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Abstract—Human papillomavirus-16 (HPV-16) is primary etiological agent of invasive cervical cancer devel-
opment in the world population. There is no treatment for HPV infection. As a possible tool for prophylactic
vaccination, the development of virus-like particles (VLPs) comprising the HPV-16 L1 capsid protein is highly
preferred. The expression of HPV-16 L1 gene was carried out in Pichia pastoris. It was done as a promising vac-
cine candidate against HVP-16 infection for developing countries. The codon optimization for HPV-16 L1 gene
was done and synthesized in pPICZA plasmid. The expression of HPV-16 L1 was evaluated in P. pastoris after
induction with methanol. The purification of HPV-16 VLPs was accomplished by the ultra-centrifugation
using the sucrose density gradient. The sera of 101 subjects including 16 patients positive for HPV-16 and
85 individuals negative for HPV-16 were tested by ELISA assay using anti-HPV-16 antibodies. The results of
ELISA test have depicted no false positive and no false negative as compared with commercial ELISA kit.
The results of HPV-16 L1 expression in P. pastoris showed a band of about 56 kDa by SDS-PAGE, and were
confirmed by Western-blot assay. The formation of VLP and the self-assembly of HPV-16 L1 major capsid

protein in VLP was observed by transmission electron and atomic force microscopies.
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Cervical cancer is the major health problem in
women worldwide. The cervical cancer is the fourth
common cancer among women. It was estimated
about 528000 new cases of cervical cancer and
266000 deaths each year worldwide [1]. The clinical,
molecular and epidemiological studies of human
papillomavirus (HPV) have been shown that the per-
sistent infection with HPV is a prerequisite for cervi-
cal cancer [2]. More than 200 genotypes of HPV have
been recognized and completely sequenced (pave.
niaid.nih.gov; International Human Papillomavirus
Reference Center; http://www.hpvcenter.se) [3].
Genital HPV is the most frequent sexually transmitted
infection with an estimated prevalence of ~70% in
both sexes [4]. Practically, all cervical cancers are
caused by high risk group of HPV, primarily by HPV-16
(~50%) and HPV-18 (~20%). Less frequently of HPV
infection was happen by other high risk HPV types
(e.g. HPV-31, 33,45, 52,58 ....) |5, 6]. The HPV com-
prising a double-stranded DNA with approximately
8000 bp surrounded by two major (L1) and minor (L2)
capsid proteins. The L1 protein (55—60 kD) builds up
72 pentameric capsomers arranged in an icosahedral
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array [7, 8]. HPV-16 L1 is the most significant target
in production of HPV vaccines. The expression of the
HPV-16 L1 capsid protein has been produced in dif-
ferent expression systems (e.g. insect cells or yeast)
which resulted in formation of self-assembled virus-
like particles (VLPs). Several studies have illustrated
that HPV-16 VLPs resemble the native virions in size
(55 nm) and shape, although, they do not carry the
viral genome. They are highly immunogenic as they can
induce high titer virus-neutralizing antibodies which
could prevent persistent HPV infections [9—12]. Two
prophylactic vaccines have been licensed based on
VLPs, gardasil (Merck and Co., Inc., USA), and cer-
varix (GlaxoSmithKline, United Kingdom) [13—15].
Although these vaccines which are produced in
eukaryotic cells (insect cells or yeast) are highly effi-
cient, the major impediments of them are their high
cost. Therefore, they are not cost effective for under
developing countries. Since the number of cervical
cancer due to HPV-16 increases in third world coun-
tries, the cost effective HPV-16 VLPs is the main pur-
pose of the research. Thus, the aim of the study was to
express HPV-16 L1 gene in Pichia pastoris to develop
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Fig. 1. In silico construction of HPV-16 L1 protein.

HPV-16 VLPs as a promising candidate vaccine for
developing countries.

MATERIALS AND METHODS

Construction of the pPICZA L1 plasmid. HPV-16 L1
protein sequence was obtained from GenBank (acces-
sion no. KP161014). Codon optimization of L1 HPV-16
gene was done for P. pasforis using online integrated
DNA technology program (https://eu.idtdna.com).

The 3D structure of the relevant protein was per-
formed using the PyMOL molecular graphics system 1.1
and I-TASSER algorithm (http://zhanglab.ccmb.med.
umich.edu) and presented in Fig. 1 [16—19].

Following synthesizing the L1 gene in pPICZA L1
plasmid (Biomatik, Canada), primers were designed
by OLIGO primer analysis software for amplifying the
target gene which included forward SACTTCGAAAT-
GTCTCTTTGGCTGC3' comprising Sful restriction
site (shown as bold letters) and reverse primer 5" TAC-
GAGCTCITACAGCTTACGTTTTTTGCS3' contain-
ing Xhol restriction site (shown as bold letters) and
stop codon (shown as italic underlined letters).

HPV-16 L1 gene (amplicon) was purified by
NucleoSpin gel and PCR clean-up kit (Macherey-
Nagel, Germany). The amplicon of L1 HPV-16 gene
was digested by Xhol and sful restriction enzymes
(Thermo Fisher Scientific, USA). The digested ampl-
icon was ligated to pPICZA plasmid using T4 DNA
ligase (Invitrogen, USA) according to the manufac-
turer’s protocol. The ligated gene in plasmid was
affirmed by PCR using mentioned above primers.
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The expected size of plasmid containing target
gene was examined using vector-NTI software. High
copy amplification of the pPICZA-L1 plasmid was
obtained by transformation of the plasmid into com-
petent E. coli TOP 10 cells TOP 10 (Invitrogen, USA)
using the heat shock method [20].

The plasmid was extracted from FE. coli cells using
easy-pure plasmid mini-prep kit (Beijing, China).
A PCR assay was done to approve the inserted gene in
plasmid. The linearization of plasmid of interest was
carried out using Sacl restriction enzyme (Thermo
Fisher Scientific, USA) according to the manufac-
turer’s protocol.

Transformation of linearized pPICZA L1 plasmid
into P. pastoris. The cold linearized plasmid (10 pg)
was blended with P. pastoris competent cells strain
KM71H (100 uL) provided by Razi Vaccine and
Serum Research Institute, Iran. The relevant mixture
was pulsed at 2500 V, 25 uF and 200 Q by gene pulser
X-cell electroporation equipment (Bio-Rad, USA).
Negative control was done by pulsing the P. pastoris
competent cells with no L1 gene. The transformed cells
were cultured in YPDS media plate containing (g/L):
dextrose—20.0, yeast extract—10.0, peptone—20.0
and agar—20.0, supplemented with 1 M sorbitol and
100 ug/mL zeocin. The plates were incubated at 28°C
for 7 days.

Screening the multicopy transformed colonies was
carried out by culturing the colonies in YPDS media
containing high zeocin concentration (500, 1000 and
2000 pug/mL).

The presence of L1 gene in the transformed P. pas-
toris cells was done by PCR colony assay using the
primers mentioned in easy-select Pichia kit, (Invitro-
gen, USA). The extraction of DNA from transformed
cells was done using boiling extraction method [21].

Expression and purification of HPV-16 L1 protein.
The transformed P. pastoris cells were cultured in
500 mL of BMGY medium containing (g/L): pep-
tone—20.0, yeast nitrogen base—13.4, potassium
phosphate—13.4, yeast extract—10.0, glycerol—10.0,
biotin—0.02 supplemented with 100 pug/mL zeocin.
Flasks containing cultured transformed P. pastoris in
BMGY media were incubated at 180 rpm and 28°C for
24 h. The incubation was continued till the ODy,
reached 6. The cells were centrifuged at 5000 g for
11 min. The supernatant was discarded, the precipi-
tated cells were suspended in 100 mL of BMMY
medium containing (g/L): peptone—20.0, yeast nitro-
gen base—13.4, potassium phosphate—13.4, yeast
extract—10.0, biotin—0.02 supplemented with 0.5%
methanol, and incubated at 180 rpm and 28°C. At
every 24 h interval, 1 mL of the media containing
P. pastoris cells of interest was centrifuged under con-
ditions described above and the obtained cells kept at
—80°C. Next, 0.5% of the final volume (1 mL) meth-
anol was added to the flask to induce and enhance of
the expression level of L1 protein in P. pastoris cells.
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After incubation for 4 days, the cells were centrifuged
at 5000 g for 10 min. The cells were resuspended in the
breaking 50 mM Na-phosphate buffer containing
5% glycerol, 1 mM EDTA and 1 mM PMSF (pH 7.4).
An equivalent volume of the acid-washed glass beads
(diameter of 0.5 mm, Sigma-Aldrich, USA) was added
to the tubes containing transformed cells. The mixture
was vortexed for 45 s and immediately placed on ice for
45 s. This cycle was repeated 10 times. Then the sus-
pension was centrifuged at 13000 g for 10 min (4°C).
Subsequently, the supernatant was dialyzed against
the same buffer containing 0.2 M PMSF and 0.5 M
NaCl at 4°C overnight. After the ultra-centrifugation
at 130000 g for 4 h (4°C) in 10—40% sucrose density
gradient, the fractions were collected [21]. Each frac-
tion was tested by SDS-PAGE. Finally, purified protein
was collected and dialyzed as described previously.

Qualification and quantification of protein. The
expression of L1 HPV-16 protein was affirmed using
SDS-PAGE and Western-blot. After electrophoresis
in PAGE and transfer of proteins to PVDF-mem-
brane, the protein of interest was blocked on mem-
brane by 5% BSA-PBS solution for 2 h at 4°C. It was
washed with 0.05% Tween 20-PBS and kept with the
anti-HPV-16 L1 monoclonal antibody (Creative
Diagnostic, USA) at 4°C overnight. The protein
reacted with secondary horseradish peroxidase (HRP)-
conjugated donkey anti-goat antibodies (Thermo
Fisher Scientific, USA) at 4°C for 2 h. Finally, the
reaction between antibodies and relevant protein was
visualized using 4% diaminobenzidine, 1% H,0, in
50 mM Tris-HCL buffer (pH 7.5). The quantification
of protein of interest was examined by the Bradford
protein assay [22].

Atomic-force microscopy (AFM). The highly puri-
fied L1 HPV-16 VLPs were placed on a piece of stone
membrane (mica sheet), dried at room temperature,
and visualized under atomic force microscope (C26,
DME, Denmark). The analyzing the AFM data was
carried out using SPM software (v. 2.0.0.9).

Electron microscopy. A drop of the relevant highly
purified VLPs was placed on the carbon coated grid
and stained by uranyl acetate [7]. Finally, the grid was
examined under Zeiss EM900 transmission electron
microscope (Carl Zeiss AG, Germany).

ELISA method. The optimized 55 ng HPV-16 L1
VLPs protein was coated on the polystyrene wells of
ELISA plate (Nuck, Denmark) for detection using
commercial HPV-16 L1 antibody (Thermo Fisher
Scientific, USA). One hundred pL of antibody pre-
pared in blocking buffer (skim milk) was added to the
wells with HPV-16 L1 VLPs protein and incubated at
37°C for 2 h. After 4 times washing the tested wells
with PBS containing 0.5% Tween-20, 100 puL of sec-
ondary HRP-conjugated donkey anti-goat antibodies
was added to the wells and incubated for 2 h at 37°C.
Wells were washed with washing buffer as described in
the previous step, and 100 pL 0.1% 3,3'.5,5'-
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tetramethylbenzidine (TMB) was added to the wells
and placed in dark for 30 min. Subsequently, 50 pL
2 N sulfuric acid was added to wells and the results of
the ELISA tests were read at ODys, [23].

In addition, 55 ng of purified VLPs were coated on
ELISA plate wells (Nuck, Denmark) for detection of
anti-L1 antibodies in the sera of 16 patients who had
diagnosed HPV-16 infection lasted for more than
3 years. The sera of 85 individuals with no history of
papilloma virus infections were used as negative con-
trol. One hundred uL of serum of each individual was
added to the tested wells. After washing the wells,
100 uL of secondary HRP- conjugated rabbit anti-
human antibodies (L1) (Thermo Fisher Scientific,
USA) was added to the each tested well and incubated
for 2 h at 37°C. Then, 100 L 0.1% TMB was added to
the wells and incubated in dark 30 min. Finally, after
adding the sulfuric acid as stopping reagent the OD
was read at 450 nm. The cut off value was determined
and results of this ELISA test were compared with those
for commercial ELISA kit (Diapro, Italy) according to
the manufacturer instructions.

The ethic consent of this test was obtained from all
the participating in this research project. This study was
conducted in accordance with the Declaration of Hel-
sinki (as revised in 2008) and according to local guide-
lines and laws. The ethical approval for this study was
obtained with the registration number of OG94100
from the university ethic committee of Ahvaz Jundisha-
pur University of Medical Sciences, Ahvaz, Iran.

RESULTS AND DISCUSSION

In silico analysis of the chimeric HPV-16 L1 protein.
The analysis of 3D structure of HPV-16 L1 protein
along with native control which was carried out by
PyMOL molecular graphics system 1.1, I-TASSER
algorithm and ExPASy (https://www.expasy.org/)
online software, revealed that the formation of VLPs
was designed properly as indicated in Fig. 1.

Codon adaptation index (CAI) was analyzed using
online genscript software (www.genscript.com) before
and after the optimization. CAI in this study was 0.9
which showed high expression level. The CAI greater
than 0.8 indicates high level of expression.

The amplification of HPV-16 L1 gene (1534 bp) was
successfully done using primers which were mentioned
above (data not shown). The purified HPV-16 L1 gene
with Xhol and Sful restriction sites was inserted into
pPICZA plasmid (data not shown). The PCR ampli-
fication of the relevant gene was achieved with primers
mentioned in easy-select Pichia kit and affirmed that
the relevant gene was properly inserted in correct posi-
tion (1858 bp). Linearization of the plasmid contain-
ing HPV-16 L1 gene (1534 bp) was observed in the
agarose gel electrophoresis as shown in Fig. 2.

Transformation and selection of multi-copy colonies.
The colonies of P. pastoris comprising HPV-16 L1

No.1 2020



SANCHOOLI et al.

pPICZA plasmid were appeared on YPDS agar plates
containing zeocin after 7 days of incubation. The
result of colony PCR illustrated that transformation of
the plasmid into P. pastoris cells was done properly
(1858 bp).

Expression analysis of HPV-16 L1 protein. The
expression of HPV-16 L1 protein was primarily con-
firmed by SDS-PAGE method which revealed a band
of 56 kDa (Fig. 3a). This band did not exist in the neg-

51;8880 ative control. The vyield of protein expression
6000 depended on expression phase (0, 1, 2, 3 and 4 days).
5000 The highest protein yield of 11 mg/L was revealed after
4000 96 h induction which is indicated in Fig. 3a. SDS-PAGE
3500 analysis exhibited the highly purified HPV-16 L1 pro-
3000 tein with no extra bands which was obtained by ultra-
2500 centrifugation as it was shown in Fig. 3b. Reactivity of
2000 the highly purified VLPs of interest with the anti-
HPV-16 antibody was approved using Western-blot

1500 analysis (Fig. 3¢) and ELISA method.
Verifying VLP formation. The VLP formation was
1000 tested using AFM and TEM as shown in Figs. 4 and 5,
respectively. The both methods illustrated the pres-
750 ence of purified particles with approximately 60 nm in
diameter. Turning the AFM images by SPM software
500 showed the presence of true particles on the mem-
brane (data not shown). No particles with the same
750 size of HPV-16 L1 VLPs were observed in the negative

control according to Fig. 4b.

Fig. 2. Linearization of the plasmid containing HPV-16 L1 The wells coated of 55 ng of purified VLPs were

gene. /I—Ladder; 2—linearized pPICZA- HPV-16 L1 gene able to detect the lowest and highest titer of commer-
plasmid, 3—negative control. cial antibody in the ELISA test. The wells coated
(2) (b) (c)

Fig. 3. Analysis of HPV-16 L1 protein. (a) SDS-PAGE for the expression of the chimeric protein in P. pastoris. 1, 2 and 3—proteins
expressed in P. pastoris after 4, 3 and 2 days of induction, respectively; 4—negative control; 5—markers; (b) SDS-PAGE for the puri-
fied by ultracentrifugation expressed protein. /—Purified protein; 2—markers; (c) Western-blot analysis using the anti-HPV-16 L1
monoclonal antibody. /—Negative control; 2—purified expressed protein.
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(@)
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Fig. 4. AFM images of expressed HPV-16 L1 VLPs (a) and negative control (b).

Fig. 5. TEM image of purified HPV-16 L1 VLPs.

HPV-16 L1 showed reactivity with positive samples
and no false reaction with the negative control. The
results showed that the mean OD,5, of anti—-HPV-16 L1
antibody was 2.405 while the OD,5, of standard
HPV-16 L1 VLPs was 2.500. The results obtained for
wells coated with HPV-16 L1 protein for patients
having sera positive for HPV-16 infection and sera of
individuals negative for HPV infection found similar
results gained by commercial test kit, with no obser-
vation of false positive and no false negative controls.

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 56

HPV-16 infection is the main risk factor for devel-
opment of cervical cancer [24]. The expression of
HPV16-L1 protein in yeast cells lead to formation of
VLPs that mimic the natural virus structure and elicit
high titers to virus neutralizing antibodies in animal
models and humans [25]. HPV-16 L1-VLPs have been
widely accepted as the best candidate of HPV-16 pro-
phylactic vaccines [26]. However, the cost of current
HPYV vaccines is unaffordable in less-developed coun-
tries, where the incidence of HPV-associated disease
is high, and the vaccine is the most required to prevent
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the spreading of HPV-16 infection. High prevalence of COMPLIANCE WITH ETHICAL STANDARDS
HPV-16 has been reported in Iran. Therefore, the
designed vaccines should comprise high risk papillo-
maviruses specially type 16 [23, 27—29].

The authors declare that they have no conflict of interest.
This article does not contain any studies involving animals or
human participants performed by any of the authors.

In the present study, we have described the con-
struction, transcription and expression of HPV-16 L1
gene carried out in P. pastoris. We have displayed that
HPV-16 L1 gene is correctly expressed in P. pastoris
cells, as demonstrated by Western blotting, PCR and
ELISA methods.
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