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Progress in genome-scale metabolic network: a review
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Abstract: Dozens of genome-scale metabolic networks have been reconstructed by integrating information from various
databases on genes, proteins, metabolites and validated by experiment data from the literature. The reconstructed networks can be
used to quantitatively investigate the interactions between components of a biological system at a system level. Such theoretical study
could help us understand the organization principle of the large scale network and thus provide guidance to strain optimization
through metabolic engineering technology. In this review, we evaluate the methods for the reconstruction, analysis and application of
genome-scale metabolic networks. The difficulties and perspectives on this emerging research field are also discussed.

Keywords: genome-scale, metabolic network, systems biology, metabolic engineering

1995 4E | 55— AW Bl i B0 UFF T Haemophilus 520 (FLHPAHTE 1 079 £k, H 4076 83 ¥k, HEAZAEWY)
influenzae Rd 4> LD 5 51000 5 5 1Y, BE 2 129 ANy, SR 1T Gn ] e 25 i A FH st B R A 50
PP BRI, TP A WA WA, BubzE S AIRRFE R E R, REDS 4 RUEE A8 100 205wt J2: L
201046 H 4 H, 44 1291 MR ERERANF APV A RS B Oy 2E6 38 i 3 N -8 -

Received: June 9, 2010; Accepted: August 11, 2010

Supported by: National Basic Research Program of China (973 Program) (No. 2007CB707802), National Natural Science Foundation of China (Nos.
20806055, 20875068), Development Project of Science and Technology of Tianjin (No. 05YFGZGX04500), Program of Introducing Talents of
Discipline to Universities (No. B06006).

Corresponding author: Xueming Zhao. Tel/Fax: +86-22-27406770; E-mail: xmzhao@tju.edu.cn

[ % i SRR R (973 1K) (No. 2007CB707802), [ 5K HAAKF =4 (Nos. 20806055, 20875068), R iliBHE & et (No.
05YFGZGX04500), %5248 2 RBHIH 51 871 %I (No. B06006) ¥t 1),



FHESE: RN A R 2% WF e ok Jie

1341

FAE. G AR MR AE Y AR AR 7 . B8 ok,
A Z YR AL R I R ek, BN AL
AN X IO ) i PR 2H RORE A 0 2 A 5 R H i AT
58 NPT 87 >k PRI 4 RURE A5 I 28 A 2 g 7 S8 i
(GSMNDB: http://synbio.tju.edu.cn/GSMNDB/gsmndb.
htm), HACR /T 2 A BCE: (181 1),
ERGX MR R INA R, Hpi B2 3 AR

W B, mMTEREAEEFNR, NP
R HH R 118 32 DR AR 22 02 2R R ) BE 114 22 DR R 2
SPGB PR 2 R AR I 45 b R K
AN AN TAE, XA AR AR FE 110 T
PEW, B, i FIRATRAR Z Y R A: 358 A= AL AL ]
TIRARR, BB i o BRI KT, 98
R 2 Az i % Sl AL A AR

1400 —— Total no. of genome sequenecing 90
—— Total no. of models 20
1200
o 470
g
) 1000
g 760 =
E
2 800f 50 E
= G
=] =]
%:’n 140 g
) 600 [ v
S o
g 30 &
§ 400 ¢
120
ZOO;J/ 110
0 1 1 1 1 1 1 0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

1 ENFHHMIIEEMEIERARERHTNEEELE

Fig. 1 The number of sequenced species and reconstructed genome-scale metabolic networks.
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Table 1

Databases frequently used for reconstruction of genome-scale metabolic network

Databases Website

Description

Genome sequence and annotation databases

A free website used to display information on all of the

CMR http://cmr.jevi.org/tigr-scripts/CMR/CmrHomePage.cgi/ publicly available, complete prokaryotic genomes

DDB] http://www.ddbj.nig.ac.jp/index-c.html Nucleotide sequence and their biological annotation
database

DEG http:/tubic. tju.cdu.cn/deg/ DEG hosts.records of current}y available essential genes
among a wide range of organisms

EMBL htp://www.ebi.ac.uk/embl/ Gengme databases for vertebrates and other eukaryotic
species

. . . The NIH genetic sequence database, an annotated collection
GenBank http://www.ncbi.nlm.nih.gov/Genbank/ of all publicly available DNA sequences
KEGG http://www.genome.jp/kegg/ A comprehensive database of biological systems, including

Protein, enzyme and gene expression databases

BRENDA http://www.brenda-enzymes.info/
ExPASy http://www.expasy.org/

TCDB http://www.tcdb.org/

TransportDB http://www.membranetransport.org/
UniProt http://www.uniprot.org/

Metabolic databases

BioCyc http://biocyc.org/

EMP http://www.ergo-light.com/EMP/indexing.html
Reactome http://www.reactome.org/

Literatures

Pubmed http://www.ncbi.nlm.nih.gov/entrez/

Metabolic networks

BiGG http://bigg.ucsd.edu/

GSMNDB http://synbio.tju.edu.cn/GSMNDB/gsmndb.htm

genes, enzymes, metabolites, reactions and pathways

The comprehensive enzyme information system

Analysis of protein sequences and structures

A comprehensive IUBMB approved classification system for
membrane transport proteins known as the Transporter
Classification system

A comprehensive database resource of information on
cytoplasmic membrane transporters and outer membrane
channels in organisms whose complete genome sequences
are available

A comprehensive, high-quality and freely accessible
resource of protein sequence and functional information

A collection of 376 Pathway/Genome Databases
Enzymes and metabolic pathways database

A curated knowledgebase of biological pathways

It includes over 18 million citations from MEDLINE and
other life science journals for biomedical articles back to
1948

A database about many reconstructed metabolic networks

All genome-scale metabolic network which were published
are collected in this database.
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Table 2 Engineered strain improvement using genome-
scale metabolic network
Product Strain Model Strategy
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