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Fluxes describes a cell's metabolic phenotype

But how do we measure them?

Measure fluxes (rates)

DNA RNA Enzyme
(protein) |

Measure amounts

Definition

*  The flux (rate) through a reaction is the amount of substance processed per unit time

* Standardized by stoichiometry coefficients

*  Expressed per cell or by biomass (total protein in culture, tissue, etc.)
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Forward, reverse, net, exchange fluxes
*  Most reactions are reversible to some extent, and occur in both directions

Exchange flux

Forward flux
A ——— B
Reverse flux
Net flux
Irreversible reaction Reaction at equilibrium
A 2 B A——— 8
_

Reverse flux = 0 Net flux = 0

Exchange flux = 0

Pool sizes are not directly related to fluxes

before

A pool size is reduced by half. What was the change in flux?
after
Scenario 11

Increased utilization initially causes pool
to shrink. Flux has increased.

Scenario |
Decreased synthesis initially causes pool
to shrink. Flux has decreased.

synthesis utilization
synthesis utilization :
Metabolite Metabolite
pool pool
Most metabolites connect to many reactions!
v v
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Boundary fluxes: uptake / release of metabolites

Net flux of metabolite from/to the environment

— Substrate consumption uptake release
— Accumulation of end products
«+ Readily measurable
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Data from Jain & Nilsson et al, Science 2012




2016-03-07

Flux balance analysis Metabolic network reconstructions Flux balance analysis, variations on a theme

At steady state y . " N N .
+  Large community projects to gather data on all known metabolic reactions for a given organism Fluxes at optimal biomass growth

Early application, studied in bioproduction settings

Example network: urea cycle Stoichiometry matrix §
systemsbiology.ucsd.edu
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Example: citrulline
Thiele et al, Nat Biotech 31:419—425,2013. (E. Coli)
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Flux balance analysis, variations on a theme

for genetic di

Metabolites overproduced when a reaction is set to zero

-

DL, BEXOHA BCHDNHE

YRR URINE DEEASE

| om0 prenmRE ORI 1

L onmuezrsria RosmEM, TYE 1

s

Shlomi et al, Mol Sys Bio 5:263, 2009.

Flux balance analysis, variations on a theme

Synthetic lethality
If one enzyme is lost, what other reactions become required for growth?

Predicted drugs
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