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Abstract
AIM: To select the peptide mimicking the neutralization
epitope of hepatitis E virus which bound to non-type-specific
and conformational monoclonal antibodies (mAbs) 8C11 and
8H3 fromed 7-peptide phage display library, and expressed
the peptide recombinant with HBcAg in E.coli, and to observe
whether the recombinant HBcAg could still form virus like
particle (VLP) and to test the activation of the recombinant
polyprotein and chemo-synthesized peptide that was selected
by mAb 8H3.

METHODS: 8C11 and 8H3 were used to screen for binding
peptides through a 7-peptide phage display library. After 4
rounds of panning, monoclonal phages were selected and
sequenced. The obtained dominant peptide coding
sequences was then synthesized and inserted into amino
acid 78 to 83 of hepatitis B core antigen (HBcAg), and then
expressed in E.coli. Activity of the recombinant proteins was
detected by Western blotting, VLPs of the recombinant
polyproteins were tested by transmission electron microscopy
and binding activity of the chemo-synthesized peptide was
confirmed by BIAcore biosensor.

RESULTS: Twenty-one positive monoclonal phages (10
for 8C11, and 11 for 8H3) were selected and the inserted
fragments were sequenced. The DNA sequence coding for
the obtained dominant peptides 8C11 (N’-His-Pro-Thr-Leu-
Leu-Arg-Ile-C’, named 8C11A) and 8H3 (N’-Ser-Ile-Leu-
Pro- Tyr-Pro-Tyr-C’, named 8H3A) were then synthesized
and cloned to the HBcAg vector, then expressed in E.coli.
The recombinant proteins aggregated into homodimer or
polymer on SDS-PAGE, and could bind to mAb 8C11 and
8H3 in Western blotting. At the same time, the recombinant
polyprotein could form virus like particles (VLPs), which
could be visualized on electron micrograph. The dominant
peptide 8H3A selected by mAb 8H3 was further chemo-
synthesized, and its binding to mAb 8H3 could be detected
by BIAcore biosensor.

CONCLUSION: These results implicate that conformational
neutralizing epitope can be partially modeled by a short
peptide, which provides a feasible route for subunit vaccine
development.
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INTRODUCTION
Hepatitis E is an acute hepatitis caused by hepatitis E virus
(HEV) in developing countries, where it occurs sporadically
and in an epidemic form. The causative agent, HEV, is
transmitted primarily by the fecal-oral route, and it accounts
for about 15-20% sporadic cases of acute hepatitis in China[1,2].
HEV is an icosahedron non-enveloped virus, and its genome
is a single-stranded positive-sense, 3’-polyadenylated RNA
about 7.5 kb in length. It contains 3 open reading frames
(ORFs). ORF1 codes for a polyprotein of 1 693 amino acids
and contains domains homologous to a viral methyltransferase,
a papainlike cysteine protease, an RNA helicase, and an RNA-
dependent RNA polymerase, and the most hypervariable region
of HEV genome. ORF2 codes for the viral capsid protein of
660 amino acids, while ORF3 codes for a 123-amino-acid-
long polypeptide with unknown function.
     It has been proved that the major viral capsid protein
encoded by ORF2 contains the protective epitope[3]. We
recombined a fragment of HEV ORF2 and expressed the
polypeptide named NE2 in E.coli recently[4], and proved it to
be a protective antigen[5], which naturally forms homodimer by
virtue of its interface domain[6]. Three anti-NE2 neutralization
mAbs, 8C11, 8H3 and 13D8 were selected, which could
recognize 2 separated neutralization conformational surface
epitopes of HEV, 8C11 and 13D8 against one and 8H3 against
the other. The 3 mAbs can neutralize HEV in vitro and in vivo
test of Rhesus monkey[7-9].
      8C11 and 8H3 were used to screen binding peptides from
a heptapeptide phage display library, which could mimic the
2 neutralizing epitopes of HEV binding to 8C11 and 8H3
respectively. The obtained dominant peptides’ DNA sequences
were then synthesized and cloned into amino acid 78 to 83 of
hepatitis B core antigen (HBcAg), then expressed in E.coli.
While it has been proven that HBcAg could be expressed
in eukaryocytes or prokarocytes, and assembled into VLP
automatically. The inserted sequence between amino acids 73
and 94 could be expressed on the HBcAg VLP surface[10].
Because HBcAg is an immunodominant immunogen[11], which
results in the immunodominance of the insertion, we expressed
the linear epitopes, which could conformationally mimic
epitope on the surface of HBcAg, resulting in a VLP antigen,
and prove its activity. This assay would not only mimic the
neutralizing epitope of HEV but also provide insights into a
novel route for subunit vaccine development.

MATERIALS AND METHODS
Monoclonal antibodies
8C11 and 8H3 mAbs, which could conformationally bind
to neutralizing epitopes of HEV were prepared in our



laboratory [7,9]. Affinity purified antibody phosphatase
labeled goat anti-mouse IgG (H+L) was from Kirkegaard
& Perry Laboratory (2 Cessua Court, Gaithersburg Maryland
20879, USA).

Affinity selection and amplification of peptide library
Heptapeptide phage display library and host strain E.coli
ER2738 were purchased from New England BioLabs
Company. Anti-HEV mAbs binding phages were isolated from
the phage display library by successive cycles of selection and
amplification. The biopanning procedure was essentially used
as described in the phage display library user manual. Briefly,
mAbs 8C11 and 8H3 (100 µg/mL) were coated on 96-well
microtiter plates. After blocked with 20 g/L BSA, 100 µL
diluted phage (10 uL of the original library) was piped onto the
coated plate and shaked gently for 1 h at room temperature, the
plates were washed for 10 times with PBST (10 g/L Tween 20).
The bound phages were eluted with 100 µL 10 mmol/L Gly-
Cl (pH 2.2), 1 mg/mL BSA, rocked gently for 10 min. The
eluate was piped into a microcentrifuge tube and neutralized
with 10 µL 1 mol/L Tris-HCl (pH 9.1). The eluate was added
to 20 mL ER2738 culture and incubated at 37  with vigorous
shaking for 4.5 h. The culture was transferred to a centrifuge
tube and spun for 10 min at 10 000 g at 4 . The supernatant
was collected and 1/6 volume of PEG/NaCl (200 g/L PEG8000,
2.5 mol/L NaCl) was added. The phage was allowed to
precipitate at 4  overnight. PEG precipitation was spun for
15 min at 10 000 g at 4 . The pellet was re-suspended in
1 mL PBS, and re-precipitated with PEG/NaCl. Finally the
pellet was suspended in 200 µL PBS, and stored at 4 . The
amplified eluate was titered as general methods. The
concentration of target mAbs was lowered to 50 µg/mL, at
the same time the concentration of Tween-20 was risen to
50 g/L in the washing step, then was panned 3 more times by
repeating the above steps. After 4 rounds panning, individual
monoclones were sequenced. The single-stranded DNA of
M13 phages was purified by using the M13 mini kit purchased
from Shanghai Huashun Biotech Ltd, and then sequenced by
Shanghai Boya Ltd.

Construction of recombinant expression vector for peptide
The recombinant expression vector named pC149-mut was
composed in our laboratory. The peptide of amino acids 1 to
149 of HBcAg expressed in E.coli formed viral like particles
(VLPs). The amino acid residues 78 to 83 were exposed at the
VLP’s surface. According to this we cloned the HBcAg’s
genome of amino acid residues 1 to 149 into the expression
vector pTO-T7[12] of E.coli, and designed a linker to replace
the immunodominant epitope located at 79 to 80aa of HBc
and composed the mutant vector pC149-mut. After exogenous
gene was inserted into the amino acid residues 78 to 83,
recombinant C antigen was still able to form VLP and expose
the exogenous epitope.
       We designed the primer (Table 1) according to the dominant
sequence of selected monoclonal phages, and the linker
sequence of pC149-mut vector. Therefore, we could insert
heptapeptide exogenome into the vector and co-express it with
HBcAg using 8C11AFP or 8H3AFP as a former primer and

149 mutRP as a lower primer, and using the pC149-mut vector
as a template. PCR was carried out after pre-denaturation at
94  for 5 min, 25 cycles of denaturation at 94  for 50 s,
annealing at 56  for 50 s, and extension at 72  for 25 s,
then extension at 72  for 10 min. The PCR fragment was
cloned into pMD 18-T vector and formed positive clones
containing the genome of peptide 8C11A (CATCCTACTC
TTTTGCGTATT), which could bind to mAb 8C11 or the
genome of peptide 8H3A (TCTATTCTGCCGTATCCTTAT),
which could bind to mAb 8H3. Then they were digested with
BamH I and EcoR I, and the product fragment was linked into
the pC149-mut vector to compose the expression vector named
pC149-mut-8C11A or pC149-mut-8H3A (Figure 1).

Expression and purification of recombinant polyprotein
Host stain ER2566 was cultured and transformed with the
recombinant vector pC149-mut-8C11A or pC149-mut-8H3A
in LB culture medium at 37  in a shaker, till the A600 reached
0.8-1.0, then the culture was incubated with 0.2 mmol/L IPTG
for 6 h at 37 . The cells were spun to be collected and were
disintegrated by an ultrasonic disintegrator (Uilbra-Cell
VGX500 of SONICS & MATERIALS Co.). The insoluble
protein was spun and collected, then suspended and deposited
2 times into 10 g/L Triton X-200. The pellet was finally
suspended into buffer A (4 mol/L Urea, 20 mmol/L Tris-HCl
pH 8.5, 5 mmol/L EDTA, 100 mmol/L NaCl), dialysed in PBS
overnight. The lysate was spun and collected.

Western blotting
Boiled supernatant of ultrasonic lysate and boiled deposition
of ultrasonic lysate and control samples (the expression of
pC149-mut could not react with mAbs, and the recombinant
polyprotein NE2 was used to select mAbs including 8C11 and
8H3[7,9]) were dissolved in 120 g/L SDS-PAGE, transferred to
a nitrocellulose membrance. Each contained one lane of the
protein molecular mass mark between 18.3 and 215 ku. The
membrane containing proteins with 5 g/L non-fat dry milk as
blocking solution was incubated for 90 min and reacted with
the test mAb 8H3 or 8C11 diluted in 5 g/L non-fat dry milk.
The immunocomplexes were detected by using Ap-labeled
goat-anti-mouse IgG, BCIP and NBT as substrates.

Transmission electron microscopy of chimeric VLPs
After renatured by the methods described above, the particles
were adsorbed to carbon-coated grids, stained with 2 g/L uranyl
acetate, and examined by JEM-100CXII electron microscope
at about ×100 000 magnification.

Active analysis of recombinant proteins by BIAcore biosensor
Heptapeptide named 8H3A (N’-Ser-Ile-Leu-Pro-Tyr-Pro-Tyr-
C’) was synthesized and purified by Xi’an Meilian Ltd (Xi’an,
China). Then the biosensor chip was coupled with anti-mouse
Fc, which was carried out according to the user manual. Briefly,
the sensor chip CM5 with CM Dextran on its reaction-surface
was activated with EDC and NHS, and then the flow cells were
treated with a standard amine-coupling reagent (injecting
10 mm/L NaOAc, pH4.8, instead of protein) or with amine-
coupling reagents and anti-mouse Fc polyclonal antibody. The

Table 1  Primers for expression vector of mimic peptide

Primer ID Primer sequence

8C11AFP GGATCCCATCCTACTCTTTTGCGTATTGGTGGTGGAGGTTCAGG
8H3AFP GGATCCTCTATTCTGCCGTATCCTTATGGTGGTGGAGGTTCAGG
149 mutRP GAATTCTTAAACAACAGTAGTTT

The underlined sequences are the insert genes coding the selected peptides.
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coupling density of the antibody was 900 RU. Experiments
were run at 25 . After mAb 8H3 was bound to anti-mouse Fc
antibody, peptide 8H3A was injected. The data of association
and dissociation indicating the reaction between mAb 8H3
and peptide 8H3A were collected. Biacore X biosensor, CM5
sensor chip and reagent of EDC & NHS were from Amersham
Biosciences Company (Uppsala, Sweden).

RESULTS

Sequence characteristics of peptide binding to neutralizing
mAb 8C11 or 8H3
After 4 rounds of biopanning, 21 monoclonal phages were

selected for sequencing (in which 10 phage could bind to mAb
8C11, and the other 11 could bind to mAb 8H3). According to
the DNA sequence, the peptide sequence of the phage displayed
was made out (Figure 2). Heptapeptide with amino acid
sequence HPTLLRI was dominant (50%) in the 10 monoclones
bound to mAb 8C11. While in the 11 monoclones bound to
mAb 8H3, the preponderant amino acid sequence was
SILPYPY (27.3%). Furthermore, in the heptapeptide binding
to mAb 8H3, the amino acid sequence of S*LP, S*P, S*L or
LP was also more frequent, indicating that S, L and P would
be more important to form the domain binding to mAb 8H3.
Likewise, amino acids P, T and L were found to be more
important in the interaction between peptide and mAb 8C11.
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Figure 1  Expression vector construction of pC149-mut-8C11A and pC149-mut-8H3A. A: Construction of pC149-mut-8C11A, B:
Map of pC149-mut-8H3A, which was constructed as pC149-mut-8C11A except using the primer 8H3AFP instead of 8C11AFP.
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Expression and western blotting of peptide mimic neutralization
epitope
Dominant peptides 8C11A (N’-His-Pro-Thr-Leu-Leu-Arg-
Ile-C’) and 8H3A (N’-Ser-Ile-Leu-Pro-Tyr-Pro-Tyr-C’) were
cloned into the vector pC149-mut named C8C11A and C8H3A
respectively, and expressed. The result of expression was
shown in Figure 3. Recombinant polyprotein C8C11A was
found in the insoluble cell pellet, and formed dimer (about
Mr40 000 in mass) on the SDS-PAGE mainly while the
monomer (about Mr20 000) was hard to be seen. As to the
Western blotting result, it was the dimer that could interact
with mAb 8C11 in the same level as the monomer of NE2
protein (about Mr29 000). C8H3A fusions were also found in
the insoluble cell pellet. Beside the dimer, a monomer was in
the majority, but only the -Mr40 000 dimer was able to bind to
mAb 8H3 when tested by Western blotting.

Figure 3  Expression and Western blotting of pC149-mut-8C11A
and pC149-mut-8H3A. A, C: SDS-PAGE, B, D: Western blot-
ting of mAbs 8C11 and 8H3 respectively, A, B: pC149-mut-
8C11A, C, D: pC149-mut-8H3A. 1, Protein molecular weight
marker; 2, Supernatant of ultrasonic lysate; 3, Deposition of
ultrasonic lysate; 4, C149-mut control; 5, Purified NE2 antigen

Electron micrograph of VLP
The renatured recombinant polyprotein particles were adsorbed
to carbon-coated grids, stained with 20 g/L uranyl acetate, and
examined with TEM. The recombinant HBcAg with 8C11A
or 8H3A on its surface and HBcAg could form VLPs and
VLPs’ diameter was about 20 nm (Figure 4).

Figure 4  Virus like particles assemblied by recombinant pro-
tein C8C11A, C8H3A or C149 mut (Negative staining electron
microscopy, ×100 000).

Figure 5  Binding curve of chemo-synthesized seven peptide
8H3A against monoclonal antibody 8H3 in BIAcore biosensor.
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Figure 2  Sequences of peptides selected by monoclonal antibodies. A: Selected by mAb 8C11, B: Selected by mAb 8H3.
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Interaction between chemo-synthesized heptapeptide 8H3A
and mAb 8H3
The mAb 8H3 was bound to the anti-mouse Fc polyclonal antibody
coupled on the cells of CM5 chip. After mAb 8H3 was bound
to the anti-mouse Fc antibody, peptide 8H3A (1 mg/mL) was
injected and the data of association and dissociation were
collected. Chemo-synthesized heptapeptide 8H3A could bind
to mAb 8H3, but not stably (Figure 5).

DISCUSSION
Phage display technique has been widely used in constructing
antibody library or biopanning of random peptides according
to their biological activities, and in many other fields or so[13,14].
As a new technique, it makes use of the characteristics of the
coat protein of the phage, that is, a peptide is expressed as a
fusion with the phage coat protein pIII, resulting in the display
of fused protein on the surface of virion. Phage display
technique allows rapid identification and amplification of the
peptide ligands for target molecules by the affinity of their
specifical-binding. Recently, random peptide libraries
displayed on phage have been widely used in many fields,
such as identification and analysis of a peptide mimic the
epitope of HIV[15] and HIV-1-infected cells[16], identification
of enzyme inhibitors[17] and immunodepressants[18], and many
antigens etc.[19-22]. Phage display technique is specially useful
to mimic a variety of half-antigens and non-peptide target
molecules’ function, which is a very useful way to produce
mimic peptide medication. Many reports have been available
on the peptides mimicing epitope, which can neutralize
Neisseria meningitidis[23,24] and many other bacteria to produce
bacterial vaccines.
      There are still no cell models of HEV, or effective methods
to produce HEV artificially. Different sections of HEV capsid
protein were expressed, and the structures of the recombinant
polyproteins were analysed, which can help us to speculate the
crude structure of HEV capsid. We cloned a section of HEV
ORF2 (named NE2) and expressed this recombinant protein
in E.coli. It was found that NE2 formed polymer spontaneously,
from dimer to hexamer concretely. This was very similar to
the assemble process of HEV capsid protein[4,25,26]. NE2 was
used to immunize Rhesus monkey, and induce protective
antibodies. The above findings indicate that polyprotein NE2
mimics the crude structure of HEV ORF2[4]. Monoclonal
antibodies were selected by immunizing BALB/c mice with
NE2[7,9], 3 of which named 8C11, 8H3 and 13D8 were identified
to be mAbs which could recognize 2 different epitopes of HEV.
These  3  mAbs were proved to be neutralizing mAb by in vivo
neutralization test in rhesus. The 2 epitopes recognized by
mAbs (1 bound to 8C11 and 13D8, and the other to 8H3) were
tested to be conformational epitopes. We panned the random
phage display heptapeptide library, which displayed the linear
eptiope constructed by heptapeptide, and the peptides could
mimic the neutralizing eptiope that could bind to the 2 mAbs
(8C11 and 8H3). Furthermore, heptapeptides were recombined
on HBcAg for expression in E.coli, and their activities were
tested by Western blotting. The recombinant polyprotein
expressed by plasmid pC149-mut-8C11A appeared to be the
dimer of Mr40 000 on SDS-PAGE, which could bind to mAb
8C11 similar to the monomer of NE2. While the production of
plasmid pC149-mut-8H3A could form monomer (Mr20 000)
and dimer (Mr40 000) on SDS-PAGE, and only the dimer could
react with mAb on Western blotting. Maybe it is because that
7 amino acid peptide is too short, and to display it on the surface
of recombinant HBcAg is in need of assistance of special
conformation, HBcAg is a large protein while the monomer
recombinant HBcAg can not display the exogenesis epitope
of heptapeptide, so the activity of the monomer is not obvious.

The chemo-synthesized heptapeptide 8H3A could bind to mAb
8H3, but the binding was not stable. Comparing the dominant
peptides’ sequence with the primary structure of NE2, no same
sequence was found, conforming that the epitopes recognized
by mAbs 8C11 and 8H3 are not constructed by continuous
amino acid of NE2, but the function of their spatial structure is
similar to the mimic peptides.
      The immunogenicity of HBcAg is the highest in all kinds
of antigens of HBV. The design of vector pC149-mut was to
insert foreign genes into amino acids 78 to 83[10], the
immunogenicity of that position was better. The inserted amino
acid could replace the epitope that reacts with B cells easily,
thus reducing their interference with the exogenous epitope in
immune response. This feature made HBcAg to be a very useful
vector for multi-epitope chimeric vaccine[10,27], so did the
pC149-mut vector, which was designed accordingly. In this
study, heptapeptide was cloned into pC149-mut between
the amino acids 78 to 83 of HBcAg, and the recombinant
polyprotein could form VLP, which displayed the foreign
heptapeptide on their surface and kept its immunogenicity.
The known neutralizing epitopes of viruses are almost
conformational epitopes, so the genetically engineered vaccine
needs the recombinant protein to be in correct conformation,
and be able to preserve the immunity. These 2 qualifications
could result in a mass of genetically engineered screen. But if
using the peptides which mimic the conformational neutralizing
epitopes, using the plasmid pC149-mut as a vector to mimic
peptide vaccine expression will get VLP antigens, which
remain the activation of neutralizing epitopes, and ensure the
immunity of the vaccine, at the same time result in protective
immunity. On the one hand, this tactics makes it available to
unite more than one kind of virus’s neutralizing epitopes on
the VLP antigen. That is to say, it is a way to develop polyvalent
vaccines, which shows new direction in the development of
new vaccine[28-31]. The preventer of polyvalent vaccine is that
the neutralizing epitopes are almost conformational, if in term
of the routine method the conformational epitope cannot be
exactly formed. On the other hand, if the chemo-synthesized
peptide is used, the immunity will be influenced because of the
low molecular mass of peptide. In a word, using the recombinant
vector to express the protein, which can form VLP, and using
the linear functional mimic epitope, which is displayed on the
surface of VLP antigen instead of the conformational
neutralizing epitope, is a new feasible idea to settle the
difficulties in polyvalent vaccines.
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