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Abstract: Elementary mode analysis is the widely applied tool in metabolic pathway analysis. Studies based on
elementary mode analysis (EMA) were performed for both metabolic network and signal transduction network. Its
analytical objective is from cell to bioreactor, and even ecological system. EMA is available to describe biological
behaviors by steady state and dynamic models. Not only microorganism metabolism but also human health could be
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evaluated by EMA. The algorithms and software for calculating elementary mode (EM) were analyzed. The applications of

EMA are reviewed such as special metabolic pathway and robustness of metabolic network, metabolic flux decomposition,

metabolic flux analysis at steady state, dynamic model and bioprocess simulation, network structure and regulation, strain

design and signal transduction network. Solving combinatorial explosion, exploring the relations between EM and

metabolic regulation, and improving the algorithm efficiency of strain design are important issues of EMA in future.
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Fig. 1 Applications of elementary mode analysis.
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Table 1 Optimization algorithms of elementary mode coefficients
No. Programming Objective function Reference
1 MILP Minimal number of EM 6
2 LP Maximal biomass formation 37
3 QP Minimal norm 37
4 NLP Maximal entropy 37
5 MIQP Maximizing activity of short pathway 38
6 MILP Iterative scheme of decomposability check 39
7 MIQP Maximizing activity of short pathway with thermodynamic constraint 40

LP: linear programming; QP: quadratic programming; NLP: nonlinear programming; MILP: mixed integer linear

programming; MIQP: mixed integer quadratic programming.
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Fig. 2 Elementary mode coefficients calculated by
Maximum Entropy Principle (MEP) and Quadratic
Programming(QP) for S. cerevisiae (u=0.3).
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RS o W LGRS AR e T B SR
SRR . R R . R Rt R RIA S, DA
7 B AF 9 38 AR R A B A — A AR R G
SEE PREALER, i i Rk s iR A s
L TRAEE A RACEEEN XSCRAN K TR 5t
N RBGE SR TR HESE , R RS AW

*2 EnRAoHERIZITEG
Table 2 Examples of Strain Design by EMA

HOMG R AR K, RN TR ES
FARCT= P R e R, SRR TR UGERY
FAYIE . E RN R IR | Al o 25 AT
R B A1 ER 9 T et 7 A L R G
T 20 AT Pl R 2 il S5 1S PO R e 28 AT B 2 A2
Tk, L5 TRER 0] LUA BB EN 61% , &
A BRI 2.3 A5 R T 2 i PR R 2 2
VUHAHCA Y, BETH AT L8 40 g, SEPLE{EAY
909" ; KIAHT B8 2 B DR iR 28 AR A 2 2
R RE I LR 4 501, S IR,
JURR R BOTH AR (I 2).

HE T IO T I R BT SR A P
— RIS T 2R, OO
XTI T 732, DR B REAS HEA T A W I
[l AR 7 H bR P B, mlbr AR R
AR AR R A BUAR A, A=
RZ, MG F T IR E RS N L 2 o i HL
— R, IX IS R A AR )
o 53— AR P45 e Y . i
AT A TR H R4 R, D H

Species Targets Strategy EMs Reference
E. coli BT, iBT Multiple gene deletion 7347 [67]
B. subtilis iBT Multiple gene deletion 11342 [68]
K. pneumoniae 1,3PD Overexpression - [69]
E. coli ET Multiple gene deletion >15000 [70]
E. coli DA Multiple gene deletion 29532 [71]
E. coli Lipid Single gene deletion 168 [72]
E. coli iBT Multiple gene deletion 38219 [73]

BT: n-butanol; iBT: isobutanol; 1,3PD: 1,3-propanediol; ET: ethonal; DA: diapolycopendioic acid; —: no information.

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



BT FETRASTEEMRNEFRES TR A

BRP= B R P R R AR ) 5 iR B, 74
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Flux Design #4811 5CHk, F-4k H =95
Fek Mt B PR TR IE I, IR LS R AT A
(60 NFUN) FIERHEE (220 IR R lo51%
BT WU IR IR A =T, CASOP i FE T
FPEA 07 o ok o 4 o e 2 3k A B 1 B
R DRI B R 77 2R, %30 107 A4S SR K T
RS Ay {51 2 58 T 3R 3R 15 AR UYL Flux
Design Fll CASOP {X g4 i PR ik, miAs 3¢
VB T e 1) ik R) i 4 3 5t B T DA E et A A
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i H B

27 ESESEN%
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K E R AUR TR, M E SR REERN
W, 7F CellNetAnzlyzer H, 50T LAKE 2 F Bt
T AR5 516 F RIS (551 S M4t
M 28 0%, T BT RS B A

iy, IR S 1L 5 M AN 28 RGP (s
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EETREIN-9e- N 27/ Pun i PSSR
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