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Biological question

What is the underlying that

explains the experimentally observed
?




Cellular strategy

Why do we observe what we observe?

Benefit for the cell ?

Objective function

Optimality principle




Metabolic state

Distribution of all individual
fluxes at given time point

one individual flux




Biological question

Why does the cell choose the experimentally
observed intracellular flux distribution ?




Metabolic network

GLCxt intracellular

PEP extracellular
) |
N 100 reactions

1 — >, ; )5) )5 D
GOP > 6PG ———— PSP Psi

QUH2 R1][® &3 2 60 metabolites

| Edd
l()l’ S7P

lBP\ ( ' /
vl A7) 10 degrees of

ATP
DHP (JAP KD(J

NADH NADPH MgsA i ‘ fl'eedOm
]U\/l/__\ 3-PG

MAL MaeA B lEnn

I\-‘IL]:}.I‘\-‘IL‘1>~ PckA

OAA PEP

k“‘\ N‘ l I""/ o

— . PYR

m L.dhA

PIB,
TdeE

10 split ratios

CO2«—FOR intracellular

extracellular
ETHxt ACExt CO2xt FORxt PYRxt LACxt




Flux balance analysis

objective function
cellular strategy A

metabolic constraints
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Flux balance analysis

objective function
cellular strategy A

additional constraints

metabolic constraints
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Objective functions (cellular strategy)

Biomass maximization
ATP maximization

Sum of fluxes minimization
ATP per flux unit

maximization

Biomass per flux unit
maximization

Growth efficiency

Energetic efficiency

Resource allocation efficiency

Combination of 2 and 3

Combination of 1 and 3




Systematic approach

9 additional constraints
mass / energy

thermodynamic

environmental

regulatory

6 environmental conditions
3 batch cultures?
3 chemostat cultures23
11 objective functions
linear
non-linear
guadratic
mixed-integer

\ 4

~600 permutations

! Perrenoud et al (2005) J Bacteriol 187 3171 - 3179
2 Nanchen et al (2006) Appl Environ Microbiol 72 1164 — 1172
3 Emmerling et al (2002) J Bacteriol 184 152 — 164




Predictive fidelity describes the
accuracy of flux predictions

exp

2
Riexp _ Ricomp
O

min/ max Z(

Rexp O_exp |
]

st. S-v=0 I

vP <y <y

13C-based in
vivo fluxes
with
experimental
errors

constraint-based
in silico fluxes
and alternate
optima

Predictive fidelity




Sjurelisuoo |e
HdavN
spunoq

adueusjurew
G/H¥T = xew zob
G'TT = xew zob
/2= (20)b/(01B)b
T=0/d

max biomass
per flux unit

Slulellsuoo |e
HdavN
spunoq

gdueuaquew
G/'¥T = xew gob
G'TT = xew zob
/2= (20)b/(o1B)b
1=0/d

per flux unit

Sjurelisuoo |e
HdavN
spunoq

adueuajurew
G/¢¥T = xew zob
G'TT = xew gob
/2= (20)b/(o1B)b
T=0/d

min flux norm

SjuresIsuod |e
HdavN
spunoq

adueuaulew

G/'¥T = xew gob

G'TT = xew zob

€/z= (zO)b/(216)b
1=0/d +

Objective / constraint

max ATP
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Two metabolic states identified
In E. coll

BATCH CHEMOSTAT

max ATP / flux unit max ATP (biomass)
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Conclusions

1. Assumption so far still valid?

Maximization of biomass (growth) widely accepted
Two metabolic states operational in E. coli

Evolutionary selection of metabolic network
regulation?

No additional, potentially artificial constraints




Acknowledgement

Special thanks to

Uwe Sauer
Lars Kuepfer

FEBS-SysBi02007

Many thanks to all members from the Sauer lab




