrogenase, E1, liver cytoplasm

Regina Pietruszko

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions

NAD-linked aldehyde dehydrogenase
E1 isozyme, ALDH 1, ALDH II, Class 1.
EC 1213

A cytoplasmic enzyme, found in the liver, also in other organs, including
red blood corpuscles. Homotetramer of 500 aa residue polypeptide chains.
Polymorphisms with diminished enzyme activity and one with changed
electrophoretic mobility are known. Absence of this enzyme has never
been reported.

A tetrameric protein of identical subunits, acetylated at the N-terminal
end, sensitive to atmospheric oxygen. Primary structure is given below;
NMR or X-ray crystallography not available.

218,840 Da for the intact protein; 54,710 Da for the subunits (summation
of component aa residues determined via the aa sequence analysis).

Unknown
53
9.6 (280 nm, 1%, 1 cm)

Catalyses irreversible, NAD-linked dehydrogenation of aldehydes; also
catalyses hydrolysis of esters.

NAD, serves as an acceptor of the hydride ion during dehydrogenation of
the aldehyde. p-Nitrophenyl acetate hydrolysis is stimulated by NAD but
can also proceed without NAD.

Dehydrogenase reaction: a large variety of aldehydes including straight
chain and branched aliphatic aldehydes, aromatic aldehydes (eg. benzalde-
hyde, phenylacetaldehyde, 3,4-dihydroxyphenylacetaldehyde, cinnamal-
dehyde), hydroxyaldehydes (eg. glycolaldehyde, lactaldehyde, glyceralde-
hyde), steroid aldehydes, halogen-substituted aldehydes (eg. monochloro-
acetaldehyde). Formaldehyde and y-aminobutyraldehyde are poor sub-
strates. Esterase reaction is assayed employing p-nitrophenyl acetate as
substrate.

Biological inhibitors have not been identified. The following are known
reversible (R) and irreversible (I) inhibitors: acetophenone (R), bromoace-
tophenone (1), chloral (R), p-chloromercuribenzoate (I), diethylaminoben-
zaldehyde (R), disulfiram (Ir), Ellmans reagent (I), iodoacetamide (I),
isosorbide dinitrate (Ir), metal ions (R), methylglyoxal (R), propiolalde-
hyde (I). Inactivation by some irreversible inhibitors can be reversed by
reduction with 2-mercaptoethanol (Ir).

Dehydrogenation of retinal to retinoic acid has been proposed (Biochem.
Pharmacol. 1992, 43: 2453-2469). Metabolism of aldehydes ingested in
food stuffs, metabolism of aldehydes arising from serotonin, dopamine,
norepinephrine via monoamine oxidase, probably in metabolism of corti-
costeroid aldehydes. It has been also reported to be an androgen-binding
protein (Biochem. Biophys. Res. Commun. 1991, 175: 831-838) and to be
a positional marker in the retina (Development 1991, 112: 693-702).
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Physiology/Pathology
Degradation

Genetics/Abnormalities

Half-life
Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Decreased concentration causes aversive reaction to ingested alcohol.
Unknown

The gene is on chromosome 9; absence of this enzyme has never been
reported; only cases of decreased enzyme activity and of an electrophoretic
variant. Individuals with low enzyme activity show aversion to alcohol.

Unknown
~ 1 g/L (range 0.2-2 g/L) in the average Caucassian liver.

Chromatography of centrifuged and dialysed human liver homgenate on
CM-Sephadex, DEAE-Sephadex and 5’AMP-Sepharose 4B; the homoge-
neous enzyme is obtained from 5’AMP-Sepharose 4B step. All operations
under nitrogen.

Acetyl-SSS GTPDLPVLLT DLKIQYTKIF INNEWHDSVS GKKFPVFNPA
TEEELCQVEE GDKEDVDKAV KAARQAFQIG SPWRTMDASE RGRLLYKLAD
LIERDRLLLA TMESMNGGKL YSNAYLNDLA GCIKTLRYCA GWADKIQGRT
IPIDGNFFTY TRHEPIGVCG QIIPWNFPLV MLIWKIGPAL SCGNTVVVKP
AEQTPLTALH VASLIKEAGF PPGVVNIVPG YGPTAGAAIS SHMDIDKVAF
TGSTEVGKLI KEAAGKSNLK RVTLELGGKS PCIVLADADL DNAVEFAHHG
VFYHQGQCCI AASRIFVEES IYDEFVRRSV ERAKKYILGN PLTPGVTQGP
QIDKEQYDKI LDLIESGKKE GAKLECGGGP WGNKGYFVQP TVFSNVTDEM
RIAKEEIFGP VQQIMKFKSL DDVIKRANNT FYGLSAGVFT KDIDKAITIS
SALQAGTVWV NCYGVVSAQC PPFGGFKMSGN GRELGEYGFH EYTEVKTVIV
KISQENS.

Its positional identity with E2 isozyme is 68% and E3 isozyme is only
40.6%. Regions that show conservation in a large number of other alde-
hyde dehydrogenases are residues 265—-274 containing Glu-268; also Cys-
302 (a catalytic residue) can be identified in all sequenced enzymes.

No disulfides known; 11 SH-groups per subunit of 54,710 Da molecular
weight.

Greenfield, N.J. and Pietruszko, R. Biochim. Biophys. Acta 1977,
483:; 35-45.

Hempel, J. et al. Eur. J. Biochem. 1984, 141: 2135,

Pietruszko, R. Biochem. Physiol. Subst. Abuse. Vol 1, CRC Press, Inc.,
1989, pp. 89-127.

Goedde, W. H. et al. Isozymes: Current Topics in Biol. Med. Res. 1983,
8: 175-193.

Yoshida et al. Prog. Nucleic Acid Res. Mol. Biol. 1991, 40: 255-287.

Hsu, L. C. et al. Proc. Natl. Acad. Sci. US4 1985, 82: 3771~3775.



Aldehyde dehydrogenase, E2, liver mitochondria

Regina Pietruszko

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isoelectric Point

Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions

NAD:-linked aldehyde dehydrogenase
E2 isozyme, ALDH-2, ALDH I, Class 2.
EC1.2.13

A mitochondrial protein; mature form consists of four identical polypep-
tide chains of ca. 500 aa residues. The subunits in the mature enzyme are
ragged at the N-terminus with heterogeneous starting positions. The en-
zyme is synthesised on ribosomes then is transported into mitochondria.
The immature enzyme subunit consists of 517 aa residues and includes a
17 aa signal peptide which directs the enzyme into the mitochondria. This
peptide is at the amino terminal end of the peptide chain and is removed
by postranslational modification. The structure of the signal peptide is:
MLRAAARFGPRLGRRLL.

Primary structure is known, but tertiary structure has not been deter-
mined.

216,620 Da consisting of four identical subunits of 54,155 Da (mw deter-
mined from aa sequence by summation of molecular weights of component
aa).

Unknown
5.1, single protein band.
10.5 (280 nm, 1%, 1 cm).

Aldehyhyde:NAD Oxidoreductase. Catalyses irreversible, NAD-linked
dehydrogenation of aldehydes; also catalyses hydrolysis of esters.

NAD functions as an acceptor of hydride during aldehyde dehydrogena-
tion; NAD is not required for ester hydrolysis but its presence affects the
velocity of ester hydrolysis.

Acetaldehyde (Km less than 1 pM), other aliphatic branched and straight
chain aldehydes, aromatic aldehydes, a-hydroxyaldehydes, monohaloalde-
hydes, 3,4-dihydroxyphenylacetaldehyde, 5-hydroxyindoleacetaldehyde,
3,4-dihydroxyphenylglycolaldehyde, imidazoleacetaldehyde. Formalde-
hyde and Y-aminobutyraldehyde are poor substrates. p-Nitrophenyl ace-
tate and p-nitrophenyl derivatives of acyl groups from 2-8 carbon atoms
are substrates for esterase reaction.

The following are known reversible (R) and irreversible (I) inhibitors:
acetophenone (R), bromoacetophenone (I), chloral (R), p-chloromer-
curibenzoate (I), diethylaminobenzaldehyde (R), N-ethylmaleimide (I),
iodoacetamide (I), isosorbide dinitrate (I, but activity can be regained by
treatment with 2-mercaptoethanol), propiolaldehyde (I).

Disulfiram is a poor inhibitor of this enzyme in vitro.

Dehydrogenation of aldehydes formed from monoamines via monoamine
oxidase. Metabolizes acetaldehyde formed from ingested ethanol.
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Physiology/Pathology

Degradation

Genetics/Abnormalities

Half-life
Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Although its major physiological role appears to be in monoamine
metabolism, absence of this enzyme in ca. 50% of Oriental individuals
does not produce any known pathological symptoms. Individuals devoid
of this enzyme exhibit alcohol aversion manifested as the pronounced
facial flush *“alcohol flush reaction™ after consumption of only small quan-
tities of alcohol. Overproduction of this enzyme appears to make alcohol
drinking enjoyable.

Unknown

Abnormal form (pl = 5.3) occurs in ca. 50% of the Oriental population.
In the abnormal form only one substitution is known: Glu-487 has been
replaced by Lys-487. The catalytic activity of this abnormal form is greatly
diminished (claimed to be totally absent in some cases) compared to the
normal enzyme.

Unknown
~ 1 g/L (range 0-2 g/L) in the liver of average Caucassian.

Liver is the best source. Centrifuged, dialysed liver homogenate is applied
on CM-Sephadex, followed by chromatography on DEAE-Sephadex fol-
lowed by chromatography on 5’AMP Sepharose 4B. The homogeneous
protein is obtained from 5’AMP Sepharose which also separates E2 from
E1 and E3 aldehyde dehydrogenases.

MLRAAAAWPA WAPPLVSRRH PGRAAPNQQP EVFCNQIFIN NEWHDAVSRK
TFPTVNPSTG EVICQVAEGD KEDVDKAREG RPGAFQLGSP WRRMDASHRG
RLLNRLADLI ERDRTYLAAL ETLDNGKPYV ISYLVDLDMV LECLRYYAGW
ADKYHGKTIP IDGDFFSYTR HEPVGVCGQI IPWNFPLLMQ AWKLGPALAT
GNVVVMKVAE QTPLTALYVA NLIKEAGFPP GVVNIVPGFG PTAGAATASH
EDVDKVAFTG STEIGRVIQV AAGSSNLKRV TLELGGKSPN IIMSDADMDW
AVEQAHFALF FNQGQCCCAG SRTFVQEDIY DEFVVRSVAR AKSRVVGNPF
DSKTEQGPQV DETQFKKILG YINTGKQEGA KLLCGGGTIAA DRGYFIQPTV
FGDVQDGMTI AKEEIFGPVM QILKFKTIEE VVGRANNSTY GLAAAVFTKD
LDKANYLSQA LQAGTVWVNC YDVFGAQSPF GGYKMSGSGR ELGEYGLQAY
TEVKTVIVKV PQENS.

Its structure has 68 % of positional identity with that of cytoplasmic E1
isozyme and 41.6 % of positional identity with that of the cytoplasmic E3
isozyme. Regions that show conservation in other aldehyde dehydroge-
nases are residues 265-274 containing Glu-268. Cys-302 (a catalytic
residue) can be identified in all aldehyde dehydrogenases whose structure
is known.

No disulfides known; 9 SH-groups per subunit, 36 per molecule.

Greenfield, N.J. and Pietruszko, R. Biochem. Biophys. Acta 1977,
483: 35-45.

Hempel, J. et al. Eur. J. Biochem. 1985, 153: 13-28.

Pietruszko, R. Biochem. Physiol. Subst. Abuse CRC Press Inc. 1989, Vol 1,
pp.89-127.

Agarwal, D. P. and Goedde, H. W. Alcoho! Metabolism, Alcohol Intoler-
ance, and Alcoholism. Springer-Verlag, Berlin, Heidelberg, New York,
1990.

Yoshida et al. Prog. Nucleic Acid Res. Mol. Biol. 1991, 40: 255-287.

Hsu, L. C. et al. Proc. Natl. Acad. Sci. USA 1985, 82: 3771-3775.



Aldehyde dehydrogenase, E3, liver cytoplasm

Regina Pietruszko and Gloria Kurys

Synonyms

Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions

Physiology/Pathology
Degradation

Genetics/Abnormalities

Half-life

Concentration

Probably previously referred to as either y-Aminobutyraldehyde dehydro-
genase or y-Guanidinobutyraldehyde dehydrogenase or Betaine aldehyde
dehydrogenase.

E3 isozyme

EC1.2.13

A cytoplasmic protein consisting of four polypeptide chains of ca. 500 aa
residues. Polypeptide chains are blocked at the N-terminal end.

Primary structure, shown below, is incomplete at the N-terminal end of the
molecule, Tertiary structure is unknown.

230,000 Da (gradient gel electrophoresis) consisting of subunits of 54,000
Da (SDS-PAGE).

Unknown
5.3 (major), 5.5 (minor).
10.0 (280nm, 1%, lcm).

Aldehyde: NAD Oxidoreductase. Catalyses irreversible, NAD-linked de-
hydrogenation of aldehydes; also catalyses ester hydrolysis.

NAD functions as an acceptor -of hydride during aldehyde dehydro-
genation; NAD is not required for ester hydrolysis but its presence alters
the velocity of ester hydrolysis.

Amino aldehydes derived from diamines and polyamines are dehydrogen-
ated at low micromolar concentrations. Substrates also include straight
chain saturated aldehydes, acrolein, imidazoleacetaldehyde, 3,4-dihydroxy-
phenyl acetaldehyde, 5-hydroxyindole acetaldehyde and betaine aldehyde.

Chloral and H2 receptor antagonists (reversible), disulfiram poor inhibitor,
iodoacetamide (irreversible).

Probably a major metabolic role in putrescine: y-aminobutyric acid path-
way; oxidation of aldehydes derived from diamines and polyamines via
diamine and polyamine oxidases choline matabolism.

Unknown

Unknown

The gene is on chromosome 1 (McPherson, J.D. et al. Human Genetics,
1994, 93:211-212.

Unknown

Approx. 0.2g/L in liver (no variation observed to date).
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Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Liver is the best known source of this protein. The only procedure known
involves use of 6 chromatographic steps: CM-Sephadex, DEAE-Sephadex,
S'AMP Sepharose 4B, Decyl Agarose, Aminodecyl Agarose and NAD-
Agarose with an § carbon spacer. All chromatographic steps are carried
out under nitrogen or argon because the enzyme is extremely sensitive to

atmospheric oxygen.

The aa sequence starts at residue 41 of the E1 and E2 aldehyde dehydro-

genases.

EPATGRVIAT
RCRILLEAAR
SWQSLEYYAG
IGAWNYPFQI
AEIYSEAGVP
SVPTGMKIME
VKGALMANFL
QRIKIGDPLL
VLCGGDIYVP
FGPVMSILSF
RVVAELQAGT
TIEYYSQLKT

FTCSGEKEVN
IIREREDEIA
LAASMAGEHI
ASWKSAPALA
PGLFNVVQGG
MSAKGIKPVT
TQGQVCCNGT
EDTRMGPLIN
EDPKLKDGYY
DTEAEVLERA
CFINNYNVSP
VCVEMGDVES

LAVQONAKAAF
TMECINNGKS
QLPGGSFGYT
CGNAMVFKPS
AATGQFLCQH
LELGGKSPLI
RVFVQKEILD
RPHLERVLGF
MRPCVLTNCR
NDTTFGLAAG
VELPFGGYKK
AF.

KIWSQKSGME
IFEARLDIDI
RREPLGVCVG
PFTPVSALLL
PDVAKVSFTG
IFSDCDMNNA
KFTEEVVKQT
VKVAKEQGAK
DDMTCVKEETI
VFTRDIQRAH
SGFGRENGRV

Regions that show conservation in other aldehyde dehydrogenases are
residues 265-274 containing Glu-268. Cys-302 (a catalytic residue) can be
identified in here as in all sequenced enzymes. Its positional identity with
the E1 isozyme is 40.6% and with the E2 isozyme is 41.6%. The greatest
positional identity was seen with E. coli betaine aldehyde dehydrogenase
(52.7%).

15 SH groups per subunit or 60 SH groups per molecule in the available
sequence (see above). This probably accounts for extreme sensitivity of
this enzyme to atmospheric oxygen.

Kurys, G. et al. J. Biol. Chem. 1989, 264:4715-4721.

Ambroziak, W. and Pietruszko, R. J. Biol. Chem. 1991, 266:13011-13018.
Chern, M.K. and Pietruszko, R. Biochem. Biophys. Res. Commun. 1995,
213:561-568.

Ambroziak, W. et al. Comp. Biochem. Physiol. 1991, 100B:321-327.

Kurys, G. et al. Eur. J. Biochem. 1993, 218:311-320.



Aldehyde dehydrogenase, stomach cytoplasm

Regina Pietruszko

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions
Physiology/Pathology
Degradation
Genetics/Abnormalities
Half-life

Concentration

Isolation Method

ALDH3, ALDH III

EC1.2.1.5

A cytoplasmic protein occurring in the human stomach wall, oesophagus
and lung, sometimes also present in the liver. A homodimer consisting of

polypeptide chains of 453 aa residues.

Primary structure has been established via cloning; tertiary structure has
not been determined.

130,000 Da (gradient gel elctrophoresis) consisting of subunits of 55,000
Da (SDS-PAGE). The subunit molecular weight computed from the pri-
mary structure is: 50,335 Da.

Unknwon

6.5 ~ (several bands)

Molar extinction coefficient computed from the aa sequence is 46,220.
Aldehyde: NAD(P) Oxidoreductase. Catalyzes dehydrogenation of a vari-
ety of aldehydes with hexanaldehyde, heptanaldehyde, furfuraldehyde and
benzaldehyde as the best substrates.

Both NAD and NADP are coenzymes but NAD is better than NADP; in
aldehyde dehydrogenation both NAD and NADP function as acceptors of
the hydride ion.

Long chain aliphatic aldehydes, furfuraldehyde and benzaldehyde; short
chain aliphatic aldehydes are poor substrates.

Unknown

Unknown

Unknown

Unknwon

The gene is on human chromosome 17.

Unknown

Unknown

The enzyme was purified from human stomach by a two step procedure

employing CM-Sephadex and affinity chromatography on SAMP Sep-
harose (4nn. Hum. Genet. 1985, 49: 87-100).

2. Instaliment 1993



Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

MSKISEAVKR
DLHENEWNAY
HSEPLGVVLV
ATIIPQYLDK
ARHLTPVTLE
LCDPSIQNQI
QRVAYGGTGD
AIQFINQREK
PPGGVGNSGM
TQH

APAAPSSGRT
YEEVVYVLEE
IGTWNYPFNL
DLYPVINGGV
LGGKSPCYVD
VEKLKKSLKE
AATRYIAPTI
PLALYMFSSN
GSYHGKKSFE

RPLQFRIQQL
TEYMIQKLPE
TIQPMVGATA
PETTELLKER
KNCDLDVACR
FYGEDAKKSR
LTDVDPQSPV
DKVIKKMIAE
TPSHRRSCLV

EALQRLIQEQ
WAADEPVEKT
AGNSVVLKPS
FDHILYTGST
RIAWGKFMNS
DYGRIISARH
MQEEIFGPVL
TSSGGVAAND
RPLMNDEGLK

EQELVGALAA
PQTQQDELYI
ELSENMASLL
GVGKIIMTAA
GQTCVAPDYI
FQRVMGLIEG
PIVCVRSLEE
VIVHITLHSL
VRYPPSPAKM

7 SH groups/subunit, 14 per molecule. No information about disulfides.

Santisteban, L. et al. Ann. Hum. Gener. 1985, 49: 87-100.

Duley, J. A. et al. Alcohol. Cli. Expl. Res. 1985, 9: 263-271.
Yoshida, A. et al. Prog. Nucleic Acid Res. Mol. Biol. 1991, 40: 225-287.

Hsu, L. C. et al. J Biol. Chem. 1992, 267: 3030-3037.



Aldehyde Oxidase
Russ Hille

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isoelectric Point

Extinction Coeff.

None
FAD; NAD"; DEAE; CM
EC 1.2.3.2; a molybdenum-containing hydroxylase

Aldehyde oxidase is a complex metalloflavoprotein possessing a
molybdenum center, two 2Fe/2S iron-sulfur centers of the spinach
ferredoxin variety and FAD, with each redox-active center residing in a
discrete domain of the protein structure. The molybdenum center consists
of the metal coordinated to an unusual pterin cofactor via a dithiolene side
chain of the latter, and is the site of substrate hydroxylation. The enzyme is
predominantly localized in the liver. Reducing equivalents obtained by the
enzyme in the course of substrate hydroxylation are passed on to Oy
aldehyde oxidase is unable to utilize NAD" as oxidizing substrate.

The structure of human aldehyde oxidase is at present unknown. However,
the x-ray crystal structure of a closely related aldehyde oxidoreductase
from Desulfovibrio gigas has recently been reported, and on the basis of
the extensive sequence homologies between the two proteins, it is expected
that the human protein will exhibit the same general structure as that from
D. gigas. This protein possesses a pair of iron-sulfur centers and a
molybdenum center, but lacks a flavin, The two iron-sulfur centers are
found in separate well-defined protein folding domains at the N-terminus
of the protein. The first of these possesses a protein fold very similar to
that of spinach ferredoxin, but the second possesses a unique fold,
consisting of two long o helices in parallel, with two shorter helices set at
an oblique angle to these; the 2Fe/2S cluster lies at one end of the pair of
long helices. This second iron-sulfur domain is connected to the
molybdenum-binding portion of the protein by an extended meander over
the surface of the protein, and on the basis of the sequence homology
between the aldehyde and xanthine oxidoreductases, the flavin domain of
the human protein is expected to be inserted at some point along this
meander. The molybdenum-binding portion of the protein consists of two
large domains that lay across one another, with the metal center at their
interface; there are extensive contacts between the polypeptide and the
pterin cofactor. In addition, the 2-amino group of the pterin, located distal
to the dithiolene moiety that binds the metal, is hydrogen-bonded to one of
the cysteine residues that coordinates the second of the two iron-sulfur
centers. This interaction clearly plays a role in facilitating electron transfer
out of the molybdenum center to the other redox-active sites of the
enzyme. Access to the active site is provided by a 30A-long channel from
the surface of the protein, with access to the metal center opposite the
coordination position of the pterin cofactor.

298,800, homodimer
Unknown
Unknown

35,000 M em™ (450 nm) per subunit.
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Coenzymes/Cofactors

Substrates

Inhibitors

Biological Functions

Physiology/Pathology
Degradation

Genetics/Abnormalities

Half-life
Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Aldehyde oxidase possesses a molybdenum center (consisting of the metal
plus pterin cofactor), two 2Fe/2S centers and flavin adenine dinucleotide.

Aldehyde oxidase is able to hydroxylate a wide range aldehydes to the
corresponding carboxylic acid, as well as a variety of aromatic hetero-
cycles. With regard to reducing substrate, it is distinct from xanthine
oxidoreductase in being relatively unreactive toward xanthine, while
effectively hydroxylating 1-methylnicotinamide. Aldehyde oxidase is
unable to utilize NAD" as oxidizing substrate.

Xanthine dehydrogenase is inhibited by arsenite, cyanide and methanol.

Aldehyde oxidase in liver catalyzes the oxidation of a variety of aldehydes
to carboxylic acids in vitro; its physiological substrates may include
retinaldehyde.

Unknown
Unknown

Genetic variants in aldehyde oxidase leading to clinical manifestations are
not known,

Unknown
Unknown

The enzyme is most conveniently isolated from rabbit liver. Published
isolation procedures typically involve ammonium sulfate fractionation,
followed by column chromatography on hydroxyapatite, DEAE, size
exclusion materials or a combination of these.

Aldehyde oxidase exhibits extensive sequence homologies to human
xanthine oxidoreductase, and is a member of an extended family of
molybdenum-containing hydroxylases that is phylogenetically widely
dispersed, being found most eukaryotic, bacterial and archaeal sources.
Both human and bovine aldehyde oxidases possess several loci where their
consensus sequence diverges from that of the xanthine oxidoreductases,
however, and these include a distinct aa sequence FLxKCP that is
conserved in enzymes from a variety of sources, and is distinct from the
corresponding FFxxYR sequence of the aldehyde oxidases. This sequence
maps to the flavin domain of the protein.

The number of disuifide bonds in human aldehyde oxidase is not known.

Hille, R. Chem. Rev. 1996, 96:2757-2816.

Branzoli, U. and Massey, V. J. Biol. Chem. 1974, 249:4339-4345.

Romado, M.J., Archer, M., Moura, L. et al. Science 1995, 270:1170-1176.
Huber, R., Hof, P., Moura, J.J.G. et al. Proc. Nail. Acad. Sci. USA 1996,
93:8846-8851.

Wright, RM,, Vaitaitis, G.M., Wilson, C.M. et al. Proc. Natl. Acad. Sci.
USA 1993, 90:10690.
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The protein structure of aldehyde oxidoreductase from Desulfovibrio gigas (see Romio et al., 1995) (after
Hille, 1996, with permission).



Aldehyde Reductase
Oleg A. Barski and Kurt M. Bohren

Synonyms

Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isoelectric Point:
Extinction Coeff.

Enzyme Activity

Coenzymes/Cofactors

Substrates

Inhibitors

Biological Function

Physiology/Pathology

Degradation

High Km aldehyde reductase; Glucuronate reductase; L-hexonate
dehydrogenase

ALR1; AR1; AKRI1AI
EC 1.1.1.2; Aldo-keto reductase AKR1A1

A cytosolic NADP-dependent monomeric oxidoreductase, consisting of
324 aa with no carbohydrate chain. The enzyme is a member of the aldo-
keto reductase superfamily, and catalyzes the reduction of a wide variety of
aldehydes to their corresponding alcohols. Ubiquitous tissue distribution
with highest levels in kidney cortex and liver.

B/a barrel with an active site located at the C-terminus of the barrel.
36,442

2.98

53

15.8 (280nm, 1%, lcm); 57,750 M cm™ (280nm)

Catalyzes the conversion of aldehydes to alcohols and vice versa. Follows
an ordered bi-bi mechanism with coenzyme binding first and leaving last.
Oxidation of alcohols is catalyzed at a rate of less than 2% of the rate
measured with p-nitrobenzaldehyde in the reduction reaction at pH 7.0.
Dehydrogenase by IUB classification.

NADPH/NADP* In the reduction reaction the pro-4R hydride (A-side
stereospecific) is transferred from NADPH to the aldehyde substrate. In
the oxidation reaction a hydride is transferred from the substrate to the A-
side of NADP*,

Isocorticosteroids, D-glucuronate, DL-glyceraldehyde, succinic semial-
dehyde, substituted benzaldehydes, etc.

Barbiturates, flavonoids, dicarboxylic acids (dimethylsuccinic, tetra-
methyleneglutaric acid), and Aldose Reductase Inhibitors (ARI): AL1576
is 10 times more specific for aldehyde than for aldose reductase. All in-
hibitors bind to the enzyme-NADP* complex, resulting in a competitive
pattern in the oxidation reaction and an uncompetitive or non-competitive
pattern in the reduction reaction.

Catalyzes the reduction of aldehyde compounds of various structure. May
be important in steroid metabolism, glucuronate metabolism, detoxification

of methylglyoxal, osones and xenobiotic aldehydes.

Wide substrate specificity and presence in many tissues suggests a house-
keeping role in detoxification of toxic or carcinogenic aldehydes.

Unknown
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Genetics/Abnormalities
Half-life
Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Unknown
Unknown
Unknown

Extraction by homogenization of brain, liver, placenta, or kidney
(preferably cortex) tissue followed by ion exchange chromatography on
DEAE-Sephadex. Subsequent affinity chromatography on Matrex Orange
A yields at least 95% homogenous protein. Recombinant protein is avail-
able,

Important active site residues: D43, K79, and Y49 form a catalytic triad
with Y49 being the proton donor, H112 is important for NADPH and
substrate orientation. R311 binds distal carboxyl group of substrate. Hy-
drophobic residues W21, W81, W113, Y115, F117, F124, Y209, W219,
148, 1298, P300, L302 line the active site pocket. R268, K22, K262 form
salt bridges with NADPH. Homologous to the members of the aldo-keto
reductase superfamily with 65% identity to aldose reductase.

No disulfides. Free SH groups at positions 4, 45, 133, 186, 199, 259.

Barski, O.A. et al. Biochemistry 1995, 34:11264-11275.

El-Kabbani, O. et al. Nature Struct. Biol. 1995, 2:687-692.

Barski, O.A. et al. Aldehyde reductase. Catalytic mechanism and substrate
recognition. In: Enzymology and Molecular Biology of Carbonyl
Metabolism 6, Weiner, H. et al. (eds.), Plenum Press, 1997, pp 443-451.
Wermuth, B. Aldo-keto reductases. In: Enzymology of Carbonyl
Metabolism 2, Flynn G.T. and Weiner H. (eds.), Alan R. Liss, Inc., 1985,
pp 209-230.

Maser, E. Biochem. Pharmacol. 1995, 49:421-440.

Aldo-Keto Reductase home page: http://pharme26.med.upenn.cdu.

Bohren K.M. et al. J. Biol. Chem. 1989, 264:9547-9551. (GB accession
number of aldehyde reductase cDNA: J04794).



Aldose Reductase

Kurt M. Bohren and Oleg A. Barski

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isolectric Point
Extinction Coeff.

Enzyme Activity

Coenzyme/Cofactors

Substrates

Inhibitors

Biological Function

Low-Km aldehyde reductase
ADR; ALR2; hAR; AKR1B1
EC 1.1.1.21; Aldo-keto reductase AKR1B1

A cytosolic NADP-dependent monomeric oxidoreductase, consisting of
315 aa with no carbohydrate chains. The enzyme is a member of the aldo-
keto reductase superfamily, and catalyzes the reduction of a wide variety of
carbonyl containing compounds to their corresponding alcohols. The
enzyme follows an ordered bi bi mechanism with the coenzyme binding
first and leaving last. Ubiquitous tissue distribution with highest levels in
kidney medulla.

The atomic structure of the holoenzyme reveals a parallel B8/a8 barrel
motif with an unprecedented motif for NADP-binding oxidoreductases.
The nucleotide enfolding loop (Gly-213-Leu-227) is the basis for the
isomerization in the kinetic mechanism.

35,722
Unknown

5.9

13.6 (280nm, 1%, 1 cm); 48,640 M™' cm™ (280nm)

NADPH-dependent reduction of sugar aldehydes, aliphatic and aromatic
aldehydes. The efficiency of the dehydrogenase activity (oxidation of
alcohols) is three orders of magnitude lower than the one of the reduction
activity at pH 7.0. Dehydrogenase by IUB classification.

NADPH/NADP*. In the reduction reaction the pro-4R hydride (A-side
stereospecific) is transferred from NADPH to the aldehyde substrate. In
the oxidation reaction a hydride is transferred from the substrate to the A-
side of NADP*,

D-Glucose, methylglyoxal, isocorticosteroids, DL-Glyceraldehyde, Nitro-
benzaldehydes, etc.

Thiolation of Cys-298 by physiological disulfides such as GSSG and
cystine. Zopolrestat, Sorbinil, and many other negatively charged
pharmacological inhibitors (-COOH and spirohydantoin-type) bind to the
positively charged anion well formed by Asp-43/Lys-77*/Tyr-48°/NADP*
in the active site of the enzyme (binding to the enzyme:NADP* complex).

Aldose reductase together with sorbitol dehydrogenase form the sorbitol or
polyol pathway that converts glucose to fructose via sorbitol in
extrahepatic tissues. Sorbitol is the source of fructose in seminal vesicles,
and in renal medulla sorbitol is an osmotically active organic solute
produced by transcriptionally regulated aldose reductase.

6. Installment 1998



Physiology/Pathology

Degradation

Genetics/Abnormalities

Half-life

Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA/AA Sequences

Participates in osmotic homeostasis in renal medullary cells. Wide
substrate specificity and presence in many tissues suggests a role in
detoxification of reactive aldehydes. During hyperglycemia of diabetes an
increased flux through the sorbitol pathway plays an important role in the
pathogenesis of several diabetic complications, such as cataracts and
neuropathy.

Unknown

A putative functional aldose reductase gene has been mapped to
chromosome 7 at 7¢35, and a pseudogene to chromosome 3. Sequences
identified by in situ hybridization on chromosomes 1,9,11,13,14 may
represent other active genes, non-aldose reductase homologous sequences,
or pseudogenes. The gene extends over approximately 20 kilobases and
consists of 10 exons giving rise to 1.4 kilobase mRNA. No protein variants
are known.

6 days (continuous lines of epithelial cells from rabbit renal inner
medulla).

>10% of soluble cell protein in cells mentioned above grown in medium
made hyperosmotic to 600 mosmol/kg H,O by addition of NaCl.

Extraction by homogenization of brain, placenta, muscle, or kidney
(preferably medulla) tissue or by using a French Press on E.coli that
contain recombinant human protein, followed by ion exchange
chromatography on DEAE-Sephadex. Subsequent affinity chromatography
on Matrex Orange A yields at least 95% homogenous protein.

The protein contains one acid labile Asp-Pro (D;0-P23;) bond. The
extremely tight binding of the coenzyme (K4 = 5 nM) is mainly mediated
by salt links of Kz, and R,es with the pyrophosphate and 2'-phosphate of
the nucleotide, and a loop (G 3SPDRPWAKPEDPSL,;;) enfolding the
nucleotide. Important active site residues are H;y, (orientation of
substrates), Y43 (proton donor during aldehyde reduction), Ky; and Dy,
(lowering of pKa of Ys), and Cygg (thiol mediated activity changes).
Homologue to 7 other human proteins (notably aldehyde reductase) and
over 40 proteins if all eukaryotes are included.

No disulfides, 7 free sulfhydrils at residues 44, 80, 92, 186, 199, 298, 303

Petrash, J.M. et al. Diabetes 1994, 43:955-959.

Harrison, D.H. et al. Biochemistry 1994, 33:2011-2020.

Bohren, K.M. et al. Biochemistry 1994, 33:2021-2032.

Lee, A.Y.W. et al. Proc.Natl.Acad. Sci.USA 1995, 92:2780-2784.
Ko, B.C.B. et al. J.Biol.Chem. 1997, 272:16431-16437.
Aldo-Keto Reductase home page: http://pharme26.med.upenn.edu.

Bohren, K.M, et al. J. Biol. Chem. 1989, 264:9547-9551 (GB accession
number of human aldose reductase cDNA: J04795).

Graham, A. et al. J.Biol.Chem. 1991, 266:6872-6877 (GB accession
number of hAR gene segmentl: M59856; segment2: M59783; complete
gene: 1.14440).



Bs/ogbarrel structure; Cartoon of human aldose reductase based on crystallographic data. The view is down the
COOB-terminal end of the barrel with the coenzyme drawn in stick model. The eight ¢ helices and the eight §
strands are indicated as well as two extra helices, H, and H,. Note the unusual sequestering of the coenzyme
across the lip of the barrel with a movable loop folding over, and the center location of the nicotinamide
(Courtesy of David H.T. Harrison, Medical College of Wisconsin)



Alpha-1-Antichymeotrypsin
Harvey Rubin and Michael Plotnick

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coefficient
Isoelectric Point

Extinction Coefficient

Enzyme Activity
Coenzymes/Cofactors
Substrates

Inhibitors

Biological Functions

None
ol-ACT; al-Achy
Electrophoretic mob.: a1 region

ACT is a plasma protein synthesized predominantly in the liver, but also in
prostate cancers with low Gleason score, histiocytes, mast cells
(immunocytochemical evidence), choroid plexus epithelium, skeletal
muscle, astrocytes and astrocytomas, breast and intestinal epithelial cells,
epithelial, stromal and endothelial layers of the human cornea, chorionic
villi obtained from first trimester and term placenta, trophoblast cells in
primary culture. ACT is found in amyloid deposits in Alzheimer's disease,
Down's syndrome, normal aging, and hereditary cerebral hemorrhage with
amyloidosis of Dutch origin.

The protein is a single polypeptide chain of 398 aa starting from an N-
terminal Asn-Ser-Pro. There are four glycosylation sites linked to Asn-68,
Asn-102, Asn-161, Asn-205 (counting starting at N-terminal Asn-Ser-Pro),
The reactive site is found at Leu-358-Ser-359.

A crystal structure of a modified form of ACT cleaved in the reactive
center between Leu-358 and Ser-359 shows the large rearrangement of the
reactive loop strand s4A into beta sheet-A, separating the P1 residue from
the P1' residue by approximately 70A and the prime side residues
associating with the beta sheet-C as strand s1C. The crystal structure of an
intact, uncleaved variant of ACT has been solved. In this ACT variant, six
residues containing the reactive site, TLLSAL, have been replaced by six
residues around the reactive site of alpha-1-antitrypsin, IPMSIP. There are
three additional replacements: A,A—G,T at the P10, P9 positions and
VT at the P10’ position. The intact reactive loop of this structure is a
distorted helix and strand s4A is not preinserted into beta sheet A.

68,000 (25% carbohydrate)
Unknown
Microheterogeneity with pl range of 5.0 to 5.25

6.2 (1% w/v solution measured at 280nm where protein concentration was
determined using interference optics).

None
None
None

Can be cleaved in the reactive loop by a number of proteases thereby
inactivating enzyme inhibitory activity.

Serine protease inhibitor. Target enzymes include chymotrypsin, cathepsin
G, prostate specific antigen.
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Physiology/Pathology

Degradation

Genetics/Abnormalities

Half life

Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH Groups

General References

Found in complex with prostate specific antigen (PSA) in circulation in
diseases of the prostate. Also found in amyloid plaques in a variety of
diseases. Inhibits NADPH oxidase dependent free radical production when
in complex with target enzyme.

ACT in complex with target enzyme cleared by certain cell surface
receptors.

The gene encoding ACT is located at chromosomal position 14q32.1
where it is found approximately 20kB from the telomere and is the last of a
cluster of other serpins in the order: corticosteroid binding globulin-alpha-
1-protease inhibitor-like pseudogene-alpha-1-protease inhibitor-protein C
inhibitor-ACT. The gene is organized in 5 exons and 4 introns spanning
approximately 12 kilobases. The first intron is located in the 5'
untranslated region of the gene. Exon 2 contains the initiation methionine
codon. ACT is a DNA binding protein and the binding sites involve Lys
residues at positions 210, 211, 212, 391 and 396.

A common aa polymorphism, Thr and Ala, occurs in the signal peptide.
ACT-Ischara-1: point mutation resulting in Met-89—Val. Clinical
phenotype-occlusive cerebrovascular disease.

ACT-Isehara-2: deletion of two bases in codon 391 resulting in frame shift
downstream adding 10 aa residues. Normal clinical phenotype but
approximately 40% of normally circulating ACT.

ACT-Bochum-1 point mutation resulting in Leu-3—Pro. Clinical
phenotype-chronic obstructive lung disease (COPD), 80% normal
circulating levels of ACT.

ACT-Bonn-1 point mutation resulting in Pro-227—Ala. Clinical
phenotype-COPD, 60% normal circulating levels of ACT.

Deletion of (14) (q24.3q32.1) resulting in normal alpha-1-protease
inhibitor levels but 43% ACT levels. Clinical phenotype described in a 4
year old girl with delayed psychomotor development and characteristic
facial features.

Unknown for the native, glycosylated protein.

Plasma: 30-60 mg/100m! in adults, male = female, in newborn infants
plasma level is 10mg/100ml.

From pooled plasma, 50% ammonium sulfate fraction followed by two
Cibacron Blue Sepharose chromatography steps. DNA-cellulose
chromatography can be incorporated in the purification scheme to take
advantage of the affinity of ACT for DNA.

(HP) NSPLDEEN LTQENQDRGT HVDLGLASAN VDFAFSLYKQ

LVLKAPDKNV
KFNLTETSEA
KEQLSLLDRF
VKNGTRGKIT
QDTHQSRFYL
VELKYTGNAS
EFREIGELYL
SGITGARNLA
SALVETRTIV

IFSPLSISTA
EIHQSFQHLL
TEDAKRLYGS
DLIKDLDSQT
SKKKWVMVPM
ALFILPDQDK
PKFSISRDYN
VSQVVHKAVL
RFNRPFLMII

Single Cys at position 236

LAFLSLGAHN
RTLNQS SDEL
EAFATDFQDS
MMVLVNYIFF
MSLHEHLTIPY
MEEVEAMLLP
LNDILLQLGI
DVFEEGTEAS
VPTDTQNIFF

TTLTEILKGL
QLSMGNAMFV
AAAKKLINDY
KAKWEMPFDP
FRDEELSCTV
ETLKRWRDSL
EEAFTSKADL
AATAVKITLL
MSKVTNPKQA

Wei, A. et al. Nature, Structural Biology, 1994, 1: 250-257.

SERPINS: Structure, Function and Biology. Gettins, PGW, Patston, PA &

Olson, ST. R.G. Landes Publishing Company. 1996



Ref. for DNA Sequence Rubin, H. et al. J. Biol. Chem. 1990, 265:1199-1207.

Ribbon models of uncleaved rACT-P3P3' and cleaved antichymotrypsin illustrate the serpin conformational
transition; coordinates of the latter structure were obtained from the Brookhaven Protein Data Bank.



Alpha-1-microglobulin

Bo Akerstrém

Synonyms

Abbreviations
Classifications

Description

Structure

Molecular Weight

Sedimentation Coeff.
Isoelectric Point
Extinction Coeff.
Enzyme Activity
Coenzymes/Cofactors
Substrates

Inhibitors

Biological Functions

Protein HC (Human Complex-forming; Heterogeneous in Charge); oy-
Microglycoprotein

o-m; oym; otim
Electrophoretic mobility: o

A plasma protein with a strongly attached yellow-brown chromophore of
unknown structure. Synthesized in liver, where it is translated from the
same mRNA as bikunin, the light chain of the plasma protein inter-o-
trypsin inhibitor. This diprotein is cleaved before secretion of oy-m to the
circulation. It is found in plasma in free form and covalently linked to
monomeric IgA and albumin in man, and to oy-inhibitor-3 and fibronectin
in rats. Involved in lymphocyte regulation. By aa sequence homology
found to be member of a protein superfamily consisting mostly of lipo-
philic carrier proteins, the lipocalins. 0,-m has been found in several mam-
malian species and in two fish species.

183 aa peptide folded to a globular molecule with a Stokes' radius of 2.85
nm and the frictional ratio 1.45. Glycoprotein with two N-linked complex
type oligosaccharides at aa position 17 and 96, and one O-linked oligo-
saccharide at position 5. Crystallized members of the lipocalin protein
superfamily, for example RBP and B-lactoglobulin, have a similar shape:
two B-sheets, composed of eight or nine B-strands, form a hollow cone
with a hydrophobic interior. o;-m has not yet been crystallized.

26,700 (sedimentation equilibrium centrifugation); 31,000 (SDS polyacryl-
amide gel electrophoresis).

2358

4.3-4.8, electrophoretically heterogeneous

17.7-18.3 (280nm, 1%, lem) or 4.72 x 10 M em™).

None

None

None

None

Unknown biological function. Several indications that it is involved in
immunoregulation: inhibition of antigen-stimulation of lymphocytes, inhib-
ition of migration and chemotaxis of granulocytes, and a direct mito-genic
effect on lymphocytes in in vitro assays. Association with proteinase
inhibition: translation in liver as a diprotein with bikunin, the active part of
the proteinase inhibitor inter-o-trypsin inhibitor, and in rat serum covalent-

ly linked to the proteinase inhibitor oy-inhibitor 3, one of the three op-
macroglobulin homologues.

1. Installment 1992 (revised 1997)



Physiology/Pathology

Degradation

Genetics/Abnormalities

Half-life

Concentration

Isolation Method

Amino Acid Sequence

Disulfides/SH-Groups

General References

Ref. for DNA Sequences

Elevated levels in plasma in patients with renal disorders, during third tri-
mester of pregnancy and in cases with elevated plasma IgA. Subnormal
plasma levels associated with HIV-infection, some liver dysfunctions, and
with decreased plasma IgA. No other known deviations from normal
plasma concentrations. Normally excreted in urine, and elevated urinary
levels indicate renal tubular disorders.

Eliminated from circulation by glomerular filtration in the kidneys.

A gene, which maps to 9q22.3-q33, is transcribed into a single mRNA,
which codes for both ¢;-m and bikunin. No genetic variants of ¢;-m have
been described.

Unknown
Plasma: 20-100 mg/L. Urine: 2-10 mg/24 hr volume.

Isolated from pathological urine by size exclusion chromatography, prepa-
rative electrophoresis and ion-exchange chromatography. Isolated from
plasma or serum by affinity chromatography on antibody columns.
Expressed by insect cells infected by baculovirus carrying the oy-m-
bikunin gene. Isolated by immunoaffinity chromatography.

Belongs to the protein superfamily lipocalins, and the sequence motifs
GXWY and TD/NY, located at position 23-26 and 106-108, respectively,
in human a1-m, are highly conserved in all members of the superfamily.

One disulfide bond (between position 72 and 169) and one free sulfhydryl
group (at position 34), suspected to be partially engaged in S-S binding
with unknown substance.

Ekstrom, B. et al. Biochem. Biophys. Res. Commun. 1975, 65:1427-1433.
Grubb, A. et al.l. Biol. Chem. 1986, 261:14313-14320.

Itoh, Y. and Kawai, T. J. Clin. Lab. Anal. 1990, 4:376-384.

Akerstrom, B. and Logdberg, L. Trends Biochem. Sci. 1990, 15:240-243.
Bratt, T. and Akerstrom, B. Protein Expr. Purif. 1995, 6:431-438,

Lopez Otin, C. et al. Arch. Biochem. Biophys. 1984, 228:544-554 (aa
sequence).
Kaumeyer, J.F. et al. Nucleic Acids Res. 1986, 14:7839-7850 (cDNA
sequence).
Diarra-Mehrpour, M. et al. Eur. J. Biochem. 1990, 191:131-139 (gene
structure).
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signal peptide a1-microg|ObUIin bikunin

inter-a-inhibitor family

Liver

Blood

I > igA
. albumin
77 fibronectin

o,-inhibitor-3

Synthesis of o;-microglobulin. A ten-exon gene codes for oy-microglobulin and the protease inhibitor bikunin. A
precursor, &;-m-bikunin, is translated in the liver and cleaved in the Golgi apparatus at a tetrabasic site RVRR. Free o;-m
is secreted into the bloodstream, where part of it forms covalent complexes with IgA and albumin (man) or o;-inhibitor-3
and fibronectin (rat). Bikunin is linked to at least four other polypeptides, forming the plasma protein inter-a-inhibitor and

related protein. -



Alpha-1-proteinase inhibitor
Maurice C. Owen and Robin W. Carrell

Synonyms
Abbreviations
Classifications

Description

Structure

Molecular Weight
Sedimentation Coeff.
Isoelectric Point
Extinction Coef.
Enzyme Activity
Coenzymes/Cofac’tors
Substrates

Inhibitors

Biological Functions

Physiology/Pathology

Alpha-1-Antitrypsin, Antitrypsin, Metserpin
a,-PI, o;-AT.
Electrophoretic Mob. : o, region at pH 8.6

A plasma protein, synthesized in the liver, comprising a single polypeptide
chain of 394 amino acids with three carbohydrate side chains, N-linked to
Asn-46, Asn-83 & Asn-247. These have a common core sequence of Asn-
(NAcGlc),-(Man),- with either 2 or 3 antennae of NAcGlc-Gal-Sia. There
are 3 common subtypes M1, M2 & M3 that arise from polymorphisms at
3 positions:

213 376 101
M1 Val/Ala Glu Arg
M3 Val Asp Arg
M2 Val Asp His

The Protein contains a single reactive site at a Met-Ser sequence at position
358-359.

The tertiary structure is not yet determined for the native form, however
the crystal structure of the protein cleaved at the reactive site and the
structure of the homologous protein ovalbumin are known. There are 8
helices (A —H) and 3 large f-sheets (A—C).

51,000 (13 % carbohydrate)

348

Mean pl 4.8. IEF gives 3 main bands.

5.0 (280 nm,1%,1 cm)

None

None

None

Suscptible to inactivation by catalytic cleavage at or near reactive centre
by a number of proteases (e.g. papain). Oxidation of Met-358 results in
inactivation.

Serine proteinase inhibitor. Elastase, with other hydrolytic enzymes (such
as Cathepsin G), released on degranulation of neutrophils can degrade
connective tissue proteins such as elastin, collagen and proteoglycan. The
prime role of «,-PI is as an inhibitor of neutrophil elastase, and it thus
protects