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Enzyme knockdown experiment

Enzymes = proteins controlling reaction rates (“parameters”).
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Reaction rate functions are not known precisely.
Reaction network of central carbon metabolism



Can we determine
system’s behaviors
from network structure alone???

(without knowledge of reaction rate functions)
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Chemical Reaction systems Dynamics

Concentration of chemical m

example
Rate () of reaction / 1 2 4
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(e.g. enzyme)
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Stoichiometric matrix B

(tZE5m17) stoichiometric matrix

mass action ty elis-Menten type We do not assume specific kinetics

ko x A because we do not know the actual kinetics in living cells




Q. How does the steady state respond

to parameter perturbation?

0T,

Ok;

A. Qualitative response is determined from network structure alone.
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% The non-zero distribution in A is

determined from network structure.
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Example of a small network
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Example of a small network
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Perturbation ~
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Numerical demonstration 1 adaptation
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Bacterla metabolism (glycolysis&PPP&TCA cycle)
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BRE8I (the law of localization)

Okada T. & Mochizuki A. (2016) Phys. Rev. Lett. 117, 048101.

- Take a subnetwork ' = (chemicals M | reactions® ) satisfying

) R includes all reaction edges emanating from\l . —o<7

i) X(T') = M| — |R| + #cycles in T' =0
[ : buffering structure (BS), #EEEE.

- Any parameters in a BS do not influence chemicals outside of the
BS.

BS corresponds to a square submatrix
M| + #(cycles)

IR : < Al ‘ * >
Ar * inverse L —
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x(I') = #metabolite — #reac. 4+ #cycle = 0
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x(I') = #metabolite — #reac. + #cycle = 0

3PG
89$ x=1-241=0




777

x(I') = #metabolite — #reac. + #cycle = 0

3PG
89$ x=1-241=0

X=3-6+3=0
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x(I') = #metabolite — #reac. + #cycle = 0

3PG
89$ y=1-24+1=0

X=3-6+3=0

X=4—-7+3=0
G3p

7
note&[here are 17 buffering structures in total.
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A hierarchy appears
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(1) Response patterns from network structures

Va 8 (2) Theorem connecting responses and network topology

i) (3) Bifurcation phenomena and network structures



Plasticity and Bifurcation Phenomena

Ertugrul M. Ozbudak, et al, Nature, 2004
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Extracellular TMG (uM)

The concentration of the protein (necessary to utilize the
nutrient) change discontinuously.



Bifurcation theory

d
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Bifurcation analysis based on the matrix A
At bif. point, det J = (

or : Z—jzz Sr(z)
A= <8_£E T=1* ker S ) J:= S%|X=X*
‘ detJ:detA ‘ 1“/_\? \
> A= 5= Ic=>
Buffering Structure
_ ( Ar I * ) detA = detAr x detAp =0
0 | Ar

decomposition
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Bifurcation analysis of reaction systems

based on network structures
Okada T., Tsai JC, Mochizuki A. arXiv:1711.00250

F4 chemicals, cycles
Ty NEn?
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— |~ 0—]0— | 0— T

(2)Bifurcation parameters %// 7// 7/ %l
Y

v 00 0d O 0O
(1)Network decomposition ¥ ¥ ¥ ¥
det) = af [ ]= D] x @0 x ] x [ radur

[o— "3 det Ar, det Ar,
% detAr,\r, detAr \(r,urs)

= Minimal buffering structure

L
detA A 4 A 4 A A
(3)Bif i hemical D D - &
Ifurcating chemicals & §

containing subnetwork (1)



PEP

\L Example. E.coli central carbon network
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(3) Bifurcating chemicals

Only chemicals in blue and red
exhibit bifurcation behaviors
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* Responses and network topology
— Responses are determined from network topology

— Buffering structures explain response patterns

e Bifurcation and network topology

— DetJ=Det A
Okada T., Tsai JC, Mochizuki A arXiv:1711.00250



