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Attention all Users
of the “Springer Handbook of Enzymes”

Information on this handbook can be found on the internet at
http://www.springer.com
choosing “Chemistry” and then “Reference Works”.

A complete list of all enzyme entries either as an alphabetical Name Index or as
the EC-Number Index is available at the above mentioned URL. You can
download and print them free of charge.

A complete list of all synonyms (> 25,000 entries) used for the enzymes is
available in print form (ISBN 3-540-41830-X).

We recommend a standing order for the series to ensure you automatically
receive all volumes and all supplements and save 15 % on the list price.



Preface

Today, as the full information about the genome is becoming available for a
rapidly increasing number of organisms and transcriptome and proteome
analyses are beginning to provide us with a much wider image of protein regu-
lation and function, it is obvious that there are limitations to our ability to access
functional data for the gene products - the proteins and, in particular, for en-
zymes. Those data are inherently very difficult to collect, interpret and stan-
dardize as they are widely distributed among journals from different fields and
are often subject to experimental conditions. Nevertheless a systematic collec-
tion is essential for our interpretation of genome information and more so for
applications of this knowledge in the fields of medicine, agriculture, etc. Progress
on enzyme immobilisation, enzyme production, enzyme inhibition, coenzyme
regeneration and enzyme engineering has opened up fascinating new fields for
the potential application of enzymes in a wide range of different areas.

The development of the enzyme data information system BRENDA was started in
1987 at the German National Research Centre for Biotechnology in Braun-
schweig (GBF) and is now continuing at the University at Cologne, Institute of
Biochemistry. The present book “Springer Handbook of Enzymes” represents
the printed version of this data bank. The information system has been devel-
oped into a full metabolic database.

The enzymes in this Handbook are arranged according to the Enzyme Com-
mission list of enzymes. Some 4,000 “different” enzymes are covered. Fre-
quently enzymes with very different properties are included under the same
EC-number. Although we intend to give a representative overview on the char-
acteristics and variability of each enzyme, the Handbook is not a compendium.
The reader will have to go to the primary literature for more detailed informa-
tion. Naturally it is not possible to cover all the numerous literature references
for each enzyme (for some enzymes up to 40,000) if the data representation is to
be concise as is intended.

It should be mentioned here that the data have been extracted from the literature
and critically evaluated by qualified scientists. On the other hand, the original
authors’ nomenclature for enzyme forms and subunits is retained. In order to
keep the tables concise, redundant information is avoided as far as possible (e.g.
if Ky, values are measured in the presence of an obvious cosubstrate, only the
name of the cosubstrate is given in parentheses as a commentary without refer-
ence to its specific role).

The authors are grateful to the following biologists and chemists for invaluable
help in the compilation of data: Cornelia Munaretto and Dr. Antje Chang.

Cologne
Spring 2006 Dietmar Schomburg, Ida Schomburg
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List of Deleted and Transferred Enzymes

Since its foundation in 1956 the Nomenclature Committee of the International
Union of Biochemistry and Molecular Biology (NC-IUBMB) has continually re-
vised and updated the list of enzymes. Entries for new enzymes have been added,
others have been deleted completely, or transferred to another EC number in the
original class or to different EC classes, catalyzing other types of chemical reac-
tions. The old numbers have not been allotted to new enzymes; instead the place
has been left vacant or cross-references given to the changes in nomenclature.

Deleted and Transferred Enzymes
For EC class 2.3.1.60-2.3.3.15 these changes are:

Recommended name Old EC number Alteration

6’-deoxychalcone synthase 2.3.1.120 deleted, reaction listed is due
to EC2.3.1.74

diacylglycerol acyltransferase 2.3.1.124 deleted,

identical to EC 2.3.1.20
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Description of Data Fields

All information except the nomenclature of the enzymes (which is based on the
recommendations of the Nomenclature Committee of [IUBMB (International Un-
ion of Biochemistry and Molecular Biology) and IUPAC (International Union of
Pure and Applied Chemistry) is extracted from original literature (or reviews for
very well characterized enzymes). The quality and reliability of the data depends
on the method of determination, and for older literature on the techniques avail-
able at that time. This is especially true for the fields Molecular Weight and Sub-
units.

The general structure of the fields is: Information - Organism - Commentary -
Literature

The information can be found in the form of numerical values (temperature, pH,
K etc.) or as text (cofactors, inhibitors etc.).

Sometimes data are classified as Additional Information. Here you may find data
that cannot be recalculated to the units required for a field or also general infor-
mation being valid for all values. For example, for Inhibitors, Additional Informa-
tion may contain a list of compounds that are not inhibitory.

The detailed structure and contents of each field is described below. If one of
these fields is missing for a particular enzyme, this means that for this field, no
data are available.

1 Nomenclature

EC number
The number is as given by the IUBMB, classes of enzymes and subclasses
defined according to the reaction catalyzed.

Systematic name
This is the name as given by the IUBMB/IUPAC Nomenclature Committee

Recommended name
This is the name as given by the IUBMB/IUPAC Nomenclature Committee

Synonyms
Synonyms which are found in other databases or in the literature, abbrevia-
tions, names of commercially available products. If identical names are fre-
quently used for different enzymes, these will be mentioned here, cross refer-
ences are given. If another EC number has been included in this entry, it is
mentioned here.

XIX



Description of Data Fields

CAS registry number
The majority of enzymes have a single chemical abstract (CAS) number.
Some have no number at all, some have two or more numbers. Sometimes
two enzymes share a common number. When this occurs, it is mentioned in
the commentary.

2 Source Organism

For listing organisms their systematic name is preferred. If these are not men-
tioned in the literature, the names from the respective literature are used. For
example if an enzyme from yeast is described without being specified further,
yeast will be the entry. This field defines the code numbers for the organisms
in which the enzyme with the respective EC number is found. These code
numbers (form <_>) are displayed together with each entry in all fields of
BRENDA where organism-specific information is given.

3 Reaction and Specificity

Catalyzed reaction
The reaction as defined by the [IUBMB. The commentary gives information
on the mechanism, the stereochemistry, or on thermodynamic data of the
reaction.

Reaction type
According to the enzyme class a type can be attributed. These can be oxida-
tion, reduction, elimination, addition, or a name (e.g. Knorr reaction)

Natural substrates and products

These are substrates and products which are metabolized in vivo. A natural
substrate is only given if it is mentioned in the literature. The commentary
gives information on the pathways for which this enzyme is important. If the
enzyme is induced by a specific compound or growth conditions, this will be
included in the commentary. In Additional information you will find com-
ments on the metabolic role, sometimes only assumptions can be found in
the references or the natural substrates are unknown.

In the listings, each natural substrate (indicated by a bold S) is followed by its
respective product (indicated by a bold P). Products are given with organisms
and references included only if the respective authors were able to demon-
strate the formation of the specific product. If only the disappearance of the
substrate was observed, the product is included without organisms of refer-
ences. In cases with unclear product formation only a ? as a dummy is given.

Substrates and products

All natural or synthetic substrates are listed (not in stoichiometric quanti-
ties). The commentary gives information on the reversibility of the reaction,
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