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more and more attention towards a novel cellular factory due to the recently rapid development in genomics and genetic
operation toolboxes for Corynebacterium. However, compared to other model organisms such as Escherichia coli, there
were few studies on its metabolic regulation, especially a genome-scale integrated cellular network model currently missing
for Corynebacterium, which hindered the systematic study of Corynebacterium glutamicum and large-scale rational design
and optimization for strains. Here, by gathering relevant information from a number of public databases, we successfully
constructed an integrated cellular network, which was composed of 1 384 reactions, 1 276 metabolites, 88 transcriptional
factors and 999 pairs of transcriptional regulatory relationships. The transcriptional regulatory sub-network could be
arranged into five layers and the metabolic sub-network presented a clear bow-tie structure. We proposed a new method to
extract complex metabolic and regulatory sub-network for product-orientated study taking lysine biosynthesis as an
example. The metabolic and regulatory sub-network extracted by our method was more close to the real functional network
than the simplex biochemical pathways. The results would be greatly helpful for understanding the high-yielding

biomechanism for amino acids and the re-design of the industrial strains.

Keywords: Corynebacterium glutamicum, transcriptional regulatory network, metabolic network, integrated cellular network,
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The decomposition of TRN of Corynebacterium glutamicum. (A) Carbohydrate metabolism. (B) Cell division

and septation. (C) Macroelement and metal homeostasis. (D) SOS and stress response. (E) Specific biosynthesis and

transport pathways.
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Table 1
glutamicum

Statistic analysis of target genes and modules which are regulated by regulons in Corynebacterium

Gene  Gene Functional annotation Number Number  Number  Number Is global

ID name of DTG of DRM  of DITG of DIRM regulon?
cg0350  glxR frfgl;ii;);g :rfe acetate/gluconate metabolism 151 5 196 5 True
cgls6l vel E;;()))np;ggpi)tri)osgnthetase involved in sigma factor 3 3 152 5 True
cg2831 ramA Dual regulator of carbon metabolism 54 3 106 4 True
cg0876  sigH igio rslisima factor involved in global stress 67 4 99 4 True
cg2103 dtxR  Dual regulator of iron metabolism 63 4 80 4 True
cg0444 ramB Repressor of acetate metabolism 53 4 54 4 True
cg2114 lexA  Dual regulator of SOS response 48 5 51 5 True
cg3253 mcbR Repressor of sulfur metabolism 45 2 50 2 False
cg0986 amtR Repressor exerting global nitrogen control 39 3 39 3 False
cg2115 sugR Repressor involved in carbon metabolism 39 4 39 4 True
cg0156  cysR gjﬂ;ti ;Icl:gguels;cs)r of assimilatory sulfate 17 | 2 | False
cgll120 ripA  Repressor of iron protein expression 19 3 20 3 False

Note: only the regulons which regulate directly and indirectly no less than 20 target genes were listed above. DTG: direct

target genes; DRM: direct regulatory modules; DITG: direct and indirect target genes; DIRM: direct and indirect regulatory

modules.
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Fig. 2 The hierarchical structure of TRN of Corynebacterium glutamicum.
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Fig. 3 The GSMN model of Corynebacterium glutamicum. All the nodes represent metabolites. (A) GSMN
including the connections through currency metabolites. (B) GSMN not including the connections through currency

metabolites. The red lines with arrows correspond to irreversible reactions and the blue lines without arrows to

reversible reactions.
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F2 GSC Mz ER KB JLR O 5HY
Table 2 The top central metabolites with higher centrality in GSC

Metabolites h(lf ;l(t)—(z:)c Metabolites O?B;L(l)t_zc) C Metabolites (Xllgg—z)
Corynomycolic acid 18.19 Pyruvate 19.69 Pyruvate 37.77
C11437 16.34 Oxaloacetate 18.34 C00118 19.61
Formate 16.01 L-aspartate 18.02 D-riboseS-phosphate 15.58
C04465 15.96 Phosphoenolpyruvate 17.83 L-serine 14.64
Peptidoglycan 15.77 L-serine 17.78 Oxaloacetate 13.01
C11434 15.44 L-cysteine 17.49 D-fructose6-phosphate 12.53
C04691 15.40 Malate 17.19 D-glucose6-phosphate 12.01
N-formylkynurenine 15.34 L-alanine 17.14 L-tryptophan 11.48
C00118 15.22 N-acetylneuraminate 17.14 Acetyl-CoA 11.46
Acetate 15.20 Chorismate 16.98 C00119 10.95
D-riboseS-phosphate 15.10 Cystathionine 16.89 C03506 10.87
Pyruvate 15.06 Acetyl-CoA 16.87 Alpha, alpha-trehalose 10.53

Note: C11437 (1-deoxy-D-xylulose5-phosphate); C04465 (Trehalose Monocorynemycolate); C11434 (2-C-methyl-D-
erythritol-4-phosphate); C04691 (3-deoxy-D-arabino-heptonate7-phosphate); C00118 (D-Glyceraldehyde3-phosphate);
C00119 (5-Phos-pho-alpha-D-ribosel-diphosphate); C03506 (indole-3-glycerolphosphate).
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Fig. 6 The integrated cellular network of Corynebacterium glutamicum. pink cirle: gene; blue triangle: enzyme; green

diamond: metabolite; green yellow square: reaction; —activation; —] repression.
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Fig. 8 The metabolic and regulatory sub-network for lysine biosynthesis. (A) Lysine biosynthesis. (B) Other
biosynthesis. C, F, G and H represent enzyme-coding genes. D and E represent regulons. Circle: gene; diamond:
metabolite; square: reaction; arrow: the direction of material interaction.
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