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Introduction:

Lipases (triacylglycerol acylhydrolases, EC 3.1 1 3) are the versatile group of
enzymes that have the ability to hydrolyze triglycerides at a lipid-water interface This
phenomenon of interfacial activation distinguishes lipases from other esterases.
Moreover, lipase enzymes show wide substrate specificity and they are often used in
chemo, enantio and stereo selective reactions of biotechnological importance. The
tolerance of lipases to organic solvents renders them more attractive for
transesterification and other synthetic reactions of commercial importance. The process
economics involved with the downstream processing of lipases hindering their usage in
industrial biocatalysis In order to overcome this problem, whole cell biocatalysis in
non-conventional media was investigated and immobilization of whole-cells on porous
biomass support particles (BSPs) made of polyurethane foam has been extensively
studied

There are several reports on the utilization of a number of microorganisms like
bacteria, yeast and fungi as whole cell biocatalysts to improve the cost effectiveness of
various bioconversion processes. Among the established whole cell biocatalyst systems,
filamentous fungi are proved to be the more robust whole cell biocatalyst for the
industrial applications. Further more, immobilization of filamentous fungi on biomass
support particles (BSPs) made of polyurethane foam (PUF) can be achieved
spontaneously during batch cultivation. The immobilized BSPs can be easily separable
from the reaction mixture to facilitate their repeated use in bioconversion process.

Filamentous fungi are well recognized for their ability to secrete large amounts
of proteins and among them, Aspergillus species is widely used for the production of
industrial enzymes. In particular Aspergillus oryzae is often used for the production of
enzymes and as a host for the expression of heterologous proteins. In the recent times
several attempts have been made to develop improved promoters for the high level
expression of heterologous proteins. Therefore recombinant 4. oryzae immobilized in
BSPs may initiate momentum for the utilization of whole cell biocatalyst in industrial
biocatalysis.
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Part 1 Development of recombinant Aspergillus orpzae whole-cell biocatalyst

expressing lipase-encoding gene from Candida antarctica.

To expand the industrial applications of Candida antarctica lipase B (CALB),
we developed Aspergillus oryzae whole cell biocatalyst expressing the lipase encoding
gene from Candida amarctica. A. oryzae niaD300, which was derived from the wild
type strain RIB40, was used as the host strain. The CALB gene was isolated from C.
antarctica CBS6678 and expression plasmids were constructed with and without
secretion signal peptide The lipase gene was expressed under the control of improved
glaA and P.No-8142 promoters of plasmids pNGA142 and pNAN8142 respectively. The
southern blot analysis demonsirated the successful integration of CALB gene in the
genome of 4. oryzae. To determine the role of signal peptide, the expression plasmids
were constructed with homologous and heterologous secretion signal sequences of
triacylglycerol lipase gene (tglA) from 4. oryzae and lipase B (CALB) from C.
antarctica respectively The C-terminal FLAG tag does not alter the catalytic properties
of the lipase enzyme and western blotting analysis using anti FLAG antibodies
demonstrated the presence of cell wall and membrane bound lipase responsible for the
biocatalytic activity of whole-cell biocatalyst The resultant recombinant 4. oryzae was
immobilized within Biomass support particles (BSPs) made of polyurethane foam
(PUF) and the BSPs were successfully used for the hydrolysis of Para-nitrophenol
butyrate (p-NPB) and for the optical resolution of (RS)-1- phenyl ethanol by
enantioselective transesterification with vinyl acetate as acyl donor. Coliectively this
work provided framework for the utilization of recombinant whole cell biocatalyst in
the resolution of chiral compounds and in the bioconversion of low cost oils in to value
added products like biodiesel fuel.

Tamalampudi, S., Talukder, M. M. R., Hama, 8., Suzuki, Y., Kendo, A., Fukuda H.
(2007). Development of recombinant whole cell biocatalysts of dspergillus oryzae
expressing lipase-encoding gene from Candida antarcfica. Applied Microbiology and
Biotechnology, 75, 387-395
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Part I Immobilized recombinant Aspergillus orpzae expressing heterologous
lipase: an efficient whole cell biocatalyst for enantio-selective transesterification in
organic solvent

Organic esters are used in various industries such as perfumery, flavor and
pharmaceutical intermediates The use of biocatalysts for esterification and
transesterification reaction under ambient reaction conditions gives better products for
use in flavors and fragrance industries. In the current study, enantioselective
transestenfication reaction was developed by using recombinant Aspergilius oryzae
whole-cell biocatalyst expressing lipase encoding gene from Candida antarctica. The
recombinant fungal cells were immobilized on Biomass Support Particles (BSPs) to
facilitate the reusability of whole-cell biocatalyst The immobilized CALB expressing
whole- cell biocatalyst was used for the optical resolution of (RS)-1-phenylethanol by
enantioselective transesterification with vinyl acetate as acy! donor The activity of the
whole-cell biocatalyst was optimized and compared with the other whole-biocatalysts .
coli displaying CALB, S. cerevisiae displaying ROL and 4. oryzae whole-cell
biocatalyst expressing tglA lipase. The initial activity of immobilized CALB expressing
A.oryzae was at least 15 folds higher than that of 4.oryzae expressing tglA lipase. The
maximum yield of (R)-1-phenylethyl acetate reached 88.1% with an enantiomeric
excess (ee) of >99% after 3.5h reaction, while tglA lipase expressing 4.oryzae showed
90% yield and 95% ee after 48h. The recombinant A.oryzae retained its activity in
hexane, heptane, toluene, cyclohexane and octane Moreover, whole-cell biocatalyst
maintained its activity for more than 15 batch reaction cycles. Current study
demonstrated the applicability of recombinant whole-cell biocatalyst to bioconversion
process in non-aqueous medium.

Tamalampudi, S., Hama, S., Tanino, T., Talukder, M. M. R., Kondo, A., Fukuda, H.
(2007) Immobilized recombinant Aspergillus oryzae expressing heterologous lipase. an
efficient whole cell biocatalyst for enantio-selective transesterification in organic
solvent Journal of Molecular  Catalysis:B, d0i:10.1016/j.molcath.2007.05.007
(available online)
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PartIII Biodiesel fuel production using fungal whole-cell biocatalysts.

Chapter I Jatropha oil as a potential substrate for whole-cell catalyzed biodiesel
fuel production.

Biodiesel (BD) as alkyl esters of long chain fatty acids can be produced by

alcoholysis of vegetable oils using lipase as a biocatalyst. The lipase cost associated
with its purification from culture broth is the main obstacle for enzymatic production of
biodiesel The large percentage of BD cost also associated with feedstock oil The lipase
producing whole-cells of Rizopus oryzae (ROL) immobilized onto biomass support
particles (BSPs) is thus used for the production of BD from relatively low cost
non-edible oil from the seeds of Jatropha curcas. The activity of ROL is optimized and
compared with that of commercially available most effective lipase (Novozym 435).
Different alcohols as a hydroxyl donor are tested, and methanolysis of Jatropha oil
progresses faster than other alcoholysis regardless of lipases used The maximum
methyl esters content in the reaction mixture reaches 80 wt% after 60h using ROL,
whereas it is 76% after 90h using Novozym 435. Both the lipases can be repeatedly
used and both lipases exhibit more than 90% of their initial activities after 5 cycles. Our
results suggest that whole-cell ROL immobilized on BSP is a promising biocatalyst for
producing BD from Jatropha oil.
Ref Tamalampudi, S., Talukder, M. M. R., Hama, S., Numata, T., Kondo, A.,
Fukuda, H. Enzymatic Production of Biodiesel from Jatropha Oil: A comparative study
of immobilized whole-cell and powder lipases as a biocatalyst. Biochemical
Engineering Journal (submitted revision)

Chapter II Biodiesel fuel production using recombinant Aspergillus orpzae
expressing Fusarium heterosporum lipase

In this study, we used recombinant Aspergillus oryzae whole cell biocatalyst
expressing lipase encoding gene from the Fusarium heterosporum (FHL) for the
production of Biodiesel fuel. This is the first report on the utilization of recombinant
fungus for BDF production. The recombinant 4.oryzae expressing FHL showed high
methyl ester yield of 85 wt% in 72 h. Despite of no chemical treatment methods like
glutaraldehyde for lipase stabilization, recombinant whole cell biocatalyst retained its
activity in fourth batch reaction cycle Therefore, the recombinant A.oryzae cells
expressing FHL is considered to be promising for industrial biodiesel production.
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