ENGINEERING OF LACCASE OF Cyathus bulleri
FOR DECOLORIZATION OF COMPLEX TEXTILE
DYES

TENZIN KENZOM

DEPARTMENT OF BIOCHEMICAL ENGINEERING AND
BIOTECHNOLOGY
INDIAN INSTITUTE OF TECHNOLOGY DELHI

AUGUST 2015



© Indian Institute of Technology Delhi (11'TD), New Delhi, 2015



ENGINEERING OF LACCASE OF Cyathus bulleri
FOR DECOLORIZATION OF COMPLEX TEXTILE
DYES

by
Tenzin Kenzom

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
AUGUST 2015



DEDICATION

In loving memory of my father.........



CERTIFICATE

This is to certify that the thesis entitled “Engineering of laccase of Cyathus bulleri for
decolorization of complex textile dyes” being submitted by Ms. Tenzin Kenzom to the
Indian Institute of Technology Delhi, for the award of the degree of ‘Doctor of
Philosophy’, is a record of the bonafide research work carried out by her, which has been
prepared under our supervision and guidance in conformity with the rules and regulations of
the ‘Indian Institute of Technology, Delhi’. The research reports and the results presented in

this thesis have not been submitted for any degree or diploma in any other University or

Institute.
Dr. Saroj Mishra Dr. Preeti Srivastava
Professor Asst. Professor
Dept. of Biochem. Engg. & Biotech. Dept. of Biochem. Engg. & Biotech.
Indian Institute of Technology Delhi Indian Institute of Technology Delhi
Date:

Place:



Acknowledgements

First of all with deep sense of gratitude and respect I thank, both my supervisors; Prof. Saroj
Mishra and Dr. Preeti Sivastava, without whose unwavering support my project would have never seen
this day. Prof. Saroj Mishra has been my constant source of support, expert guidance and innovative ideas.
She is an epitome of wisdom, integrity and sincerity. She guided me through the entire project and at the
same time gave me enough independence. Occasionally, she would be enthusiastic about a result more then
me, which fueled me to work more. She has been my never-ending fount of moral support. I am equally
indebted to Dr. Preeti Srivastava for all her help. Whenever an experiment gives me a tough time she will
always have a way out. She is a perfectionist and the most humble person I have ever met. She is also my
counselor with whom I can discuss freely all my woes and seek_ her advices. I am very thankful to both my
supervisors for patiently correcting and re-correcting my reports and drafts nth number of times. In the last
5 years, they have impacted my life in so many ways and I have grown so much under their supervision,
that I am now prepared and confident in making my future decisions and taking my next steps.

I am very grateful to my SRC members, Prof. Prashant Mishra, Prof. V.S. Bisaria, and Prof. S.K,
Khare for their support and invaluable advice and comments. I sincerely thank Girish sir, Lakshmi mam,
Ven T. Tashi for always being there and helping me with all the important decisions of my life. I also want
to take this opportunity to remember and thank all my past teachers for everything they have done for me.

I am also thankful to Mr. Sumeet Kapoor and his Pandora box, for providing me with all the
missing chemicals, plastic wares and other miscellaneous items, which I needed for experiments. Thanks to
Ram Gopal ji, Hari Lal ji, Rehman ji and Yogesh for providing me with clean glasswares and other lab
consumables. I would also like to thank, Mr. Mukesh Anand, Mrs Renu Sethi, Mr Dahiya, Rana ji,
Kishan ji and all other technical staffs for their help. I specially thank Neera mam for helping me with

library books and for being considerate about the due dates.

ii



I am indebted to my seniors Dushyant, Saurav, Meenu, Younis and Raju sir, for their help and
guidance. I am very thankful to Rishab for helping me with all the computer related issues. I would like to
express my thanks to my lab mates and juniors Jyoti, Gopi, Ashwini, Anees, Richa, Arpita, Moolchand,
Sakshi, Ira, Shilpi, Richa, Shraddha, Anamika and Surabhi for their help and support. Thanks to Aman
and Neeti for helping me with cyclic voltammetry experiments. I also thank Muthu, Kathir, Premnath,
Sunil and Arjun for helping me in ultrafiltration experiments. I am thankful to Shayoni and Kushboo for
helping with the computational works. This list would me incomplete without thanking my . coli and

Prchia cells, which I have exploited all these years.

I would like to express my sincere thanks to my friends Swati Shalini and Swati Jaiswal, who
have been with me since the first days of my PhD and stood by me through thick and thin. Thanks to my
friends Swati Ojha and Nitu for the numerous tea break discussions on research topics to life philosophies
to future plans. And a special thanks to my friend Nitu for all the extra chapattis, tiffin boxes, lunch and
dinner invitations, which saved me and Swati from mess food endless number of times. I also want to
extent my gratitude to my friends Madhav, Nivedita, T.Choden, Tensang, Jigme, and Tashi(s) for always

being there for me.

This work, would not have been possible without the support of my friend, Gocha. He is always
there for me, when I need help with my research and when I need moral support. He was instrumental in
helping me get past all the self-doubting and confusion that inevitably crops up in the course of a Ph.D.
He is the first person I turn to in my triumphs and my tears. For all this, I thank you. Finally I would like
to dedicate this work to all my family members: Amala, Acha Tsedolma and Pema, Cho Kunga and Gyalpo,
Tenyoue, Isephel and Namdol. Without their unending support, love and prayers, I would have never

made through this process or any of the tough times in my life. Thank you.

Tenzin Kenzom

iii



ABSTRACT

Laccase is a multi-copper containing polyphenol oxidase that catalyzes oxidation of a variety
of phenolics with concomitant reduction of oxygen to water. Due to this, it finds applications
in various industrial sectors. Previous research has suggested that the oxidative ability of
laccase can be changed by manipulation of some amino acids at the C-terminus of the
enzyme. No definite regions in laccase are identified which can extend this oxidizing ability.
Through the present work, it is reported that the second half of the protein, towards the C-
terminus, can be mutagenized to give laccase variants that exhibit high catalytic activity and
ability to degrade dyes with high redox potential. For this, the cDNA encoding laccase (Lcc)
from a white rot fungus Cyathus bulleri was cloned and expressed in the culture supernatant
of Pichia pastoris under the control of the alcohol oxidase (40X1) promoter. Since the
expression was low, effect of addition of Cu salts, previously reported to enhance
heterologous expression, was investigated. This strategy was found to increase the
extracellular levels of laccase to ~7000U/L. The experimental data strongly suggested that
the final yield of the functional laccase could be limited due to absence of metal ion (in this
case, copper) and therefore under Cu limiting condition apo-laccases are produced. This
finding bears considerable significance when trying to express metallo-proteins in the P.
pastoris system. Both the recombinant Pichia expressed laccase (WtLcc) and the native
laccase (nLcc) were purified to homogeneity. A comparison of their properties indicated the
WtLcc to be of higher molecular weight and this was attributed to a difference in the
glycosylation pattern of the two laccases, as determined from MALDI-TOF analysis. The
WtLcc also exhibited increased tolerance towards chloride ions and EDTA. The C-terminus
of laccase (comprising the 816-bp region towards the C-terminus) was subjected to random

mutagenesis and a library of mutants created in P. pastoris. The mutants were selected, first,

iv



for higher catalytic activity on ABTS using a modified microtitre based method. In the
second screening, active variants were selected based on decolorization of a high redox dye,
namely, Reactive Blue 21 (RB21). This dye has not been reported to be acted upon by
laccase. The degradation products of RB21 were characterized by mass spectrometry, which
indicated a mode of breakdown, quite analogous to that of peroxidases. The structural genes
of these laccase variants (Lcc35, Lec61 and Lec62) were sequenced to locate the mutation
sites and these were further mapped on the 3-D model of laccase. Contribution of the
changed amino acids to catalytic activity or substrate binding was investigated and the data
indicated residues both near and far from the T1Cu site to affect catalytic efficiency of
laccase. The mutated proteins were also biochemically characterized to understand structure-
function relationship. Importance of geometry as well as electronic changes was indicated in

reactivity of laccases.
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