BIOSYNTHESIS OF ALEURITIC ACID IN INDIAN
LAC INSECT, KERRIA LACCA AND ITS IN VITRO

PRODUCTION

ANEES KAPRAKKADEN

DEPARTMENT OF BIOCHEMICAL ENGINEERING
& BIOTECHNOLOGY
INDIAN INSTITUTE OF TECHNOLOGY DELHI

OCTOBER 2016



© Indian Institute of Technology Delhi (11TD), New Delhi, 2016



BIOSYNTHESIS OF ALEURITIC ACID IN INDIAN
LAC INSECT, KERRIA LACCA AND ITS IN VITRO
PRODUCTION

by
ANEES KAPRAKKADEN

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

October 2016



Dedicated to

Rafu, Anjumi and the lady who gifted them to me



Certificate

This is to certify that the thesis entitled “Biosynthesis of aleuritic acid in Indian lac
insect, Kerria lacca and its in vitro production.” being submitted by Mr. Anees
Kaprakkaden 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 him,
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.

Prof. V S Bisaria Dr. Preeti srivastava

Professor Assistant Professor

Dept. of Biochem. Engg. & Biotech. Dept. of Biochem. Engg. & Biotech.
Indian Institute of Technology Delhi Indian Institute of Technology Delhi

India India



Acknowledgements

Evolving nature of research makes it a never ending and equally challenging process. | am
happy that | could become a passenger in the never ending journey of knowledge. This
journey was kept on track and been seen through to completion with the support and
encouragement of numerous people including my well-wishers, friends, colleagues and
various institutions. It is worth to express the gratitude to those fellow passengers who
directly or indirectly made this journey a memorable and successful one. At the outset, |
am grateful to god almighty who made me strong to peruse this enigmatic task.

My vocabulary is insufficient to express deep gratitude to my supervisors, Prof. V
S Bisaria and Dr. Preeti Srivastava, who agreed to guide me on a research topic which
was naive to them. | could feel the presence of two innovative and knowledgeable
researchers who carry benevolent heart to guide me in my research and pacify me at tough
times. | am highly thankful for their patient hearing, support and trust offered to me which
made my task easier. Their encouragement and incessant inspiration made the impossible
possible. The lessons learnt from them are to be kept in heart, preached and practiced in
my future life.

I am highly indebted to my SRC members, Prof. Saroj Mishra, Prof. K J Mukharjee
and Dr. Shilpi Sharma for appreciating my efforts, and guiding me when needed. | am
thankful to all faculties of IIT Delhi who hatched an engineer inside a biologist through the
courses work during my PhD.

| offer my heart full reverence to Dr R Ramani, ex-Director of ICAR-IINRG for
allowing me to go on study leave for my PhD and supporting the PhD research through
funding from ICAR. I express my profound sense of gratitude to Dr. KK Sharma, Director
ICAR-IINRG Ranchi for giving support related to all official matters of my PhD. | heartily
thank Dr A Mohanasundaram for taking care of my family when I was away from Ranchi
for PhD completion. Support from Dr. K Thamilarasi and Dr Md Monombrullah for insect
sample collection and prompt processing of my official communication from time to time
is highly acknowledged. Help of Dr. Fahim Ansari and Dr. Arnab Roy Chaudhary for
GC-MS analysis is deeply appreciated. Thanks are to Mrs. Sweta, Mr. Bhupal and
Bandhanu and all SRFs and RAs working at biotech lab, 1INRG for their help for my
research work. Success of my work is partly due to the transcriptome data analysis help |
recieved from Dr. Dinesh Kumar, Dr. Igbal and Dr. Sarika from IASRI, New Delhi. |

thank them for their unconditional support offered.



BRL, my workplace, was decorated with the presence of a bunch of friends and
colleagues which made it home away from home for me. I cannot forget the contribution of
friendly conversation with Rishabh, intermittent interactions with Arpita, Nitu and Swati,
discussion on cricket with Moolchand, jokes of Richa and ‘adrakwali chai’ by Harilalji,
Yogesh and Rahmanji in the success of my experiments. | thank for the support of Sumeetji
for timely maintenance and supply of labwares. The heartfelt blessings and support of all
BRL members deserves special appreciation.

RNAI, was the source of all deficient research input for me. The unconditional
support provided by Pooja, Divya, Sabitha, Ankur and Amith for chemicals, purchase and
doing experiments is remembered with great sense of indebt. Thanks are to all other
members of RNAI who were kind enough to spare their time for helping me. The love and
affection you people provided will be kept as valuable asset in the core of my heart.
Heartfelt thanks to Mr. Sagnik, NII for his help in doing western blot.

Special thanks to my colleagues, Ashwani, Sunil, Tushar, Anshul, Raju and
Agustin for sharing their leisure time and making my stay at 11T a pleasant one. The course-
work days we did together cannot be forgotten. Services of Mr. Ajay from JNU for GC-MS
analysis, Mr. Subodh for MALDI-TOF and all the vendors who provided the chemicals on
time deserves special mention. Besides this, | acknowledge 11T Delhi for providing me the
infrastructure and ICAR for the financial support.

Finally, this work could have been impossible without the support of my family. I
have no words for the efforts of Rosy, who literally had a tough period due to my PhD. |
offer a big salute for her tolerance, support and critical advices at tough times. My kids,
Anjumi and Rafu was always been my inspiration and the real driving force to move ahead,
especially during mental hardship due to futile experimental outcomes. Their company was
a real soother for my turbulent research mind. I owe my success to the blessings of my
parents who always taught me not to compromise on quality. Even though many names are

missing in this list none are forgotten.

Date: (Anees Kaprakkaden)



Abstract

Aleuritic acid (9,10,16-trihydroxyhexadecanoic acid) is the major acid constituent of the
lac resin secreted by Indian lac insect Kerria lacca. Use of aleuritic acid as the starting
material in perfumery industry as well as in pharmaceutical industries, makes it a high value
compound. The current method of alkaline hydrolysis of the lac resin for purification of
aleuritic acid to the desired level is very time- consuming. The present study has attempted
to decipher the biosynthetic route of aleuritic acid in the lac insect and to reconstitute its
pathway in vitro by using heterologous genes, with a view to enable its enzymatic

production.

The route of aleuritic acid biosynthesis in Indian lac insect Kerria lacca has been proposed
based on the evidences from five different approaches. (a) fatty acid methy ester (FAME)
analysis of the resin secreting (adult) and resin non-secreting life stages (crawler) of the lac
insect using GC-MS, (b) use of broad spectrum inhibitors for epoxide hydrolase (EH) and
epoxygenase (EPOX) coupled with the trans-supply of probable intermediates, (c)
enzymatic activity of fatty acid desaturase (FAD), epoxide hydrolase and
monooxygenase(MONO) in extracts of the adult lac insect compared to that in the crawler
(d) Western blotting for epoxygenase (EPOX), fatty acid desaturase and epoxide hydrolase
for checking the presence of these enzymes in adult lac insect, and (e) quantitative PCR
for FAD, EH, EPOX and MONO genes for the transcript detection in the adult lac insect.

To isolate the genes responsible for the biosynthesis of aleuritic acid in Indian lac insect,
cDNA library of the adult lac insect was constructed using pPGEMT vector system, wherein
8,057 clones were isolated, and was used for screening of the four categories of genes viz.
EH, FAD, EPOX and MONO. Three distinct categories of probes viz. degenerate probes,

full-length heterologous genes, and the probes designed based on transcriptome data were

iv



used for cDNA library screening. Also, the use of degenerate primers for direct
amplification from cDNA of the adult lac insect was attempted. Approaches like colony
blotting and dot blotting followed by secondary and tertiary screening using typical
southern blotting procedures were applied for gene isolation. A full-length gene sequence
of EH was isolated which showed novel sequence characteristics and similarity to EH
sequences of existing database.

To provide a proof of concept for the deciphered pathway of aleuritic acid, in vitro
reconstitution of the aleuritic acid pathway was explored using five heterologous genes viz.
fatty acid desaturase from Saccharomyces cerevisiae, CYP81B1 from Helianthus
tuberosus, CYP86A4 from Arabidopsis thaliana, epoxide hydrolase from Caenorhabditis
elegance and epoxygenase gene from Stokasia laevis. These five genes were cloned,
expressed and induced for their use in cell conversion of the probable intermediates of
aleuritic acid biosynthesis, viz. 9-hexadecenoic acid and 16-hydroxyhexadecanoic acid.
The induced cell lysates of these five genes were used singly, sequentially and in
combination along with the trans-supply of intermediates. GC-MS profiling of the products
formed was carried out. Synthesis of 9,10-dihydroxyhexadecanoic acid was achieved when
the combination of induced cell lysates were incubated with 9-hexadecenoic acid.

This is the first in-depth investigation on the probable route for aleuritic acid biosynthesis
in Indian lac insect. The in vitro reconstitution of 9,10-dihydroxyhexadecanoic acid

synthesis was successfully achieved in the present study.
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