(®)
2013 2015

Virtual Metabolism: Development of a standard dynamic model of metabolic systems

Kurata, Hiroyuki
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We have developed a dynamic model of the central metabolism (including
glycolysis, TCA cycle, pentose phosphate pathways, and anaplerotic reactions) which 1s responsible for
material conversion and energy metabolism. This is the largest-scale kinetic model for a batch culture
and is a base for synthetic biology to aim at a design of cell functions. We integrated gene regulation
networks that perform glucose uptake and intracellular metabolic changes into the central carbon
metabolism and predicted the dynamic behaviors under different environmental and genetic conditions. It
is employed to rationally design a microbial system for enhanced production of useful compounds and to
understand how complex metabolisms are regulated at the molecular interaction level.
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Figure 1
An E.coli metabolic network map.
The solid line indicates activation and the
dotted line indicates repression.

(Crp-cAMPICra)
(FBP cAMP glyoxylate
pyruvate)



31

3-2

TCA
Entner-Doudoroff ED
Pts Pts

Crp Cra PdhR IclR

Crp
Cra
TCA
27
Pts 38
12
3-3
ATP
34
-1

22
21

pykF ApykF
Apgi  ppc
Appc

Pyk
PEP PYR Pgi
G6P  Fo6P
Ppc  PEP OAA

ApykF

ApykF

Apgi Appc

Apgi

Apgi Appc

4-2
D=02 04 0.5 0.7h-1
4-3
Apgi
Appc

Appc

pgi

Apgi



ATP

Apgi
TCA
TCA
TCA
Appc PEP
Pts4
Appc TCA OAA
TCA OAA
TCA
Appc PEP
TCA
Apgi PEP
AcCoA Tea
TCA
ATP NADH
FADH,
ATP
TCA
ATP
/
ATP TCA
A WT B ApykF

Concentration [g/L]
Concentration [g/L]

0 5 10 0o 5 10

Time [h] Time [h]
c Apgi D Appe
0-6Leex | 03%% O-GLCex
b o O { - Biomass 2 -B
aateooo  Shme) 2 &S

N}

Concentration [g/L]
Concentration [g/L]

o

o -h =it
10 15 20 25 30 0 5 10 15
Time [h] Time [h]

The experimental validation of WT and
genetic mutant strains in a batch culture.
The green, blue and red lines represent the
simulation results of the extracellular glucose,
biomass and acetate, respectively. The
corresponding open circles represent the
experimental data.

(A) WT. (B) ApykF. (C) Apgi. (D) Appc.
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Comparison of the simulated flux with
experimental data for WT at different dilution
rate (D) in a continuous culture.
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