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    Abstract
Genome-scale models of metabolism (GEM) are now used to study how metabolism varies in different physiological conditions or environments. However, the great number of reactions involved in GEM makes it difficult to understand the results obtained in these studies. In order to have a more understandable tool, we develop a reduced metabolic model of central carbon metabolism, C2M2 with 63 reactions, 46 internal metabolites and 3 compartments, taking into account the actual stoichiometry of the reactions, including the stoichiometric role of the cofactors and the irreversibility of some reactions. In order to model OXPHOS functioning, the proton gradient through the inner mitochondrial membrane is represented by two pseudo-metabolites DPH (ΔpH) and DPSI (Δψ).
To illustrate the interest of such a reduced model of metabolism in mammalian cell, we used Flux Balance Analysis (FBA), to systematically study all the possible fates of glutamine in central carbon metabolism. Our analysis shows that glutamine can supply carbon sources for cell energy production and can be used as a carbon source to synthesize essential metabolites thus sustaining cell proliferation. We show how C2M2 can also be used to explore the results of more complex metabolic models in comparing our results with those of a medium size model MitoCore.

	Abbreviations:	AGC
	aspartate-glutamate carrier (see T4 in appendix B)
	AKG
	α-ketoglutarate or 2-oxoglutarate
	ANT
	ADP/ATP exchanger.
	ASYNT
	ATP Synthase.
	ASPUP
	Uptake of aspartate.
	ATPASE
	ATP usage.
	CL (ACL)
	(ATP) Citrate Lyase.
	CS
	Citrate Synthase.
	DPH
	pH difference between inside and outside mitochondria.
	DPSI
	mitochondrial membrane potential.
	ENOMUT
	Enolase + Phosphoglycerate Mutase.
	ETC
	Electron Transport Chain or Respiratory Chain
	FBA
	Flux Balance Analysis.
	FVA
	Flux Variability Analysis.
	G1
	hexokinase + phosphoglucose isomerase.
	G2
	phosphofructokinase + aldolase + triose-phosphate isomerase.
	G3
	Glyceraldehyde-3P Dehydrogenase + phosphoglycerate kinase.
	GG3
	triose phosphate isomerase + aldolase + fructose-1,6-biphosphatase.
	GG4
	phosphogluco isomerase + glucose-6-phosphatase.
	GLS1
	Glutaminase.
	GLNUP
	Uptake of Glutamine.
	GLUCUP
	Uptake of glucose.
	GLUD1
	Glutamate Dehydrogenase.
	GOT
	Glutamate Oxaloacetate Transaminase.
	IDH
	Aconitase + Isocitrate dehydrogenase.
	L
	Proton leak of the mitochondrial membrane.
	LACIO
	Input/Output of lactate.
	LDH
	Lactate Dehydrogenase.
	MAS
	Malate/Aspartate Shuttle.
	ME
	Malic Enzyme.
	MDH
	Malate Dehydrogenase
	NIG
	for nigericine, exchange of DPH and DPSI.
	NUC
	Nucleotide (XTP) Synthesis.
	OGC
	Oxoglutarate carrier (see T2 in appendix B).
	PDH
	Pyruvate Dehydrogenase.
	PEPCK
	PhosphoEnolPyruvate Carboxy Kinase.
	PK
	Pyruvate Kinase.
	PL1
	Synthesis of PhosphoLipids.
	PP1
	Oxidative part of PPP.
	PP2
	non-oxidative part of PPP.
	PPP
	Pentose Phosphate Pathway.
	PYC
	Pyruvate Carboxylase.
	RC1
	Complex I of Respiratory Chain.
	RC2
	succinate dehydrogenase + fumarase.
	RC34
	Complex III+IV of Respiratory Chain.
	SEROUT
	Output of serine.
	SERSYNT
	Serine Synthesis= Dehydrogenase + Transaminase and Phosphatase.
	SLP
	2-oxoglutarate dehydrogenase + succinate thiokinase
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