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ABSTRACT

Due to the small genome size, viruses do not have the ability to reproduce on their own,
but rely on host cellular proteins to facilitate its replication and complete the life cycle.
As a result, many host proteins complexes are manipulated during viral infections, and
these proteins that interact with viral proteins are deemed as potential drug target. One
of the host protein complexes is the positive transcription elongation factor b (P-TEFb),
which comprises cyclin-dependent kinase 9 (CDK?9) and cyclin T1 that has been of great
interest due to its interaction with human immunodeficiency virus-1 (HIV-1) Tat
protein. Due to the critical role of host P-TEFb in viral replication, it is suspected that
P-TEFb may act as central role for interaction with a number of viral proteins other than
HIV-1 Tat. This dissertation aims to uncover the interaction mode of P-TEFb and viral
protein complexes, specifically the HIV and human Herpes Simplex Virus (HSV), in
hopes of identifying responsible binding site using computational approaches. To
achieve the first aim, an integrated protein-protein interaction networks of selected HIV
and HSV viral proteins and P-TEFb was constructed to understand how the human
viruses control the host’s biological function. The second aim was to analyze the
potential binding interfaces on viral proteins with P-TEFb, particularly between wild
and mutant types of viral proteins by using molecular docking. The protein-protein
docking revealed that HIV-1 Vpr protein has higher binding affinity for P-TEFb
compared to HIV-1 Tat protein thus formed the best interaction. It was predicted that
both HIV-1 Tat and Vpr bind to similar region of cyclin T1, suggesting that both viral
proteins are unable to bind the host protein at the same time. Finally, the investigation
of the key amino acids of viral proteins and their mutants by coarse-grained molecular
dynamic (CGMD) revealed that mutation of both acidic/cysteine region of HIV-1 Tat
as well as helix 3 of HIV-1 Vpr leads to the different orientation of protein-protein
complexes when compared with the wild type, thus these regions may be responsible
for the interaction with cyclin T1 domain. It is worth to note that both HIV-1 Tat and
Vpr viral proteins are cooperatively in control of viral gene transcription and replication,
as shown in the interaction network and in the in silico analyses. An additional analysis
of HSV-1 viral proteins VP16 and ICP22 showed that both binding sites of the viral
proteins have been identified as the transactivation domain and were predicted to bind
at the same region of CDKO. It can be concluded that cyclin T1 (residue 162-259) and
CDKO9 subunit of P-TEFb (residue 46-260) could be potential target site for the drug
design specifically to treat the human viral infections.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Infectious disease is one of the leading causes of death particularly in the developing
world. The sexual transmitted infections (STIs) are among the most prevalent and
highly contagious diseases in the world, affecting the health and lives of women, men,
and babies. Stigma, stereotyping, and shame are often faced by people with STIs and
they are susceptible to gender-based abuse (Morris et al., 2014). It is known that more
than 30 different bacteria, viruses and parasites are transmitted through sexual contact.
The highest prevalence of sexually transmitted diseases is associated with eight known
pathogens. Currently, four of these eight pathogens are curable; the syphilis, gonorrhea,
chlamydia and trichomoniasis. The other four are incurable viral infections: hepatitis B,
herpes simplex virus (HSV), human papillomavirus (HPV) and human
immunodeficiency virus (HIV). While bacteria STIs can be treated and cured with
widely available medications, symptoms or diseases due to the incurable viral infections
can be only reduced and cured through antibiotics (WHO, 2020). In Malaysia, the full
operationalization and effective implementation of national and local development
plans were started to achieve the goal of reducing the number of new HIV cases. HIV
infections have decreased from peak in 2002 (28 per 100,000) to a plateau since 2009
(11 per 100,000) till 2017 (10.3 per 100,000). However, to achieve the vision of ending
AIDS by 2030, the successful implementation is dependent on discovering undiagnosed

individuals, linking and keeping them in care (Anita & Chai, 2019).



The most popular drug prescribed for HIV infections is the reverse transcriptase
inhibitor, in which the drug acts by preventing initial replication in conjunction with
other drugs such as protease inhibitors that inhibit the invasion of new viruses in already
infected cells (Rai et al., 2018). However, in certain cases, HIV becomes drug resistant,
and the exact combination of drugs prescribed for a HIV patient needs to be changed
frequently. The problem lies in the reverse transcriptase of HIV, an enzyme which is
particularly prone to errors (Sebastidn-Martin et al., 2018). Many different viral strains
of HIV are continuously produced within the same infected person as a result of errors
in the reverse transcribed viral DNA. This high genetic variability of HIV also presents
a challenge for the development of effective HIV vaccines (Servin-Blanco et al., 2016).
Finally, the strains that are prone to mutagenesis and immune or resistant to a specific
drug replicates uncontrollably and manifests their effect in the infected host. This
condition also applies to viruses other than HIV, for example the HSV. The spontaneous
mutations with HSV genome are introduced by errors during DNA replication (Cohen
etal., 2020). The fact that viruses have become part of the human body, without directly
affecting the patient as a result of latent infection, make them hard to cure or remove.
The reluctance of some people to seek diagnosis and treatment, asymptomatic infections
in which the individual is unaware that they are infected, latency and persistence of
infection, diagnostic tests not being performed and the overuse of antibiotics are the
main reasons that explain why clinical trial design for vaccines against STIs is
problematic (Mcintosh, 2020).

Host proteins are critical for viral replication and very important targets for the
production of antiviral drugs and drug repurposing (Ullah et al., 2019). The human
positive transcription elongation factor b (P-TEFb), which interacts with viral proteins,

is one of the host protein known to play critical roles in viral life cycle (Fujinaga, 2020).



The viral proteins hijack cellular processes through physical interaction with the P-
TEFb. A structural theory was proposed by Franzosa and the group pertaining human-
virus protein-protein interaction whereby the viral proteins have capabilities to interact
with human proteins by imitating and vying the interaction interfaces of their binding
host counterpart (Franzosa & Xia, 2011). It is intriguing to know whether the selected
viral proteins follow the proposed theory when it comes to the interaction with host P-
TEFbD.

The human protein P-TEFD is a heterodimer complex that performs an important
role in the regulation of RNA polymerase Il transcription in eukaryotes (Ott et al.,
2011). It is a cyclin dependent kinase that comprises CDK9, the catalytic subunit and
cyclin T1, the regulatory subunit. P-TEFb is associated with other host proteins,
including BRD4 bromodomain-containing protein 4, and also associated with a large
protein complex called super elongation complex. Many viral factors affect
transcription by recruiting or modulating the activity of P-TEFb. The viruses have
evolved the strategies to hijack the host protein through their own regulatory proteins
and P-TEFb functions act as a central player for the virus-host interaction especially in
viral replication cycle. Notably, P-TEFb interacts with and targeted by HIV Tat protein
to promote the viral gene expression, which bypasses cellular P-TEFb regulation
(Tahirov et al., 2010). Knowing that the P-TEFb and HIV Tat interaction is well-studied
in the literature therefore serve as a solid reference for the study, the thesis here presents
analyses that focus on the protein-protein interactions (PPIs) between the viral proteins
of HIV-1 (Tat and Vpr proteins) and HSV-1 (ICP22 and VP16 proteins) and their
targeted host proteins P-TEFb to predict and uncover how these viral proteins
coordinate the interactions that may take place in the course of infection. Many years

ago, a finding has indicated that HIV Vpr synergistically promotes the transcriptional



activity of the HIV-1 long terminal region (LTR) through structural and functional
interaction with Tat, which is an active viral regulatory protein (Sawaya et al., 2000).
However, the precise domains of interaction in Vpr protein have yet to be clarified. To
verify the Tat-Vpr and their cooperative interaction in HIV infection, more studies are
still required because to the best of our knowledge, there is only a single research study
that was done to investigate this interaction (G. Li & De Clercq, 2016).

In the case of HSV, studies have shown that for successful lytic HSV-1
infection, transcriptional activation of the immediate early (IE) genes is necessary.
Meanwhile the failure of IE gene activation is associated with latent infection. The viral
IE genes namely ICPO, ICP4, ICP22, ICP24, and ICP27 are important for the
transcriptional activation in viral early and late genes. Interestingly, it has recently been
shown that ICP22 interacts physically with the CDK9 subunit of P-TEFb, and this
interaction induces a loss of serine-2 phosphorylation on RNA polymerase 11 carboxyl-
terminal consensus sequence YSPTSPS (Guo et al., 2012). HIV-1 Tat interacts with P-
TEFb to promote HIV viral transcription, however the HSV ICP22 interacts with P-
TEFb to repress the HSV gene transcription (Guo et al., 2012). Further studies have
shown that VP16, which is a HSV tegument protein has relieved repression of
immediate early gene transcription by ICP22 and this finding suggests a potential
biological interaction between ICP22 and VP16 which able to perform as a pair of
important regulators during HSV life cycle (Cun Wei et al., 2013). However, how these
two HSV viral proteins coordinate to hijack a single host protein P-TEFDb is not known.

Computational analysis based on coarse-grained molecular dynamic tool has
been used to stimulate inhibitors entering the HIV-1 protease binding cavity (Li et al.,
(2009). The coarse-grained molecular dynamic can also provide critical molecular

dynamics analysis between protein-protein interactions (Z. R. Xie et al., 2017). At



present, most of the viral proteins studies has focused on transcription activation for
example, how HIV-1 hijacks the host protein with the help of the Tat protein, to support
its own transcription which is necessary for robust and efficient viral expression
(Asamitsu et al., 2018). Mutation on critical residues of viral proteins may differentially
modified the function of viral proteins, thus, affecting the establishment of viral-host
protein interaction. A comprehensive analysis of how viral proteins form a complex
with host protein may aid in a better understanding of how viruses advance their life
cycle and the contact interface of the virus-host complex may provide a clue for

development of targeted drug to treat sexually transmitted infections.

1.2 PROBLEM STATEMENT

Viral proteins form a complex with host protein in which these host proteins are part of
a larger interaction network and perform many critical processes in the cells. Therefore
the virus requires the interaction with the host proteins to manipulate the biological
processes readily available in the infected host cells. Genetic evolution suggests that
viral and host proteins are continuously changing their interface residues, either to
prevent or modify their binding capabilities (Jubb et al., 2017). Research on virus host
protein-protein interactions is useful to offer some in-depth understanding of viral
infection. Present antiviral drugs primarily include antiviral drugs targeting either or
both the virus and the host proteins. Viral targeting drugs are intended to inhibit the
biological activity of viral proteins such as viral polymerase and protease, whereas host
targeting drugs are capable to interfere with the functional of host proteins that are
involved in the life cycle of viral (Magden & Ahola, 2005). Due to continuous change
and mutation of most viruses, the sensitivity to virus-targeting drugs frequently reduces

their effectiveness in the clinic, particularly for infections caused by RNA viruses.



However, host-targeting drugs may minimize these effects due to the extremely slow
evolution rate of host proteins (Sanjua, 2016). There is an ample knowledge available
on sequences diversity and structures, which will help us understand better how viruses
establish their interaction and manipulated the cellular mechanisms in their infected
hosts. As a kickstart, computational approaches such as molecular dynamic simulation
(MD) are required to help uncover specific characteristics of protein structures that
would be difficult to obtain through experimental techniques as well as to understand

on how they are affected by mutations through simulation action (Kmiecik et al., 2016).

1.3 RESEARCH OBJECTIVES
This presented work primarily applies in silico computational methods to understand
how viral proteins synergistically cooperate in targeting the host protein P-TEFb. In
order to optimize the effectiveness of this analysis, we will use all available information
of viral-host protein interaction found in literature, along with the available
computational resources. Three specific objectives were highlighted for this study
which are:
1. To understand the coverage of large protein interaction by building protein-
protein interaction network of HIV-1 Tat and Vpr, HSV-1 ICP22 and VP16 viral
proteins with host protein P-TEFb.
2. To characterize the potential binding interfaces for the interaction between
viral proteins HIV-1 Tat and Vpr, HSV-1 ICP22 and VP16 with P-TEFb.
3. To investigate the key amino acids between viral proteins HIV-1 Tat and Vpr,
HSV-1 ICP22 and VP16 and its mutant with the P-TEFb using coarse-grained

molecular dynamic (CGMD).



