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Genome-scale metabolic network reconstruction and minimal genome research
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Abstract: Genome-scale metabolic network reconstruction has become indispensable framework for systematically
exploring and understanding biological system by integrating various —omics data and taking advantages of
computational simulation and analysis. The complex metabolic properties of living organisms can be accurately
mimicked, predicted, controlled, and even re-designed by genome-scale metabolic network. This method has an
outstanding merit in the minimal genome research, which is one of the major subjects of synthetic biology. So far,
nearly 100 genome-scale metabolic networks have been published covering prokaryotes, archaea and eukaryotes.
Genome-scale metabolic reconstruction has a broad spectrum of basic and practical applications, including
biological discovery, metabolic engineering, phenotypic behavior, and bacteria evolution, and has been successfully
applied in medicine, energy, environmental, industrial, agricultural, and other fields. In this paper, the methods of
genome-scale metabolic network reconstruction, its application, as well as minimal genome research will be
reviewed briefly.
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SE R ORI K . GSMN 53 K41 741 i 36k I,
g A LN D e R A B, JE LA 4 Y B 1T (enzyme)
BT AL 1) 25 4k S W (biochemical reaction) #) & 4y
— AR R, SN TR - R - A R
(gene-protein-reaction, GPR) 2 [8] (i AH H.AE I, Ml
A I N B R AR T S L (in silico) HEAT
B e, JFH S0 Hes n LAS e, 32t AR .
GSMN 770 FIH T & Fhdl 2 5dls, MRS R,
EH AR AR N 25 Tl 531 100 48 1) DA AR B TR AT 9 38
FRBHE R 2. B, B2 58 N A amiE 3l I
PR K. GSMN Ryt ity H bR, 153NS n) g
TR SUEY RGN HIRERL, BR X AW iA DL A
YIS AR B T A, R, E
& AR ) S R S ) - A AR O T B
GSMN JjVE 151 2 AL )2 R I K i 9T b R H G
FEAEN, R R A A BRI YERFA0 A dr T 75
BAEI — AH bTF I ) /NIRRT Apde
A s GSMN AR AR5 J7 TR AT )2 I S b v
O e e 2. Bedss AEE. TolFIRM S 2
AR FE I HE R PR I FH i S AR RV )
1.1 2ERETEERGWEREET X

A DR A AR 9 3% 1R A 8 77 1k L AR Rk
]z MO AT R AR T GSMNs, K 1 AR
B2 TAEELR S R AL B T R R R
XAV GSMNs. KT Tk, EANCSEf T
oo U, A SCEB K 4 A SIS DT (1

U F Burkholderia cenocepacia 4=5E K ZHAX 5
2 USy, MEHE MO 938 GSMN (R kg 2t ik

EEXIANRIEGE, WA AN )8 X, fEahE
DRI ZE ARG 9 23 AL RIS T AR 19 245 P IR 2«
F— MR 53+ (metabolite) #&—4>717 /4 (node) ;
EF U R (edge) & EAL N, A T7 )5
AN REAT ) S 1) — 55 s BEAS SO R S 1R Bl A
. (protein->reaction), 11y &FANRE & Il / H5 it X
FHOFH Y. R 3 IR 4 ) (gene->protein).  [A] 1L, il 3% 4%
THEDR L AR SN TR AR AR

GSMN [{JRE M S I, A4
TFILMMEE  BIBERE (initial modeling) ; U523
(model gap-filling) ; K& 45 Y (RIS HEL 53 Ar A1A7) 20 T
M| (model-based analysis and preliminary prediction) ;
Fi A9 56 F (model validation) ; #f — 20 5¢ 3 i Y
(remodeling). & DUANBY BRI R, HEAGHE A
MERA. WTEERIRIRY. L, WIAREEMNES AR
IR AP B A, S FE R T et B A & A A= 4
Hod BEEUR (B0 GenBank!™, KEGG™., UniProt™",
BRENDA™, TCDB™. TransportDB"", BiGG™),
W AR AR TN - B 15T - AR A SO (GPR)
IR R EAE ] o S AR AN SRR, A7 AE
BRI 2B 1 (gap), 3 EUR B ARG Y 48 R R AN
REREAT A IE W A hRe, Lo, Ared el A= fr
T AR 7 (DNAL RNA, 2 B, JlE3E.
cofactor, %5 ), 7Bk — A48 AW Eds 72 A SR

®l BE. TEFHAREYH ELXRMNEXEMRIGSMN

Organism Model No. of genes/reactions/metabolites Reference
Bacteria
Escherichia coli iJR904 904/931/625 Reed et al., 2003 [1]
Staphylococcus aureus iSB619 619/724/571 Becker and Palsson, 2005 [2]
Bacillus subtilis iYO844 844/1245/988 Oh et al., 2007 [3]
Mycobacterium tuberculosis GSMN-TB 726/849/739 Beste et al., 2007 [4]
Pseudomonas putida iJIN746 746/950/911 Nogales et al., 2008 [5]
Salmonella typhimurium iRR1083 10831087/744 Raghunathan et al., 2009 [6]
Clostridium thermocellum iSR432 432/577/525 Roberts et al., 2010 [7]
Archaea
Methanosarcina barkeri iAF692 692/619/558 Feist et al., 2006 [8]
Halobacterium salinarum None 490/711/557 Gonzalez et al., 2008 [9]
Eukaryotes
Saccharomyces cerevisiae iFF708 708/1175/584 Forster et al., 2003 [10]
Homo sapiens Recon 1 1496/3311/2712 Duarte et al., 2007 [11]
Aspergillus nidulans iHD666 666/1213/732 David et al., 2008 [12]
Arabidopis thaliana AraGEM 1419/1567/1748 de Oliveira Dal'Molin et al., 2010 [13]
Mus musculus iMM1415 1415/3726/2774 Sigurdsson et al ., 2010 [14]
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B ) B — i, BN AT RS, A
TEB 125, B H AT IEME—— N AT I e
g T g LA R R A KA R (1) T k. JE T4
W) oy M J7 A« P 1 43 A J7 7% (flux balance
analysis, FBA)™, L AUH V[ 23 47 (phenotype phase
plane analysis, PhPP)"" | Vi £ 2 5 2k B %)) (mixed
integer linear programming, MILP)®" | i 4% Stk /)
Mt (flux variability analysis, FVA)™*, JL 705, (elementary
modes)™ ¢ i B (extreme pathways)*” 25, 1,
FBA J7 vk A3k 2 W, it ikt £ ok
75 FBA J Al EIREA% . FBA W HI 2 P s it
Bk (linear programming), B2 40 Jo N [147) i £F B
frF IR N AL T IR, BRI IR RN, ik
Ao IR W2 A ot 2E v AR,
AT 2240, ARRE T2, i AR KR LR
55, BOE H AR R (il i B AR K A ), AT
AR BE, T AR A B R SO R A,
245 20 e A AR AS AR W 2 AR oA, S H
B R BB AT B A

FBA 73 #r A RiA an T -
max:cT -v
C
ZS,.J. v, =0 Vi € compounds

A R

Vain SV S Vi Vj € reactions

min

Horr, St B, S, R AERET R AT
57, R MWE TR i 25584
AR R AL s v AR R L, A R
BN FIAE AL Vi T Vi 20 990 52 5 A2 40
FANVAVE %N SN I UR T AD S Y K\ 2TV
[y B ) B, AR BEAN AL S N AT 4 B H bR
PR, JEH H bR R B0 E N ZE W) T (biomass) B K
10 2 B SR A A0 e e A KGR, biomass [ 4 %
JAAA G Py L S 4G . DA R IXeAE
LYAFIANGE L AL [R5 ST — AN AT B3 3 A
6], ) FH 2 PR R 50 R R SRAS 2 I R4 AT
(Rt HARRRUE, JFRAS 58 3R /. H
I, O T T TH AR 28 T 20 U 0 i T
H., 41 COBRA (constraints based reconstruction and
analysis)”, iZ477F Matlab ¥4 K.

1.3 £ERF TG B MR 2 A5 A

Ik DR AU 190 28 A5 28 Oy 28 G 7K1 PR AR A= )
A BEACH R 1, B A AT A BRI EBT
AT SOES AL T ARAESE, s TR R
JAFF i GSMNU [ R T AT 432 BA R K2 B0 (1)
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FED /AR @ AR R R B s g TN ), A A L B A
R UF IRk, RERE A7 v B I = 4. (2) 5
DheEeyE R e, M GSMN & e A At
M ALAE B, I 46 HARSE R £ (W BIOLOG),
RE % 5 I Ty e 3 B AN 1E A 1l ol /D 1) 0 R 1
DRlo (3) T i BT 40 B oA 30 1) 2 RS . A
AT BRI 1 AR A A B TR () 5 ), 43 AT SRR 1)
SR 25 SO AR P DL S AR g A2 AT MR LE AR AL,
(4) 53 A 7 AL ) A 24 T A TR R Pk o i e & R
BN, MG RENRNES. 6) #st. FH
KR ) GSMN A 2k — S W FioRs s 16 388 4% F1 AR
TR i, AL AR FP AR BY. (1) GSMN #E47 E A
I3 M AR AL Fo R KPS DR A R A /AR
gt
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F e 26 ] A 10 AR W eI 0 AR, B B
it o R REUE T AR R, HAT S s A X
(3) A=y, S [E Keasling #0432 415 (1 0F 50
/N ZH RS T b SO Kl R AR B SR 25 ) T
= DL R T AR G DR IURER L A )
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