MICROBIAL PRODUCTION OF TANNASE AND ITS
APPLICATION IN HYDROLYSIS OF TANNINS AND
SYNTHESIS OF GALLIC ACID ESTERS

by

MALINI SETH

DEPARTMENT OF BIOCHEMICAL ENGINEERING AND BIOTECHNOLOGY

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY, DELHI
JULY, 2000



© Indian Institute of Technology, New Delhi, 2000
All Rights Reserved



ra
»FE('CEFSI’D

ottt il

Mﬂ\ﬂﬁm o "

'\m .

;7'

Mot

A
foaiin

\ Q b‘\‘@ }*‘ff LR

3 o




CERTIFICATE

This 1s to certify that the thesis entitled * Microbial Production of
Tannase and its Application in Hydrolysis of Tannins and Synthesis
of Gallic acid Esters’, being submitted to the Indian Institute of
Technology, Delhi, for the award of Degree of Doctor of Philosophy, has
been prepared under my supervision and guidance in conformity with the
rules and regulations of Indian Institute of Technology, Dethi The
Rescarch report and results presented in the thesis have not been
submitted to any other University or Institute for the award of any other

degree or diploma.

Le L,

Subhash Chand, Professor

Dept. of Biochemical Engineering and Biotechnology,
Indian Institute of Technology, Delhi

Hauz Khaz, New Delhi-110016



ACKNOWLEDGEMENT

J take thiy opportunity to-thank wy research supervisor Prof
Subhash Chand for hiy support, guidance and encouragement all
through my tenure ay a research scholar heve. It hay been my
proud privilege to- work under hiy esteemed, supervision. Hiy deep
nsight into- problems; fovesight, constructive criticism, patience;
rigor and tremendous capacity for disciplined work has been a
congtont source of ingpiration and motivation for me:

I amv thankful: to- my reseawch committee members namely,
Prof. V.§ Bisawia, Dr. Prashant Mishra and Prof. RK. Saxena
(Dept. of Microbiology, University of Delhi; Sowth campus) for their
vaduable suggestiony during the cowrse of the worvk: I am also-
thankful to-the faculty members of the Department of Biochemical
Efngimmm‘w,g«amdxﬁfnt?rk/nnlogy specially Prof. G.P. Aggoarwol and
Dr. Joumesy Gomes for extending out their help and support
whenever I approached them.

I am readly indebted to- My Vandana Gupta and Mr. R.
Gividhaw for taking out time frow their busy schedule to- help me
withy my experimental work and the wseful discussions from time
to- time, T o adgo- gratefud tor Jagmedh, Jagpreet, Vandana, Anu,
Yl ands Sanjay for helping me during the course of my work:

I wish to- take thiy opportunity to- thank Ms. Sarika Mehra
who- hay not only helped, me with the mathematical analysiy of my
work but hay also- beew a true friend: She has alwayy been o
congtant’ source of inspiration and [ value her for ever-willing
assislonce: whenever vequiveds lry me. Rahul, Gunjony Purusharthv
and Kapil deserve special thanky for being the troubleshooters to-
all my p;;olrlem/y related, to- computery and being there whenever I



needed their help. I would also- like to-thank Someet; Nishant onds
Atul for their support while framing wy thesis:

I sincerely thank Mr. J. A. Khan and Mr. D.V. Sharma for
solving all the problems I faced in running the bioreactors: 1
would: also- like to- thank the staff membery of the department
especially Mr. VX. Ghoshy Ms: Renuw Sethi; Mr. Bhagwewy Singhy Mr.
Hardeep Singh and Mr. S. P. Rana for their help.

The emotional support and the help of my friends Dr. Alko
and: Sonuw made me sail through the toughest phases of my work
very smoothly. I wish to-thank thew from the cove of my heart for
all their help and support. I amv also- indebted to- my friends
Priyanka, Cherry, Gaganpreet, Dipali and my wing male
especially Xovitow and, Sheadha for the wonderfid, woyy Iy which,
they made my life in the hostel very pleasant. I am also-thankful
to-Pooja;, Debawvathi and Monikewfor helping me with the editing.

Wovds carnot expressy the support of my parenly and sister
who- took care of everything helping me to- concentrate ow wy
research single~mindedly. It iy their constant support; love ands
encouragement, which hay helhed, me; complete my wovk: T woulds
also- want to- thank my grandmother, uncle and aunty and my
brothery Karanw and, Varuw for being besides me all thwough the
cowrse of my wovk:

Lagt but not the least I would like to- thank the Department
of Microbiology, University of Delhis South caumpuy for providing
the fungol: cultuves 1 would also- like to- thank the, Councils fos
Scientific and: Industrial Research for providing the financial
assistonce during the course of study. W

W

MALINI SETH



ABSTRACT

Tannin acyl hydrolase is an industrialty impgftegr}t”enzyme;,produced by a
number of fungi. Aspergillus awamori was selected as the potential producer of
intracellular tannase. Using Plackett-Burman’s 2-factorial design, the tannic acid
concentration, agitation speed and pH during the fermentation were identified as
important process parameters affecting the cell growth and enzyme synthesis, These
parameters were optimized in a laboratory bioreactor by Response Surface
Methodology using Box and Benkehn's experimental design for enzyme production
and gallic acid accumulation. Under optimum conditions for enzyme synthesis, the
fermentation run lasted 60 hours with an initial tannic acid concentration of 35.0 g I,
yielding biomass concentration of 7.13 g I"' containing 771 IU of intracellular tannase
per gram dry cell weight and 19 g I of gallic acid. However, maximum gallic acid
accumulation (403 g [') was obtained in 24 hours with an initial substrate
concentration of 45 g "', Intracellular tannase was isolated by disintegrating the cells.
Different strategies based on ultrafiltration, ammonium sulphate fractionation and
sorption were studied to get the purified enzyme sample for immobilization to DEAE-
cellulose. The enzyme sample obtained after the above strategy bad the specific
activity of 53.6 IU mg ' protein with purification factor of 134 and 68 % yield.

The purified enzyme sample was also used to study the mode of action of
tannase on gallotannins. Tannase contains both the depsidase and esterase activities
which hydrolyze depside and ester bonds of gallotannins respectively, Assuming the
two reactions to follow Michaelis and Menten’s kinetics and their stepwise action on
the tanning, a kinetic rate expression has been developed. A reasonable fit between

the experimental and theoretical release profiles confirmed the proposed hypothesis.



The immobilized enzyme, whole cells and the permeabilized mycelia were
used to carry out the hydrolysis of gallotannins to gallic acid. The permeabilized cells
were used for the hydrolysis of gallotannins in a stirred tank reactor in
batch/continuous mode. The immobilized enzyme was also used to synthesize gallic
acid esters as the permeabilized mycelia showed a very low esterification rate. The
effect of nucleophilic donor, temperature and water activity was determined on the
esterification rate. The immobilized enzyme reactor for the production of propyl
gallate was operated in a batch mode for a series of 10 runs exhibiting a reasonably

good operational stability.
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