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polyhydroxyalkanoates in Corynebacterium glutamicum
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Polyhydroxyalkanoate (PHA) is biologically produced polyesters that have much attention
as biodegradable polymers. Various practical uses of PHASs have been developed and described in the
numerous patents. An important characteristic of PHAs is biocompatibility which paves the way for its
medical application. However, endotoxin, a pyrogen known to be co-purified with the PHA produced
in gram-negative bacteria, is an obstacle for its medical application. The removal of endotoxin has
been deliberated with various methods for PHAs medical application, but a trace amount of endotoxin
is still remained. Corynebacterium glutamicum, a gram-positive bacterium, is famous as amino acid
producer and does not produce endotoxin, thus having many advantages for fermentative production.

In this study, I initiated the study on production system for PHA using C. glutamicum as a host strain.

A biosynthetic pathway for poly(3-hydroxybutyrate) [P(3HB)], one of the major PHA, produc-
tion in C. glutamicum was developed by introducing the PHA biosynthetic operon (phaCAB) derived
from Ralstonia eutropha. The operon encodes monomer-supplying enzymes, § -ketothiolase (PhaA)
and acetoacetyl-CoA reductase (PhaB) and PHA synthase (PhaC). PhaC activity was detected in the
recombinant C. glutamicum. Intracellular P(3HB) was microscopically observed as inclusion granules.
P(3HB) content of recombinant C. gluiamicum was determined to be 22.5 wt%. A number average
molecular weight and a polydispersity of biosynthesized P(3HB) were 2.1 x 10° and of 1.63, respec-
tively. This is thé first report on an endotoxin-free production system of P(3HB) in recombinant C.

glutamicum.

Because polymer content is a dominant factor for cost of productibn, I attempted to increase
P(3HB) content in C. glutamicum. Two experimental strategies have been applied to improve P(3HB)
production in recombinant C. glutami¢um. One is introduction of the engineered phaC gene into C.
glutamicum to enhance the production of PhaC. The other one is a gene dosage of phaAB. Each method
increased the P(3HB) production up to 1.3 and 1.7-fold, respectively, and the highest production (52.5
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wt%) of P(3HB) was finally achieved by combining the strategies of gene dosage and engineered phaC.
The molecular weight of P(3HB) was also increased by approximately 2-fold, as was P(3HB) content.

Microscopic observation revealed that the volume of the cells accumulating P(3HB) was increased by

more than 4-fold compared with the non-P(3HB)-accumulating cells.

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] copolymers are more flex-
ible than P(3HB) homopolymer and have various properties depending on the molar fraction of its
second monomer unit of 3HV. For P(3HB-co-3HV) copolymer biosynthesis, propionyl-CoA should
be co-supplied with acetyl-CoA. In this study, feeding strategy of propionate, which is a precursor of
propionyl-CoA, was cons’idered for P(3HB-co-3HV) production in C. glutmaicum. Molar fraction of
3HV unit in P(3HB-co-3HV) was increased up to 26 % associated with propionate concentration of in
the culture medium. The recombinant cell accumulated 44.2 wt% of P(3HB-co-3HV) with 13.8 mol%
of 3HV on MMTG medium containing 6% glucose and 4% propionate.

This study demonstrates the feasibility of metabolic engineering to construct an artificial path-
way by introducing a series of genes for PHA production in C. glutamicum. Adequate strategies based
on the metabolic pathway of PHA led this study to succeed. This beneficial system will facilitate
further next-generation research studies such as those on the biosynthesis of 3HB-based copolymers
including P(3HB-co-3HV) with desirable properties and the industrial production of biopolymers to-

gether with amino acids from renewable carbon sources.
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