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Thus far
• First Lecture: Chemical kinetics

• Direction of  reaction: ∆G, Γ/Keq

• How far: Keq, ∆G0

• How fast: mass action kinetics
• Second Lecture: Enzyme kinetics
• Derivation of  rate equations: equilibrium binding, steady-

state approximation

• Vmax, Km, saturation, cooperativity, allostery, reversibility, 
product inhibition

• Third Lecture: Coupled reactions
• Parameter estimation; initial rates, progress curves
• Closed, open systems; equilibrium, steady state, rate 

characteristics
• Kinetic model of  simple pathways in steady state



This lecture: Network analysis

• For a given system, derive N, K, L matrices, 
interpret them

• Flux modes

















Reaction network



Reaction network: N matrix (stoichiometry)



Reaction network: L matrix (link)



Reaction network: steady-state constraint

Independent fluxes:
J3, J7, J9

–2·



Reaction network: K matrix (kernel)



Reaction network: K matrix; flux modes

• col.1 = homolactic fermentation

• 2×col.1 + col.2 = homo-acetate fermentation

• col.3 + 2×col.2 + 3×col.1 = mixed acid fermentation


