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INVESTIGATING THE PRESENCE OF KEY AMINO ACID RESIDUES FOR
HUMAN ACE-2 RECEPTOR BINDING DOMAIN (RBD) OF SARS-COV-2-LIKE

CORONAVIRUSES ISOLATED FROM BATS IN EAST COAST MALAYSIA
ABSTRACT

An abstract of the research paper submitted to the Faculty of Veterinary Medicine, Universiti
Malaysia Kelantan, in partial fulfilment of the course DVT55204 — Research Project.

Covid-19 is a recently emerging form of severe acute respiratory syndrome (SARS) caused by
SARS-Coronavirus-2 (SARS-CoV-2) which was first reported in Wuhan, China in December
2019. Bats are natural reservoirs for coronaviruses, and bat coronaviruses have been
highlighted as some strains of SARS-like coronavirus (SARSL-CoV-2) carried by bats are
almost identical to human SARS-CoV-2 at the genome level, especially the spike protein. Some
strains of these bat coronaviruses are highly similar to human SARS-CoV-2 and are able to use
the same receptor as SARS-CoV-2 to mediate cell entry. Early last year, five SARS-CoV-2-
like viruses were isolated from bats in East Coast Malaysia (four from Sekayu, Terengganu
and one from Gunung Reng, Kelantan). Angiotensin-converting enzyme 2 (ACE-2) has been
identified as the important receptor of SARS-CoV and SARS-CoV-2 to enter human cells. The
interaction between the S1 protein of the virus, particularly amino acid fragment 318-510, with
the human ACE-2 receptor is the critical determinant of coronavirus host range and cross-
species transmission. This study aimed to investigate the presence of key amino acid residues
for human ACE-2 on the RBD of the spike protein of these bat coronaviruses. Reverse
transcription polymerase chain reaction (RT-PCR), and sequencing of the PCR products were
used to investigate the presence of the ACE-2 RBD. From the results obtained in this
experiment, it was determined that coronaviruses isolated from bats in East Coast Malaysia can
utilise human ACE-2 receptors to infect human cells and thus may become a public health
concern in the future.

Keywords: SARS-CoV-2-like coronaviruses, ACE-2 receptors, Receptor Binding Domain
(RBD), bat coronaviruses, human transmission



ABSTRAK

Abstrak kertas penyelidikan yang dikemukakan kepada Fakulti Perubatan Veterinar, Universiti
Malaysia Kelatan untuk memenuhi sebahagian dari syarat keperluan kursus DVT55204 —
Projek Penyelidikan.

Covid-19 merupakan suatu bentuk penyakit sindrom pernafasan akut baru yang parah yang
disebabkan oleh SARS-Coronavirus-2 (SARS-CoV-2) yang pertama kalinya dilaporkan di
Wuhan, China pada Disember 2019. Kelawar merupakan takungan semula jadi untuk virus ini,
dan lebih penekanan telah diberikan pada virus korona kelawar. Hal ini kerana beberapa strain
SARS-like coronaviruses (SARSL-CoV) yang dikesan pada kelawar hampir serupa dengan
SARS-CoV-2 pada manusia pada peringkat genomik, terutatamanya pada protein spike.
Setengah strain virus korona dari kelawar ini sangat serupa dengan SARS-CoV-2 manusia dan
boleh menggunakan reseptor enzim penukar angiotensin 2 (ACE-2) manusia sebagali
pengantaraan untuk memasuki sel manusia Pada awal tahun lalu, lima virus korona yang
menyerupai SARS-CoV-2 dari Pantai Timur Malaysia (empat dari Sekayu, Terengganu dan
satu dari Gunung Reng, Kelantan) telah diisolasi dari kelawar. Reseptor enzim penukar
angiotensin 2 (ACE-2) telah ditakrifkan sebagai reseptor penting untuk-SARS-CoV dan SARS-
CoV-2 menembusi sel manusia. Interaksi antara protein S1 virus, terutamanya residu asid
amino 318-510 dengan reseptor ACE-2 manusia merupakan penentu Kkritikal untuk tropisme
tisu tertentu dan julat perumah koronavirus. Kajian ini bertujuan untuk menyiasat kewujudan
residu amino asid yang kritikal untuk domain pengikat reseptor enzim penukar angiotensin 2
dalam virus korona kelawar tersebut. Reverse transcription polymerase reaction (RT-PCR),
dan jujukan asid amino telah digunakan untuk menyiasat kehadiran RBD untuk ACE-2 virus
tersebut. Hasil keputusan eksperimen ini telah mengesahkan bahawa virus korona yang
diisolasi dari kelawar di Pantai Timur Malaysia berkeupayaan menjangkiti sel manusia dan
berkemungkinan menjadi isu kesihatan awam pada masa yang akan datang.

Kata kunci: SARS-like coronaviruses, reseptor enzim penukar angiotensin 2, domain
pengikat reseptor, koronavirus kelawar, penularan kepada manusia
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CHAPTER 1
INTRODUCTION

Introduction

SARS-associated coronavirus causes a viral respiratory disease termed severe acute
respiratory syndrome (SARS). Covid-19 is an emerging form of SARS caused by
SARS-coronavirus-2 (SARS-CoV-2) and it was first reported in Wuhan, China in
December 2019 (Zhu N et al., 2020). Covid-19 spreads by airborne transmission
through respiratory aerosols and by direct contact with contaminated surfaces, known
which is also known as fomites (Chia C. Wang et al., 2021).

Since bats are natural reservoirs for coronaviruses, there have been concerns
regarding whether bats are able to transmit this respiratory disease to humans. There
has been more emphasis placed on bat coronaviruses as they have caused three novel
disease outbreaks in humans, namely SARS-CoV, Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) and Coronavirus disease 19 (COVID-19). The spike protein
of some strains of SARS-like coronavirus (SARSL-CoV) carried by bats are almost
identical to SARS-CoV, SARS-CoV-2 and MERS-CoV, especially at the genome level
of the spike protein (Hu et al., 2015). They are also known to use the same angiotensin
converting enzyme-2 (ACE-2) receptors to mediate entry into host cells (Hu et al.,
2015). This relates to the primary concern of this study, since SARS-CoV-2-like
coronavirus have previously been isolated from bats in East Coast Malaysia, it is vital
for us to determine whether these SARS2L-CoV can utilise human ACE-2 receptors to
mediate entry into human cells as this might pose a public health concern in the future.

In this experiment, we investigate the presence of amino acids critical for human
ACE-2 receptor binding in the receptor binding domain of SARS-CoV-2-like

coronaviruses isolated from bats in East Coast Malaysia to determine the zoonotic



1.2

13

14

potential of the virus. Since SARS-CoV-2 is an RNA virus, we used reverse
transcription polymerase chain reaction (RT-PCR) to amplify the spike gene of the
viruses in where the receptor binding domain (RBD) is located. The PCR product was
observed for the presence of the expected band using gel electrophoresis and
sequenced to determine the presence of critical amino acids for human ACE-2 receptor

binding domain of the viruses.

Problem Statement

Bats are known as reservoirs for coronaviruses. Despite this, not many studies have
been conducted to determine the transmission of the virus from bats to humans.
Therefore, this study aims to detect the presence of amino acids critical for human ACE-
2 receptor binding on the receptor binding domain of SARS2L-CoV isolated from bats

in East Coast Malaysia to determine the possible zoonotic potential.

Research Question
Are amino acids critical to human ACE-2 receptor binding present in SARSL-CoV

isolated from bats in East Coast Malaysia?

Research Hypothesis
Amino acids critical for the binding of human ACE-2 receptors are present in SARSL-

CoV isolated from bats in East Coast Malaysia.



1.5  Research Objectives
1. Todetect the presence of amino acids critical for binding of human ACE-2 receptors
in SARSL-CoV isolated in bats from East Coast Malaysia.
2. To determine the possible zoonotic potential of SARSL-CoV isolated in bats from

East Coast Malaysia.



2.1

CHAPTER 2

LITERATURE REVIEW

Morphology and characteristics of SARS-CoV-2

SARS-Cov-2 is one of the viruses from the Coronaviridae family and order
Nidovirales (Grudlewska-Buda et al., 2021). They are present in oval to
pleomorphic forms. A single viral virion is about 50-200 nm in size (Finlay et
al., 2004). Coronaviruses have one of the largest genomes (26-32 kb) amongst
all the RNA viruses which is flanked by 3’ and 5’ untranslated regions
containing RNA structures for RNA synthesis. The 5* end has two open reading
frames (ORF), which are ORF-1a and ORF-1b. These two ORFs encode for
non-structural proteins, which mostly comprise the viral replication and
translation complex (RTC). Meanwhile, the ORF at the 3’ end encodes
structural and accessory proteins (V’kovski et al., 2020). The viral envelope is
made of three proteins: the S-spike protein, the M-membrane protein, and the
E-envelope protein (Figure 1). Meanwhile, the structural component of the
nucleocapsid is formed by the N-nucleocapsid protein while the RBD is located

in the S1 gene of CoVs (Grudlewska-Buda et al., 2021).

Spike (S1 & S2)

Nucleocapsid (N)

Figure 1. Structure of Coronavirus (Priyadarshi et al., Coatings, 2022)

3
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Bats as reservoirs of important public health viruses

It has been well known for quite some time that bats are the reservoirs for many
human diseases. However, bats have again reclaimed the attention of
researchers as they are the natural reservoirs of multiple severe zoonotic
diseases such as Nipah virus, Hendra virus, Ebola virus, Marburg virus, and
most recently, SARS-CoV-2, to name a few (Han et al., 2015). Multiple studies
have been conducted to truly understand how viruses circulate and maintain
persistence in bat populations. One such study speculated that oscillating herd
immunity is the primary reason behind persistently infected bat population,
together with the connectivity between bats and their population size (Letko et
al., 2020). Despite proof that Nipah and Marburg viruses can replicate and shed
in bats, these bats have displayed no obvious pathologies in response to the
presence of these viruses in their bodies. Current studies suggest that the
absence of typical lesions in bats may be due to the absence of strong immune
response from the bats compared to human and lab animal models (Letko et al.,
2020). Thus, the ability of viruses to remain persistent in bat populations
coupled with the lack of common clinical signs may be the reason for efficient
maintenance and dissemination of such viruses. Despite the rarity of close
contact between humans and bats, spillover of these viruses may occur between
bats and livestock, resulting in human infection. As an example, Nipah virus
was accidentally introduced to livestock pig populations by contamination of
pig swill with bat guano (Looi and Chua, 2007). Wildlife-human conflicts such
as encroachment of humans into bat habitats may also have led to exposure to
these viruses (Han et al., 2015). In addition, bats can inhabit diverse ecological

distribution (except for Antarctica), thus bringing them into close contact with
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humans, resulting in a public health threat to the general human population (Han

etal., 2015).

Bat origins of human coronaviruses

In recent years, many zoonotic coronaviruses have been found in various
species of bats (de Groot et al., 2012). 7 viral species of the genera
Alphacoronavirus and Betacoronavirus, which mainly affect mammals, have
been identified solely in bats. In 2005, SARSL-CoV Rp3, a type of SARSL-
CoV, was discovered in horseshoe bats of the Rhinolophus genus in China. This
SARSL-CoV displayed up to 87-92% resemblance to human SARS-CoV
isolates at the full genome sequences (Li, 2005). However, there has been
insufficient data about the human-animal interface for transmission of SARS-
Cov-2 between bats and humans, and whether an intermediate host is involved
(Liu Y-C et al., 2020). Pangolins have been suspected as intermediate hosts for
coronavirus transmission between bats and humans as they display a basal
phylogenetic position relative to bat coronaviruses. Since bats and pangolins
inhabit the same habitat, it is believed that bat coronaviruses may have
undergone recombination in pangolins, thus developing an increased affinity for

human ACE-2 receptors before spillover to humans (Temmam et al., 2022).

Bat coronaviruses closely related to SARS-CoV, MERS-CoV, and SARS-
CoV-2

SARS-CoV, MERS-CoV, and SARS-CoV-2 are three examples of recently
emerging zoonotic coronaviruses. Viral isolates from bats have shown high

sequence similarities to these coronaviruses. For example, coronaviruses
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isolated from rhinolophid bats have shown 92% and 96% sequence identity
similarity to SARS-CoV and SARS-CoV-2, respectively (Zhou et al., 2020).
Likewise, coronaviruses isolated from vespertilionid bats have shown a
sequence identity of up to 86.5% with MERS-CoV, and related coronaviruses
have also been found in different families of bats in Africa, North America,
Europe, and Asia (Ruiz-Aravena et al., 2021). Despite the resemblance between
SARS related coronarviruses (SARSr-CoV) isolated from bats and those found
in humans, none of the bat isolates match the human strain identically. The
entire SARS-CoV genome has been sequenced across several individual but
related viruses circulating in bat populations which strongly implies that the
human strain of CoVs is a recombinant manifestation of these ancestral variants

(Letko et al., 2020).

Role of spike protein and receptor binding domain (RBD) in human host

cell entry

The surface glycoprotein of SARS-CoV-2 contains two protein subunits,
namely S1 and S2. S1 is the main subunit involved in recognising and binding
to the host cell receptor. A 193 amino acid fragment (amino acid 318 — 510) on
S1isshown to be more efficient in binding to the human angiotensin-converting
enzyme 2 (ACE-2) determining it to be the receptor binding domain (RBD) of
SARS-CoV-2 (Hu et al., 2015). During host cell attachment, the S1 subunit
binds to the ACE-2 while the S2 subunit docks the S protein to the viral particle
and mediates membrane fusion with host cell (Jackson et al., 2021). S protein
association with the ACE-2 receptor reveals the S2’ site, which is an additional

site within the S2 subunit. Transmembrane protein serine 2 (TMPRSS2) cleaves

6
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the S2” site at the cell surface to release a fusion peptide. This fusion peptide is
critical to form a fusion pore, permitting the viral genome to reach the host cell

cytoplasm (Jackson et al., 2021).

Receptor binding domain (RBD) mutations in bat coronaviruses that
modulate binding to human ACE-2

Since the emergence of SARS-CoV-2 in humans, its fitness has been influenced
by several sporadic mutations and recombination events, allowing the virus to
spread extensively by evading neutralisation by host antibodies. The importance
of the spike protein has frequently been highlighted since it determines the
RBDS’s affinity and accessibility to ACE-2 receptors. Hence, it is mostly
responsible for the viruses’ host range (Temmam et al., 2022). A loop
subdomain (amino acid 424 — 494) within the RBD contacts the ACE-2 receptor
directly and has been acknowledged as the receptor binding motif (RBM).
Several amino acid residues in this RBM were found to be critical for receptor
binding and alterations in these amino acid residues were found to affect the
binding efficiency in different SARS-CoV isolates (Li et al., 2005) and SARS-
CoV-2 viruses (Hoffmann et al., 2020). The presence of amino acid residues
N426, Y436, Y440, L442, S456, F472, N473, Q479 at the RBD of S1 are
believed to be involved in the ACE-2 binding of human cells (Hoffmann et al.,
2020; Zhou et al., 2021) as shown in Figures 2 and 3 respectively, with L442,
FA472, Q479, S480, N487 and Y491 noted as important key residues for binding

to human ACE-2 receptors (Zhou et al., 2021).
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Figure 2. Highlighted amino acid residues believed to be involved in binding

with human ACE-2 receptors (Hoffman et al., 2020)

A Receptor binding domain

SARS-Cov-2 Wuhan-Hu-1 414 QTGEII ADYNYKLPDDFTGCV | AWNSNNLDSK rlnn nﬁRMNLKPFERD\STEwolG
R 41

% 0 QTGV|ADYNYKLPDDFTGECV | AWNTAKGDV RSHRSTKLKPFERDLSSDENG WRTLSTYDFNPNWPL
Znejang SL CoVZCAS 410 QTGV | ADYNYKLPDDFTGCV | AWNTAKQDV RSHRSTKLKPFERDLSSDEN VRTLSTYDFNPNVPL

gjang SL CoVEXCZ! 409 QTGV | ADYNYKLPDDFTGCV | AWNTAKQDT - RSHRS TKLKPFERDLSSOENGmmmmamamamanns VRTLSTYDFNPNVAL
RsYND4 404 QTGV I ADYNYKLPDDF TGCV | AWNSKAKDE - - - - RKSKLLPFORDVSNVTYGSGKNDGCNPSEAD PLLKVEFTS5VSQ
RmYNO! 404 QTGVIADYNYKLPDDFTGCV | AWNSKAKDE - - RKSKLLPFQRDVSNVTYGSGKNDGCNPSEAD PLLKY@FTSSVSQ
ReYNOB 404 QTGV|ADYNYKLPDODFTGCV | AWNSKAKDE = ==« RKSKLLPFORDVSNVTYGSGKNDGCNPSEAD PLLKV@BFTSSVSE
unnan RmYNO2 393 ETGV|ADYNYKLPDDFTGCVLAWNTAQQD | - VRTLSTYDFNPNVPL
Thailand RacCS203 383 ETGV | ADYNYKLPDDFTGCVLAWNTAKQD I - GSYFMRSHRAVKLKPFERDLSSDENG= s mmmm=m=n= VRTLSTVDFNPNVPL
Yunnan RaTE&13 414 m | ADYNYKLPDDF TGCV | AWNSKH I DAKEBENF NY UMRUBRKANLKPFERD | STE | vallsKPoNGaTG LMY P LY RVEBF v 7|
Cambodia RShSTT200 401 |ADYNYKLPDDFMGCV | AWNS | SLDA--- - GGSYYMRLBRKSVLKPFERD | STQLY DKPC-SVEGPD VPL VTF.S
Pangolin Guangdang MPTES 410 QTGR\ADVNVKLBDDFTGCVIMNNSNNLDSK G ?\‘f RLERKSNLKPFERD | STE | YORGSTPCHGVE

Pangolin Guangs PSL 412 QTGV|ADYNYKLPDDFTGGV | AWNSVKQDAL RLERKSKLKPFERD | STE | YOMGS TPCNGQVGL

Japan Re0313 L DTGV\ADYNYKLPDDFTGCV_AWNSRNQDASTSGNFP-Y RIWRSEKLRPFERD [ AHYDYOVGTOF - - - - - - - - KSSLKN Fyss

S2
Sl\lis-CDV?Wul"w\-huJ 872 ASYQTQTHNEPRRARSVASQS | |AYTMSLGAENSVAY 707
849 ASYHAASIL SRSTSOKA|VAYTMSLGAENS | AY 680 .

mejuargSLcwchs 649 ASYHTAS|L -RSTSQKA|VAYTMSLGAENS | AY 880 [ | ACE2 contact residues

Fhejiang SL CoVZXCE 848 ASYHTASIL -RSTGOKA | VAYTMSLGAENSIAY 679 indi iti

RsYND4 658 ASYTTKA-- -RTSSTPALFAYTMSLGATQSPAY 687 ¥ ACEZ2binding key positions

RiriYNOS 658 ASYTTKA====--« RTSSTPALFAYTMSLGATQSPAY 687 RRAR  Furin cleavage site

RryYNO& 658 ASYTTKA===aax RTSSTPALFAYTMSLGATQSPAY 687

Yunnan RmiYNO2 632 ASY----MNSP-AAR-VGTNS||AYAMS |GAESS|AY 661 ‘ R Non-furin cleavage site

Thailend RacCS203 632 ASY----NSP-VAR-VGTNS||AYEMS | GAESS|AY 66l b .

“funnan RaTG13 672 ASYQTQTNS----RSVASQS||AYTMSLGAENSVAY 703 QTQTNS Protease landing” site

Cambara RShSTT200 654 ASYQTQTNS----RSVTSQS|IAYTMSLGAENSVAY 685 h—F — —

Pangolin Guangdong MPTB3 668 ASYOTOTNS=«=«RSVSSOA| | AYTMSLGAENSVAY 633

Pangoln Guangs PSL 670 ASYHSMSSF----RSVNQRS||AYTMSLGAENSVAY 701

Jagan Re-n3189 637 ATYHTPSML---RSANNNKR|VAYVMSLGAENSVAY 669

Figure 3. Important key residues at positions L442, F472, Q479, S480, N487

and Y491 shown by the red arrowheads (Zhou et al., 2021)

Therefore, for the bat coronaviruses to infect human, it is essential for them to
have these amino acid residues at their S1 RBD. Despite bearing a 96% genome
sequence similarity to SARS-CoV-2, RaTG13, a bat virus, is not shown to
interact efficiently interact with human ACE-2 receptors. However, Zech et al.

(2021) had demonstrated that a single mutation to the RaTG13 spike protein




T403R had massively increased its affinity to human ACE-2 receptors, which
suggests that mutations of the spike protein may have aided in species crossover
of coronaviruses, resulting in a zoonotic potential (Zech et al., 2021). Moreover,
Gupta el al. (2022) suggested that differences in SARS-CoV-2 spike proteins
sequences, efficiency of ACE-2 usage, and pathophysiology of bats and humans
implies the circulation and mutation of progenitor virus in an intermediate host
before crossover to humans. From their studies, they have found that Pangolin-
CoV isolated in 2019 from Guandong, China required a single semi-
conservative mutation for human receptor binding, which strongly implied that
GD Pangolin-CoV was involved in the origins of SARS-CoV-2 (Gupta et al.,

2022).



CHAPTER 3

MATERIALS AND METHODS

Sample preparation

.

Virus retrieval and RINA extraction

.

RT-PCR

.

Gel electrophoresis

.

A549 cell culture preparation

.

WVirus moculation

;

Sequencing and sequence analysis

Figure 4. Flowchart of the study

4.1  Sample preparation

Samples for this experiment were obtained from the archives of the Virology
Laboratory of the Faculty of Veterinary Medicine, Universiti Malaysia Kelantan. These
samples were obtained from five bats from East Coast Malaysia, where one sample was
from Gunung Reng, Kelantan and four samples from Sekayu, Terengganu, confirmed positive
for coronaviruses from oropharyngeal swabs using RT-PCR on 3’ untranslated region. The

samples were passaged once in A549 human lung cells and kept in -70°C freezer.

4.2 Virus retrieval and RNA extraction

Prior to RNA extraction, the virus was first retrieved from A549 human lung cells kept

in -70°C freezer. To release the virus from the cells, the cells were subjected to three freeze-

10



thaw cycles for cell lysis. RNA extraction was then carried out using a commercial RNA
extraction kit, GENEzol (GeneAids, Taiwan) according to the manufacturer’s protocol. First,
250 pL of the sample was mixed with 750 pL of GeneZOL. This was stored in room
temperature for five minutes to allow complete dissociation of the nucleoprotein complexes.
Then, 200 pL of chloroform was added and the mixture was shaken vigorously for 15 seconds.
The mixture was then centrifuged at 14000 g for 15 minutes at 4°C. The aqueous phase of the
solution was transferred into a new sterile 1.5 mL microtube. Next, 500 puL of isopropanol was
added and the mixture was rested at room temperature for ten minutes. Following that, the
mixture was centrifuged again at 14000 g for ten minutes at 4°C. After centrifugation, the RNA
precipitated and formed a gel-like white pellet on the bottom of the tube. The supernatant was
removed and one mL of cold 75% ethanol was added to the pellet. This was shaken vigorously
for 15 seconds and centrifuged again at 14000 g for five minutes at 4°C. The supernatant was
removed, and RNA was seen as a white pellet. The pellet was airdried for 15 minutes. Once
dry, the pellet was dissolved in 30 pL nuclease free water and mixed well by pipetting up and
down. The mixture was incubated at 60°C for five minutes and stored at -80°C until ready for

RT-PCR.

4.3  Reverse transcription polymerase chain reaction (RT-PCR)

Following the RNA extraction, RT-PCR was carried out using primers previously
designed by our group that flank the RBD on S1 gene of SARS-CoV-2. These primers were
designed manually based on sequences alignment of S1 genes of bat and human coronaviruses
retrieved from National Centre for Biotechnology Information (NCBI) GenBank. The
sequences of the primers are 950RBDF 5° CTAACTTTAGAGTCCAACC 3’ and 1623RBDR

5" CACCTGTGCCTTTTAAACC 3’ which produced a 509 bp RT-PCR product. To create the
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Mastermix, 25 uL of 2X AccessQuick (Promega Corporation, USA), one uL of AMV-RT
(Promega Corporation, USA), two uL of ten uM forward and reverse primers respectively, 2.8
uL of RNAsin, 14.6 puL of nuclease free water, and five uL. of viral RNA sample. Mixing was
conducted on ice to prevent denaturation of RNA and enzymes used. The conditions for RT-
PCR cycle were set at 42°C for 60 min, inactivation of the reverse-transcriptase enzyme at
94°C for 2 min, followed by 35 cycles of PCR amplification at 94°C for 30 sec, 52°C for 30
sec, and 72°C for 30 sec and one final extension cycle at 72°C for 7 min. The reaction was

conducted in a thermocycler (Biorad T100, USA).

4.4  Gel electrophoresis

PCR products were analysed in 1.5% agarose gel. The agarose gel was prepared by
weighing 1.2g of agarose powder (Vivantis) and dissolving it with 80 mL of 1X Tris-Borate-
EDTA (TBE) buffer in a conical flask before heating it to dissolve the agarose powder. One
uL of Midori Green dye (Nippon Genetics, Europe) was added to the mixture before pouring
it into the pre-casted tray. Once the gel was solidified, the comb was removed with caution.
Ten puL of PCR sample was then loaded into each well, while five uL of 100 bp DNA marker
was loaded into the center well. The products were run at 100 V for 30 minutes and visualised

using Gel DocTM EZ Gel Imager (Bio-Rad, USA).

45  A549 cell culture preparation

For A549 cell culture preparation, the lung cells in the cryovial tube were thawed at
37°C in shaking bath water. In the meantime, five mL of 10% fetal bovine serum (FBS)
Dulbecco’s Modified Eagle Serum (DMEM) with 1% Penicillin-streptomycin was prewarmed

at 37°C. Once warm, four mL of the 10% FBS DMEM media was transferred into a T25 flask

12



together with one mL of thawed cell suspension. The cell suspension was then incubated in 5%
CO: at 37°C and observed with daily media changes to prevent cell debris buildup until 75%
confluency was reached. When 75% confluency was confirmed by viewing under inverted
microscope, passaging of cells was carried out. 10% FBS DMEM, phosphate buffered saline
(PBS), and trypsin ethylenediaminetetraacetic acid (trypsin-EDTA) were prewarmed to 37 °C.
The cell suspension was washed with PBS twice; the flask was gently rocked and inverted. The
PBS was then removed from the flask. Then, two mL of trypsin-EDTA was added until the
bottom of the culture vessel was evenly covered. The cells were incubated for 5 minutes to
allow full detachment. After incubation, the flask was tapped firmly to detach the cells, and
detachment was confirmed by viewing under an inverted microscope. Three mL of 2% FBS
DMEM was added to the flask to halt trypsin-EDTA activity. The mixture was aspirated to
prevent clumping. Then, five mL of cell suspension was transferred into a new flask with 10
mL of 10% FBS DMEM. After 75% confluency was observed in new flask, the process was

repeated for the third and final passage.

4.6 Virus inoculation

Two mL of the cells (10° cells/mL) were seeded in each well of a 6-well plate. The 6-
well plate was then incubated in 5% CO- at 37°C until 75% confluency was achieved. Then,
the cells were washed twice to remove cellular debris buildup. After washing, 1.6 mL of 2%
FBS media was added to each well and 400 puL of passage two bat virus suspension was
inoculated in 5 wells, while one well was served as a positive control with inoculation of human
SARS-CoV-2 virus. The uninoculated cells in the T25 flask was used as negative control. The
6-well plate was incubated for 7 days at 37°C in 5% CO_ and checked daily until cytopathic

effect (CPE) was observed.
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4.7  Sequencing and sequence analysis

When RT-PCR product was confirmed by gel electrophoresis, the band was cut and
sent to Apical Scientific Sdn. Bhd. Malaysia for sequencing in both forward and reverse
directions. The obtained nucleotide sequences were edited using Bioedit 7.2 software (Informer
Technologies, Inc.), converted to amino acid sequences using Generunner 6.5 software
(Informer Technologies, Inc.), amino acid sequences were aligned using ClustalW
(GenomeNet, Kyoto University Bioinformatic Center) and analysed manually for the presence
of important amino acids at certain positions that are critical for human ACE2 binding. The
amino acids we are interested in are as follows: N426, Y436, Y440, L442, S456, F472, N473,
S479 which are important in ACE-2 binding to human cells (Hoffmann et al., 2020; Zhou et

al., 2021). The one-letter abbreviations are tabulated as in Table 1:

One-letter abbreviation Amino acid
Y Tyrosine
L Leucine
N Phenylalanine
F Asparagine
Q Glutamine
D Aspartic acid
S Serine

Table 1. Important amino acids for ACE-2 binding on S1 RBD of the viruses and their one

letter abbreviations.
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CHAPTER 4
RESULTS
5.1 RT-PCR product and gel electrophoresis

All five samples tested positive for the receptor binding domain (RBD) of SARS-CoV-
2-like coronaviruses in this experiment using 950RBDF and 1623RBDR primers during RT-
PCR. Gel electrophoresis of the RT-PCR samples was done to demonstrate the presence of
RBD in the samples. Based on Figure 5, bands were observed for all viral samples and human

SARS-CoV-2 positive control with the expected band size of 509 bp.

Figure 5. Gel electrophoresis of virus samples.

S4: SARS-CoV-2L sample from Sekayu, Terengganu

S7: SARS-CoV-2L sample from Sekayu, Terengganu
S11: SARS-CoV-2L sample from Sekayu, Terengganu
S13: SARS-CoV-2L sample from Sekayu, Terengganu
R64: SARS-CoV-2L sample from Gunung Reng, Kelantan

M: DNA ladder
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+: Positive control

5.2  Sequencing result for nucleotide and amino acid sequences

Once the expected band was observed, the gel band was cut and sent to Apical Scientific
Sdn. Bhd. Malaysia for sequencing in both forward and reverse directions along with the
positive control. The coronavirus isolates sent for sequencing are listed as per Table 2., with
human SARS-CoV-2 (HUSARS-CoV-2) obtained from Hospital Raja Perempuan Zainab 2

(HRPZ2) used as a positive control in this study.

Species Coronavirus Isolates Year
Human SARS-CoV-2 HUSARS-CoV-2 2019
S4 2022

S7 2022

Bat SARS-CoV-2-L S11 2022
S13 2022

R64 2022

Table 2. List of representative human and bat coronaviruses used for sequence alignment.

The nucleotide sequences were edited with Bioedit 7.2 software (Informer
Technologies, Inc.) and converted into amino acid sequences using Generunner 6.5 software
(Informer Technologies, Inc.). The nucleotide and amino acid sequences are tabulated in Table

3.

Virus isolate Nucleotide sequence Amino acid sequence

HUSARS-CoV-2 | GTTTATGCTTGGAACAGGAAGAGAA | VYAWNRKRISNCVADYS
TCAGCAACTGTGTTGCTGATTATTCT | VLYNSASFSTFKCYGVSPT
GTCCTATATAATTCCGCATCATTTTC | KLNDLCFTNVYADSFVIR
CACTTTTAAGTGTTATGGAGTGTCTC | GDEVRQIAPGQTGNIADY
CTACTAAATTAAATGATCTCTGCTTT | NYKLPDDFTGCVIAWNSN
ACTAATGTCTATGCAGATTCATTTGT Egﬁﬁ@’f&%@#ﬁ:&?
AATTAGAGGTGATGAAGTCAGACAA

ATCGCTCCAGGGCAAACTGGAAATA \S(ET:(&ESVKGFNCYFPLRS
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TTGCTGATTATAATTATAAATTACCA
GATGATTTTACAGGCTGCGTTATAGC
TTGGAATTCTAACAATCTTGATTCTA
AGGTTGGTGGTAATTATAATTACCTG
TATAGATTGTTTAGGAAGTCTAATCT
CAAACCTTTTGAGAGAGATATTTCAA
CTGAAATCTATCAGGCCGGTAGCAC
ACCTTGTAATGGTGTTAAAGGTTTTA
ATTGTTACTTTCCTTTACGATCATAT
AGTTTCCGACCCAA

S4

GAGAATCAGCAACTGTGTTGCTGATT
ATTCTGTCCTATATAATTCCGCATCA
TTTTCCACTTTTAAGTGTTATGGAGT
GTCTCCTACTAAATTAAATGATCTCT
GCTTTACTAATGTCTATGCAGATTCA
TTTGTAATTAGAGGTGATGAAGTCA
GACAAATCGCTCCAGGGCAAACTGG
AAATATTGCTGATTATAACTATAAAT
TACCAGATGATTTTACAGGCTGCGTT
ATAGCTTGGAATTCTAACAATCTTGA
TTCTAAGGTTGGTGGTAATTATAATT
ACCTGTATAGATTGTTTAGGAAGTCT
AATCTCAAACCTTTTGAGAGAGATAT
TTCAACTGAAATCTATCAGGCCGGTA
GCACACCTTGTAATGGTGTTAAAGGT
TTTAATTGTTACTTTCCTTTACGATCA
TATAGTTCCCGACCCAA

RISNCVADYSVLYNSASFS
TFKCYGVSPTKLNDLCFT
NVYADSFVIRGDEVRQIAP
GQTGNIADYNYKLPDDFT
GCVIAWNSNNLDSKVGG
NYNYLYRLFRKSNLKPFE
RDISTEIYQAGSTPCNGVK
GFNCYFPLRSYSSRPR

S7

TCTGTTTATGCTTGGAACAGGAAGA
GAATCAGCAACTGTGTTGCTGATTAT
TCTGTCCTATATAATTCCGCATCATT
TTCCACTTTTAAGTGTTATGGAGTGT
CTCCTACTAAATTAAATGATCTCTGC
TTTACTAATGTCTATGCAGATTCATT
TGTAATTAGAGGTGATGAAGTCAGA
CAAATCGCTCCAGGGCAAACTGGAA
ATATTGCTGATTATAATTATAAATTA
CCAGATGATTTTACAGGCTGCGTTAT
AGCTTGGAATTCTAACAATCTTGATT
CTAAGGTTGGTGGTAATTATAATTAC
CTGTATAGATTGTTTAGGAAGTCTAA
TCTCAAACCTTTTGAGAGAGATATTT
CAACTGAAATCTATCAGGCCGGTAG
CACACCTTGTAATGGTGTTAAAGGTT
TTAATTGTTACTTTCCTTTACGATCAT
ATAGTTTCCGACCCAA

SVYAWNRKRISNCVADYS
VLYNSASFSTFKCYGVSPT
KLNDLCFTNVYADSFVIR
GDEVRQIAPGQTGNIADY
NYKLPDDFTGCVIAWNSN
NLDSKVGGNYNYLYRLFR
KSNLKPFERDISTEIYQAG
STPCNGVKGFNCYFPLRS
YSSRPR

S11

CTGTTTATGCTTGGAACAGGAAGAG
AATCAGCAACTGTGTTGCTGATTATT
CTGTCCTATATAATTCCGCATCATTT
TCCACTTTTAAGTGTTATGGAGTGTC

VYAWNRKRISNCVADYS
VLYNSASFSTFKCYGVSPT
KLNDLCFTNVYADSFVIR
GDEVRQIAPGQTGNIADY
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TCCTACTAAATTAAATGATCTCTGCT
TTACTAATGTCTATGCAGATTCATTT
GTAATTAGAGGTGATGAAGTCAGAC
AAATCGCTCCAGGGCAAACTGGAAA
TATTGCTGATTATAATTATAAATTAC
CAGATGATTTTACAGGCTGCGTTATA
GCTTGGAATTCTAACAATCTTGATTC
TAAGGTTGGTGGTAATTATAATTACC
TGTATAGATTGTTTAGGAAGTCTAAT
CTCAAACCTTTTGAGAGAGATATTTC
AACTGAAATCTATCAGGCCGGTAGC
ACACCTTGTAATGGTGTTAAAGGTTT
TAATTGTTACTTTCCTTTACGATCAT
ATAGTTTCCGACCCAA

NYKLPDDFTGCVIAWNSN
NLDSKVGGNYNYLYRLFR
KSNLKPFERDISTEIYQAG
STPCNGVKGFNCYFPLRS
YSSRPR

S13

GAAGAGAATCAGCAACTGTGTTGCT
GATTATTCTGTCCTATATAATTCCGC
ATCATTTTCCACTTTTAAGTGTTATG
GAGTGTCTCCTACTAAATTAAATGAT
CTCTGCTTTACTAATGTCTATGCAGA
TTCATTTGTAATTAGAGGTGATGAAG
TCAGACAAATCGCTCCAGGGCAAAC
TGGAAATATTGCTGATTATAATTATA
AATTACCAGATGATTTTACAGGCTGC
GTTATAGCTTGGAATTCTAACAATCT
TGATTCTAAGGTTGGTGGTAATTATA
ATTACCTGTATAGATTGTTTAGGAAG
TCTAATCTCAAACCTTTTGAGAGAGA
TATTTCAACTGAAATCTATCAGGCCG
GTAGCACACCTTGTAATGGTGTTAAA
GGTTTTAATTGTTACTTTCCTTTACG
ATCATATAGTTTCCGACCCAA

VYAWNRKRISNCVADYS
VLYNSASFSTFKCYGVSPT
KLNDLCFTNVYADSFVIR
GDEVRQIAPGQTGNIADY
NYKLPDDFTGCVIAWNSN
NLDSKVGGNYNYLYRLFR
KSNLKPFERDISTEIYQAG
STPCNGVKGFNCYFPLRS
YSSRPR

R64

GTTTATGCTTGGAACAGGAAGAGAA
TCAGCAACTGTGTTGCTGATTATTCT
GTCCTATATAATTCCGCATCATTTTC
CACTTTTAAGTGTTATGGAGTGTCTC
CTACTAAATTAAATGATCTCTGCTTT
ACTAATGTCTATGCAGATTCATTTGT
AATTAGAGGTGATGAAGTCAGACAA
ATCGCTCCAGGGCAAACTGGAAATA
TTGCTGATTATAATTATAAATTACCA
GATGATTTTACAGGCTGCGTTATAGC
TTGGAATTCTAACAATCTTGATTCTA
AGGTTGGTGGTAATTATAATTACCTG
TATAGATTGTTTAGGAAGTCTAATCT
CAAACCTTTTGAGAGAGATATTTCAA
CTGAAATCTATCAGGCCGGTAGCAC
ACCTTGTAATGGTGTTAAAGGTTTTA
ATTGTTACTTTCCTTTACGATCATAT
AGTTTCCGACCCAA

VYAWNRKRISNCVADYS
VLYNSASFSTFKCYGVSPT
KLNDLCFTNVYADSFVIR
GDEVRQIAPGQTGNIADY
NYKLPDDFTGCVIAWNSN
NLDSKVGGNYNYLYRLFR
KSNLKPFERDISTEIYQAG
STPCNGVKGFNCYFPLRS
YSSRPR
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Table 3. SARS-CoV-2-L isolates with their respective nucleotide and amino acid sequences.

5.3  Sequence alignment

The amino acid sequences from the previous step were then aligned using ClustalwW
(GenomeNet, Kyoto University Bioinformatic Center) and analysed manually for the presence
of important amino acids at certain positions that are critical for human ACE-2 binding. The

sequences alignment is depicted in Figure 6 below.

426 436 456
QITAPGOTGNIADYNYRLPDDEFTGCVIAWNSHNNLDSEVGGH 4 FRESNLKPFERDI
CIAPGOTGNIADYNYELPDDEFTGCVIAWNSHNNLDSEVGGH FREENLKFFERDI
QITAPGOTGN NYELPDDFTGCVIAWNSNNLDSEVGGH FRESNLKPFERDI
QIAPGOTGN NYELPDDFTGCVIAWNSHNNLDSEVGGH FREENLKEFERDI

NYELPDDEFTGCVIAWNSNNLDSEVGGH FRESNLKPFERDI
NYELPDDFTGCVIAWNSHNNLDSEVGGH FREENLKEFERDI

F AR T A AR R A A A A A A A A A A A A A kv A A kv e Ak v e ke ek

=13

Y3

STEIYQAGSTP
STEIYQOAGSTP
STEIYQAGSTP

3

Figure 6. Position of important amino acid residues believed to be involved in human ACE-2 receptor

binding as highlighted in red numbers as the key binding residues (442, 472 and 479)

Based on this sequence alignment, we were able to compare the presence of critical
amino acid residues critical for binding of the spike protein to human ACE-2 receptors. Based
on research carried out by Hoffmann et al. (2020) and Zhou et al. (2021), they have found that
specific amino acids at positions N426, Y436, Y440, L442, S456, FA72, N473 and S479 are
responsible for enhancing the binding of these viruses to human ACE-2 receptors with the most
important positions located at L442, F472 and S479. From there, we found that amino acids of

our viral isolates are similar to that those found in human SARS-CoV-2 with N426, Y436,
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Y440, L442, S456, F472, N473 and S479 which indicates that SARS-CoV-2L coronaviruses

isolated from bats in this study are able to bind and infect the A549 human lung cells.

54  Cytopathic effect in A549 human lung cells

Cytopathic effect was observed in the A549 human lung cells in all the viral samples
including positive control on the day six of the post-inoculation after the third passages in the
A549 cells (Figure 7). It was noted that the cells had become rounded and fused with the
adjacent cells to form a syncytium. No cytopathic effect was observed in the uninoculated

negative control cells (Figure 8).

Figure 7. A549 cells with cytopathic effect on day 6 of the virus inoculation after the third

passage in the cells.

Figure 7.1: A549 cells inoculated with viral sample S4.
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Figure 7.2: A549 cells inoculated with viral sample S7.

Figure 7.3: A549 cells inoculated with viral sample S11.

Figure 7.4: A549 cells inoculated with viral sample S13.

Figure 7.5: A549 cells inoculated with viral sample R64.

Figure 7.6: A549 cells inoculated with positive control sample.

Figure 8. Normal A549 cells without cytopathic effect (negative control)
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CHAPTER 6

DISCUSSION

In this experiment, five bat samples from East Coast Malaysia were tested positive for
SARS-CoV-2-like coronaviruses. To determine the zoonotic potential of this virus, we
amplified the RBD of the S1 subunit through RT-PCR and followed by sequencing, sequence
analysis, and sequence alignment to compare the amino acid sequence of our viral samples to
SARS-CoV-2 found in humans. From there, we found that amino acids critical for human
ACE-2 receptor binding (N426, Y436, Y440, L442, S456, FA72, N473 and S479) were present
in the SARS-CoV-2L isolated from bats in this study. The amino acid residues presence was
identical to those found in human SARS-CoV-2. To further support these findings, we
inoculated and passaged thrice in A549 human lung cells. The isolates were abled to cause
cytopathic effect on day 6 of virus inoculation. The presence of key amino acid residues
coupled with the virus’ ability to induce CPE in human lung cell lines revealed that these
SARS-CoV-2L coronaviruses can enter the human lung cells via ACE-2 receptor and may

possibly cause disease to humans.

Previous studies have determined that specific amino acid residues are key for binding
of SARS-CoV-2 to human ACE-2 receptors (Hoffman et al., 2020). Some bat coronaviruses,
namely RaTG13, display a 96% resemblance to human SARS-CoV-2 at full genomic
sequencing. Despite this similarity, such bat coronaviruses are unable to interact efficiently
enough with human ACE-2 receptors to trigger infection (Zech et al., 2021). The differences
in the bat coronaviruses’ abilities to utilize ACE-2 receptor indicate that there may have been
crossover of bat coronaviruses in an intermediate host species where mutations may have
occurred, allowing further crossover of the virus into humans (Gupta et al., 2022). Pangolins

have been suspected to be the intermediate host between bats and humans as they inhabit
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similar environmental niches and sequencing of pangolin coronaviruses revealed that RBD
point mutants are conserved across SARS-CoV-2-like coronaviruses isolated from bats,
humans, and pangolins (Brown et al., 2021). On a related note, pangolin and pangolin parts are
one of the most smuggled wildlife commodities in China as they are commonly used in
traditional Chinese medication. A study by Lam et al., 2020 isolated coronaviruses from
pangolin tissue samples seized by the Guangxi Customs officers in an anti-trafficking
operation. Coronaviruses were found in 5 individual pangolins which were then termed
GXI/P1E, GX/P2V, GX/P3B, GX/P4L, GX/P5E and GX/P5L (Lam et al.., 2020). Based on the
genome sequences, the viruses were classified under the betacoronavirus genus. All sequences
have similar genomic organisations to SARS-CoV-2, with one virus, GX/PL5 showing high
binding affinity to ACE-2 receptors (Wacharapluesadee et al., 2021). This is highly suggestive
of pangolins as intermediate hosts for coronavirus spillover of bats into humans, however
further studies should be undertaken to elucidate this claim.

In this experiment, three passages of the virus in human A549 lung cells were required
before the virus was able to elicit signs of CPE in the cells. This is likely attributed to the low
viral load within the archive samples thus requiring multiple passages to reach a viral load
capable of inducing CPE in the cells. Based on Gilbert et al., 2023, no visible CPE was noted
during inoculation of virus with A549 human lung cells despite the lung cells displaying ACE-
2 receptors. However, it is stipulated in this study that repeated passages of the virus in A549
human lung cells may have caused the virus to gradually increase, thus increasing the virus’

ability to cause CPE in the lung cells.

In summary, we can conclude that SARS-CoV-2L isolated from bats in East Coast,
Malaysia harbours important key amino acid residues at S1 RBD for binding with ACE-2
receptor in human lung cells, which allows the virus to enter the cells and thus may be capable

of transmitting this virus to human hosts. Therefore, it is pertinent that extra precaution is taken
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by continuous surveillance of bats in Sekayu, Terengganu and Gunung Reng, Kelantan,
especially since these locations are local tourist attractions and may draw a significant number
of visitors. Since Rhinolophid bats are migratory bats, studies should also be undertaken to
determine the migratory paths of these bats as they may disseminate the virus on this route.
The public should be made aware of the risks of being in contact with bats and to take the

necessary precautions to avoid contact with bats and keep their distance from bat habitats.
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CHAPTER 7

IMPORTANCE OF RESEARCH FINDINGS

These research findings showed that SARSL-CoVs isolated from bats in East Coast Malaysia
have a potential to be zoonotic and become a future public health concern due to the presence
of amino acid residues critical for the ACE-2 binding to human receptors. Therefore, these

viruses able to enter human cells and may cause disease in the future.
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CHAPTER 8

CONCLUSION & RECOMMENDATIONS

From the research findings, we found that there is presence of amino acids which are
critical for human ACE-2 receptor binding in SARS-CoV-2-like coronaviruses isolated from
East Coast Malaysia. Meanwhile, from virus inoculation in A549 human lung cells, it was
found that the virus caused CPE in the cells on day six of inoculation. Based on these findings,
we can conclude that the virus is able to bind to human ACE-2 receptors and cause cell
pathology, thus confirming that the virus has zoonotic potential and may give rise to a public
health threat in the future. It is recommended that the local bat populations should be kept under
constant surveillance with regular screening to determine the virus status in the population. In
addition, the public should be made aware of the virus’ zoonotic potential and advised to

maintain appropriate distance from bats and bat habitats.
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APPENDIX

Figure 10. Preparation of samples for RT-PCR and nested PCR
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Figure 11. A549 human lung cells before inoculation with viral sample
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