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Abstract: With the advent of the post-genomic era, metabolic engineering of microorganisms plays an increasingly important
role in industrial production. The genome-scale metabolic model (GSMM) integrates all known metabolic information in the
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organism to provide an optimal platform for global understanding of the metabolic state of the organism and rational guidance
for metabolic engineering. As a model strain, Lactococcus lactis NZ9000 plays an important role in industrial fermentation,
but there is still no specific genome-scale metabolic model for it. Based on genomic function annotation and comparative
genomics, we constructed the first genome-scale metabolic model iWK557 of L. lactis NZ9000, which contains 557 genes,
668 metabolites, and 840 reactions, and further verified at both qualitative and quantitative levels, to provide a good tool for

rationally guiding metabolic engineering.

Keywords: Lactococcus lactis NZ9000, genome-scale metabolic model, model validation, systems biology
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Table 1 Comparison of substrate utilization ability
of the model and strain
Experimental results

Simulation results
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i Cell Lactat_e Cell Lactat_e
growth production growth production

Glucose + + +
Starch + + + +
Cellose + + + +
Fructose + + + +
Galactose + + + +
Lactose + + + +
Maltcose + + + +
Mannose + + + +
Sucrose + + + +
Trehalose + + + +
Galactitol + + + +
Inositol + + + +
Mannitol + + + A
Sorbitol + + + +
Pyruvate + + + +
Xylose - - - -
Ribose + + + +
Melibiose +
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Fig. 1 Qualitative experiment chart. (A) Cell growth, glucose consumption and lactic acid production curve of L. lactis
NZ9000. (B) Specific growth rate, glucose specific consumption rate and lactate specific production rate curve of
L. lactis NZ9000.

F2 TEERBERE
Table 2 Comparison of quantitative simulation results
Project 0.05 (hl) 0.25 (h™) 0.40 (h™) 0.45 (h™)
Insilico D (%) In silico D (%) In silico D (%) In silico D (%)
P 0.050 4 0.80 0.23 6.16 0.36 7.70 0.457 6 1.68
LPR™  0.9200 4.16 4.20 6.87 18.32 0.43 27.600 0 5.39
APR™  1.4300 4.24 4.32 7.51 2.48 8.87 1.390 0 1.27

": u represents specific growth rate; : LPR represents lactate production rate; ~ : APR represents acetate production
rate; ~: D represents deviation.
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Fig. 2 Metabolic subsystems distribution of iWK557.
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Fig. 3 Metabolic subsystems distribution for specific reactions in iWK557.
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Fz3 FABRIIKEEFELA K GSMM 4F1E bk 3
Table 3 Comparison of genome characteristics and
characteristics of the models of Lactococcus lactis

Parameter L. lactis L. lactis L. lactis
NZ9000 MG1363 111403

Genomic
information
Total length (Mb) 2.53 2.52 2.36
Protein count 2 314.00 2 563.00 2 310.00
GC (%) 35.70 35.70 35.30
Model contents
Total reactions 840.00 754.00 621.00
Internal reactions 601.00 530.00 492.00
Transport reactions 116.00 119.00 129.00
Metabolites 668.00 650.00 422.00
Gene 557.00 518.00 358.00
Gene coverage (%) 23.89 22.23 15.72
Compartment (c, e) (c, e) (c, e)

3 i

FEAMFFE H, ST HE DK 2 T RE T A g 3k
D4 2F R EE T L. lactis NZ9000 At B 44> 3 K 2H #
REAC M gAY, o HoAiw %48 IWKSE57, Jd it
PEFE BT AT IWKS57 47 T35, ML
ZEREOR, AR IWKSE57 Xt AS [R] i a4 A 400 75l
R G0 AE 5, 1B IWKS557 RERS IEN R
AIE TR AR A R0 0 T8 3k R A1 e ok BB ) 4 i
ik 5 B 5 7E 434t & B A AE AL SE g0 %t IWKS57 Xt
PR A B L W 8 T 1) o A 1 AT R G
IE, BOFH e 22 ANt 5%, f 22 R m AL T 10%),
Ui B IWK557 BEAS HERH FII L. lactis NZ9000 4=
RKAF=HHE i, S e il B 52 A BRI

TEJGBEBEsE R, 4 FH IWK557 XF L. lactis
NZ9000 1 N FR A T4 ML HEA T 42 5 2 #r , LA
WM SR, LA AR, ARSI R
PRSI AT AU 2 43 AT AR G ) A 2
PEFE A AR GE .
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