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unAngan1wdenge (Abstract)

At present, one of the most serious global problems is the depletion of petro-feedstock causing energy
shortage problem and markedly affecting chemical production industries. Although industrial chemical
production via conventional chemical process has been so far a fundamental part to produce industrial
chemical products, it is expected to have fewer roles due to its reliance on fossil feedstock, its environmental
adverse impact, its high energy-consumption process, the production of unwanted by-products and toxic
waste generation. Therefore, biotechnological processes based on use of renewable biomass and microbial
biocatalyst have been replaced chemical processes and become alternative environmental-friendly processes
to produce various bioproducts including biofuel and industrial petrochemicals. However, when these
hydrocarbon products are produced to certain concentration in the fermentation system, they become either
less soluble in water or toxic to microorganisms, some of which are toxic even at low concentration.
Consequently, the biocatalyst is harmed and the bioproduction is halted. To mitigate the hydrophobic effect
and toxicity of hydrocarbon products/biomass contaminants to microbial catalyst, it can be achieved by using
organic solvent-tolerant bacteria, which are able to thrive, i.e. tolerate and viable, in the presence of high
concentration of hydrocarbon chemicals, and thus become the alternative biocatalysts for effective
bioproduction. In addition, they can be genetically engineered and/ormetabolically engineered to become
biocatalytic hosts to improve the catalytic efficiency for a desired bioproduction process.

This research project, entitled “The development and applications of biocatalysts for chemical
bioproduction from biomass”, has employed the abovementioned concept. Firstly, a model bioproduction
system was initiated for R-1,3-butanediol (R13BD) production using a genetically-metabolically engineered
Escherichia coli MG1655 lacl®. (R)-1,3-Butanediol is a valuable chemical extensively used as a key intermediate
for the synthesis of pharmaceuticals and several industrial compounds. Despite its high demand, the
production has been restricted from multi-step chemical production, petrochemical substrate requirement and
a non-existence natural synthesis pathway from renewable biomass. In this study, an artificial synthesis route
was genetically and metabolically engineered in Escherichia coli MG1655 laclg to produce 1,3-butanediol from
glucose. The selection of heterologous genes from several organisms and activity level of their corresponding
gene products were demonstrated to be the key element for the product formation including phaA (3-
ketothiolase), phaB (NAD(P)H dependent acetoacetyl-CoA reductase) of Ralstonia eutropha NBRC 102504, and
bld (butyraldehyde dehydrogenase) from Clostridium saccharoperbutylacetonicum ATCC 27012. Improvement
of fermentation aeration and the application of fed-batch system significantly enhanced 1,3-butanediol
production. Under the optimized conditions, 1,3-butanediol was produced up to 9.05 ¢/l (100.4 mM) with 98.5
+ 0.2% enantiomeric excess (% ee) of (R)-1,3-butanediol. This is the highest yield of 1,3-butanediol produced
from glucose with the highest optical purity by the recombinant strain reported thus far.

Secondly, a model bioproduction system using an organic-solvent tolerant bacterial host and a two-
liquid (organic-aqueous) phase was demonstrated for 3-methylcatechol production. Genetically engineered
Pseudomonas putida TODE1 served as a biocatalyst for the bioproduction of valuable 3-methylcatechol (3MC)
from toluene in an aqueous-organic two-phase system. The two-phase system was used as an approach to
increase the biocatalyst efficiency. Among the organic solvent tested, n-decanol offered several benefits
including having the highest partitioning of 3MC, with a high 3MC yield and low cell toxicity. The effect of
media supplementation with carbon/energy sources (glucose, glycerol, acetate and succinate), divalent metal
cations (Mg2+, Ca2+, Mn2+ and Fe2+), and short-chain alcohols (ethanol, n-propanol and n-butanol) as a cofactor
regeneration system on the toluene dioxygenase (TDO) activity, cell viability, and overall 3MC vyield were
evaluated. Along with the two-step cell preparation protocol, supplementation of the medium with 4 mM
glycerol as a carbon/energy source, and 0.4 mM Fe” as a cofactor for TDO significantly enhanced the 3MC
production level. When combining with the use of n-decanol and n-butanol as the organic phase, a maximum
overall 3MC concentration of 31.8 mM (166 mM in the organic phase) was obtained in a small-scale
production, while it was at 160.5 mM (333.2 mM in the organic phase) in a 2-L scale. To our knowledge, this is
the highest 3MC yield obtained from a TDO-based system so far.



