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Human papillomavirus (HPV) L1 major capsid protein generates a highly
immunogenic virus like particles (VLPs), which have been used as the main
component of its prophylactic vaccine. However, the neutralizing antibodies
against L1 VLPs are mostly type specific and may not be effective to prevent
infection from different strains of HPV. On the other hand, HPV L2 minor capsid
protein has low antigenic variation, thus can induce cross-neutralization. This
study aims to obtain HPV 52 L1/L2 chimeric protein, which is designed based on
HPYV type 52 as one of the most circulated high-risk types in Indonesia, to develop
a broad-spectrum HPV vaccine. Substitution of HPV 52 H4 helix L1 region with
an HPV 52 L2 epitope was carried out using overlap extension PCR. HPV 52
L1/L2 chimeric gene was constructed into pET-SUMO expression vector and
expressed in Escherichia coli BL21 (DE3). Bioinformatics modeling suggested
that L2 epitope was located inside of the loop region in monomer form, and on
the contrary, it was located outside of the pentamer surface. Furthermore, B cell
and T cell epitopes predictions were conducted using Immune Epitope Database
(IEDB) analysis. The B cell epitopes prediction revealed eleven potential epitopes,
whereas the T cell epitopes prediction showed seven potential epitopes for each
MHC class I and MHC class II. This study showed that HPV 52 L1/L2 chimeric
protein has the potential to induce cross-neutralizing antibodies and can be
developed as a promising candidate for a new HPV vaccine.
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1. Introduction including HPV type 16, 18, 31, 33, 35, 39, 45, 51, 52,

56, 58, and 59, which are associated with cervical

Cervical cancer is one of the most prevalent
cancers worldwide. Approximately 99.7% of
cervical cancers are associated with high-risk
human papillomavirus (HPV) infection, especially
in women (Okunade 2020). In Indonesia, cervical
cancer ranks second, with more than 36,600 new
cases and a mortality rate of up to 21,003 cases in
2020 (Bruni et al. 2023). More than 200 types of HPV
have been identified and classified into different
genera. There are twelve types of high-risk HPV,
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cancers (de Sanjosé et al. 2018). HPV types 16 and
18 are the most dominant types found in cervical
cancer patients, with a proportion of approximately
70%, whereas around 30% of cervical cancer cases
are related to other HPV types (So et al. 2019).

The HPV genome consists of six genes in the early
region (E1, E2, E4, E5, E6, and E7) and two genes in
the late region (L1 and L2) (Doorbar et al. 2015). The
HPV capsid is made by L1 and L2 proteins encoded
by L1 and L2 genes, respectively. The L1 protein can
spontaneously self-assemble and form virus-like
particles (VLPs). The VLP has a highly immunogenic
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structure closely related to the natural surface of
native HPV (Buck et al. 2013). Meanwhile, the L2
protein, which is co-expressed with the L1 protein,
plays an important role in virus infection, receptor
binding, and delivery of virus genomes into the
nucleus (Karanam et al. 2009).

Currently, HPV prophylactic vaccines are being
developed using HPV L1 recombinant protein
as the basis. Three kinds of vaccines have been
approved and recommended by the World Health
Organization (WHO) including bivalent vaccine
Cervarix® which contains VLPs from two types of
HPV (16 and 18), quadrivalent vaccine Gardasil®
which contains VLPs from four types of HPV (6,
11, 16, and 18), and nonavalent vaccine Gardasil9®
which contains VLPs from nine types of HPV (6, 11,
16, 18, 31, 33, 45, 52, and 58) (de Sanjosé et al. 2012;
WHO 2016). Some studies showed the efficacy of
HPV vaccines at around 80-100% against HPV 8,
11, 16, and 18. Although HPV vaccines show cross-
protection, the antibodies produced from HPV
vaccines are type-restricted, and the protection
against other types of HPV is still conflicting (Brown
et al. 2021). Therefore, it is necessary to produce a
novel recombinant protein-based-HPV vaccine that
can induce cross-neutralizing antibodies.

It has been reported that the chimeric L1/
L2 VLP, which represents the L2 neutralization
epitope based on the L1 protein, can produce high
antibody titters against both L1 and L2 proteins.
Previous studies showed that HPV vaccines, mostly
derived from HPV type 16 or 18, which contain
the VLP of L1/L2 chimeric protein, provide a wider
cross-protection spectrum of cross-neutralizing
antibodies, resulting in protection against both
high-risk and low-risk HPV infections (Varsani et al.
2003; Schellenbacher et al. 2009; Boxus et al. 2016;
Chabeda et al. 2019). This study aims to obtain HPV
52 L1/L2 chimeric protein derived from HPV type 52
(HPV 52), which has been known as one of the most
prevalent types in Indonesia (Utami et al. 2022). The
epitope from the HPV 52 strain was selected based
on our previous bioinformatics study (Firdaus et
al. 2022), which identified multiple epitopes with
strong immune responses against cross types of
HPV in various HLA populations. The HPV 52 L1/L2
chimeric protein was produced using an Escherichia
coli (E. coli) expression system, which can be further

developed as the materials for the HPV prophylactic
vaccine.

2. Materials and Methods

2.1. Plasmids, Bacterial Strains, and Culture
Medium

Plasmid pD451-MR: 399524, which contains the
HPV 52 truncated L1 synthetic gene, was used as a
template to obtain the HPV 52 L1/L2 chimeric gene.
The pGEM-T Easy vector was used for cloning the HPV
52 L1/L2 chimeric gene. Plasmid pET-SUMO was used
as an expression vector. Two bacterial strains were
used, including E. coli DH5a and E. coli BL21 (DE3),
for cloning and protein expression, respectively. The
bacterial strains were cultured in Luria Bertani (LB)
medium with ampicillin or kanamycin as selection
markers.

2.2. Sequence Analysis and Primer Design

Initially, HPV 52 L1 and L2 gene sequences were
analyzed to determine the position of the HPV 52 L1
region to be mutated and the HPV 52 L2 epitope to
be inserted into the HPV 52 L1 region. The HPV 16 L1
gene was used as a reference sequence to determine
the region to be mutated in HPV 52 L1. The amino
acid sequence of HPV 16 L1 (accession number:
1DZL_A) was aligned with the amino acid sequence
of HPV 52 L1 (accession number: BBA19629.1) using
the ClustalW multiple alignment method in Bioedit
software. The same method was performed to
determine the position of the L2 epitope. The HPV 16
L2 gene (accession number: AAA46942.1) was used as
areference sequence and aligned with the HPV 52 L2
gene (accession number: BBA19876.1). The primers
were designed using SnapGene Viewer version 5.1.6.
Four primers were used to obtain the HPV 52 L1/L2
chimeric gene (Table 1), in which two of the primers
contain overlapping epitope sequences from HPV 52
L2 at the 5'end.

Table 1. List of primers used in this study

Primers Sequences

Forward HPV 52 L1 5’-ATGCCAGTCCCTGTTTCTAAAG-3’
Reverse HPV 52 L1 5’-CCCTCATTAACGCTTAACTTTTTTC-3’
Forward H4-Helix 5’-CCACCTTTATAGAGTCCGGCGCTCCA

HPV 52 L1L2 ACCTGTCAGAAGAATAC-3’
Reverse H4-Helix 5’-CTATAAAGGTGGTTTCTTCGATCATA
HPV 52 L1L2 GAAGCGCTCGGCGGC-3’
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2.3. Mutation of HPV 52 L1 Gene

Plasmid pD451-MR: 399524, which contains HPV
52 truncated L1 gene, was used as a template for
mutation using the overlap extension polymerase
chain reaction (PCR) method (Lee et al. 2010). Two
PCR steps were used to obtain the HPV 52 L1/
L2 chimeric gene. In the first step, pD451-MR:
399524 was amplified using two pairs of primers
to obtain two fragments. PCR reactions consist of
two tubes that contain KOD FX Neo buffer (Toyobo),
polymerase enzyme KOD FX Neo (Toyobo), dNTPs
(Invitrogen), plasmid pD451-MR: 399524, nuclease-
free water (NFW), forward primer HPV 52 L1 and
reverse primer HPV 52 H4-Helix L1-L2 (tube A),
forward primer HPV 52 H4-Helix L1-L2 and reverse
primer HPV 52 L1 (tube B). The PCR conditions were
performed according to the KOD FX Neo instruction
manual as follows: pre-denaturation at 94°C for 2
minutes, 28 cycles of denaturation at 98°C for 10
seconds, annealing at 60°C for 30 seconds, extension
at 68°C for 33 seconds, and finally post extension at
72°C for 8 minutes. To omit residual template, Dpnl
enzyme was added into the two fragments (fragment
A and B) from the first step and then incubated at
37°C for 16 hours, followed by incubation at 80°C
for 30 minutes to inactivate Dpnl enzyme (Bryksin
and Matsumura 2010). Both fragments were then
purified using a gel extraction kit (Qiagen). For the
second step, both fragments were assembled by PCR
reactions containing KOD FX Neo buffer (Toyobo),
polymerase enzyme KOD FX Neo (Toyobo), dNTPs
(Invitrogen), nuclease-free water (NFW), fragments A
and B, forward primer HPV 52 L1 and reverse primer
HPV 52 L1. The PCR conditions were performed
according to the KOD FX Neo instruction manual
as follows: pre-denaturation at 94°C for 2 minutes,
28 cycles of denaturation at 98°C for 10 seconds,
annealing at 53°C for 30 seconds, extension at 68°C
for 33 seconds, and finally post extension at 72°C for
8 minutes. The PCR amplicons were purified using a
gel extraction kit (Qiagen) to obtain the HPV 52 L1/L2
chimeric gene.

2.4. Cloning of HPV 52 L1/L2 Chimeric Gene
The purified HPV 52 L1/L2 chimeric gene was
ligated into the pGEM-T Easy vector for cloning.
Before ligation, 1 pL A-attachment mix (Toyobo), 5
uL 2x buffer KOD FX Neo, and 2 pL 2mM dNTPs were
added into 2 pL purified HPV 52 L1/L2 chimeric gene
and incubated at 60°C for 30 minutes. The HPV 52 L1/

L2 chimeric gene was inserted into the pGEM-T Easy
vector using T4 DNA ligase (NEB)and transformed into
E. coli DH5a using the heat shock method (Sambrook
and Russel 2001). Screening of putative transformants
was performed using blue-white colony selection
and colony PCR. Plasmid was isolated from putative
transformants, ligated into a pET-SUMO expression
vector, and transformed into E. coli BL21 (DE3).
Once again, screening of putative transformants was
performed using blue-white colony selection and
colony PCR. For further confirmation, the plasmid
was isolated from putative transformants and
followed by sequencing using SUMO forward primer
(5'-AGATTCTTGTACGACGGTATTAG-3') and T7 reverse
primer (5’-TAGTTATTG CTCAGCGGTGG-3'). Sequence
analysis was performed using BioEdit version 7.2.5.

2.5. Expression of HPV 52 L1/L2 Chimeric
Protein

E. coli BL21 (DE3), which contains pET-SUMO-
HPV52-L1/L2, was cultivated in an LB broth
medium with the addition of kanamycin (100 ng/
ml). Approximately 1% of pre-cultured bacteria
were inoculated into 10 ml fresh LB broth medium
and incubated for 1 hour until the OD,,, reached
0.6 when E. coli BL21 (DE3) was in the logarithmic
phase (Mustopa et al. 2022). For optimization of HPV
52 L1/L2 chimeric protein expression, the cultured
bacteria were induced with different concentrations
(0.1 mM, 0.3 mM, 0.5 mM, 0.7 mM, and 1.0 mM) of
isopropyl B-D-1-thiogalactopyranoside (IPTG) and
various types of sugars (glucose, sucrose, lactose,
sorbitol) were added. The cultured bacteria were
then incubated at various temperatures (20°C,
25°C, 30°C, and 37°C) for 5 hours until E. coli BL21
(DE3) reached the stationary phase (Kusdianawati
et al. 2015). The cultured bacteria were harvested by
centrifugation at 6,000 rpm for 10 minutes. Pellets
were resuspended with lysis buffer, which contains
50 mM potassium phosphate pH 7.8, 100 mM KCl,
100 pg/ml lysozyme, 10% glycerol, 0.1% triton X-100,
5 mM imidazole, 400 mM NaCl, and 1 mM PMSF
(Mustopa et al. 2022). The HPV 52 L1/L2 chimeric
protein was harvested by centrifugation at 12,000
rpm for 10 min, and the supernatant was collected
as crude proteins. The expression of HPV 52 L1/L2
chimeric protein was characterized using SDS-PAGE
and followed by western blot using anti-6x-His tag
mouse antibody as primary antibody and anti-mouse
IgG alkaline phosphatase conjugate as secondary



antibody. The target bands were visualized using
NBT/BCIP substrate.

2.6. Bioinformatics Modeling, Prediction of B
Cell andT Cell Epitopes

The sequence of the HPV 52 L1/L2 chimeric
gene was analyzed, translated, and aligned with
the sequence of the HPV 52 L1 gene using BioEdit
version 7.2.5. Bioinformatics modeling of HPV 52 L1/
L2 chimeric protein was performed using ChimeraX
1.4 and Swiss Model in Expasy’s web server (https://
swissmodel.expasy.org). The B cell and T cell epitope
predictions were analyzed using IEDB analysis (http://
tools.iedb.org/ellipro/). The amino acid sequence
and modeling structure from Expasy were used to
predict the position of the epitopes in monomers
and pentamers using ChimeraX 1.4. In this study,
we used some predominant HLAs in Indonesia, both
MHC classes I and II, to predict T cell epitope in HPV
52 L1/L2 chimeric protein.
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3. Results

3.1. Construction of HPV 52 L1/L2 Gene

The alignment between HPV 16 L1 and HPV 52
L1 amino acids showed that the position of HPV 52
H4 helix L1 was located at amino acids 444-456
(LEDTYRFVTSTAI). Out of 13 amino acids, only one
amino acid was different from the sequence of HPV
16 L1 (Figure 1A), suggesting that the H4 helix L1
region is conserved. On the other hand, the amino
acid alignment between HPV 16 L2 and HPV 52
L2 showed that the cross-neutralization epitope
of HPV 52 L2 was located at amino acid 107-119
(MIEETTFIESGAP) (Figure 1B). This result was in
accordance with our previous study, which reported
that one of the cross-neutralization epitopes of HPV
52 12 was identified at amino acids 107-119. Two
fragments were obtained from the first step PCR
(fragment A: 1,220 bp and fragment B: 256 bp), as
shown in Figure 1C. The HPV 52 L1/L2 chimeric gene
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Figure 1. Construction of HPV 52 L1/L2 gene. (A) Amino acid alignment between HPV 16 L1 and HPV 52 L1, (B) amino acid
alignment between HPV 16 L2 and HPV 52 L2, (C) the amplicons from the first step PCR; M: DNA marker, lane 1:
fragment A, lane 2: fragment B, (D) the amplicon from the second step PCR shows the fusion of fragment A and

B, M: DNA marker
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(1,476 bp) was obtained from the second step PCR,
as shown in Figure 1D. In this study, 39 base pairs of
nucleic acid were inserted into the HPV 52 L1 region,
replacing the epitope at the H4 helix L1 region.

3.2. Cloning of HPV 52 L1/L2 Chimeric Gene
The blue-white colonies selection of E. coli DH5a
transformants harboring HPV 52 L1/L2 chimeric gene
was performed and followed by further screening
using colony PCR. Plasmid was isolated from putative
transformants and further confirmed by PCR using

A B
4491 bp—», 4000 bp
1476 bp 1500 bp

¢ 1 2 3 4 5 6 M 7
1500 by

D E

6000 bp 5959 bp

5000 bp

1000 bp 1160 bp

LIHPVS2 WD
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forward primer HPV 52 L1 and reverse primer HPV
52 L1. Plasmid pGEM-T Easy harboring HPV 52 L1/
L2 chimeric gene showed approximately 4,000 bp
in size, while PCR amplicon showed approximately
1,500 bp in size, as shown in Figure 2A. This result
is in accordance with the size of the HPV 52 L1/L2
chimeric gene, which is 1,476 bp, thus confirming
that the HPV 52 L1/L2 chimeric gene has been
successfully inserted into the pGEM-T Easy cloning
vector.

o 10 11 12 M 13 14 15 16 17

T T T T T T T

-l 1200 1210 1220 1230 1240 1230 1260

Figure 2. Cloning of HPV 52 L1/L2 chimeric gene. (A) Cloning of HPV 52 L1/L2 chimeric gene using pGEM-T Easy vector.
Lane 1: circular plasmid pGEM-T Easy harboring HPV 52 L1/L2 chimeric gene, lane 2: amplified HPV 52 L1/L2
chimeric gene, M: DNA marker, (B) the map of pET-SUMO recombinant expression vector harboring HPV 52
L1/L2 chimeric gene, (C) colony PCR of E. coli BL21 (DE3) putative transformants (lane 1-17: colony 1-17, M:
DNA marker), (D) single digest pET-SUMO-HPV 52 L1/L2 chimeric gene using EcoRI restriction enzyme, M: DNA
Marker, (E) sequence alignment of HPV 52 L1 wild type and HPV 52 L1/L2 chimeric genes. Red box indicates H4

helix L1 region which is substituted with L2 epitope



Ikramullah MC et al.

The pGEM-T Easy plasmid harboring HPV 52
L1/L2 chimeric gene was further inserted into the
pET-SUMO expression vector with a total size of
7,119 bp, as shown in Figure 2B, and transformed
into E. coli BL21 (DE3). The selection of putative
transformants by colony PCR showed the target
bands (approximately 1,500 bp in size), as shown in
Figure 2C. The pET-SUMO plasmid containing HPV
52 L1/L2 chimeric gene was isolated from a positive
clone and further confirmed by single digestion
using EcoRI restriction enzyme and showed two
bands around 1,000 bp and 5,000 bp, respectively,
as shown in Figure 2D. The DNA sequence of pET-
SUMO plasmid containing HPV 52 L1/L2 chimeric
gene showed that the H4 helix of HPV 52 L1 has
been substituted with the epitope of HPV 52 L2 as
shown in Figure 2E. This result confirms that the
HPV 52 L1/L2 chimeric gene has been successfully
inserted into the pET-SUMO expression vector, and
the direction of the inserted genes in the plasmid is
as expected. However, a substitution mutation from
G (guanine) to A (adenine) has been identified at
position 357.

3.3. Expression of HPV 52 L1/L2 Chimeric
Protein

The induction of HPV 52 L1/L2 chimeric protein
expression using various concentrations of IPTG
(01 mM, 0.3 mM, 0.5 mM, 0.7 mM, and 1.0 mM),
which were cultured at 37°C showed no significant
difference in terms of bands intensities, as shown in
SDS-PAGE and western blot profiles in Figure 3A and
B. The actual size of HPV 52 L1/L2 chimeric protein
is similar to the size of HPV 52 L1 protein at around
55 kDa. In this study, the target bands are shown
between 55 and 70 kDa, which indicates the total
size of HPV 52 L1/L2 chimeric protein in fusion with
6x-His tag within the pET-SUMO vector at around 68
kDa.

For the next optimization, the recombinant E.
coli BL21 (DE3) was induced with 0.1 mM IPTG and
cultured at various temperatures. The SDS-PAGE
and western blot profiles of HPV 52 L1/L2 chimeric
protein, which was produced at various temperatures
(20°C, 25°C, 30°C, and 37°C), are shown in Figure 3C
and D. The target bands (68 kDa) are shown in all

temperature conditions; however, the band produced
at 25°C has the highest intensity both in SDS-PAGE
and western blot analysis. The results of HPV 52 L1/
L2 chimeric protein expression with various types
of sugar supplementations showed that the media
supplemented with 1% glucose gave the highest band
intensity in both SDS-PAGE and western blot analysis,
as shown in Figure 3E and F. Interestingly, the bands
in the pellets, which are supplemented with various
types of sugars, have less intensity compared with
the pellet without any addition of sugar. This result
indicates that sugar supplementation can increase
the solubility of recombinant protein.

3.4. Bioinformatics Modeling, Prediction of B
Cell andT Cell Epitopes

The sequence analysis of the HPV 52 L1/L2
chimeric gene aligned with the truncated HPV 52 L1
sequence is shown in Figure 4A. The protein model
of HPV 52 L1/L2 in monomer form is shown in Figure
4B. The position of the L2 epitope in L1/L2 monomer
and pentamer forms are depicted in Figure 4C and
D, respectively. In the L1/L2 monomer form, the L2
epitope is located inside of the loop region (Figure
4C), whereas in the L1/L2 pentamer form, the L2
epitope is located outside of the pentamer surface
(Figure 4D). The B cell and T cell epitope predictions
are shown in Table 2. There are eleven available
epitopes of L1/L2, including the epitope of HPV 52
L2 (MIEETTFIESGAP), which replaces the H4 helix
region of HPV 52 L1. For the prediction using MHC
class I, seven T cell epitopes from L2 epitope can be
attached to Indonesian HLAs, including HLA-B*15:02,
HLA-A*33:03, HLA-A*24:07, HLA-A*24:02, and
HLA-B*18:02. Although some of these T cell epitopes
contain only a portion of the L2 epitope which is
displayed on HPV 52 L1, it is still within the range of
the Indonesian HLA receptor. For the prediction using
MHC class II, there are also seven predicted epitopes
that can be recognized by HLA-DQA1*06:01, HLA-
DRB1*12:02, and HLA-B*15:02. The seven predicted
epitopes that contain the L2 epitope have the smallest
rank value of the many epitope predictions, which
indicates the strength of the epitope binding to the
receptor. The smaller the rank value of the epitope,
the stronger its binding to the receptor.
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Figure 3. Expression of HPV 52 L1/L2 chimeric protein. (A) SDS-PAGE profiles of HPV 52 L1/L2 chimeric protein expression
using various concentrations of IPTG. M: protein marker, lane 1: host cell (negative control), lane 2: no induction,
lane 3: 0.1 mM, lane 4: 0.3 mM, lane 5: 0.5 mM, lane 6: 0.7 mM, lane 7: 1 mM, (B) western blot of HPV 52 L1/
L2 chimeric protein expression using various concentrations of IPTG. M: protein marker, lane 1: no induction,
lane 2: 0.1 mM, lane 3: 0.3 mM, lane 5: 0.7 mM, lane 6: 1 mM. The target bands are shown at 68 kDa in size, (C)
SDS-PAGE, and (D). western blot profiles of protein expression optimization in various temperatures. Lane 1:
20°C, lane 2: 25°C, lane 3: 30°C, lane 4: 37°C, M: protein marker. The target bands are shown at 68 kDa in size, (E)
SDS-PAGE, and (F) western blot profiles of protein expression optimization with the addition of various sugars
supplementation. M; protein marker, lane 1: without sugar, lane 2: glucose, lane 3: lactose, lane 4: sucrose, lane
5: sorbitol. The target bands are shown at 68 kDa in size



Ikramullah MC et al.

A B

L

AA L1 HPV 52 RVERIELPDENE
AA LILZ2 HPV [-+-=vrerrex-
=

=
[AA L1 HPV S52|TSNE:
AA L1L2 HPV |---- i
= LRI
AA L1 HPV 52|INSVICDGDMVDT CMDENTLGASKSDVPID
AR T TP L= rimmim s tal masioms b m nicis’ mamsiin) omjmtn ot om0
" ' Trprrrrprrri i

A

AA L1 HPV S2|FDLCEIFCLCEI
AR LI1L2 HPV

N ILLEER
AA L1 HPV S2KNT
AR L1L2 HPV |------

[AR L1 BHPV S2TSTERREVER
IAA LIL2 HPV |- :+sssssas

C D

LL“LL “LI;

Figure 4. Bioinformatics modeling, B cell and T cell epitopes prediction. (A) Amino acid alignment between HPV 52 L1/
L2 chimeric gene and truncated HPV 52 L1; red box indicates the L2 epitope that was substituted in H4 Helix L1
region, (B) bioinformatics modelling of HPV 52 L1/L2 chimeric protein in monomer form. The prediction of the
L2 epitopes (red boxes) within HPV 52 L1/L2 chimeric protein in (C) monomer, and (D) pentamer forms

Table 2. Predicted B cell and T cell epitopes

Predicted B Cell Epitopes

Epitope Start End Score
LLQAGLQARPKLKRPASSAPRTSTKKKKVKR 460 490 0.861
WQFGLTPPPSASMIEETTFIESGAPTCQKNTPPKGKED 393 430 0.828
NMTLCAEVKKESTYKNENFKEY 333 354 0.804
MFVRHFFNRAGTLGDPVPGDLYIQGSNSGNTATVQSSAF 245 283 0.746
PLLNKFDDTETSNKYAGKPGIDNRECL 111 137 0.704
GTPCNNNSGNPGDCPP 162 177 0.697
MPVPVSKVVSTDEYVSRTSI 1 20 0.646
SIKNTSSGNGKKVLV 38 52 0.642
NKFGFPDTSFYNPETQR 71 87 0.636
ADLDQF 448 453 0.518

SMVTSE 290 295 0.5
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Table 2. Continued

Predicted T Cell Epitopes MHC Class I

HLA Epitope Start End Rank
HLA-B*15:02 SMIEETTF 404 4111 1.2
HLA-A*33:03 TFIESGAPTCQK 410 421 2.7
HLA-B*15:02 SMIEETTFI 404 412 1.7
HLA-A*24:07 SMIEETTFI 404 412 14
HLA-A*24:02 SMIEETTFI 404 412 2.1
HLA-B*18:02 EETTFIESG 407 415 2.2
HLA-B*15:02 TFIESGAPT 410 418 5.1

Predicted T Cell Epitopes MHC Class Il
HLA Epitope Start End Rank
HLA-DQA1*06:01 FGLTPPPSASMIEET 395 409 15.00
HLA-DRB1*12:02 GSSRLLTVGHPYFSI 25 39 15.00
HLA-DRB1*12:02 LLQAGLQARPKLKRP 460 474 15.00
HLA-DQA1*06:01 QFGLTPPPSASMIEE 394 408 15.00
HLA-DQA1*06:01 RTSIYYYAGSSRLLT 17 31 15.00
HLA-DQA1*06:01 TFIESGAPTCQKNTP 410 424 15.00
HLA-B*15:02 IEETTFIESGAPTCQ 406 420 15.00

4. Discussion

This study attempted to develop a novel HPV
prophylactic vaccine in which broadly cross-
neutralizing L2 epitopes can be displayed on the
capsid surface of L1 VLP. This was performed to
gain the induction of cross-neutralizing antibodies
in various types of HPV, thus reducing the burden
of highly costly vaccine production. A previous
study showed that some positions in the amino
acid sequence of HPV 16 L1 are appropriate for
mutation and designated as H4 helix L1 at amino
acid 414-426 (LEDTYRFVTSQAI). This position is
known to be conserved in any type of HPV (Varsani
et al. 2003). In HPV 16 L2 protein, one of the cross-
neutralization epitopes is located at amino acid
108-120 (LVEETSFIDAGAP) (Varsani et al. 2003).

HPV52 L1/L2 chimeric protein was created using
overlap extension PCR, which is an efficient method
to perform site-directed mutagenesis, thus becoming
arapid and cost-effective method to obtain chimeric
genes (Nelson and Fitch 2011). Site-directed
mutagenesis by overlap extension is extremely
flexible, and a variety of sequence alterations can
be achieved using this method. In addition to point
mutations, insertions, and deletions can also be
incorporated into the overlapping oligo pairs (Ho
et al. 1989). However, the insertion mutagenesis
using overlap extension PCR in this study was
affected by high fidelity DNA polymerase and
annealing temperatures of specific primers, which
is between 60-68°C (Cha-aim et al. 2012; Castorena-
Torres et al. 2016). A substitution mutation from

G (guanine) to A (adenine) at position 357 of the
HPV 52 L1/L2 sequence was detected in this study.
Further bioinformatics analysis showed that this
substitution did not affect the sequence at the
amino acid level (threonine) despite the alteration
of the codon. This silent mutation basically does
not change the amino acid sequence that codes for
a protein (Griffiths et al. 2008) and thus does not
affect the protein expression.

The HPV 52 L1/L2 recombinant protein showed a
target band at around 68 kDa as a total size of 6x-His
tag-HPV 52 L1/L2 fusion protein. This result is in
accordance with the previous study, which reported
that the recombinant HPV 52 L1 protein expressed
in E. coli using a pET-SUMO expression vector also
has 68 kDa in size (Mustopa et al. 2022). However,
this result should be further confirmed using a
specific HPV 52 L1 antibody. Moreover, the target
bands can still be seen in the pellets, suggesting
that some of the proteins remain insoluble. The low
solubility of recombinant protein production in the
E. coli expression system is commonly caused by
the formation of inclusion bodies. Inclusion body
formation is caused by different conditions between
the microenvironment of the host expression cell, in
which the recombinant protein is produced, and the
native microenvironment (Rosano and Ceccarelli
2014). Another study suggested that the formation
of inclusion bodies is caused by incomplete folding
of proteins due to hydrophobic, ionic, or both
interactions to form protein aggregates (Singh and
Panda 2005).
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Inclusion body formation is also related to
disulfide bonds in the protein structure. Disulfide
bonds have a very important function in the folding
mechanism and protein stability. Disulfide bond
pairing errors in two cysteine amino acids can
cause folding errors during the protein synthesis
process, resulting in the formation of inclusion
bodies. Inclusion bodies can inactivate the protein,
thus becoming non-functional. IPTG is a lactose
substitute inducer and cannot be metabolized by
cells. Thus, protein expression induction using IPTG
in excessive concentrations can cause metabolic
damage to microorganisms, hence inhibiting host
cells' growth.

Moreover, protein expression induction using
a high concentration of IPTG in the expression
system harboring strong promoters can cause the
formation of the inclusion body (Donovan et al.
1996; Singh et al. 2015). On the contrary, lowering
IPTG concentration can increase the production of
soluble protein (Francis and Page 2010). Therefore,
the induction using 0.1 mM IPTG is sufficient for
HPV 52 L1/L2 chimeric protein expression in E. coli
BL21 (DE3). This result is in line with another study
that reported that the optimal IPTG concentration
for rhPT-2 protein expression in E. coli BL21 (DE3) is
0.1 mM (Silaban et al. 2019).

The temperature condition for bacterial culture
is one of the factors that determine the expression
and solubility of recombinant proteins. High
temperature is more likely to cause the formation
of inclusion bodies (Papaneophytou and Kontopidis
2014; Gutiérrez-Gonzalez et al. 2019). Decreasing
the temperature below the optimum temperature
of host cell growth will suppress the expression
rate, thus inhibiting incomplete aggregation and
folding, which can lead to inclusion body formation
(Kiefhaber et al. 1991). Moreover, decreasing
temperature for bacterial culture conditions can
reduce the rate of cell growth and increase the
folding ability of the protein, thereby increasing the
solubility and productivity of recombinant proteins
(Huang et al. 2021). Soluble proteins are usually
obtained at 15-30°C, and under these conditions,
protein synthesis runs slower, especially at low
temperatures, so that the accumulation of inclusion
bodies becomes less (Kusdianawati et al. 2015;
Mustopa et al. 2016). According to the manual of
the pET-SUMO system, insoluble proteins produced
during recombinant protein expression can be

caused by unstable proteins; thus, the addition of
1% glucose to the growth medium is one way to
overcome it. Furthermore, the addition of glucose
can also prevent basal expression, which can have
toxic effects on host cells and proteins (Kaur et al.
2018).

It is crucial to demonstrate that the HPV vaccine
candidate can also induce cellular and humoral
immunity, as presented by B-cell and T-cell immune
responses. The B-cell epitope is the antigen portion
that binds to the immunoglobulin or antibody.
These epitopes recognized by B-cells may constitute
any exposed solvent region in the antigen and can
be of a different chemical nature (Sanchez-Trincado
et al. 2017). B-cells also have an important role in
the immunotherapy of HPV-associated cancer
and response to epithelial neoplasms and invasive
cancer caused by HPV (Chen et al. 2019). The L2
epitope inside the peptide of the B-cell epitope
was located outside of the pentamer surface of
the L1/L2 chimeric protein. This position allows
the antigen to be recognized by the B cell so that
the B cell will engulf and degrade the L1/L2 HPV
52 antigen into smaller parts of the peptide. The
ability of B cells to phagocytose antigens is needed
in the humoral response (Martinez-Riafio et al
2018). On the other side, T cells recognize antigens
by scanning MHC molecules (MHC class I or class
I1). Complexes of MHC molecules and their ligands
are generated by antigen-processing and antigen-
presentation pathways consisting of a series of
enzymatic events involving specialized organelles
and processes, which are distinct between MHC
class I and MHC class II. MHC ligands that trigger a
T cell immune response are referred to as epitopes.
T cell epitope recognition is a critical step in the
formation and recall of adaptive immune responses.
The key challenge in identifying T cell epitopes is
that their recognition varies substantially between
individuals. One factor driving this variability is that
the genes encoding for MHC molecules (called HLA
in humans) are the most polymorphic in the human
genome. Different MHC molecules have distinct
binding specificities, thus presenting different MHC
ligands to T cells (Peter et al. 2020).

In conclusion, HPV 52 L1/L2 chimeric protein was
successfully expressed in E. coli BL21 (DE3) with
the optimal induction of 0.1 mM IPTG, incubated
at 25°C, and supplemented with 1% glucose. Based
on bioinformatics modeling, the L2 epitope was
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predicted to be located inside the loop of HPV 52
L1/L2 chimeric protein in monomer form and
outside the surface in pentamer form, suggesting
that it has the potential ability to induce an immune
response. The B cell epitope prediction revealed
eleven potential epitopes, whereas the T cell epitope
prediction showed seven potential epitopes for each
MHC class I and II. HPV 52 L1/L2 chimeric protein
can be developed as an alternative HPV prophylactic
vaccine. However, confirmation of the VLP formation
using electron microscopy needs to be done in
future studies. Moreover, scale-up production of
HPV 52 L1/L2 chimeric protein, protein purification,
antigenicity, and immunogenicity studies also
need to be conducted to assess the vaccine's
efficacy. Furthermore, vaccine formulation and
stability evaluation are also important to consider,
particularly in mitigating vaccine accessibility and
distribution.
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