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ABSTRACT

Coronavirus Disease 2019 (COVID-19), a global pandemic which first emerged in
Wuhan City, Hubei Province, China, in December 2019, was caused by a novel
Betacoronavirus, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).
To date, there are only two Food and Drug Administration (FDA)-approved
therapeutic drugs to counter COVID-19. Hence, development for COVID-19
treatment needs to be broadened. This study aims to explore an alternative
treatment for COVID-19 using therapeutic peptides. This study hypothesised that
therapeutic peptides that can bind with the receptor binding domain (RBD) of spike
glycoprotein (S protein) of SARS-CoV-2 might inhibit the entry of the virus into host
cells and prevent infection. Bioinformatics tools include PyMOL, UCSF chimera, PEP-
FOLD3, HADDOCK (High Ambiguity Driven protein-protein DOCKing), and molecular
dynamics simulation (MDS) are first utilised for peptide design. PyMOL and UCSF
chimera were used to determine the amino acid residues involved in the binding
interface. A total of 291 peptides were designed, and PEP-FOLD3 was used to
generate the peptide models. Docking analysis on the peptides and RBD of S protein
was performed via HADDOCK. The peptide-RBD complexes of peptides 65, 66, and
189 showed the highest HADDOCK score and hence were chosen for 200 ns of MDS
analysis. MDS results showed that all three peptide-RBD complexes were compact
and stable, and their interaction energy being -480.38 + 118.61 kJ/mol, -410.92 +
126.31 kJ/mol, and -338.49 £ 97.88 kJ/mol, respectively. The peptides were then
subjected to a binding affinity test and competitive assay via ELISA (enzyme-linked
immunosorbent assay). For the binding affinity test, ELISA was performed using the
hemagglutinin (HA)-tagged peptides in a series of concentrations bound to RBD of S
protein on a 96-well plate. A competitivee assay was performed using His-tagged
ACE2 protein incubated with the peptides. Peptide 65 showed the best result with
bioinformatics analysis and binding affinity test with a Kp of 43.26 uM. However, the
results of the competitive assay showed the that binding of peptide 65 to S protein
is weak compared to the ACE2 protein. Bioinformatics tools can be utilised for
preliminary analysis of the peptides designed and enables choosing of peptides with
the best results for further laboratory testing. Peptide 65 can be further modified to
improve its inhibiting ability and further develop into therapeutic drugs to counter
COVID-19.



ABSTRAK

REKAAN DAN PENCIRIAN PEPTIDA TERAPEUTIK YANG MENSASARKAN
DOMAIN PENGIKAT RESEPTOR BAGI GLIKOPROTEIN SPIKE DARIPADA
SARS-CoV-2
Penyakit koronavirus 2019 (COVID-19), pandemik global yang pertama kali muncul
di bandar Wuhan, Provinsi Hubei, China pada Disember 2019, disebabkan oleh
sejenis Betacoronavirus baru, Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). Sehingga kini, hanya terdapat dua ubat terapeutik yang diluluskan
oleh Food and Drug Administration (FDA) untuk melawan COVID-19. Oleh itu,
pembangunan untuk rawatan COVID-19 perlu diperluaskan. Kajian ini bertujuan
untuk meneroka rawatan alternatif untuk COVID-19 dengan penggunaan peptida
terapeutik. Adalah dihipotesiskan bahawa peptida terapeutik yang boleh mengikat
dengan domain pengikat reseptor (RBD) spike glikoprotein (protein S) SARS-CoV-2
mungkin dapat menghalang kemasukan virus ke dalam sel perumah dan mencegah
jangkitan. Alat bioinformatik seperti PyMOL, UCSF chimera, PEP-FOLD3, HADDOCK
(High Ambiguity Driven protein-protein DOCKing), dan simulasi dinamik molekul
digunakan terlebih dahulu untuk merekakan peptide-peptida. PyMOL dan UCSF
chimera digunakan untuk menentukan residu asid amino yang terlibat antara muka
pengikat., Sebanyak 291 peptida telah direka dan PEP-FOLD3 digunakan untuk
menjana model peptida. Analisis dok pada peptida dan RBD protein S dilakukan
melalui HADDOCK. Kompleks peptida-RBD bagi peptida 65, 66, dan 189
menunjukkan skor HADDOCK tertinggi dan telah dipilih untuk 200 ns analisis MDS.
Keputusan MDS menunjukkan bahawa ketiga-tiga kompleks peptida-RBD adalah
padat dan stabil, dan tenaga interaksi masing-masing ialah -480.38 £+ 118.61 kJ/mol,
-410.92 + 126.31 kJ/mol, dan -338.49 + 97.88 kJ/mol. Peptida-peptida ini
kemudiannya ditujukan kepada ujian afiniti mengikat dan ujian kompetitif melalui
ELISA (ujian imunosorben berpaut enzim). Untuk ujian afiniti mengikat, peptida tag
dengan hemagglutinin (HA) dalam satu siri kepekatan diikat pada RBD protein S pada
plat 96-telaga. Untuk ujian kompetitif, kehadiran protein ACE2 dengan tag His dieram
dengan peptide dalam satu siri kepekatan. Peptida 65 menunjukkan keputusan
terbaik dengan analisis bioinformatik serta ujian afiniti mengikat dengan Kp 43.26
MUM. Walau bagaimanapun, keputusan ujian kompetitif menunjukkan bahawa

pengikatan peptida 65 dengan protein S adalah lemah berbanding dengan protein

Vi



ACE2. Alat bioinformatik boleh digunakan untuk analisis awal peptida yang direka
dan membolehkan pemilihan peptida dengan hasil terbaik untuk ujian makmal
selanjutnya. Peptide 65 boleh diubah suai lagi untuk meningkatkan keupayaan
perencatannya supaya ia dapat dihasilkan dengan lebih lanjut lagi untuk menjadi
ubat terapeutik untuk melawan COVID-189.
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CHAPTER 1

INTRODUCTION

1.1 Background of The Research

The outbreak of coronavirus disease 2019 (COVID-19), first emerged in Wuhan city,
Hubei Province, China in December 2019, was caused by a novel Betacoronavirus,
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) (Wu et al., 2020).
On March 11, 2020, the disease was declared a global pandemic by the World Health
Organization (WHO) (Cucinotta and Vanelli, 2020). As of 18 June 2023, over 768
million confirmed COVID-19 cases and 6.9 million deaths had been reported
worldwide. This global pandemic has caused devastating social and economic
disruption. To date, the number of positive cases as well as the number of deaths,
has decreased globally, compared to previous years. However, WHO also noted that
due to a reduction in testing and reporting, the number of recorded cases did not
represent an accurate infection rate (COVID-19 Weekly Epidemiological Update on
COVID-19-22 June 2023, 2023).

SARS-CoV-2 S protein and the host cell angiotensin-converting enzyme 2
(ACE2) receptor are the key components for infection of COVID-19. The presence of
the ACE2 receptor in the vital organs, especially the lungs, enables viral infection in
the host (Xu et al., 2020; Jain, 2020). The treatment for COVID-19 is associated with
the stages of the disease (Gandhi, 2021). For this purpose, the United States Food
and Drug Administration (FDA) has approved two drugs for the treatment of COVID-
19, the antiviral drug Veklury (remdesivir) in the early stages, and the immune
modulator Olumiant (baricitinib), in the later stages (Coronavirus (COVID-19) | Drugs,
2022).



