INVESTIGATING THE BIOPHYSICAL
PROPERTIES AND AGGREGATION
BEHAVIOUR OF OPTINEURIN AND ITS
MUTANTS

ANJALI DIXIT

KUSUMA SCHOOL OF BIOLOGICAL SCIENCES
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JULY 2023



©OIndian Institute of Technology Delhi (II'TD), New Delhi, 2023



Investigating the biophysical properties and
aggregation behaviour of Optineurin and
its mutants

by
ANJALI DIXIT
KUSUMA SCHOOL OF BIOLOGICAL SCIENCES

Submitted
in fulfilment of the requirements of the degree of

Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
JULY 2023



D dedicate this thesis to my Parents



fae et fa=4, faamenfd yr=damH| aETgTHTeI,
YATGH dd: @H




CERTIFICATE

This is to certify that the thesis titled “Investigating the biophysical properties and
aggregation behaviour of Optineurin and its mutants ” being submitted by Ms. Anjali Dixit
to the Kusuma School of Biological Science, Indian Institute of Technology Delhi, New Delhi
for the award of the degree of ‘Doctor of Philosophy’ is a record of the bonafide research work
carried out by her, prepared under my supervision in conformity with the rules and regulations
of ‘Indian Institute of Technology Delhi’. The research report and the results presented in the
thesis have not been submitted to any other University or Institute for the award of any other

degree or diploma.

Prof. Bishwajit Kundu

Professor
Kusuma School of Biological Sciences

Indian Institute of Technology Delhi New Delhi-110016, India



ACKNOWLEDGEMENTS

1would like to express my sincere gratitude to my thesis supervisor Prof. Bishwajit Kundu for his invaluable guidance and
support throughout my research project. His vast knowledge, expertise, and enthusiasm have been instrumental in shaping
my research, challenging me to think critically, and encouraging me to pursue excellence. His constructive feedback,
insightful comments, and constructive criticism were invaluable in shaping the direction of my research, helping me to refine
my ideas, and ensuring that 1 remained on track. 1 had the privilege of having a supervisor who always gave me the freedom
to choose my own project. He consistently offered unwavering support in acquiring necessary resources and arranging
instruments, even if it meant reaching out to other institutes. Beyond his role as a thesis supervisor, I have learned valuable
life lessons from him. He has always kept a positive and cool environment in the lab. The memories of our lab trips will
remain etched in my heart for a lifetime. 1 am truly grateful for his guidance and mentorship throughout my academic
Jjowrney. His belief in me has been instrumental in my personal and professional development. 1 am also grateful to Dr.

Indrani Gosh for her warmth and care during this PhD journey.

1 would like to extend my sincere gratitude to Prof. Pramit Chowdhury for his guidance and invaluable insights in the
thermodynamic aspects of this study. 1 am grateful for his continuous support and always keeping the doors of his lab open
to use the facilities.

1would like to express my sincere gratitude to the members of my SRC- Prof. C.S Dey, Prof. Manidipa Banerjee and Prof.
Shashank Deep, for their invaluable contributions and insightful inputs into my research. Their expertise and guidance
have played a crucial role in enhancing the quality and depth of my work. 1 am deeply thankful to Dr. Pradeep Sharma for
generously providing the SPR facilities and support at ATIMS.

1 would like to express my heartfelt gratitude to my present and past lab members others, for creating a positive and
enriching lab environment -Dr. Dushyant Garg. Dr. Ankit Srivastava, Dr. Anil Tomar, Dr. Pankaj Sharma, Dr. Jasdeep Singh,
Dr. Prashant Pradhan, Dr. Arti Kataria, , Dr Kritika Singh, Dr. Bhumika Ray, Shaantanu, Shubham, Pramod, Ashok, Prerna,
Karthik, Ankan, Nilanjana, Sujata, Sheetal and Koyena. Each of them has played a significant role in shaping my research
Jjowrney, and 1 am truly grateful for their support and contributions.

1 am grateful to Dr. Ankit for teaching and helping me with the aggregation experiments in the initial days of my PhD. 1
am thankful to Dr. Dushyant's willingness to share his knowledge and expertise all the time. Dr. Anil Tomar has
consistently supported and mentored me throughout this jowrney. He is my go-to person whenever 1 face challenges.

Dr. Pankaj taught me all the lab work, from protein purification to CD spectroscopy. 1 will forever cherish the memories of
Dr. Pankaj's witty PJs (jokes) and his positive attitude that always managed to keep the work environment light and enjoyable.
Dr. Jasdeep (Jassi Sir) is seriously the coolest person ever! We had a blast together in the lab, on crazy lab trips, and epic
house parties. One would forget all the stress of PhD in his presence. And big thanks to him for bringing Dr. Ramandeep



into our lives ,] will always cherish her presence, energy, and the genuine connection we shared. 1 am thankful to Dr.
Prashant (DocSaab) for his guidance in selecting this research topic. He has been an inspiring and encouraging senior since
my BSc days. Dr. Kritika's boundless energy and infectious enthusiasm for her work are qualities 1 deeply admire and aspire
to. She is the perfect blend of wisdom and childlike curiosity. Her passion is contagious, and 1'm grateful for the opportunity
to learn from her. Dr. Arti's professionalism and attention to detail have been invaluable in shaping my scientific approach.
I've gained valuable insights into proper experimental techniques and effective laboratory management through her
guidance. Shubham has always been calm, composed and cool. He patiently taught me AFM. Lab trips were so much fun
with him! He organized bonfires and played the guitar, making it an unforgettable experience. 1 am truly grateful to Ankan
for his support and interest in this project. His valuable contributions during the final stages of my PhD will never be
forgotten. His inquisitive nature exhausted my mind but it definitely brushed up my scientific concepts. His fun-loving
nature never failed to uplift my spirits and create a positive working environment.

Twould also like to express my gratitude to my friends from JNU, Dr. Nikita and Ritika. Starting our PhD training together,
Dr. Nikita patiently taught me the experiments and offered constant encouragement with her positive attitude. Ritika, my
soul sister (Himalayan sister), embarked on the PhD journey alongside me, facing similar challenges. Through the highs and
lows, her invaluable support in this project and assistance with experiments at JNU when resources were scarce at 11T is
deeply appreciated.

My PhD journey wouldn’t have been the same without my friends and batchmates Dr. Yamini and Dr. Medha. The coffee
sessions with them, where we would vent about our PhD stress and discuss life, were incredibly rejuvenating and much-
needed. My heart aches to write about Yamini, who is no longer with us. She was a true friend, always supportive and helpful.
1 enjoyed listening to her stories and all the good memories that we have made together

1 would like to express my gratitude to Dr. Pooja Tanwer for being a supportive friend when 1 needed it the most. Her
perfectionism and passion have been a great inspiration to me. Thank you for simply being there. 1 would like to thank my
other friends, Dr.Devanshu Mehta, Ritu Bhardwaj, Jyoti Rani and Shantanu Banerjee who helped me in other
miscellaneous aspects in this project.

My sincere thanks to all the faculty members of KSBS who taught and guided me in some way or the other. 1 am thankful to
the KSBS staff for helping in all the administrative work. My heartfelt gratitude to all the cleaning staff of KSBS for keeping
the department neat and clean.

A special mention goes to the Dramatics club of 'T Delhi and the wonderful people 1 connected with. 1 learned invaluable
lessons and had a great experience with them. 1would like to thank my friend Sujeet for being a constant source of support.
Being a part of this club allowed me to express my emotions on stage, and my PhD journey wouldn't have been the same
without it.

Friendship is the comfort of knowing that even on your darkest days, you have someone by your side who will never let you
face them alone. Dr. Aanchal Gupta is my rock! She's always got my back and knows how to lift my spirits when 1 need it

most. | can count on her to be there for me no matter what. Dr. Aditi Arya is the embodiment of kindness and compassion.



Her big heart and caring nature have always been a source of comfort and love in my life. 1'm grateful to have her by my side.
Dr. Charu Aggarwal has been my best friend since childhood. Through thick and thin, she has stood by my side, offering
unwavering support and showing right path. Dr. Ankit Kumar, the mischievous one of our group, has always been there to
lend a helping hand when needed. His playful nature brings joy to our lives, and 1'm grateful for his constant support. 1 am
truly fortunate to have such amazing friends who shower me with unconditional love and support. Their presence in my life
is a constant reminder of how blessed 1 am.
Twould like to express my profound gratitude to my loving family. 1 am grateful to my parents, Mrs. Monika Dixit and Mr.
Manoj Kumar, for their unconditional love, support, and sacrifice that helped me in my PhD jowrney. 1 know that 1 could
not have achieved this without their help. They have always been there for me, no matter what. They have encouraged me to
follow my dreams, even when they seemed impossible. During the challenging moments when 1 felt low and anxious, they
were there to understand my struggles, lift me up, and provide the motivation 1 needed to keep going. Their unwavering
belief in me and their ability to see my potential even in times of failure have been invaluable. They have celebrated every
small achievement with joy and have been the pillars of my strength. 1 owe everything 1 have achieved to their love and
guidance. 1 want to thank my brother Jayant Dixit, for his love and encouragement throughout my journey. He has been my
protector and source of motivation during the challenging times. His playful and mischievous nature has always brought a
smile to my face and served as a much-needed stress reliever. Our food adventures, exploring different places together, are
memories 1 will cherish forever. Thank you, dear brother, for your constant support and for making this jowrney more
enjoyable and memorable. 1 am incredibly grateful for my best friend turned husband, Sahil, who has been a solid supporter
throughout this jowrney. From day one, he has been by my side, witnessing both the highs and lows. Sahil has patiently
listened to my problems and offered solutions, acting as a mentor, teacher, and friend. His love and encouragement have
been the driving force that kept me going. 1 am forever thankful for his presence in my life.
1 am thankful to NT Delhi for providing excellent infrastructure and facilities that have greatly supported my research
Jjourney. The availability of state-of-the-art instruments and equipment through the Central Research Facility (CRF) has
been instrumental in conducting my experiments effectively. 1 thank UGC, Govt of India, for granting me the UGC-JRF and
UGC-SRF fellowship to carry out my research work at 1T Delhi. The travel grants from CSIR and RSTA-T Delhi to attend

conferences is duly acknowledged.

Lastly, 1 want to remember the Almighty for bestowing upon me the strength and resilience to pursue my research.

Anjali Dixit



ABSTRACT

Optineurin (OPTN) is a multifunctional, ubiquitously expressed cytoplasmic protein. The name
‘Optineurin’ has been derived from OPTIc NEURopathy INducing protein. The mutants
of OPTN are linked with primary open-angle glaucoma (POAG), a pathological condition that
causes irreversible blindness and amyotrophic lateral sclerosis (ALS). The presence of OPTN
in ocular tissues like the iris, retina, cornea, trabecular meshwork, and lenses is intriguing. This
is because mammalian ocular tissues, particularly eye lenses, often experience various stress
conditions. Interestingly, the ocular protein OPTN also harbors heat shock elements in its
promoter region. Sequence analysis of OPTN exhibits intrinsically disordered regions and
nucleic acid binding domains. These properties hinted that OPTN might be endowed with
sufficient thermodynamic stability and chaperoning activity. However, these attributes of
OPTN have not yet been explored. In the first part of this thesis we have studied these
properties in OPTN and its ALS-related mutant through thermal and chemical denaturation
experiments and monitored the processes using CD, fluorimetry, differential scanning
calorimetry, and dynamic light scattering. We found that upon heating, OPTN reversibly forms
higher-order multimers. OPTN also displayed a chaperone-like function by reducing the
thermal aggregation of bovine carbonic anhydrase. It regains its native secondary structure,
RNA-binding property, and melting temperature (7m) after refolding from a thermally as well
as chemically denatured state.

Considerable progress has been made over a decade in understanding the physiological and
pathological functions of OPTN. It is well reported that OPTN is an aggregation prone protein
that is involved in neurodegenerative disease progression. OPTN tends to form aggregates
under certain stress conditions such as oxidative stress. Moreover, OPTN is associated with the

with the RNA binding proteins and stress granules. However Despite such advancements, there



remains a lacuna of knowledge in the fundamental biophysical and aggregation mechanisms of
OPTN's involvement in disease progression. To understand the aggregation kinetics of OPTN
and its ALS-related mutants E478G and Q398X, we explored their aggregation behaviour in
the second part of this thesis. It is known that intrinsically disordered proteins form multivalent
interactions which leads to polymerization which eventually undergo phase separation.
Similarly, RNA binding protein, under stress conditions, form multivalent interactions with
other proteins and RNA molecules to undergo LLPS in the form of stress granules. On sequence
and structure analysis it was found that OPTN is intrinsically disordered
glutamine rich protein, consisting of both zinc finger and leucine zipper domains, which are
known to bind oligonucleotides. This inclined us to propose that OPTN may act as an RNA
binding protein having a significant role in stress granule dynamics and phase separation.

Therefore we studied its RNA-binding and phase separation properties as well.

From our study we found that OPTN is a protein with significant structural reversibility after
denaturation. OPTN is a versatile protein that could mould into a conformational multimer. We
found that it interacts with RNA in its native state and also it regains this functionality after
refolding. Similar phenomenon was not observed with the mutants, which does not show
complete reversibility. Reversible thermal transition of OPTN to multimeric form is of special
interest as it displays chaperone-like activity, presumably to perform a myriad of cellular
functions. The thermodynamic properties of OPTN presented here lays the foundation for
further explorations and validation with additional experiments. Our study gives a reasonable
correlation of OPTN’s existence in the ocular tissues, pertaining to its chaperoning potential.
We have shown that prolonged stress makes the wild type OPTN and its mutants prone to
aggregation and we have established aggregation kinetics in-vitro. We found that the wild type

OPTN forms worm-like fibres while the mutants form amorphous aggregates. The initial study



of liquid-liquid phase separation and formation of gel like particle further throws light on the
complexity of this protein and its progressive role in neurological disorders in the cell. Further
studies and exploration of LLPS to solid structure or aggregation pathway will be helpful in

designing potential therapeutics to inhibit or delay in OPTN- associated disease progression.
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