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Abstract Resumen 

Context: SARS-CoV-2, a member of family Coronaviridae and the 
causative agent of COVID-19, is a virus which is transmitted to human 
and other mammals. 

Aims: To analyze the B-cell epitope conserved region and 
viroinformatics-based study of the SARS-CoV-2 lineage from 
Indonesian B.1.1.7 isolates to invent a vaccine nominee for overcoming 
COVID-19. 

Methods: The sequences of seven Indonesian B.1.1.7 isolates, Wuhan-Hu-
1 isolate, and WIV04 isolate were extracted from the GISAID EpiCoV 
and GenBank, NCBI. MEGA X was employed to understand the 
transformations of amino acid in the S protein and to develop a 
molecular phylogenetic tree. The IEDB was implemented to reveal the 
linear B-cell epitopes. In addition, PEP-FOLD3 web server was utilized 
to perform peptide modeling, while docking was performed using 
PatchDock, FireDock, and the PyMOL software. Moreover, in silico 
cloning was developed by using SnapGene v.3.2.1 software. 

Results: In this study, the changes of amino acid in all seven Indonesian 
B.1.1.7 isolates were uncovered. Furthermore, various peptides based on 
the B-cell epitope prediction, allergenicity prediction, toxicity prediction 
from S protein to generate a vaccine contrary to SARS-CoV-2 were 
identified. Furthermore, the development of in silico cloning using pET 
plasmid was successfully achieved. 

Conclusions: This study exhibits the transformations of amino acid in 
Indonesian B.1.1.7 isolates, and proposes four peptides 
(“LTPGDSSSGWTAG”, “VRQIAPGQTGKIAD”, “ILPDPSKPSKRS”, and 
“KNHTSPDVDLG”) from S protein as the candidate for a peptide-based 
vaccine. However, further advance trials such as in vitro and in vivo 
testing are involved for validation.  

Contexto: SARS-CoV-2, un miembro de la familia Coronaviridae y el 
agente causante de COVID-19, es un virus que se transmite a humanos y 
otros mamíferos.  

Objetivos: Analizar la región conservada del epítopo de células B y el 
estudio basado en viroinformática del linaje SARS-CoV-2 de los aislados 
B.1.1.7 de Indonesia para inventar una vacuna candidata para superar 
COVID-19. 

Métodos: Las secuencias de siete aislamientos B.1.1.7 indonesios, el 
aislado Wuhan-Hu-1 y el aislado WIV04 se extrajeron de GISAID 
EpiCoV y GenBank, NCBI. Se empleó MEGA X para comprender las 
transformaciones de aminoácidos en la proteína S y para desarrollar un 
árbol filogenético molecular. El IEDB se implementó para revelar los 
epítopos de células B lineales. Además, se utilizó el servidor web PEP-
FOLD3 para realizar el modelado de péptidos, mientras que el 
acoplamiento se realizó mediante PatchDock, FireDock y el software 
PyMOL. Además, la clonación in silico se desarrolló utilizando el 
software SnapGene v.3.2.1. 

Resultados: En este estudio, se descubrieron los cambios de aminoácidos 
en los siete aislamientos de B.1.1.7 de Indonesia. Además, se 
identificaron varios péptidos basados en la predicción del epítopo de 
células B, la predicción de la alergenicidad, la predicción de la toxicidad 
de la proteína S para generar una vacuna contraria al SARS-CoV-2. 
Además, se logró con éxito el desarrollo de la clonación in silico 
utilizando el plásmido pET. 

Conclusiones: Este estudio exhibe las transformaciones de aminoácidos 
en aislados B.1.1.7 de Indonesiay propone cuatro péptidos 
(“LTPGDSSSGWTAG”, “VRQIAPGQTGKIAD”, “ILPDPSKPSKRS” y 
“KNHTSPDVDLG”) de la proteína S como candidato para una vacuna 
basada en péptidos. Sin embargo, para la validación se requieren más 
ensayos in vitro e in vivo.  
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INTRODUCTION 

SARS-CoV-2 ranked as the seventh for the 
coronavirus (CoV) which has transversed the bar-
rier between species and been able to infect hu-
man. The virus was firstly identified in China in 
2019 and appeared sporadically all over China and 
many other nations worldwide (Harapan et al., 
2020; Rodriguez-Morales et al., 2020; Wu et al., 
2020). As the virus spreads massively and quickly, 
it was confirmed and revealed publicly by WHO 
in March 2020 that this contagious widespread has 
become a pandemic. The global health and econ-
omy have suffered by this COVID-19 abrupt con-
tagion and rapid deployment (Astuti and Ysrafil, 
2020; Huang et al., 2020). This global issue has re-
quired revolutionary scientific progression for 
deep investigations on SARS-CoV-2 concerning its 
features, mechanism of transmission, and clinical 
aspects for the sole purpose of ending this pan-
demic’s catastrophic impacts (Awadasseid et al., 
2021; Ganesh et al., 2021). Sadly, this virus has 
costed about 170 million people getting infected 
globally with more than 3.5 million global deaths. 
To be specific, Indonesia has about 1.8 million cas-
es and around 50 thousand deaths. John Hopkins 
University has initiated the global data pooling 
with actual time updated online to pursue the real 
time cases of COVID-19 in numbers and geograph-
ical disbursement in which these above data are 
derived from (Dong et al., 2020). 

The coronavirus family is composed of four dif-
ferent genera: Alpha-, Gamma-, Beta-, and Del-
tacoronavirus. Alphacoronavirus and Betacoronavirus 
infect animals and humans, whereas Deltacorona-
virus and Gammacoronavirus infect only animals 
(Raoult et al., 2020). Similar to SARS-CoV-1 and 
MERS-CoV, SARS-CoV-2 also is part of Coronaviri-
dae (Betacoronavirus), a family that has formerly 
driven the previous two epidemics (Shereen et al., 
2020). Referenced in some data pools, the genome 
of SARS-CoV-2 has been recognized with around 
30 kb nucleotides in a single-stranded positive-
sense RNA (NC_045512.2 - GenBank, NCBI and 
EPI_ISL_402124 - GISAID EpiCoV) and the simi-

larity shared with the genome of previous variant, 
SARS-CoV, is quite high, around 79.5% shared 
similarity (Hu et al., 2020). There are four structur-
al proteins which conceal this genome, they are 
spike (S), nucleocapsid (N), membrane (M), and 
envelope (E) (Li et al., 2020; Ou et al., 2020; Zeng et 
al., 2020). In addition, several researches have in-
formed that SARS-CoV-2 ties up ACE2 receptor on 
the host cell. Furthermore, the receptor contributes 
greatly in viral entry system and closely related to 
pathogenicity (Harapan et al., 2020). 

Various investigation is demanded to acquire 
molecular epidemiological data of the novel virus 
in Indonesia (Nidom et al., 2021). Research on mo-
lecular epidemiology is a vital instrument for ob-
serving new emerging viruses. There is an urgency 
to establish further studies in molecular epidemi-
ology to comprehend the probable consequences 
of the disease (Nidom et al., 2020a; 2021). Current-
ly, a novel SARS-CoV-2 lineage was detected on 
September 2020, called B.1.1.7. A variant of this 
virus was initially discovered in England among a 
large number of new cases. Then, this variant be-
comes dominant in December 2020 in Southeast-
ern England. B.1.1.7 variant spreads globally and 
rapidly including in Indonesia and as predicted in 
the early of March 2021 (Duong, 2021). This virus 
variant raises concerns recognized by neutralizing 
the antibodies, which may be affected leading to 
non-maximum vaccine efficacy. 

In addition, our previous study reported the 
four structural proteins as vaccine candidate’s de-
velopment and revealed the antibody-dependent 
enhancement (ADE) phenomenon based on the S 
protein gene sequences (Ansori et al., 2020; Nidom 
et al., 2020b; Normalina et al., 2020). The efforts to 
produce vaccines globally in resistance to SARS-
CoV-2 by scientists with the vaccines derived from 
its proteins turned out to be one of the most pro-
gressive kinds and the driving force of this study 
is the private sectors (Callaway, 2020). Although 
various countries already ongoing for the COVID-
19 vaccination program (Nidom et al., 2021), cur-
rently there are no approved drugs against the 
virus (Harisna et al., 2021).  A  recent  study  revea- 
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Table 1. Indonesian B.1.1.7 isolates extracted from the database (GISAID EpiCoV). 

Virus Name Accession ID Origin Specimen source 
Sequencing tech-
nology 

JK-NIHRD-MI2101540 EPI_ISL_1118931 Jakarta, Indonesia 
Nasopharyngeal and 
oropharyngeal swab 

Illumina MiSeq 

JK-NIHRD-MI2101673 EPI_ISL_1118933 Jakarta, Indonesia 
Nasopharyngeal and 
oropharyngeal swab 

Illumina MiSeq 

JK-NIHRD-MI2101960 EPI_ISL_1169046 Jakarta, Indonesia Nasopharyngeal swab Illumina MiSeq 

SS-NIHRD-WGS00427 EPI_ISL_1169047 
South Sumatra, 
Indonesia 

Nasopharyngeal swab Illumina MiSeq 

KS-NIHRD-WGS00915 EPI_ISL_1169048 
South Kalimantan, 
Indonesia 

Nasopharyngeal swab Illumina MiSeq 

SU-NIHRD-WGS01098 EPI_ISL_1169049 
North Sumatra, 
Indonesia 

Nasopharyngeal swab Illumina MiSeq 

JK-NIHRD-MI211743 EPI_ISL_1239143 Jakarta, Indonesia 
Nasopharyngeal and 
oropharyngeal swab 

Illumina MiSeq 

 

led that this virus advances to a point that will 
ultimately trigger running from the vaccination 
program worldwide (Wang et al., 2021). This 
study intended to analyze the B-cell epitope con-
served region and viroinformatics-based study of 
SARS-CoV-2 lineage B.1.1.7 isolates originated 
from Indonesia to mature a vaccine nominee in 
resistance to COVID-19.  

MATERIAL AND METHODS 

Indonesian B.1.1.7 SARS-CoV-2 isolates retrieval 

It was revealed that the Indonesian B.1.1.7 iso-
lates S protein gene via GISAID EpiCoV database 
(https://www.gisaid.org/) as March 18, 2021 (Ta-
ble 1). We used two viruses as reference, called 
Wuhan-Hu-1 derived from GenBank, NCBI 
(https://www.ncbi.nlm.nih.gov/sars-cov-2/) and 
WIV04, available in GISAID EpiCoV database 
(https://www.gisaid.org/). Wuhan-Hu-1 isolate 
was submitted by the Shanghai Public Health 
Clinical Center & School of Public Health, Fudan 
University, Shanghai, China. Meanwhile, WIV04 
isolate was generated from a female retailer at 
Huanan Seafood Wholesale Market and submitted 
also by the Wuhan Institute of Virology, Chinese 
Academy of Sciences, China. 

Viroinformatics investigation of amino acid 
changes, phylogenetic analysis, and S protein 
modeling 

The changes of amino acid changes and ADE 
sequences of the Indonesian B.1.1.7 isolates were 
analyzed by using CoVsurver, GISAID EpiCoV 
(https://www.gisaid.org/) and MEGA X software 
(Pennsylvania State University, USA). Next, the 
visualization of the results in amino acid changes 
with heatmap data by utilizing GraphPad Prism 
software (GraphPad Software, Inc., California, 
USA). In this study, the researchers constructed 
molecular phylogenetic designing and tree visual-
ization by employing MEGA X software (Pennsyl-
vania State University, USA) on the S protein of 
the Indonesian B.1.1.7 isolates and other CoVs iso-
lates globally with the ML approach. The molecu-
lar phylogenetic construction was deduced by us-
ing 1000 bootstrapped input datasets and cross-
referenced with the Tamura–Nei substitution 
model (Kumar et al., 2018; Ansori et al., 2020). 
Then, the S protein modeling was generated by 
applying SWISS-MODEL 
(https://swissmodel.expasy.org/), a protein struc-
ture homology-modelling web server (Waterhouse 
et al., 2018).  
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Predictions of B-cell epitope, antigenicity, 
allergenicity, toxicity, and physiochemistry 

B-cell epitopes prediction of the S protein of the 
Indonesian B.1.1.7 isolates was done by applying 
the IEDB (https://tools.iedb.org/bcell/) using 
default thresholds (Adianingsih and Kharisma, 
2019; Dhanda et al., 2019). Previously, the con-
served region of the S protein was also identified 
by the researchers in the previous study. Next, the 
predicted peptides to the VaxiJen v2.0 web server 
(https://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) was 
submitted using the default threshold to resolve 
whether the predicted epitopes could be expected 
as the protective antigens that would establish an 
immune response (Ansori et al., 2020). In this in-
vestigation, an extensive analysis of the allergenic-
ity prediction in the predicted peptides was con-
ducted using AllerTOP web server 
(https://www.ddg-pharmfac.net/AllerTOP/) 
with default settings. The expected peptides were 
submitted to this web server as demonstrated by 
Abraham Peele et al. (2020). Then, the protective 
non-toxic antigens were projected by performing 
ToxinPred web server 
(https://crdd.osdd.net/raghava/toxinpred/). The 
standard thresholds used were as reported by 
Gupta et al. (2013). Next, physiochemical predic-
tion of the peptides was done by applying Prot-
Param web server 
(https://web.expasy.org/protparam/) as per-
formed by Abraham Peele et al. (2020). 

Peptide construction, molecular docking, and 
refinement process 

PEP-FOLD 3.5 web server was utilized to look 
for the epitopes 3D structural findings 
(https://bioserv.rpbs.univ-paris-
diderot.fr/services/PEP-F OLD3/). PEP-FOLD is 
a de novo approach intended to determine the pep-
tide structures from the sequences of amino acid 
(Joshi et al., 2020). In this research, crystal struc-
ture of the human B-cell receptor (BCR) Fab frag-
ment (2.90 Å) was retrieved, which was deposited 
in Protein Data Bank (PDB; 
https://www.rcsb.org/) (PDB ID: 5IFH) with the 
total structure weight about 46.98 kDa according 

to Minici et al. (2017). Next, the visualization of the 
structure was performed by applying PyMOL 
software v2.4.1 (Schrödinger, Inc, USA) (Luqman 
et al., 2020) and removing the water molecule and 
other molecules for preparing the protein before 
further molecular docking analysis (Harisna et al., 
2021). Peptide-protein molecular docking and re-
finement processes were conducted by applying 
PatchDock web server 
(https://bioinfo3d.cs.tau.ac.il/PatchDock/php.ph
p) and FireDock web server 
(https://bioinfo3d.cs.tau.ac.il/FireDock/php.php) 
to reveal global energy score (Maiti and Banerjee, 
2021).  

Immune simulation and in silico cloning 

The immune simulation was tested by employ-
ing the C-ImmSim web server 
(https://kraken.iac.rm.cnr.it/C-IMMSIM/). The 
simulation volume and steps were designated at 
1000 based on the study by Abraham Peele et al. 
(2020). We used J-CAT tool 
(https://www.jcat.de/) to analyze codon optimi-
zation of vaccine constructs by using E. coli as a 
source organism (Abraham Peele et al., 2020). 
Here, this investigation appointed the expression 
vector of pET-28a(+) for cloning, and generated its 
nucleotides sequences from the Addgene vector 
database (https://www.addgene.org/vector-
database/) (Kamens, 2015). Then, in seeking the in 
silico cloning of peptide-based vaccine component 
was performed using SnapGene v3.2.1 software 
(GSL Biotech LLC, California, USA) (Abraham 
Peele et al., 2020; Le Bert et al. 2020). 

RESULTS 

Viroinformatics investigation of amino acid 
changes, phylogenetic analysis, and S protein 
modeling 

This research demonstrated all the amino acid 
changes in full-length genome of the Indonesian 
B.1.1.7 isolates (Fig. 1A, Table 2, and Annex 1) and 
visualized the three-dimensional S protein amino 
acid changes (Fig. 1B). This investigation identified 
that various changes of amino acid did occurred in 
S  protein  of  Indonesian  B.1.1.7  isolates,  such  as  

http://jppres.com/jppres
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Figure 1. Viroinformatics 
investigation of amino acid 
changes and phylogenetic 
analysis of Indonesian 
B.1.1.7 isolates.  

Amino acid changes of the full-
length genome of Indonesian 
B.1.1.7 isolates using heatmap 
data visualization (A), S pro-
tein modeling; the red colors 
are amino acid changes site 
(B), and phylogenetic analysis 
of the Indonesian B.1.1.7 iso-
lates compared to other CoVs 
worldwide (C). 

 
 

Table 2. Viroinformatics investigation of amino acid changes from Indonesian B.1.1.7 isolates S protein. 

Virus name Amino acid changes 

JK-NIHRD-MI2101540 V143C, Y144F, T286I, N501Y, A570D, D614G, P681H, T716I, S982A, D1118H 

JK-NIHRD-MI2101673 
H69 (deletion), V70 (deletion), Y144 (deletion), N501Y, A570D, D614G, P681H, T716I, S982A, 
D1118H 

JK-NIHRD-MI2101960 
H69 (deletion), V70 (deletion), Y144 (deletion), N501Y, A570D, D614G, P681H, T716I, S982A, 
D1118H 

SS-NIHRD-WGS00427 H69 (deletion), V70 (deletion), N501Y, A570D, D614G, P681H, T716I, S982A, D1118H 

KS-NIHRD-WGS00915 H69 (deletion), V70 (deletion), N501Y, A570D, D614G, P681H, T716I, S982A, D1118H 

SU-NIHRD-WGS01098 H69 (deletion), V70 (deletion), N501Y, A570D, D614G, P681H, T716I, S982A, D1118H 

 
 

H69 (deletion), V70 (deletion), V143C, Y144 (dele-
tion) or Y144F, T286I, N501Y, A570D, T716I, 
D614G, P681H, S982A, and D1118H. In addition, it 
revealed the ADE sequences of all isolates had the 
same pattern as the previous study, namely 
“611LYQDVNC617”. Moreover, it successfully con-
structed the phylogenetic examination of the In-
donesian SARS-CoV-2 isolates based on the S pro-
tein gene (Fig. 1C). 

Predictions of B-cell epitope, antigenicity, 
allergenicity, toxicity, and physiochemistry 

This study identified the B-cell epitope predic-
tion, antigenicity prediction, allergenicity predic-
tion, and toxicity prediction analysis that are 
shown in Table 3 and Fig. 2. Moreover, it also es-
tablished the physiochemical prediction for the 
expected peptides, such as grand average of hy-
dropathicity (GRAVY), aliphatic index, theorical 
pI, molecular weight, and instability index (Table 
4). 
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Peptide construction, peptide-protein molecular 
docking, and refinement process 

PEP-FOLD 3.5 web server were employed to 
create the three-dimensional epitope structures 
(Fig. 3). This study revealed BCR (resolution 2.90 
Å) from PDB (PDB ID: 5IFH). The heavy chain and 
light chain of the BCR were distinguished by col-
oring selection (Fig. 3). In addition, the results of 

molecular docking and refinement process were 
derived by performing PatchDock web server and 
FireDock web server (Fig. 4 and Table 5). Further-
more, this study also uncovered various variables, 
such as hydrogen bonds, atomic contact energy, 
attractive and repulsive Van der Walls, and global 
energy. The strong binding energy was exhibited 
by Pep3, Pep2, Pep1, and Pep4, respectively. 

 
Table 3. B-cell epitopes and other prediction analyses in the Indonesian B.1.1.7 isolates. 

No Peptide sequence Length and position Antigenicity Allergenicity Toxicity 

1 RTQLPPAYTNS 11 (21-31) Yes Yes Non 

2 SGTNGTKRFDN 11 (71-81) Yes Yes Non 

3 LTPGDSSSGWTAG 13 (249-261) Yes Non Non 

4 VRQIAPGQTGKIAD 14 (407-420) Yes Non Non 

5 NNLDSKVGG 9 (439-447) Yes Yes Non 

6 YQAGSTPCNGV 11 (473-483) Non Non Non 

7 YGFQPTNGVGYQ 12 (495-506) Yes Yes Non 

8 TVCGPKKSTN 10 (523-532) Non Yes Non 

9 QTQTNSPRRARSV 13 (675-687) Non Non Non 

10 IYKTPPIKDF 10 (788-797) Non Yes Non 

11 ILPDPSKPSKRS 12 (805-816) Yes Non Non 

12 PAQEKNFTT 9 (1069-1077) Non Yes Non 

13 VYDPLQPELDSF 12 (1137-1148) Non Yes Non 

14 KNHTSPDVDLG 11 (1157-1167) Yes Non Non 

15 FDEDDSEPVL 10 (1256-1265) Non Non Non 

 

 

Figure 2. AllerTOP v. 2.0 results 
defined as non-allergen. 
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Table 4. The results of physiochemical prediction in peptides using ProtParam web server. 

Name Peptide sequence 
Molecular 
weight 

Theorical pI 
Instability 
index 

Aliphatic 
index 

Grand average of 
hydropathicity 
(GRAVY) 

Pep1 LTPGDSSSGWTAG 1235.27 3.80 51.61 37.69 -0.415 

Pep2 VRQIAPGQTGKIAD 1453.66 8.72 12.54 90.71 -0.371 

Pep3 ILPDPSKPSKRS 1324.54 9.99 124.58 65 -1.225 

Pep4 KNHTSPDVDLG 1182.26 5.21 21.66 61.82 -1.191 

 

 

 

 

Figure 3. Visualization of peptides 
construction by PEP-FOLD 3.5 web 
server and B-cell receptor (BCR).  

Pep1 (A), Pep2 (B), Pep3 (C), and Pep4 
(D). BCR with PDB ID: 5IFH (E); Light 
blue color is heavy chain and deep blue 
color is light chain of BCR. 

 Figure 4. Visualization of peptide-protein 
molecular docking by PatchDock web server 
and FireDock web server.  
Pep1-BCR (A), Pep2-BCR (B), Pep3-BCR (C), and 
Pep4-BCR (D). Light blue color is heavy chain and 
deep blue color is light chain of BCR. 

 
Table 5. Peptide-protein interactions in detail after refinement process using FireDock web server. 

Name 
Global 
energy 

Attractive van 
der Waals 

Repulsive van der 
Waals 

Atomic contact 
energy 

Hydrogen 
bonds 

Pep1 -42.40 -22.16 11.57 -10.43 -1.84 

Pep2 -44.38 -25.45 12.83 -7.48 -0.65 

Pep3 -44.78 -24.96 8.17 1.49 -4.32 

Pep4 -36.56 -30.15 6.23 -2.94 -4.67 
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Figure 5. In silico cloning’s schematic representation of 
vaccine candidate within pET28a(+) expression vector.  

The total size of the construct is 6180 bp and the red color is 
gene interest (S protein). 

 
Immune simulation and in silico cloning 

C-ImmSim web server demonstrated the re-
sponses of cells and models from the memory of 
immune cells whether it has any successful and 
effective immune or not by applying a procedure 
which improved its half-life. Furthermore, its sim-
ulation results established reliability with real im-
mune responses. Moreover, the improving B-cell 
population was described by the expression of 
immunoglobulins, which produced a reduced con-
centration of antigen. Additionally, the pET28a(+) 
vector was employed to clone the construction of 
vaccine by performing SnapGene v3.2.1 software 
(Fig. 5). 

DISCUSSION 

Six types of coronaviruses were acknowledged 
to be causative agents which were able to transmit 
to humans at the end of 2019. SARS-CoV-2 was 
identified as the seventh and appeared in China 
(Gunadi et al. 2020). To date, it was stated by Johns 
Hopkins University, USA that there are about 140 
million people getting transmitted with this novel 
virus worldwide (Dong et al. 2020). Previously, 
Turista et al. (2020) reported the COVID-19 pan-
demic in Indonesia. In line with this, Setiawaty et 
al. (2020) described the virological and clinical 
features of the first eleven COVID-19 cases in In-
donesia. Furthermore, this study retrieved the first 
seven Indonesian B.1.1.7 isolates from the database 
(Table 1). These B.1.1.7 isolates were submitted by 
the National Institute of Health Research and De-

velopment, Republic of Indonesia and detected 
using nasopharyngeal swab and also nasopharyn-
geal and oropharyngeal swab methods. Therefore, 
this investigation conducted a viroinformatics in-
vestigation of B-cell epitope conserved region in 
SARS-CoV-2 lineage B.1.1.7 isolates originated 
from Indonesia. 

Currently, many studies have focused on the S 
protein of the deadly virus (Watanabe et al., 2020; 
Weisblum et al., 2020; Zhang et al., 2020). Howev-
er, the urgency in investigating S protein is very 
significant an extensive computational-based 
study (Normalina et al., 2020). This study in vi-
roinformatics investigation has discovered amino 
acid changes of the full-length genome in Indone-
sian B.1.1.7 isolates (Fig. 1 and Table 2). Further-
more, this study also identified that various trans-
formations of amino acid occurred in S protein of 
Indonesian B.1.1.7 isolates, such as H69 (deletion), 
V70 (deletion), V143C, Y144 (deletion) or Y144F, 
A570D, S982A, T286I, N501Y, D614G, P681H, 
T716I, and D1118H. In fact, many studies reported 
that these unprecedented variants of SARS-CoV-2 
appeared in many countries, such as South Africa, 
UK, and Brazil (Grubaugh et al. 2021; Nonaka et 
al. 2021).  

Consistently, a study showed that B.1.1.7 is 
known to be uncompromising to any counteract-
ing efforts performed by most monoclonal anti-
bodies against the N-terminal domain from the 
spike protein and relatively impenetrable to a few 
monoclonal antibodies against RBD of the novel 
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virus. However, it is less resistant to plasma from 
individuals who have recovered from COVID-19 
or sera from individuals who have been vaccinat-
ed against the novel virus (Wang et al., 2021). In 
line with this, the mutation rates in RNA viruses 
are much higher than in most other microorgan-
isms. Any surge of virulence and any heightened 
prospects of adaptative evolution can be triggered 
by a growth in mutation rate (Yu, 2020). Conse-
quently, these features are able to encourage the 
possibility of zoonotic viral pathogens, which can 
accommodate human-to-human transmission and 
allows them to intensify their virulence (Nidom et 
al., 2021). Thus, the urgency for investigating the S 
protein from Indonesian B.1.1.7 isolates comes as 
the top priority. 

Furthermore, scientists have proven that this 
novel virus gnome indeed globally experiences 
mutations. Previously, a genetic analysis was con-
ducted by Sallam et al. (2021) and exhibited that 
among the novel virus sequences from the North 
Africa and Middle East many mutations turn up in 
the S protein. Moreover, for the evolution of virus-
es in nature, nucleotide substitution is believed to 
be one of the most important mechanisms. In addi-
tion, a study of SARS-CoV-2 outbreak in Uruguay 
conducted by Elizondo et al. (2021) has made sig-
nificant contribution in leading improved under-
standing on the patterns of this novel virus and its 
regional pandemic features in Latin America. In 
addition, a study by Khailany et al. (2020) had suc-
cessfully accomplished recovering 94 SARS-CoV-2 
genomes and inspecting their molecular variations 
among them. Furthermore, Zhang et al. (2020) 
stated that the S protein mutations are associated 
with the virulence of the virus. Thus, this study is 
the first to report the analysis of first seven Indo-
nesian B.1.1.7 isolates. These data might be a 
groundbreaking in supporting further researches 
in the establishment of recent biological aspects of 
SARS-CoV-2 in Indonesia. In addition, without 
any experimental data, our interpretation using 
the limited data of SARS-CoV-2 isolates in Indone-
sia will potentially benefit the continuous and 
forthcoming research. Le Page et al. (2021) stated 
that the research on S protein mutations was very 
fundamental considering its impacts on the devel-

opment of global vaccination frameworks against 
this novel virus. 

Under those above circumstances, COVID-19 
vaccine development has started in many research 
centers and pharmaceutical industries following 
the announcement of SARS-CoV-2 agent and its 
full genome recognized. Recently, the available 
assemble data stated that COVID-19 vaccine can-
didates were grouped into the following types: 
protein-based, epitope, inactivated or live-
attenuated virus, virus-like particle, nucleic acid-
based, and viral vectors (Nidom et al., 2021). To-
day, more than one year after the prevalence of 
novel coronavirus, vaccine and antiviral products 
are still in progress due to the pandemic paradigm 
development with several medication options and 
vaccines are in clinical trials globally (Callaway, 
2020). Furthermore, scientists considered travers-
ing the new concepts and latest cultivation in each 
type of vaccine to formularize a potent vaccine 
against COVID-19. In the same manner, genomics 
has encouraged the revolutionized researches re-
lated to the vaccine development through the re-
verse vaccinology with its predominant capability 
in sequencing the genome completely from any 
deadly microorganism driving some in silico 
screenings to obtain the protective antigens prior 
to any further hypothesis testing researches. 

Meanwhile, epitope prediction studies have 
been accomplished for some viruses, such as the 
Zika virus (Adianingsih and Kharisma, 2019). This 
current investigation developed a peptide-based 
vaccine using B-cell epitope prediction, toxicity 
prediction, allergenicity prediction, and antigenici-
ty prediction. In addition, it also performed physi-
ochemical prediction, peptide construction, mo-
lecular docking, immune simulation, and in silico 
cloning for the predicted peptides. Thus, it pro-
poses “LTPGDSSSGWTAG”, “VRQIAPGQTGKI 
AD”, “ILPDPSKPSKRS”, and “KNHTSPDVDLG” 
peptides isolated from S protein as candidate for a 
peptide-based vaccine to fight against to SARS-
CoV-2. Moreover, the notable epitope prediction 
methods are significantly fundamental in some 
biotechnological and clinical applications, such as 
therapeutic antibody and vaccine initiation, or 
theoretical studies of immune systems.  
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Moreover, this study was multidisciplinary col-
laboration between Indonesian and Swiss re-
searchers in various adjuvanted pandemic influ-
enza formulation strategies which suggested that a 
liposome-based adjuvant containing the saponin 
or QS21 is one of the most important and prom-
ised adjuvant in the near future (Lemoine et al., 
2021). On the contrary, commonly used in vac-
cines, the pharmacodynamics in the injected form 
of aluminum is not well-acknowledged, especially 
related to on how the variation of time frames will 
affect the accumulation and how determinants like 
genetics and environments will influence the viral 
clearance on detoxification process (McFarland et 
al., 2020). Briefly, the Professor Nidom Foundation 
(PNF) is a research and education organization in 
Indonesia that has extensive experience in the sur-
veillance and characterization of various zoonotic 
viruses (Lemoine et al., 2021).  

Additionally, elucidating the transmission 
routes, relationships, and origin of the causative 
agents from any emerging infections is crucial to 
understand the possible approach for interference 
and their biological actions. Many scientists have 
established the molecular phylogenetic analysis of 
SARS-CoV-2 with the previous coronaviruses by 
applying the specific or whole-genome sequences 
to comprehend the recombination events and an 
evolutionary chronicle (Ansori et al., 2020; Sallam 
et al., 2021). According to the recently available 
genome isolates of coronaviruses, the whole-
genome phylogenetic tree designates that SARS-
CoV-2 is closest to Rhinolophus affinis coronavirus 
RaTG13, followed by the one found in pangolin’s 
coronavirus. Consistent with this, a group of re-
searchers stated they accepted the idea that SARS-
CoV-2 has been issued in bats and may have used 
pangolins as an intermediate host before transmit-
ting it to humans. Moreover, the SARS-CoV-2 ge-
nome contributes its genome for around 80% to 
SARS-CoV (Li et al., 2020; Shereen et al., 2020).  

Lastly, this study promoted the molecular phy-
logenetic tree and revealed the relationship be-
tween Indonesian B.1.1.7 isolates, other isolates, 
and other groups of coronaviruses originating 
from humans, pangolins, and bats. Here, this in-
vestigation reports the first molecular phylogenet-

ic tree of seven Indonesian B.1.1.7 isolates based 
on the S protein gene. It also utilizes molecular 
phylogenetic analysis as the basic of virus research 
which includes taxonomy, evolution, and origin 
studies (Turista et al., 2020). It is principal to inves-
tigate the likelihood of SARS-CoV-2 intermediate 
hosts to understand and contain the transmission 
of COVID-19 (Gunadi et al., 2020). In addition, this 
study advises that further surveillance investiga-
tions should be carried out on various mammals in 
their natural environment, including pangolins 
and bats, especially in Asia, to control the chance 
of future zoonotic transmissions. 

CONCLUSIONS 

This study exhibits the transformations of ami-
no acid in Indonesian B.1.1.7 isolates. Additional-
ly, this study proposes four peptides 
(“LTPGDSSSGWTAG”, “VRQIAPGQTGKIAD”, 
“ILPDPSKPSKRS”, and “KNHTSPDVDLG”) from 
S protein as the candidate for a peptide-based vac-
cine. However, further advance trials such as in 
vitro and in vivo testing are involved for validation. 
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Annex 1. The amino acid changes in the full-length genome of the Indonesian B.1.1.7 isolates. 

No. Genes JK-NIHRD-
MI2101540 

JK-NIHRD-
MI2101673 

JK-NIHRD-
MI2101960 

SS-NIHRD-
WGS00427 

KS-NIHRD-
WGS00915 

SU-NIHRD-
WGS01098 

JK-NIHRD-
MI211743 

1 NSP1 0 0 0 0 0 0 0 

2 NSP2 1 0 0 0 0 0 2 

3 NSP3 3 6 3 3 3 3 3 

4 NSP4 1 0 0 0 0 0 0 

5 NSP5 0 0 0 0 0 0 0 

6 NSP6 3 3 3 3 3 3 3 

7 NSP7 0 0 0 0 0 0 0 

8 NSP8 0 0 0 0 0 0 0 

9 NSP9 0 0 0 0 0 0 0 

10 NSP10 0 0 0 0 0 0 0 

11 NSP11 0 0 0 0 0 0 0 

12 NSP12 1 2 14 1 1 1 2 

13 NSP13 0 0 0 0 0 0 0 

14 NSP14 0 0 0 0 0 0 1 

15 NSP15 0 0 0 0 0 0 0 

16 NSP16 0 0 15 0 0 0 0 

17 S 10 10 10 9 9 9 10 

18 NS3 2 0 1 1 0 1 0 

19 E 0 0 0 0 0 0 0 

20 M 0 0 0 0 0 0 0 

21 NS6 0 0 0 0 0 0 0 

22 NS7a 0 1 0 0 0 0 0 

23 NS7b 0 0 0 0 0 0 0 

24 NS8 4 4 4 3 4 4 4 

25 N 4 4 4 3 4 4 4 
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