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APICHAI SAWISIT : SUCCINATE PRODUCTION FROM CASSAVA
PULP AND SUGARCANE BAGASSE BY METABOLICALLY
ENGINEERED ESCHERICHIA COLI KJ122 AND ITS DERIVATIVES.
THESIS ADVISOR : ASST. PROF. DR. KAEMWICH JANTAMA, Ph.D.,

239 PP.

SUCCINATE PRODUCTION/ESCHERICHIA COLI/CASSAVA PULP/

SUGARCANE BAGASSE/METABOLIC EVOLUTION

Escherichia coli KJ122 was utilized for succinate production from cassava
pulp and sugarcane bagasse. With cassava pulp as the substrate, the E. coli KJ122
efficiently utilized cassava pulp and produced succinate at a concentration of
41.46+0.05 g/L during separate hydrolysis and fermentation (SHF). In batch
simultaneous saccharification and fermentation (SSF), the optimization of 12% (w/w)
cassava pulp with an enzyme loading of 2% amyloglucosidase + 3% cellulase
complex (v/w) at pH 6.5 at 39°C provided the succinate concentration of 80.86+0.49
o/L. Fed-batch SSF significantly enhanced succinate concentration to 98.63+0.12 g/L.

Mutants were also selected by serial transfers in AM1 medium with 10%
(w/v) xylose. After 16 serial transfers in xylose containing medium, the xylose-
evolved strain was isolated and assigned as the E. coli AS1600a strain. The AS1600a
strain produced 84.26+1.37 g/L succinate from xylose. The E. coli AS1600a strain
also exhibited a 3-fold improvement in productivity with 10% (w/v) xylose (0.96
g/L/h) as compared with KJ122 strain (0.31 g/L/h). The E. coli AS1600a strain was
sequenced and found to contain a mutation in galactose permease (GalP, G236D).

This mutation in GalP was proved to be responsible for improvement in xylose



utilization in the E. coli AS1600a strain. Additionally, furfural resistant genes such as
a mutated fucO (fucO¥*), and puuP beneficially improved the furfural tolerance in the
E. coli AS1600a strain. The strain individually harboring the fucO* and puuP gene
entirely metabolized 20 mM furfural within 72 and 96 h, and produced 70.21+0.93
and 67.18+2.13 g/L succinate, respectively. These strains could consume all sugars
contained in sugarcane bagasse hydrolysate (pH 9.0 treatment + bisulfite addition) to
produce about 37% succinate concentration higher than that of the strain harboring
the empty vector control (72.76+0.98 versus 46.05+1.34 g/L). Further, non-furfural
hydrolysate resistant derivatives of the E. coli AS1600a were also selected by serial
transfers in the vacuum bisulfite-treated hydrolysate supplemented with 5% (w/v)
xylose medium. After 145 serial transfers, clones from this population were isolated.
One of these, the E. coli AS2003 strain, grew on 70% (v/v) of the pH 6.3 vacuum
bisulfite-treated hydrolysate (METSO, 185°C, 7.5 min). In pH-controlled
fermentation, the AS2003 strain was able to produce about 15% higher succinate
(85.46+1.69 g/L) when compared with the parental strain (AS1600a) from the use of
the 50% (v/v) vacuum bisulfite-treated hydrolysate (pH 9.0 treated). Moreover, the E.
coli AS2003 strain harboring a fucO* gene could utilize non-detoxified sugarcane
bagasse hydrolysate to produce succinate up to 80 g/L. The AS2003 strain was

sequenced and found to contain 8 mutations when compared with the parental strain,

AS1600a.
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