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Thus far
• First Lecture: Chemical kinetics

• Direction of reaction: dG, Gamma/Keq

• How far: Keq, dG0; 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

• Fourth Lecture: Structural network analysis

• N, K, L matrix

• Steady state flux constraints, Flux analysis, Flux modes

• Flux balance analysis



Exercise
Given an open system consisting of two enzymes that 

catalyze the conversion of substrate S (fixed at 10 mM) to 
product P (fixed at 1 mM), with common intermediate X.

The enzymes obey rev MM kinetics with identical 
parameter values:  

Vm =1 mM/s, Keq = 10, Km substrate =1mM, Km 
product =10 mM

Calculate the steady state flux and the steady state 
concentration of the intermediate X.



Exercise
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Derive a rate equation for the above, reversible,
2 substrate, 1 product, random order mechanism, 

using the rapid equilibrium binding assumption.



Network analysis

• For a given system, derive N, K, L, matrix, 
interpret

• Flux modes

• Solution space, FA

• Objective function, FBA



Reaction network



Reaction network: N matrix



Reaction network: L matrix



Reaction network: st. st. constraint



Reaction network: K matrix



Reaction network: K matrix; flux modes




