Studies on Proteins Involved in Cell
Death/Survival Pathways

A thesis submitted
in partial fulfillment of the requirements
for the award of a degree of

DOCTOR OF PHILOSOPHY

by

Kumari Prerna

(Enrollment No. 18011009)

School of Biochemical Engineering
INDIAN INSTITUTE OF TECHNOLOGY
(Banaras Hindu University)

Varanasi

October 2023



To my parents, teachers, and family!



INDIAN INSTITUTE OF TECHNOLOGY
(BHU) VARANASI

CERTIFICATE

It is certified that the work contained in this thesis entitled “Studies on proteins involved in
cell death/survival pathways” by Kumari Prerna, a student of the School of Biochemical
Engineering, Indian Institute of Technology (BHU), Varanasi, for the award of the degree of
Doctor of Philosophy, has been carried out under my supervision and this work has not been
submitted elsewhere for a degree. It is further certified that the student has fulfilled all the
requirements of the Comprehensive Examination, Candidacy, and State of the Art for the

award of a Ph.D. degree.

Uil ath [wimnar 5
Prof. Vikash Kumar Dubey 3 I/ | 0/}023

Supervisor
School of Biochemical Engineering

Indian Institute of Technology (BHU) Varanasi




INDIAN INSTITUTE OF TECHNOLOGY (BHU)
VARANASI

DECLARATION BY THE CANDIDATE

It is certified that the work contained in this thesis entitled “Studies on proteins involved in
cell death/survival pathways” is my own bonafide work and carried out by me under the
supervision of Prof. Vikash Kumar Dubey, professor, School of Biochemical Engineering,
Indian Institute of Technology (BHU) Varanasi from July 2018 to October 2023 for the
award of the degree of Doctor of Philosophy. The work in this thesis has not been submitted
elsewhere for the award of any other degree/diploma. | declare that | have faithfully
acknowledged and given credits to the research workers wherever their works have been
cited in my work in this thesis. | further declare that I have not wilfully copied any other’s
work, paragraphs, text, data, results, etc., reported in journals, books, magazines, reports,
dissertations, theses, etc., or available on websites and have not included them in this thesis
and have not cited as my own work.

October 2023 Aﬂuﬂ\‘”’ ’{:;ﬂ/

Kumari Prerna
Enrollment No. 18011009

School of Biochemical Engineering
Indian Institute of Technology (BHU) Varanasi

CERTIFICATE BY THE SUPERVISOR

It is certified that the above statement made by the student is correct to the best of my/our
knowledge.

\Lilasl luomar Dby

Prof. Vikash Kumar Dubey 2///0/3,0 25
Supervisor

School of Biochemical Engineering

Indian Institute of Technology (BHU) Varanasi




COPYRIGHT TRANSFER CERTIFICATE

Title of the Thesis: Studies on proteins involved in cell death/survival pathways

Name of the Student: Kumari Prerna

Copyright Transfer

The undersigned hereby assigns to the Indian Institute of Technology (Banaras Hindu
University) Varanasi all rights under copyright that may exist in and for the above thesis

submitted for the award of the degree of Doctor of Philosophy.

Date:

Place: Varanasi Kumari Prerna

Note: However, the author may reproduce or authorize others to reproduce material extracted
verbatim from the thesis or derivative of the thesis for the author’s personal use, provided that
the source and the Institute’s copyright notice are indicated.



Acknowledgment

In recognition of the significant support and contributions | have received over more than five
years, | wish to extend my heartfelt gratitude to all those who have been instrumental in my
journey. This period has been marked by profound personal and professional growth, and |
deeply appreciate the collective efforts that have led to my development.

First and foremost, I am immensely thankful to my supervisor, Prof. Vikash Kumar
Dubey, for entrusting me with the opportunity to engage in an exciting and challenging
project, which has allowed me to cultivate diverse skills. I am deeply indebted to him for his
invaluable experience, unwavering guidance, and steadfast support throughout my doctoral
studies. His encouragement of intellectual freedom, ability to instigate innovative ideas, and
insistence on delivering work of the highest quality have been pivotal in shaping my
progress.

| also extend my gratitude to the other esteemed research progress evaluation
committee members, Prof. R. S. Singh and Dr. Sanjay Kumar, for their invaluable insights
into my work and their dedication to elevating the overall quality of my research output.

Furthermore, | wish to acknowledge the indispensable support of the administration and
the Param Shivay Supercomputing Facility at the Indian Institute of Technology (BHU)
Varanasi. | am deeply appreciative of the facilities made accessible through the Central
Discovery Centre (CDC) at BHU, as well as the Confocal microscopy facility at the
Interdisciplinary School of Life Sciences, BHU.

My gratitude extends to Prof. Rakesh K. Singh of the Department of Biochemistry at
the Institute of Science, BHU, for his help and patient mentorship and for providing a few of
his laboratory resources. Completing my thesis work would not have been possible without
his unwavering support. | am also thankful to Dr. Alok K. Mishra, Dr. Rajan Singh, Dr.
Anshul Anand, Baishakhi Mahapatra, Abhishek Singh, and Naveen Singh for their guidance
in all the animal cell culture practices and their valuable scientific discussions for more than a
year.

I must also express my appreciation for the support, guidance, and few laboratory
resources provided by Dr. Anand Singh, RLS Fellow at the Interdisciplinary School of Life
Sciences, BHU, and Dr. Richa Arya of the Department of Zoology, BHU, who consistently
made time to help me with confocal microscopy experiments and offered valuable insights
whenever | sought their advice. | extend special thanks to Sachin G Swamy for his steadfast

support in times of need.



My heartfelt appreciation goes out to the exceptional individuals who have been part of
my PhD journey, including seniors, batchmates, and juniors. | owe a special note of gratitude
to Dr. Sunita Yadav and Dr. Jay Prakash, whose guidance was invaluable during the early
stages of my doctoral pursuit. | want to convey my profound thanks and recognition to Dr.
Monu Pande for the invaluable moral support she has provided me during the various stages
of my academic journey. | am also grateful to Dr. Ehasanullah Khan for his critical insights,
valuable comments, and suggestions throughout my PhD journey.

In the face of the unprecedented challenges brought about by the COVID-19 pandemic,
Dr. Subhomoi Borkotoky emerged as an invaluable source of support, particularly in the
realm of computational biology. His contributions have left an indelible mark on my work,
and | deeply appreciate his assistance.

| am profoundly grateful to my batchmate and labmate, Dr. Debanjan Kundu, whose
significant contributions have shaped me as a researcher. | also extend my heartfelt thanks to
my other labmates, including Naveena Menapadi, Manash Sarma, Preeti Ranjan, Kushal
Bora, and Umesh, for their unwavering support and enthusiasm throughout our shared
journey in the Cellular Biochemistry Laboratory. The assistance provided by Mr. Rajiv
Kumar, our lab staff, is highly commendable.

My acknowledgment would be incomplete without recognizing the dedicated juniors
who completed their IDD and M.Tech. projects in our lab. | deeply appreciate the
collaboration with Umesh Bhati, Daniel Pegu, Digvijay Pratap, Mihir Anand, Shruti Pandey,
Neeraj Moitra, Shalini Mishra, Bhavya Rajan, Ria Sonigra, Kshitij Sinha, Tanuj Handa, and
Abhishek Sahu. Their involvement has offered ample opportunities to refine my mentoring
skills, and | am grateful for the support and assistance they provided at various junctures.

| extend my sincere appreciation to my friends hailing from various corners, with a
special acknowledgment to Ananth Casius, Harshita Kasera, Jiban Barman, Anil Yadav,
Mansoor Ali, Shashi, Rajan Tiwari, and, notably, Rohit Singh Rawat. Their steadfast support,
invaluable insights, and companionship have been indispensable components of my personal
and professional journey.

| would also like to express my appreciation to my fellow batchmates and lab alums,
Dr. Gundappa Saha, Dr. Adarsh Chiranjivi, and Dr. Kamalesh Verma, for their valuable
guidance and insightful scientific discussions on a myriad of topics. Their contributions have
greatly enriched my academic experience.

My sincere thanks extend to the successive Coordinators of my School, Prof. Subir

Kundu and Prof. Pradeep Srivastava, as well as the esteemed faculty members. Their constant



presence and readiness to assist me whenever needed have been invaluable throughout my
academic pursuits.

Lastly, I wish to convey my deep appreciation to the members of the School of
Biochemical Engineering for their support and the organization of remarkable events. Being
part of such a vibrant graduate school and connecting with like-minded individuals has been a
privilege. The dedicated efforts of all the esteemed faculty members and the teaching and
non-teaching staff also deserve commendation.

In closing, | reserve my most profound gratitude for my parents, teachers, and extended
family, whose unwavering belief in me, my work, and my abilities, as well as their steadfast
support, have played an indispensable role in my educational journey. With the grace of the
almighty, | am genuinely thankful for all the individuals and institutions that have contributed

to my growth and success.

Signing off
Kumari Prerna
October, 2023



Atg
Bcl-2
OoTC
ASL
MHC
ESCs
IPSCs
EVT
ICM
hESCs
TNF-a
MM/PBSA

PON
cDNA
DOX
RAP
3-MA
ATG4AA
FDA
PDB
MD
RMSD
AMBER
ADME
RMSF
HER2
LDHA
AD

ROS
MALAT1

CoV
NSCLC

List of Abbreviations

Autophagy-related gene

B-cell lymphoma 2

Ornithine Transcarbamylase
Arginisosuccinate Lyase
Major Histocompatibility Complex
Embryonic Stem Cells

induced Pluripotent Stem Cells
Extravillous Trophoblast

Inner Cell Mass

human Embryonic Stem Cells
Tumor Necrosis Factor a

Molecular Mechanics Poisson-Boltzmann Surface
Area

Ponatinib

complementary DNA

Doxorubicin

Rapamycin

3- Methyladenine

Autophagy Related Gene 4A

Food and Drug Administration

Protein Data Bank

Molecular Dynamics

Root Mean Square Deviation

Assisted Model Building with Energy Refinement
Absorption, Distribution, Metabolism, and Excretion
Root Mean Square Fluctuation

Human Epidermal growth factor Receptor 2
Lactate Dehydrogenase

Alzheimer’s Disease

Reactive Oxygen Species

Metastasis-Associated Lung Adenocarcinoma
Transcript 1

Coronaviruses
Non-Small Cell Lung Cancer



Table 1.1

Table 1.2

Table 1.3

Table 2.1

Table 2.2

Table 2.3
Table 2.4

Table 3.1

Table 3.2

Table 3.3

List of Tables

Effect of key regulators-mediated autophagy on the physiology of the
body.

Preclinical and clinical evidence of aberrant expression of Beclinl-
mediated autophagy in several cancers.

Dual role of Beclinl-mediated autophagy in several
pathophysiologies.

Binding interactions between the protein and the ligands.

Detailed analyses of parameters of Lipinski’s filter for the drug-
likeness.

Detailed list of parameters to predict the ADME properties.
Comparative analyses of different components of energy term.

Details of interacted amino acid residue present near the active site of
ATGA4A protein along with their respective drug molecule with their
binding energy (B.E.) and inhibition constant (Ki).

Detailed list of the ADME properties of selected small molecules
along with the Lipinski’s parameters.

Detailed comparative analyses for all the energetic components
formed post-simulation between the protein-drug complexes.



Figure 1.1
Figure 1.2
Figure 1.3
Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4

Figure 2.5
Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11

Figure 4.1

List of Figures

The process of Autophagy and Apoptosis.
Stress-response balance.

The cross-talk between autophagy and apoptosis.
Binding interactions between the protein and the ligands.
Visualization of docked protein-ligand complexes.

MD Simulation result of essential parameters, the RMSD, the RMSF, and
the Rg for 100 ns trajectories.

Representation of the formation of the number of H-bonds between the
peptide and the drugs.

Contribution of individual residues to the binding energy.

The image of Ligplot displays both types of interaction: hydrophobic and
hydrogen interactions (a) Samsca and (b) Lumacaftor with ATG4A.

The image of Ligplot displays both types of interaction: hydrophobic and
hydrogen interactions (a) Dolutegravir, (b) Imatinib, and (c) Mepron with
ATG4A.

The image of Ligplot displays both types of interaction: hydrophobic and
hydrogen interactions by (a) Benzoyl, (b) Caprelsa, (c) Azelastine, and (d)
Zytiga with ATG4A.

The image of Ligplot displays both types of interaction: hydrophobic
and hydrogen interactions (a) Panobinostat (b) Vorapaxar (c)
Raltegravir and (d) Axitinib with ATG4A.

The image of Ligplot displaying both type of interaction; hydrophobic and
hydrogen interactions (a)Tasmar (b) Inspra (c) Belinostat and (d) Thalitone
with ATG4A.

The image of Ligplot displaying both type of interaction; hydrophobic and
hydrogen interactions by (a) Differin (b) Anzemet (c) Meloxicam and (d)
Cefazolin with ATG4A.

The image of Ligplot displaying both type of interaction; hydrophobic and
hydrogen interactions (a) Pletal (b) Idarubicin (c) Avage and (d)
Dolasetron with ATG4A.

Analyses of MD simulation result with respect to RMSD and RMSF
Number of H-bonds between the protein-drug complexes.
Analyses of MD simulation results with respect to Rg and SASA.

The plots depict the contribution of individual residues of each of the six
protein-drug complexes in imparting their maximum contribution to the
average binding energy.

PON reduces the cell viability in MCF-7 cells.



Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6
Figure 4.7

Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13

Figure 4.14
Figure 4.15

Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 4.20
Figure 4.21
Figure 4.22

Figure 4.23

Representative image showing the impact of several regulators of
autophagy and apoptosis with or without the addition of Ponatinib on
Autophagy and Apoptosis Markers using western blot analysis.

Representative images of immunofluorescence of Beclin-1, Bcl-2 and
autophagic vacuoles in the presence of Ponatinib.

The provided panel showcases the representative images of
immunofluorescence of various proteins and vacuoles with respect to
treatment with Rapamycin in the presence and absence of PON.

The panel displayed comprises representative immunofluorescence images
of various proteins and vacuoles with respect to treatment with 3-
Methyladenine in the presence and absence of PON.

The presented panel encompasses a set of representative
immunofluorescence images stained with several antibodies and dye.

The presented panel comprises a series of representative
immunofluorescence images.

Effect of Ponatinib on Beclin-1 at mRNA and protein level.

The Impact of Ponatinib on Autophagic vacuoles level in MCF-7 Cells.
Effect of Ponatinib on Bcl-2 at mRNA and protein level.

Effect of Ponatinib on Phospho-Bcl-2 at protein level.

Effect of Ponatinib on Cytochrome-c at mRNA level.

Impact of Rapamycin in the presence or absence of Ponatinib on Beclin-1
at both the mRNA and protein level.

Effect of Rapamycin with/without Ponatinib on autophagic vacuole level.

Impact of Rapamycin in the presence or absence of Ponatinib (PON) on
Bcl-2 at both the mMRNA and protein levels.

Influence of Rapamycin with or without Ponatinib on Phospho-Bcl-2
protein levels.

Impact of Rapamycin with or without Ponatinib on Cytochrome-c mMRNA
levels.

Impact of 3-Methyladenine, in the presence or absence of Ponatinib, on
Beclin-1 at both the mRNA and protein levels.

Effect of 3-Methyladenine with/without Ponatinib on the number of
autophagic vacuole levels.

Impact of 3-Methyladenine in the Presence or Absence of Ponatinib on
Bcl-2 at mRNA and Protein Levels

Impact of 3-Methyladenine with or without Ponatinib on Phospho-Bcl-2
Protein Levels.

Influence of 3-Methyladenine with or without Ponatinib on Cytochrome-c
at mRNA Level.

Impact of Doxorubicin, in the presence or absence of Ponatinib, on Beclin-
1 at both the mRNA and protein levels.



Figure 4.24
Figure 4.25
Figure 4.26
Figure 4.27
Figure 4.28
Figure 4.29
Figure 4.30
Figure 4.31

Figure 4.32
Figure 4.33

Figure 4.34
Figure 4.35
Figure 4.36
Figure 5.1
Figure 5.2

Figure 5.3

Figure 5.4

Impact of Doxorubicin in the Presence or Absence of Ponatinib on Bcl-2 at
mMRNA and Protein Levels

Impact of Doxorubicin with or without Ponatinib on Phospho-Bcl-2
Protein Levels.

Influence of Doxorubicin with or without Ponatinib on Cytochrome-c at
MRNA Level.

Impact of SP600125 on Beclin-1 at mRNA and Protein Levels with or
without Ponatinib.

Impact of SP600125 with/without Ponatinib on the level of number of
autophagic vacuoles.

Influence of SP600125 with or without Ponatinib on Bcl-2 at mRNA and
Protein Levels.

Influence of SP600125 with or without Ponatinib on Phospho-Bcl-2
Protein Levels.

Influence of SP600125 with or without Ponatinib on Cytochrome-c at
MRNA Level.

Apoptosis Assay for examining the apoptotic effect of PON.

Apoptosis Assay for examining the apoptotic effect of Rapamycin (RAP)
with and without the addition of Ponatinib (PON)

Apoptosis Assay for examining the apoptotic effect of 3-Methyladenine
(3-MA) with and without the addition of Ponatinib (PON).

Apoptosis Assay for examining the apoptotic effect of Doxorubicin (Dox)
with and without the addition of Ponatinib (PON).

Apoptosis Assay for examining the apoptotic effect of SP600125 with and
without the addition of Ponatinib (PON).

Understanding the cross-talk between autophagy and apoptosis and
regulating the Beclin-1 and Bcl-2 interaction.

Computational work favoring the drug Ponatinib as a potential molecule to
bind with the surface of the BH3 domain of Beclin-1

Ilustration of the outcome of our in vitro work, highlighting the effect of
Ponatinib on regulating the interaction between Beclin-1 and Bcl-2 and the
synergistic effect of Rapamycin over Ponatinib.

Ilustration of the outcome of our in vitro work, highlighting the effect of
Ponatinib on regulating the interaction between Beclin-1 and Bcl-2 and the
synergistic effect of Rapamycin over Ponatinib.



