Mini-course: Molecular Systems Biology
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Thus far

First Lecture: Chemical kinetics

Direction of reaction: dG, Gamma/Keq

How far: Keq, dG?% 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
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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 | mM), with common intermediate X.

The enzymes obey rev MM kinetics with identical
parameter values:

Vm =] mM/s, Keq = 10, Km substrate =ImM, Km
product =10 mM

Calculate the steady state flux and the steady state
concentration of the intermediate X.
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Derive a rate equation for the above, reversible,
2 substrate, | 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
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Reaction networlke: N matrix
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Reaction networlk: L matrix

PTA

H,CO,
ADH |
ATPn; [:l @
s L si T
ACALY 1 0 0 0 0 0 0y
ACCOA 01 0 0 0 O " AGAL » 0
ACP 0 01 0 0 0 ACCOR 0
ADP 0 0 0 1 0 0 op 0
NAD =0 0 0 0 1 0f«| 20 |+ |0
PYR 0 0 0 0 0 1 NAD 0
ATP 0. 0. 0. -1. 0. 0. R 5.
COA 0. -1. 0. 0. 0. 0. ‘ ‘ 1.
| naDH ) lo. 0. 0. 0. -1. 0. L 10. |

s vector of metabolite concentrations

L link matrix

si vector of independent metabolite concentrations

T vector of the sum of conserved moiety concentrations



Reaction network: st. st. constraint

froas ¢ | e bw :
& & @ Acal =0 = v8 — v9;v8 = v9
AcCoA =0 = —v5+v7 — v8;v5 = v7 — v8 = v7 — v9

AéP=O=v5—'v6;v6:v5:v7—v9

ADP=0=2 vl +v3 —v6:2-vl =v3 —v6 = v3 — v7 + v9

ATP = —ADP

CoA = —AcCoA

Pyr=0=2-vl—12—0v7;0v2 =2 vl — o7 =

v3 — V7 +v9 —v7 =v3 —2-v7+v9

NAD =0= —vl+v2+vd+v8+v9;vd =2-v] —v2 — v8 —v9 =
v3—v7T+v9—v2—-2-v9=v3—v7T—v9—v2=v3 —v7 —v9—v3+ 2 -v7T —v9=v7—2- 09



Reaction networlk: K matrix

PTA

e J K Ji

(J3 ) 1. 0. 0.

J7 0. 1. 0.

J9 0. 0. 1.

J1 05 -05 05 J3-
J2 1. -2, 1. | = [J?]
J4 0. 1. -2 J9.
J5 0. 1. -1.

J6 0. 1. -=1.

L J8 ) . 0. 0. 1. )

J steady state reaction rate (flux) vector
K kernel, nullspace of stoichiometry matrix
Ji independent flux vector



Reaction network: K matrix; flux modes

J K Ji
& (J3) 1. 0. 0.
_ AA%Z J7 0. 1. 0.
e Q&/ J9 0. 0. 1.
& ‘7‘% Ji 05 -05 05| (J3
i J2|1 =11 -2. 1. = [J?]
& <. é J4 0. 1. -2 J9
Aop ATP o °‘L°“ J5 0. 1. -1.
® : J 0. 1. -1.
ATPase -%@@ . J8 0. 0. 1.
o Ao b J steady state reaction rate (flux) vector

K kernel, nullspace of stoichiometry matrix
Ji independent flux vector

J3+0.5-J1 + J2 homolactic fermentation

2:-J34+J1+2-J24+J7—-05-J1—-2-J2+J4+ J>+ J6
2-J3+05-J1+J7+ J4+ J5+ J6 homo acetate formation

J94+05-J1+J2—-2-J4—J5—J6+ J8+2- (collumn 2) 4 3 - (collumn 1)
3-J3+J1+4+2-J7+J5+ J6+ J8 + J9 mixed acid fermentation
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