Synthetic biology to engineer E. coli as more industrially applicable host
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Abstract

The following five host characteristics would be keys to bring a microbe closer to industrial
application: i) deep understanding of the host metabolism, ii) availability of genetic tools, iii)
capacity to grow on inexpensive carbon sources with a short doubling time, iv) an
autonomous, inducer-free expression system that does not allow accumulation of toxic
metabolites, and v) chromosomally integrated pathway operons to avoid genetic instability
and the use of expensive antibiotics required to maintain plasmids.

Escherichia coli has been the organism of choice for the production of different chemicals by
engineering native and heterologous pathways. However, there are several issues to using E.
coli as an industrial host, including 1) susceptibility to phage contamination, ii) inefficiency in
growing on certain desirable carbon sources (especially sucrose), and iii) low recombination
capacity of DNA into its chromosome. The first two issues have been previously addressed.
Countermeasures for bacteriophage contamination have been developed, and engineering
approaches to introduce effective sucrose utilization capabilities are now available even
though most industrial strains cannot grow on sucrose.

In this talk, we report our recent synthetic biology efforts to engineer E. coli as an industrially
more applicable host. Our attempts include sucrose utilization, stress-responsive control of the
biosynthetic pathway, autonomous inducer-free expression of the biosynthetic pathway using
Quorum-sensing system, redirecting metabolic flux via combinatorial multiplex
CRISPRi-mediated repression, and advanced method of chromosomal integration and
expansion of the biosynthetic pathway.
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