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Study of in Silico Simulation Method for Dynamic Network
Model in Lactic Acid Bacteria
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{Uisub Jung, Hyewon Lee, and Jinwon Lee)

Abstract : We have newly constructed an i silico model of fermentative metabolism for Lactococcis lactis in order to

analyze the characteristics of metabolite flux for dynamic network. A rigorous mathematical model for metabolic flux has been
developed and simulation researches have been performed by using GEPASI program. In this simulation task, we were able to
predict the whole flux distnbution trend for lactate metabolism and analyze the flux ratio on the pyruvate branch point by
using metabolic flux analysis(MFA). And we have studied flux control coefficients of key reaction steps in the meodel by
using metabolic control analysis(MCA). The role of pyruvate branch seems to be essential for the secretion of lactate and
other organic byproducts. Then we have made an effort to clucidate its metabolic regulation characteristies and kev reaction

steps, and find an optimal condition for the production of lactate.
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Fig. 1. Method of dynamic modeling construction for Lactococcus
lactis.
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Table 1. Stoichiometry for Lactococcus lactis metabolic network.

Reaction Stoichiometry
name
GLCT GLC, & GLG
HK GLC+PEP = G6P+PYR
PGI G6P <= F6P
PFK F6P+ATP = F16P+ADP
ALD F16P < GAP+DHAP
GAPDH GAP+NADH < BPG+NAD
PGK BPG+ADP < P3G+ATP
PGM P3G < P2G
ENO P2G < PEP
PYK PEP+ADP < PYR+ATP
ATPase ATP = ADP
TIM DHAP < GAP
LDH PYR+NAD < NADH+LAC
PDH PYR+NAD+COA = NADH+ACCOA
PTA ACCOA+P & ACP+COA
ACK ACP+ADP < AC+ATP
ACALDH ACCOA+NADH < ACAL+NAD
ADH ACAL+NADH < ETOH+NAD
ALS PYR & ACLAC
ALDC ACLAC = ACET;
ACETDH ACET+NAD < BUT+NADH
NOX NADH+O, = NAD
NEALC ACLAC = ACET;
ACETEFF ACET; = ACET
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Table 2. Initial metabolites concentration at steady state.

Metabolites | Concentration | Metabolites | Conceniration
GLCo 2.00E+H00 PYR 2.90E035
GLCG 1.02E+H0 LAC 1.00E01
ATP 1.78E:+H00 CcOoA 1.00E+HO

G6P 1.42E02 ACCOA 1.83E4
ADP 8.22E+H00 P 5.00EHO
FoP 1.85E03 ACP 2.55E05
F16P 284E07 AC 2.00E-02
GAP 3.52E07 ACAT. 6.16E-10
DHAP 8.12E06 ETOH 1.00E-05
NADH 1.69EQ3 ACLAC 1.52E-10
NAD 5.00E+H00 ACETL 9.30E-13
BPG 3.32E05 BUT 1.00E-05
PG 1.16E06 o2 1.00E01
P2G 1.06E06 ACETo 1.00E01
PEP 4 45E06
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Fig. 2. Concentration change in time course for lactate (glucose
concentration 20mM).
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Fig. 4. Concentration change and flux change of time course for
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3. AA) B8 s FCCak

Flux control Flux control
coefficient Value coefficient Value
C(J(HK),HK) 0.49 C(J(LDH),LDH) 1
C(J(PQGI),PGI) 0 C(J(PDH),PDH) 1
C(J(PFK),PFK) 0 C(J(PTA),PTA) 0
C(J(ALD),ALD) 0 C(J(ACK),ACK) 0
C(J(GAPDH), 0 C(J(ACALDH), 0
GAPDH) ACALDH)
C(J(PGK),PGK) 0 C(J(ADH),ADH) 0.9966
CJ(PGM),PGM) 0 C(J(ALS),ALS) 0
C(J(ALDC),
C(J(ENO),ENO) 0 ALDC) 0
C(J(ACETDH),
C(J(PYK),PYK) -0.3782 ACETDH) 0
C(J(ATPase),
ATPase) -0.3491 CU(NOX),NOX) 0
C(J(NEALC),
C(J(TIM), TIM) 0 NEALC) 0
C(J(ACETEFF),
ACETEFF) 0 C(J(PFL),PFL) 0
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Table4. Abbreviation of enzymes.

829

Abbreviation Definition Abbreviation Definition Abbreviation Definition
HK hexokinase ENO enolase ALS acetolactate syntase
PGI phosphoglucoisomerase PYK pyruvate kinase ALDC acetolactate decarboxylase
PFK phosphofructokinase- 1 LDH lactate dehydrogenase ACETEFF acetoin efflux
ALD aldolase PDH pyruvate dehydrogenase ACETDH acetoin dehydrogenase
TIM triosephosphate isomerase ACALDH | acetaldehyde dehydrogenase ATPase ATPase
Gappy | gyeeraldehyde 3-phosphate | 1y alcohol dehydrogenase NOX NADH oxidase
dehydrogenase
PGK phosphoglycerate kinase PTA phosphotransacetylase
PGM phosphoglycerate mutase ACK acetate kinase FDH formate dehydrogenase
® 5 WA ool
Table 5. Abbreviation of metabolites.
Abbreviation Definition Abbreviation Definition
GLC glucose EtOH ethanol
G6P glucose 6-phosphate Acetyl-P acetyl phosphate
Fop fructose 6-phosphate Acetate acetate
F16P fructose 1,6-bisphosphate AcetoLAC acetolactate
GAP glyceraldehyde 3-phosphate Acetoin(in) Acetoin in
DHAP dihydroxyacetone phosphate Acetoin(out) Acetoin out
13P2DG(13BPG) 1,3-bisphosphoglycerate Butanediol Butanediol
3PDGL 3-phosphoglycerate Formate Formate
2PDGL 2-phosphoglycerate ATP adenosine 5-triphosphate
PEP phosphoenol pyruvate ADP adenosine 5-diphosphate
PYR pyruvate AMP adenosine 5-monophosphate
LAC lactate NADH nicotinamide adenine dinucleotide(reduced form)
ACCOA Acetyl-CoA N . . . .
Acctaldehyde acetaldehyde NAD nicotinamide adenine dinucleotide(oxidized form)
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