A linear metabolic pathway with 3 reactions:
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The existence of intermediate B will inhibit reaction R3.

Fluxes of reaction R1, R2 and R3 are v1, v2 and v3 (R stands for reaction, v stands for flux).
Reaction kinetics:
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Kinetic parameters:
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Boundary metabolite concentrations:
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Initial intermediate metabolite concentrations:


[image: image14.wmf][

]

B

 = 0.1 mM, 
[image: image15.wmf][

]

C

 = 0.1 mM

Perform the MCA for above pathway and identify the bottleneck reaction (rate control step).

(a) Construct a Polymath model to find the steady state fluxes and intermediate concentrations.  (Hint: In Polymath, set tfinal = 4000.).
(b) What is the size of the elasticity matrix? (I.e. How many rows and columns are there?)  How many elasticity coefficients does the matrix have?  List all elasticity coefficients in form of 
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, and clearly state which reaction (
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v

) and intermediate (
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) does that elasticity coefficient refer to.

(c) Obtain those elasticity coefficients in form of equations.  (Hints given in appendix.)
(d) Substitute kinetic parameters, and steady state intermediate concentrations into equations for elasticity coefficients.

(e) Construct the elasticity matrix 
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.

(f) Obtain the control coefficient matrix 
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 by inverse elasticity matrix 
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.

(g) List all flux control coefficients for those three reactions and identify the bottleneck reaction.
Appendix:
Differentiate rate equation of v1 in respect to different metabolites (A, B, C, and D) are:
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Differentiate rate equation of v3 in respect to metabolite B and C are:
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