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The cost and benefit of enzyme expression

The resources a microorganism has at it’s disposal are limited. Among other
things, this implies that expressing enzymes is costly. Consider for instance the
specific growth rate, which is the rate of biomass synthesis per unit biomass. Ex-
pressing a certain enzyme increases the total biomass and thus, unless it contributes
in some way to the biomass synthesis rate, will decreases the growth rate. Indeed,
it has been observed that expressing "dummy" proteins has a negative effect on the
growth rate [1,2].

In order to quantify the cost and benefit of enzyme expression, we generalized
a definition previously proposed by Dekel and Alon [1]. The benefit function is
closely related to the flux control coefficient, the cost is the directly related to the
fraction of the resources dedicated to the enzyme. The flux is optimized if for each
enzyme its control coefficient equals its contribution to the total resource usages.
This is generalization of, and consistent with, earlier observations by Klipp and He
[3].

The relation between the benefit function and the flux control coefficients al-
lows us to intuitively understand the effects of kinetic parameters such as catalytic
constants and Michaelis-Menten constants on the (optimal) flux, at least for small
pathways. For instance, an enzyme with a high catalytic constant typically has a
flux control coefficient that rapidly decreases with it’s concentration, and we expect
this enzyme to have a low expression in the optimal state.

We are currently applying the cost-benefit analysis to self-replicator models [4].
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