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Figure 1. Word cloud image created using abstracts of enzyme database publications.
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Figure 2.

General workflow of construction of enzyme database.
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1. HIEEPEEIESITEE(HITZE 2020 £ 12 A)

Table 1. Statistics of the enzyme database (status as of December 2020)
Class Top level EC number Subclasses Determined structure Annotated sequence
Oxidoreductases 1 2420 44818 3x10°
Transferases 2 2107 101238 7x10°
Hydrolases 3 1785 103554 4x10°
Lyases 4 818 20517 2x10°
Isomerases 5 326 10570 1x10°
Ligases 6 241 6014 2x10°
Translocase 7 90 10148 2x10°
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%< 2. BRENDA #EEZ S ETEFIT(GFiITEZE 2020 F
EE5))
Table 2. Number of entries in selected data fields of
BRENDA database (status as 2020 update)

Enzyme information

Number of entries

Substrates and products 471088
Inhibitors 226424
Cofactors 16954
Metals and ions 41985
Activating compounds 29025
Km values 154081
K;values 42468
Keat Values 75441
Specific activity 50238
ICx, values 60923
Enzyme names and synonyms 123077
Citations (manually annotated) 168008
Isolation and

preparation/crystallization 107365
Enzyme structure 286714
Mutant enzymes 93590
Enzyme stability 52926
Enzyme application 18798
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Table 3. Statistics of CAZy database (status as
December 2020)
Enzyme class Number of Nurr_1t_)er of
sequences families
Glycoside hydrolases 886312 168
Glycosyl transferases 760421 111
Polysaccharide lyases 28387 40
Carbohydrate esterases 88130 18
Aucxiliary activities 16200 16
Carbohydrate-binding 241705 88

modules
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Reaction formula:
Substrate (English):
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Product (English):

Product molecular

(Chinese)
- . Source species (Latin):
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- Fungal Source organism type:
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. Plant .
Archaea method
Enzyme storage
conditons:
(D) Other information
Rhea: 10736 10740

Public data information: KEGG: RO0623 RO

Uniprot:

Patent information:

formula:
Product/CAS-D: 58684
Product/CHEBI: 17478.16908.15378 24636

Product/PubChemiD: 337133063380

Reaction conditions:

Ed.), The Enzymes, 3rd ed., vol. 11, Academic Press, New York, 1975, p. 103-190.

d evolutionary aspects.; Eur J Blochem 72:443-52 (1977)
Literature information:
I, H., Alcohol dehydroge: dy, H. and Myrback, K (Eds. ), The Enzymes, 2nd ed , vol 7, Academic Press, New York, 1963, p. 25-83,
$ [PMID:13605979). THEORELL H.; Kinetics and equilibia in the liver aicohol dehydrogenase sysiem ; Adv Enzymol Relat Subj Biochem 20.31-49 (1958)

sequence:

Data collector:

Data collection time: 2019-05-28 00.00.00.0

B3 T miEgE
Figure 3. Web pages of Industrial reaction enzyme database. A: The types of enzymes currently recorded in the
database and the proportion of enzyme source species. B: Examples of detailed information about the preservation of
enzymes in data records, including number, name, classification, source species, etc. C: Examples of reaction
information, including name, KEGG reaction number, reaction formula, etc. D: Examples of other information,
including public database information and patent document information.
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F 4. BioCatNet TR EZHIEEFIISEHEE(GRiTE 2020 £ 12 B)
Table 4. Family-specific enzyme database under BioCatNet infrastructure (status as December 2020)

Database name Enzyme class

Number of sequences Number of structures

CYPED Cytochrome P450

GH19ED Glycoside hydrolase 19

HYED Hydratase

IRED Imine reductase

LCCED Laccase and multicopper oxidase
LED Lipase

oTAED w-transaminase

SDRED Short-chain dehydrogenase/reductase
TEED Thiamine diphosphate-dependent enzymes
TEMLACED TEM lactamase

TTCED TriTerpene cyclase

52674 595
22461 27
2046 3
1409 8
51058 229
280638 1557
114655 234
168212 688
119567 308
483 65
2794 18
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Table 5. Information about microbial enzyme databases
Region Database Address Theme Reference
USA ThYme enzyme.chirc.iastate.edu Database for thioester-active enzymes [47]
PlantCAZyme cys.bios.niu.edu/plantcazyme Database for plant carbohydrate-active enzymes [48]
MetaCyc metacyc.org Pathway information of enzymes [20]
EcoCyc ecocyc.org Pathway information of enzymes in E. coli K12 [21]
TECRDB randr.nist.gov/enzyme/Default.aspx Thermodynamics of enzyme-catalyzed reactions [49]
CASTLE castle.cbe.iastate.edu Carboxylic ester hydrolases [50]
REBASE rebase.neb.com Database for DNA restriction and modification [51]
SFLD sfld.rbvi.ucsf.edu Sequence-structure-function relation of enzymes  [14]
LAHEDES homingendonuclease.net LAGLIDADG homing endonuclease database [52]
ProtaBank protabank.org Enzyme engineering data [33]
Europe SDRED sdred.biocatnet.de The short-chain dehydrogenase/reductase engineering [53]
database
IntEnz ebi.ac.uk/intenz Enzyme classification and nomenclature [8]
ExplorEnz enzyme-database.org Enzyme classification and nomenclature [7]
ENZYME expasy.org/enzyme Enzyme classification and nomenclature [9]
M-CSA ebi.ac.uk/thornton-srv/m-csa Enzyme reaction mechanisms and active sites [10]
BRENDA brenda-enzymes.org Comprehensive enzyme information database [16]
MERPOS ebi.ac.uk/merops Database of proteolytic enzymes [24]
EAWAG-BBD eawag-bbd.ethz.ch Biocatalysis/Biodegradation database [27]
MIBIG 2.0 mibig.secondarymetabolites.org Biosynthetic gene clusters of known function [30]
antiSMASH-DB  antismash-db.secondarymetabolites.org A comprehensive resource on secondary metabolite [31]
biosynthetic gene clusters
SABIO-RK sabio.h-its.org Biochemical reaction Kinetics [32]
BioCatNet biocatnet.de A repository of sequence, structure and biocatalytic data [34]
on protein families to facilitate protein engineering
CYPED cyped.biocatnet.de Cytochrome P450 monooxygenases [54]
GH19ED gh19ed.biocatnet.de Glycoside hydrolase 19 engineering database -
HYED hyed.biocatnet.de Hydratase engineering database -
IRED ired.biocatnet.de imine reductase database [55]
LCCED Icced.biocatnet.de Laccase and multicopper oxidase engineering database [56]
LED led.biocatnet.de Lipase engineering database [57]
0TAED otaed.biocatnet.de wo-Transaminase engineering database [58]
TEED teed.biocatnet.de Thiamine diphosphate-dependent enzymes engineering [59]
database
TEMLACED temlaced.biocatnet.de TEM lactamase database [60]
TTCED ttced.biocatnet.de Triterpene cyclase database [61]
Cofactor database ebi.ac.uk/thornton-srv/databases/CoFactor Organic cofactors in enzyme [62]
MuteinDB muteindb.genome.tugraz.at Substrates, products and enzymatic reactions linked [36]
with variants
CAzZy cazy.org Carbohydrate-active enzymes database [22]
beta-lactamase ifr48.timone.univ-mrs.fr/beta-lactamase/  Database of B-lactamase enzymes [25]
public
ESTHER bioweb.supagro.inra.fr/esther Database of the o/B-hydrolase fold superfamily of proteins [26]
PLPMDB studiofmp.com/plpmdb/index Pyridoxal-5'-phosphate dependent enzymes [63]
China  UPObase upobase.bioinformaticsreview.com Database of unspecific peroxygenases [64]
dbCAN-seq beb.unl.edu/dbCAN_seq Database =~ of  carbohydrate-active  enzyme [23]
(CAZyme) sequence and annotation
EnzyMine rxnfinder.org/enzymine Database for enzyme function annotation with [19]
enzymatic reaction chemical feature
INdRED casbrc.org/servicedata.jsp Industrial reaction enzyme database -
South FCPD p450.riceblast.snu.ac.kr Fungal cytochrome P450 database [65]
Korea
India BioFuelDB metabiosys.iiserb.ac.in/biofueldb/index.  Enzymes involved in biofuels production [29]
html
Japan KEGG ENZYME genome.jp/kegg/annotation/enzyme.html  Enzyme and metabolism [18]
EzCatDB ezcatdb.cbrc.jp Enzyme reaction database [13]
MetaBioME metasystems.riken.jp/metabiome Commercially useful enzymes in metagenomic data [28]
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Development and applications of enzyme databases
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Abstract: Enzymes catalyze most biochemical reactions in living organisms, and the high efficiency, chemo-,
regio- and stereoselectivity make enzymes appealing catalysts in many fields. The digitalization of enzyme-related
information is of great importance to both academic research and industrial applications. Microbial enzyme
resource databases establish foundations for the mining, engineering, and utilization of new biocatalysts. This
mini-review will briefly introduce the current development of enzyme databases and discuss the enzyme resources
applications facilitated by databases.
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