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Abstract: The study of cellular networks is one of the hot research topics in systems biology. Com-
bining computational network models with experiment techniques, researchers can analyze complex
biological systems from a systemic perspective, and provide new hypothesis and guidance for bio-
logical discovery. In the last ten years, many methods for the reconstruction and analysis of ge-
nome-scale metabolic networks, gene regulatory networks and signal transduction networks have
been developed. The integration of these different types of biological networks is becoming a new
research hotspot recently. The study of integrated network raises many new challenges. In this paper,
we reviewed the methods for the reconstruction and analysis of integrated networks, with a particular
focus on the integrative models of metabolic and transcriptional regulatory networks as most re-
searches are on this type of integrated networks. We first gave a brief introduction of the different
cellular networks, and then discussed the reconstruction methods and the application of integrated
networks. In the end, the problems and future development directions were also discussed.

E£WE: HFK 973 XI5 H(No. 2012CB725203, 2011CBA00804); [ 863 XI5 H(No. 2012AA022103); K
7 FH Rl B T BB 52 X055 H (No. 12JCYBIC33000)
*BIAEZ: Tel: 86-22-24828735; X: ma_hw@tib.cas.cn
Yois BE: 2013-03-18; = HEA: 2013-05-14; s%EE= HAR B #(www.cnki.net): 2013-10-11



368 A=Yy~ 8 Microbiol. China

2014, Vol.41, No.2

Keywords: Genome-scale, Cellular networks, Integration methods, Integrated network

RGUEY) R — R REROKF ERE AN o)
TRV B LA AR A 40 28 GE A e A 1 00k
WFFE LA 1 22 G845 A [ 4R o3 =2 18] A AH LG 3
FAHEAR (B, Sanifs o4 U
A A . AR AR PR GE S AR SR SC R JE I R R
M), RGAEYF A RRAREB BN RS
AR T B AR o B REDRI TR AR B
AR, AIIRL% | AN (5= & 5 D e 4 R 2%
AT, el B AT ROR | AR AR
BORBIBIH , RGEY A B S AE AT X —
RZHAR, (EAL I V7 228 G PR AR XE . L2
RIS ], H T — I e AN [ 2
290 0 ) 45 ) B K, 30 o 4 R R 2% AT A ) R B
HARAHIAR, AR R A B AR
R e R A UL F A i 0 4 B T St i, e
ALAEACHH LS | SR IN R R 2% MR 5 5 S R 4545
e 2 A 0 205 R Syl 2 P 45 1) R

1 A M4 5K

YRI5 R R G R 2R B — g G, HaE
I AU R R SO0 , AR R S R oy
Mr 2 22 ) R 5 o 9T —FREAR 3R A= 4 53 7[Rl AH
A A 28 TR A T 45 o fidt RS TR 278 B A= )
W25 A HEATRIFSE , A0 45 | J S 45 I 2 Al
ERer i TEE S
1.1 EFREARERIGME

SR RO AR 26 ML R AL B o, 454
LRl RN RIS R PR B O SE B , A
R RE R AT A A A AR A LR
21 RUBE AR5 0 4 2 H BT 5 35032 R AR 1)
2, BRI O Rt . Rk FEA s
VU Sy, BVERIAE | G RIS | BR sk Bl
18 1E RN AL A BEAASE R B AR A BRI 4%
Fh A= 115 B8R )% (0 KEGG. BRENDA |, UniProt
SEEYVRISCHIR o MESCHE 3 0 Sk Hh 35S %) S A 5
BALRG . YRR | AR . SO AR

http://journals.im.ac.cn/wswxtbcn

fF B HIR, WX se Bl IR TE— &, Ma T X R
BERY Qe S, WS RN  On S A Z (]
FORIE s Bk, AT ER BB AME I, ORI
PRI ROBEAR M 4 B v TAR B B i — 3R,
T R E BRI T N TALIE . il DL B s, 15
A5 SRS T Wy 3 R - - b X6
5 LA R R B A TR (R R (ARG O R L RO
Dy SN i A T & 43 3 A I — N W A
Ty Ba, BN HEAL AR AT DR T RAL
B TR N RIS B T 2 PR 2 RO A o £ A
ARUAA% O R T R B RE i R A PR AT DL
U Vs 32 ECE SN W )
SBML (Systems biology markup language)#% =L 1T
T RBUEE ; SBML A Sl I RS
ST RSSO, AT DI R 2 80U s AR R
BIFHANERP, AR, HRHE 42 1 & Rt
TR A 1Y R R, 12O R S R | 2
£ 2 DR 2H 250 ) A DG A B, SRR L R
SRR MERR OIS R A TR, AR D sk 3
DRI (] @515 AR5 7R e LA I, 38 0 S0 50 ik 3 PR Dy g
T, e ASEIACIE L Y, NSRRI,
Z 7 A e 3 i A ) e A N 4%
R, A BT R DI RE L | T
P FEEF AR, UL A2 N A
JEUREE = B I A 0 B 2R B g S 1O Bk 3t
DRI 20 R AT X 28 4 2 512 T 5% SCHR[S-7], b
Palsson 557k 2010 4F & R SCE R PR 4 1 3
R 28 R 7 vk, 47 96 25, mT itk
A7 3 R AT RUOBEAR 3 X 25 1F 58 1 A2 ) TAE #3525 il
i 74h, ERESERE T —ANJE A R
AT PE(GSMNDB), A SCE# 2B 5 T8
P PR AR B | BRI T, HATiZBdEEhC
AT 135 D AR R AU P 2845
R EFEIEAZAEY) . EAZAE YR AT

TS PR ZH R A o 28 B A A T, A
Mo BN, KIBFic&f 72405, Bii



B R PR A R B s 2 i ) 245 A R AT 5

369

BB 18 R AT B 56 DR 4 RUBE AR I 458 2 2011
4F: Palsson 5T 20 & 1 1101366 £ 1101366
R JEE Ak 1k A 2l W v e e o 4 i AR 0
P £ AR A, AT LA AR Al 200 B AR T 45 A s 1 i
fittho J34h, FEMCIEA LA n] DApEA T R 2 ROBEAR
0 245 55 JHLAth 41 28 9 (U 3% R B 1 A 8 w2 SR 1A
LR
1.2 EFEREFHRIBIEMLE

A A IR N L AR, R
DNA 4 51(DNA microarray) i K& &, F=4E T
Vgt 11 35 DR 2 R R T R L R i AT R
Sy BTEE R ek B 2 B, FST LR AT RE, T L
AT FH A7 35 R 22 8] A A B TR 2 06 2R, AR 3 TR
el SR RIS DO 4% o R R Sk 4 ) 45 ) s S AN ] 1
FiN, A —A R e st B v, — 2 S A
T IZIEHE MG 3 F X3k, Pl ik Rt mif
S FAR G ORI k7= 5 24—
Wit BIRIE I RERE A s, e AR 4
FRLA A AR, AT L 42 B[R] 27 b 2 i HL i 3 PR
ik, HERW A SNRE; R, Z2NEENE
PR ARWAR L, e 75 20 i 0 A AR 2SR I 2R
b, (R RG T A ZR i B DR G S 45 05 B,
VR /5 R 75 i T A P T L 3 PR A A 8 s o) 4%
WFFE H FH ) e 22 BOREARL  ALLFARSI 45 1 44 2
5, T ST DO 285 P A SR FE AR AR | RN
AT B HAE R IR A G B A, —Fh 2
Hahfga, X7 EHFAR ) ChIP-chip SCHEHE, 1%
I A IR ST SRR AR G S DR R T AR
WA W SN 5 R FaR g 5 Fh
FEF LA AN SCRREE A . SRS, R H skl g
g 5 DR 2 0 SR A B e 8 %) B S 0 4 I 4% L, 7 e
IR ) DKM, SRR RS
B EAREE R SOE A g (2) DAL
SRR ) 7 2, P A E G SRR R S5 R s
FHSC I FR BT CANs ) PRE o Sk T F00 %o B g ik 3
DAL, X PR RN B A AL S TR, R R
PR 5T R 22 R A IR 28 T . 3 4h, B

TSN
CED D G

1 —/ N EREEEERIFEMLE

Figure 1 A simple gene transcriptional regulatory net-
work

e SR 1 RRAE R SR T 1 SR 2 SRR A SR T 2,
N S A SO DAR RS SR 3 3Rk MR, B 1 Xn]
VIR B BB 1R RIEXFCR, FrA B E A R
TG FR TG BT 58 I e (R e SRR P 45

Note: Gene | expressed and produces TF 1; Gene 2 expresses and
produces TF 2 which regulates Gene 3’s expression; meanwhile,
TF 1 can regulate Gene 1’s expression; All the relations between

genes and TFs form a complete transcriptional regulatory net-
work.
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Figure 2 A simple signal transduction network
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Note: Extracellular signals are received by receptor protein di-
rectly or indirectly and passed to transcription factors, whose

activities are changed, thus changing regulation state for target
genes.
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Figure 3 Association between metabolism and transcrip-
tional regulation
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Note: Transcriptional factors regulate the expression of target
genes; target genes express and produce proteins, such as en-
zymes; enzymes catalyze reactions which produce metabolites;
the concentration of enzymes and metabolites affect the activity
of transcriptional factors, which indirectly affect the expression
level of target genes.
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Figure 4 Comparison between PROM (A) and RFBA (B)
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Note: In PROM the gene state can take intermediate values; in
RFBA, the gene can only be completely on or off.
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Figure 5 Schematic diagram of the integrated cellular network
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Note: The integrated cellular network consists of two subnetworks; one is the signaling regulatory pathway (the oval above) in which

protein-protein interactions are presented and the other is the gene regulatory network (the oval below) in which transcription regulations
exist; the transcription factors serve as the interface between the signaling regulatory pathway and the gene regulatory network.
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