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Introduction

An important goal of medical research is to develop methods to recover the
loss of cellular function due to mutations and other defects. Many approaches based
on gene therapy aim to repair the defective gene or to insert genes with compensatory
function. Here, we propose an alternative, network-based strategy that aims to restore
biological function by forcing the cell to either bypass the functions affected by the
defective gene, or to compensate for the lost function (Motter et al., 2008).

A previous study of cascading failures in generic complex networks (Motter,
2004) suggests that these cascades can be mitigated through the intentional removal of
selected nodes or links. In the context of biological networks, this result raises the
rather counterintuitive possibility that damage to cellular function, such as growth,
can be alleviated by the targeted removal or downregulation of selected genes. In this
study, we have used metabolic reaction fluxes as a representation of cellular
phenotypes to develop a systematic network-based approach to identify such rescue
gene knockouts in genome-wide metabolic networks.

Main Results

» We have developed a general network-based approach to control and recover
metabolic performance in faulty or suboptimally operating cells.

» By focusing on the case of cellular growth in single-cell mutants, we find that
growth rate can be enhanced by the targeted removal of genes.

» We predict, in particular, that this approach can restore growth in gene-deficient
mutants of E. coli and S. cerevisiae previously classified as nonviable.
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» Our approach suggests "synthetic viability" as a new paradigm for gene
essentiality. We discuss possible implications for medical research.
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Fig. 1. TCA cycle of a
nonviable gene-deficient
E. coli mutant. In this
example, the deletion of
genes aceA and sucAB
restores the cell’s ability to
metabolize phenylalanine,

tyrosine and  L-lysine,
which are building blocks
of the biomass.

Discussion

Focusing on the metabolism of single-cell organisms, we computationally study
mutants that lack an essential enzyme, and thus are unable to grow or have a
significantly reduced growth rate. We show that several of these mutants can be
turned into viable organisms through additional gene deletions that restore their
growth rate. In a rather counterintuitive fashion, this is achieved via additional
damage to the metabolic network. We identify a number of synthetically viable gene
pairs, in which the removal of one enzyme-encoding gene results in a non-viable
phenotype, while the deletion of a second enzyme-encoding gene rescues the
organism. The systematic network-based identification of compensatory rescue

effects may open new avenues for genetic interventions, which will be discussed in
this talk.
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