BIOPROCESS STUDIES ON RECOMBINANT E. coli
EXPRESSING PROTEINS WITH GroEL-GroES
ASSISTED FOLDING

GAYATHRI. R

DEPARTMENT OF BIOCHEMICAL ENGINEERING AND BIOTECHNOLOGY
INDIAN INSTITUTE OF TECHNOLOGY DELHI
APRIL 2015



© Indian Institute of Technology Delhi (IITD), New Delhi, April 2015



BIOPROCESS STUDIES ON RECOMBINANT E. coli
EXPRESSING PROTEINS WITH GroEL-GroES
ASSISTED FOLDING

by
GAYATHRI.R

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
APRIL 2015



CERTIFICATE

This is to certify that the thesis titled “Bioprocess Studies on Recombinant E. coli
Expressing Proteins with GroEL-GroES Assisted Folding” submitted by Ms. Gayathri. R
(2007BEZ8175) for the award of Doctor of Philosophy in Biochemical Engineering and
Biotechnology is a record bonafide work carried out by her under our guidance and
supervision at the Department of Biochemical Engineering and Biotechnology. The work
presented in this thesis has not been submitted elsewhere either in part or full, for the award

of any other degree or diploma.

Prof. Tapan K Chaudhuri Prof. James Gomes

Kusuma School of Biological Sciences Kusuma School of Biological Sciences
Indian Institute of Technology Delhi Indian Institute of Technology Delhi
New Delhi — 110016 New Delhi — 110016

Date:

Place: New Delhi



ACKNOWLEDGMENTS

| take this opportunity to express my deep gratitude to all people who have extended

their cooperation in various ways during the course of this study.

| express my sincere gratitude to my thesis advisors Prof. Tapan K. Chaudhuri and
Prof. James Gomes, Kusuma School of Biological Sciences, for their valuable guidance and
suggestions during all the stages of the research work. | take this opportunity to sincerely
thank them for their support during the hard times and constant encouragement to pursue the
research work. | am grateful to Prof. K. J. Mukherjee, Jawaharlal Nehru University (JNU),
New Delhi, for the valuable discussions and allowing me to use the laboratory facilities in
School of Biotechnology, JNU. I also extend my gratitude to my SRC members, Prof. Saroj
Mishra, Prof. Vikram Sahai and Dr. Sheikh Ziauddin for their kind support and suggestions.
Special thanks to Dr.Sheikh Ziauddin for patiently reviving the thesis chapters.

| am indebted to my mother, brother, and in-laws, for their continuous support and
encouragement during the research tenure. | specially thank my husband S. Radhakrishnan
for believing me and being a constant source of inspiration and encouragement during hard

times.

| also thank all my friends (both from IIT Delhi and JNU Delhi) who have extended
their support for the success of the project. Special thanks to Ashuthosh, Amit, Vinay,
Megha, Neha, Bhaskar, Ashish, Vishal, Saurabh, Ankit, Prabha, Amita, Dushyant, Rachana,
Jyoti and Swati. Special thanks to Pallavi and Shveta for being there during trouble times. |
also thank the Lab 110 members in SBT, JNU specially Ashish, Kathir, Subha, Vijetha,
Deepti and Neetu.

Above all, I would like to thank the almighty and my father Late Dr. G.
Ravitchandirane for the blessings and strength they have showered during the course of this

thesis.

R. Gayathri



ABSTRACT

The recombinant protein production is an essential tool for many biotechnological
applications including large-scale production of proteins, which are of therapeutic and
industrial significance and also for the investigation of the structural and functional
aspects of the proteins. The enteric bacterium, Escherichia coli, is the most popular
prokaryotic expression system, known for its rapid and high yields of heterologous
protein production. The major bottleneck in using this host system for recombinant
protein production is the frequent formation of inclusion bodies, which are devoid of
functionality. The chaperonins GroEL/ES assist in the folding of these recombinant
proteins and hence improve their solubility and activity. The physiological expression of
chaperonins in the host cells are quite low and hence the need arises to co-express the

molecular chaperones concomitantly with the recombinant proteins.

The process variables such as temperature, inducer concentration, media components,
presence of co-expressed chaperones and physiological stresses like osmotic and heat stress,
are shown to affect the folding of recombinant proteins in the complex cellular environment.
Hence, we have developed a bench-scale screening platform to enhance the yield of

functional recombinant proteins.

The kinetic studies were carried out on the recombinant E. coli during the transient state
continuous culture to understand the advantages the cells possess during GroEL/ES
chaperone co-expression. It is found that the co-expression of GroEL/ES alleviates the stress
produced in the recombinant cells during the overexpression of proteins. The cells expressing
the chaperones GroEL/ES show enhancement in both the specific growth rate of the induced

cells and the aconitase productivity.
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