Supplemental material 2 – Corynebacterium glutamicum
The metabolic reactions of the metabolic model of Corynebacterium glutamicum for lysine production were derived from the recently published genome scale metabolic model [1]. The biomass composition was taken from Marx et al. [2]. 
Table B1: Stoichiometric equations of the metabolic model of C. glutamicum. The units of stoichiometric coefficients are in “mol” if not other mentioned in brackets beside the subheadings. ‘-->’ indicates irreversible reaction, ‘<==>’ indicates reversible reaction.
	Description
	Metabolic reactions

	
	Transport reactions

	glucose import
	--> GLC[e]

	biomass export
	biomass[c] -->

	lysine export
	LYS[c] -->

	maintenance export
	ATPmaintenance[c] -->

	sulfate import
	--> SO4[e]

	carbon dioxide export
	CO2[c] -->

	oxygen import
	--> O2[c]

	ammonium import
	--> NH3[c]

	maintenance 
	ATP[c] --> ADP[c] + ATPmaintenance[c]

	
	

	
	

	gene name / ORF
	Embden-Meyerhoff-Parnas pathways / Gluconeogenesis

	GLC_in_PEP / Q45298
	PEP[c] + GLC[e] --> PYR[c] + G6P[c]

	pgi / Q8NS31
	G6P[c] <==> F6P[c]

	pfkA / Q8NR14
	ATP[c] + F6P[c] --> ADP[c] + F-16-BP[c]

	fda / P19537
	F-16-BP[c] <==> GA3P[c] + DAHP[c]

	tpiA / P19583
	DHAP[c] <==> GA3P[c]

	gapA / Q01651
	GA3P[c] + NAD[c] <==> 13-PG[c] + NADH[c]

	pgk / Q01655
	ADP[c] + 13-PG[c] --> ATP[c] + 3-PG[c]

	pgm / Q8NTA5
	3-PG[c] <==> 2-PG[c]

	eno / Q8NRS1
	2-PG[c] <==> PEP[c]

	pyk / Q46078
	PEP[c] + ADP[c] --> PYR[c] + ATP[c]

	
	F-16-BP[c] --> F6P[c]

	
	

	
	Pentose-Phosphate Pathway

	zwf / Q6M517
	G6P[c] + NADP[c] --> GLC-LAC[c] + NADPH[c]

	opcA
	GLC-LAC[c] --> 6-P-Gluconate[c]

	gnd / Q8NQI2
	6-P-Gluconate[c] + NADP[c] --> RIB-5P[c] + CO2[c] + NADPH[c]

	rpe / Q8NQ49
	RIB-5P[c] <==> XYL-5P[c]

	rpi / Q8NMZ0
	RIB-5P[c] <==> RIBO-5P[c]

	tkt_1 / Q6M519
	S7P[c] + GA3P[c] <==> RIBO-5P[c] + XYL-5P[c]

	tal / Q8NQ64
	S7P[c] + GA3P[c] <==> E-4P[c] + F6P[c]

	tkt_2 / Q8NQ65
	F6P[c] + GA3P[c] <==> E-4P[c] + XYL-5P[c]

	
	

	
	Citrate Cycle 

	aceE / Q8NNF6
	PYR[c] + H-CoA[c] + NAD[c] --> AC-CoA[c] + NADH[c] + CO2[c]

	gltA / P42457
	AC-CoA[c] + OA[c] --> CIT[c] + H-CoA[c]

	acn / Q8NQ98
	CIT[c] <==> Cis-ACO[c]

	acn / Q8NQ98
	Cis-ACO[c] <==> ICI[c]

	icd / P50216
	ICI[c] + NADP[c] --> AKG[c] + CO2[c] + NADPH[c]

	odhA/ sucB / lpd / P96746 / Q8NNJ2 / Q8NSI4
	AKG[c] + NAD[c] + H-CoA[c] --> SUCC-CoA[c] + NADH[c] + CO2[c]

	sucD / Q8NMK8
	SUCC-CoA[c] + ADP[c] --> SUCC[c] + H-CoA[c] + ATP[c]

	sdhCAB / Q8NMK7
	SUCC[c] + MK[c] <==> FUM[c] + MKH2[c]

	fumC / Q8NRN8
	FUM[c] <==> MAL[c]

	mdh / Q8NN33
	MAL[c] + NAD[c] --> OA[c] + NADH[c]

	
	

	
	Glyoxylate Cycle 

	aceA / P42449
	ICI[c] --> GLYOXY[c] + SUCC[c]

	aceB 
	GLYOXY[c] + AC-CoA[c] --> MAL[c] + H-CoA[c]

	
	

	
	Anaplerotic reactions

	pyc / O54587
	PYR[c] + ATP[c] + CO2[c] --> OA[c] + ADP[c]

	ppc / P12880
	PEP[c] + CO2[c] --> OA[c]

	pckG / Q9AEM1
	OA[c] + ATP[c] --> PEP[c] + ADP[c] + CO2[c]

	mez / Q8NLD5
	MAL[c] + NADP[c] --> PYR[c] + CO2[c] + NADPH[c]

	
	

	
	Amino acid metabolism

	gdh / P31026
	AKG[c] + NH3[c] + NADPH[c] --> GLU[c] + NADP[c]

	aspB / Q6M8B5
	OA[c] + GLU[c] <==> ASP[c] + AKG[c]

	lysC / P26512
	ASP[c] + ATP[c] --> ASP-P[c] + ADP[c]

	asd / P26511
	ASP-P[c] + NADPH[c] --> ASP-SA[c] + NADP[c]

	dapA / P19808
	ASP-SA[c] + PYR[c] --> DHP[c]

	dapB / P40110
	DHP[c] + NADPH[c] --> THDP[c] + NADP[c]

	dapD 
	THDP[c] + SUCC-CoA[c] --> SAP[c] + H-CoA[c]

	dapC/ Q6M8B5
	SAP[c] + GLU[c] --> SADP[c] + AKG[c]

	dapE / Q59284
	SADP[c] --> SUCC[c] + DAP[c]

	ddh / P04964
	THDP[c] + NADPH[c] + NH3[c] --> DAP[c] + NADP[c]

	lysA / P09890
	DAP[c] --> LYS[c] + CO2[c]

	
	

	
	Energy metabolism

	
	NADH[c] + (0.5) O2[c] + (2) ADP[c] --> NAD[c] + (2) ATP[c]

	
	MKH2[c] + (0.5) O2[c] + (2) ADP[c] --> MK[c] + (2) ATP[c]

	adk_1 / P49973
	AMP[c] + ATP[c] --> (2) ADP[c]

	
	

	
	Biomass synthesis (mmol/g dry weight)

	biomass synthesis
	(6.231) NH3[c] + (0.233) H2S[c] + (0.205) G6P[c] + (0.071) F6P[c] + (0.879) RIBO-5P[c] + (0.268) E-4P[c] + (0.129) GA3P[c] + (1.295) 3-PG[c] + (0.534) PEP[c] + (1.807) PYR[c] + (2.5) AC-CoA[c] + (1.71) OA[c] + (1.252) AKG[c] + (14.849) NADPH[c] + (29.2) ATP[c] + (3.111) NAD[c] --> biomass[c] + (14.849) NADP[c] + (2.5) H-CoA[c] + (2.537) CO2[c] + (29.2) ADP[c] + (3.111) NADH[c]

	
	

	
	Sulphate metabolism

	cysND / Q8NLX1
	SO4[e] + ATP[c] --> SO4[c] + ADP[c]

	cysH_1 Q6M242
	SO4[c] + (2) ATP[c] + NADPH[c] --> H2SO3[c] + ADP[c] + AMP[c] + NADP[c]

	cysI 
	H2SO3[c] + (3) NADPH[c] --> H2S[c] + (3) NADP[c]


Abbreviations
Table B2: Abbreviations of metabolites.
	GLC
	glucose

	O2
	oxygen

	CO2
	carbon dioxide

	LYS
	lysine

	NH3
	ammonium

	PEP
	phosphoenolpyruvate

	PYR
	pyruvate

	G6P
	glucose 6-phosphate

	GLC-LAC
	gluconolactone

	XYL-5P
	xylose 5-phosphate

	E-4P
	erythrose 4-phosphate

	F6P
	fructose 6-phosphate

	S7P
	sedoheptulose 7-phosphate

	GA3P
	glyceraldehyde 3-phosphate

	DHAP
	dihydroxyacetone phosphate

	F-16-BP
	fructose 1,6-bis-phosphate

	RIBO-5P
	ribulose 5-phosphate

	MAL
	malate

	FUM
	fumarate

	MK
	menaquinol ox.

	AKG
	2-oxo glutarate

	AC-CoA
	acetyl-CoA

	CIT
	citrate

	SUCC-CoA
	succinyl-CoA

	H-CoA
	coenzyme A

	SUCC
	succinate

	ICI
	isocitrate

	Cis-ACO
	cis-aconitate

	MKH2
	menaquinol red.

	GLYOXY
	glyoxylate

	OA
	oxalacetate

	GLU
	glutamate

	ASP
	aspartate

	ASP-P
	aspartyl-phosphate

	ASP-SA
	aspartyl-semialdehyde

	DHP
	dehydropicolinate

	SAP
	succinyl-2,6-amino-6-ketopimelate

	THDP
	L(delta-1)-Piperideine-2,6-dicarboxylate

	SADP
	N-succinyl-L-2,6-diaminopimelate

	DAP
	L,L-2,6-Diaminopimelate


Statistical evaluation 
Table B3:  Statistical analysis of simulation data for lysine production with C. glutamicum. R²: regression coefficient, alpha: slope-correlation coefficient, NOSTAT: no statistical evaluation. The values correspond to Figure 3. The entries of ‘#DIV/0’ regarded to constant values (or complete zeros) of stoichiometric coefficients for the corresponding enzyme.   
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biomass synthesis #DIV/0! 0 #DIV/0!

lysine export 1 1 #DIV/0!

maintenance 0.099988422 -12.89734478 NOSTAT

sulfate uptake #DIV/0! 0 #DIV/0!

carbon dioxide transport

CO2_diffusion	

0.999999999 -5.999937946 -5.999937946

oxygen uptake

O2_diffusion	

0.999999999 -6.999977177 -6.999977177

ammonium uptake

NH3_diffusion	

0.999999996 1.999918307 1.999918307

PTS glucose uptake Q45298 #DIV/0! 0 #DIV/0!

glucose isomerase (reverse direction) Q8NS31

pgi	

0.704751323 -3.55644454 -3.55644454

G6P dehydrogenase  Q6M517 zwf 0.704751608 3.55643736 3.55643736

glucono lactonase Q6M517 opcA 0.704751608 3.55643736 3.55643736

6-P-gluconate dehydrogenase Q8NQI2

  gnd	

0.704751608 3.55643736 3.55643736

ribose epimerase Q8NQ49

rpe	

0.704751647 2.370969601 2.370969601

ribose isomerase Q8NMZ0

rpi	

0.704751874 1.185476739 1.185476739

transketolase I Q6M519

tkt_1	

0.704751874 -1.185476739 -1.185476739

transaldolase  Q8NQ64

tal	

0.704751874 1.185476739 1.185476739

transketolase II Q8NQ65

tkt_2	

0.704751874 -1.185476739 -1.185476739

P-fructokinase Q8NR14

pfkA	

0.117313812 -14.08281875 NOSTAT

fructose-bis-P aldolase P19537

fda	

0.704751874 -1.185476739 -1.185476739

triose-P isomerase P19583

tpiA	

0.704751874 -1.185476739 -1.185476739

GAP dehydrogenase Q01651

gapA	

0.704761461 -1.185404806 -1.185404806

3PG kinase Q01655

pgk	

0.704761461 -1.185404806 -1.185404806

3PG mutase Q8NTA5

pgm	

0.704761461 -1.185404806 -1.185404806

enolase Q8NRS1

eno	

0.704761461 -1.185404806 -1.185404806

pyruvate kinase Q46078

pyk	

0.018219674 -3.362520268 NOSTAT

pyruvate dehydrogenase Q8NNF6

aceE	/ aceF 

0.7214502 -4.291574118 -4.291574118

citrate synthase P42457

gltA	

0.945156414 -3.185474697 -3.185474697

aconitase Q8NQ98

acn	

0.945156414 -3.185474697 -3.185474697

aconitase Q8NQ98

acn	

0.945156414 -3.185474697 -3.185474697

isocitrate dehydrogenase P50216

icd	

0.342897802 -2.079286124 NOSTAT

glutamate dehydrogenase P31026

gdh	

0.185435617 0.910085353 NOSTAT

oxoglutarate dehydrogenase system P96746 / Q8NNJ2 odhA / sucB  0.342897802 -2.079286124 NOSTAT

succinate-CoA ligase Q8NMK8

sucD	

0.326152937 -1.989370035 NOSTAT

succinate dehydrogenase Q8NMK7

sdhCAB	

0.945156414 -3.185474697 -3.185474697

fumarate hydratase Q8NRN8

fumC	

0.945156414 -3.185474697 -3.185474697

malate dehydrogenase Q8NN33

mdh	

0.7298532 -3.25794233 -3.25794233

isocitrate lyase P42449

aceA	

0.138766894 -1.106188634 NOSTAT

malate synthase

aceB	

0.138766894 -1.106188634 NOSTAT

pyruvate carboxylase O54587

pyc	

0.001951435 -1.104489963 NOSTAT

PEP-carboxylase P12880

ppc	

0.004666277 -2.090288282 NOSTAT

PEP carboxykinase  Q9AEM1

pckG	

0.014923431 -4.267431347 NOSTAT

aspartate transaminase Q6M8B5

aspB	

1 1 1

aspartate kinase P26512

lysC	

1 1 1

aspartate semialdehyde dehydrogenase P26511

asd	

1 1 1

dihydrodipicolinate reductase P19808

dapA	

1 1 1

tetrahydrodipicolinate succinylase  P40110

dapB	

1 1 1

tetrahydrodipicolinate succinylase 

dapD	

0.002217308 -0.089915378 NOSTAT

N-succinyl-aminoketopimelate aminotransferase Q6M8B5

dapC	

0.002217308 -0.089915378 NOSTAT

N-succinyl-diaminopimelate desuccinylase  Q59284

dapE	

0.002217308 -0.089915378 NOSTAT

diaminopimelate dehydrogenase P04964

ddh	

0.246145979 1.089913081 NOSTAT

diaminopimelate decarboxylase P09890

lysA	

1 1 1

sulfate reduction #DIV/0! 0 #DIV/0!

maintenance 0.099988422 -12.89734478 NOSTAT

malic enzyme

mez	

0.046717328 -1.033663944 NOSTAT

sulfite reduction

cysI	

#DIV/0! 0 #DIV/0!

oxidative phosphorylation 0.994992306 -5.407151352 -5.407151352

oxidative phosphorylation 0.945157606 -1.592731478 -1.592731478

biomass synthesis #DIV/0! 0 #DIV/0!

nucleotide kinase #DIV/0! 0 #DIV/0!

sulfate uptake #DIV/0! 0 #DIV/0!

fructose-bisphosphatase

fbp	

0.099988422 -12.89734478 NOSTAT
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