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Inhibition of duck hepatitis B virus replication
by mimic peptides in vitro
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Abstract. The aim of the present study was to investigate the
inhibitory effect of specific mimic peptides targeting duck
hepatitis B virus polymerase (DHBVP) on duck hepatitis B
virus (DHBV) replication in primary duck hepatocytes. Phage
display technology (PDT) was used to screen for mimic
peptides specifically targeting DHBVP and the associated
coding sequences were determined using DNA sequencing.
The selected mimic peptides were then used to treat primary
duck hepatocytes infected with DHBV in vitro. Infected hepa-
tocytes expressing the mimic peptides intracellularly were also
prepared. The cells were divided into mimic peptide groups
(EXP groups), an entecavir-treated group (positive control)
and a negative control group. The medium was changed every
48 h. Following a 10-day incubation, the cell supernatants were
collected. DHBV-DNA in the cellular nucleus, cytoplasm and
culture supernatant was analyzed by quantitative polymerase
chain reaction (QPCR). Eight mimic peptides were selected
following three PDT screening rounds for investigation in
the DHBV-infected primary duck hepatocytes. The qPCR
results showed that following direct treatment with mimic
peptide 2 or 7, intracellular expression of mimic peptide 2
or 7, or treatment with entecavir, the DHBV-DNA levels in
the culture supernatant and cytoplasm of duck hepatocytes
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were significantly lower than those in the negative control
(P<0.05). The cytoplasmic DHBV-DNA content of the cells
treated with mimic peptide 7 was lower than that in the other
groups (P<0.05). In addition, the DHBV-DNA content of
the nuclear fractions following the intracellular expression
of mimic peptide 7 was significantly lower than that in the
other groups (P<0.05). Mimic peptides specifically targeting
DHBVP, administered directly or expressed intracellularly,
can significantly inhibit DHBV replication in vitro.

Introduction

Chronic hepatitis B (CHB) is caused by infection by the hepa-
titis B virus (HBV) (1-3). HBV belongs to the Hepadnaviridae
family of viruses. Currently, the Hepadnaviridae family is
known to include HBV, woodchuck hepatitis virus (WHV),
ground squirrel hepatitis virus, heron hepatitis B virus and
duck hepatitis B virus (DHBV) (4). All virus types within the
Hepadnaviridae family are tiny and exhibit hepatotropism.
Hepadnaviruses are a type of DNA virus, with similar viron
shape and genome and replicate via RNA reverse transcrip-
tion (5). The discovery of hepadnaviruses in mammals and
birds provided the experimental and ethical basis on the study
of HBV biological mechanisms (6,7). In a previous study of
human HBYV infection mechanisms, marmots infected with
WHYV (8) and the ducks infected with DHBV are the most
widely used model (9-11). Due to the similarity between
HBV-infected humans and DHBV-infected duck, ducks
infected with DHBV are an effective model for the study of
hepadnaviruses. Super spiral of covalently closed circular
DNA molecules (cccDNA) are viral genome replication
intermediates in the hepatocyte nuclei, and the key factor
underlying persistent Hepadnaviridae infection (12-14).
Currently, no methods are available for the complete inhibi-
tion of their formation. The approved drugs for the treatment
of CHB, which are nucleotide analogs and interferons, have
certain disadvantages, such as a poor side-effect profile. The
identification of novel anti-HBV drugs has become a key
focus of research in the area of viral hepatitis (15-18). Duck
hepatitis B virus polymerase (DHBVP) is essential for duck


https://www.spandidos-publications.com/10.3892/etm.2015.2757
https://www.spandidos-publications.com/10.3892/etm.2015.2757

1698

hepatitis B virus (DHBV) replication (19,20); therefore, the
functional blockade of DHBVP has the potential to inhibit
HBYV genome replication. In the present study, phage display
technology (PDT) was used to screen for mimic peptides that
specifically interact with DHBVP. The inhibitory effect of
these mimic peptides on DHBYV replication in primary duck
hepatocytes was investigated in vitro in an effort to identify
novel effective drugs against HBV infections.

Materials and methods

PDT screening test for mimic peptides specifically targeting
DHBVP and the determination of the associated nucleotide
sequences. Peptides targeting DHBVP functional sites were
dissolved in dimethyl sulfoxide at a final concentration of
100 ug/ml. These peptides were synthesized according to the
DHBVP sequence of Shaoxing duck, which surrounding the
YMDD sites. Each well of a 96-well ELISA plate (Greiner
Bio-One, Frickenhausen, Germany) was coated with peptide
solution and then treated with 150 ul synthesized peptide
(1 mg/ml) and incubated at 4°C overnight. Following blocking
at4°C for=1 h,each ELISA plate was washed with Tris-buffered
saline with Tween-20 (TBST; Promega Corporation, Madison,
WI, USA) six times. A diluted phage peptide library (C7C
Phage Display Peptide library; New England Biolabs, Beverly,
MA, USA) was added and the plate was incubated at room
temperature for 60 min. Each plate was then washed with
TBST 10 times and each well was eluted with 100 pl acidic
eluent (provided with the C7C library) at room temperature for
<10 min. Eluents were collected in microcentrifuge tubes and
neutralized with neutralizing solutions (provided with the C7C
library). Titers were determined using 1 ul eluents, while the
remaining eluents were added to 20 ml Escherichia (E.) coli
ER2537 (New England Biolabs; early logarithmic phase) and
incubated for 4.5 h at 37°C. Samples were precipitated and
purified for further screening, following the manufacturer
instructions included with the experimental kit. Three rounds
of the above-mentioned screening process were performed.
Elutions from the third screening step were diluted and spotted
into the plates. Clear phage plaques were removed for DNA
extraction and, following DNA sequencing, the corresponding
amino acid sequences were determined and used for the mimic
peptide synthesis process. The selected mimic peptides were
synthesized by Chinese Peptide Co. (Hangzhou, China).

Serum sample and hepatocyte preparation. Six randomly
selected domestic male ducks (Shaoxing ducks; average
age, 1 year; average weight, 1 kg; Zhejiang Academy of
Agricultural Sciences, Zhejiang, China) were prepared and
1 ml serum from each duck was isolated for analysis. Primary
duck hepatocytes were isolated from liver tissue as described
previously (21). In brief, the liver was aseptically removed
from each duck and washed twice with sterile saline solution.
The livers were then cut into pieces and digested with trypsin
in serum-free Dulbecco's modified Eagle's medium (DMEM,;
Gibco Life Technologies, Carlsbad, CA, USA) for 30 min at
37°C. The resulting hepatocytes were collected by centrifu-
gation at 1,600 x g for 12 min and then washed with sterile
saline solution and culture medium twice. Cells were counted
and seeded into 60-mm dishes at a density of 2x10° per well.
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The cells were cultured in a 5% CO, incubator at 37°C. This
study was carried out in strict accordance with the recom-
mendations in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health (8th edition,
2011). The protocol was approved by the Committee on the
Ethics of Animal Experiments of the First Affiliated Hospital,
Zhejiang University School of Medicine (Hangzhou, China;
Permit Number, 162). All surgery was performed under
sodium pentobarbital anesthesia, and all efforts were made to
minimize suffering.

Infection of hepatocytes with DHBV. Blood from
DHBV-positive adult ducks was aseptically collected and
incubated overnight at room temperature. The samples were
centrifuged at 3,000 x g for 10 min to isolate the serum.
Disposable filters were used to completely remove the
bacteria. The infection of hepatocytes with the serum was then
performed as follows (22): Primary duck hepatocytes were
incubated for 18 h and then washed with DMEM containing
1% fetal bovine serum (FBS; Hyclone, Logan, UT, USA). Viral
solution (30 p1 duck serum; 5x10° virions/ml) was added to the
cells, followed by 3 ml serum-free DMEM, and the cells were
then incubated .

Mimic peptide treatment of hepatocytes. Ten groups of
infected hepatocytes were established, including eight
synthetic mimic peptide groups [experimental (EXP)
groups], an entecavir-treated group (positive control), and
a phosphate-buffered saline (PBS)-treated group (negative
control). In the EXP groups, 30 xl (100 gmol) mimic peptide
solution was added to each well, and 3 gl (10 mmol) ente-
cavir stock solution or 30 ul PBS was added to the control
groups, respectively. The cells were incubated at 37°C in a
5% CO, incubator and the medium was changed every 48 h.
Cell culture supernatants were collected and stored at -20°C
for future analysis. Following each change of medium, 30 pul
mimic peptide solution was again added to the wells of the
EXP groups and 3 ul entecavir stock solution or 30 pl PBS
was added to the control groups, respectively. After a 10-day
incubation, the cell supernatants were collected and the cells
were washed twice with PBS and digested with 0.25% trypsin.
Following centrifugation at 1,500 x g at 4°C for 5 min and
washing twice with PBS, the cells in each well were collected
and counted. Three replications were performed under each
condition.

DHBV-DNA extraction and determination by quantita-
tive polymerase chain reaction (qPCR). The DHBV-DNA
extraction of cell fractions was performed as described
previously (23). Hepatocytes from the various treatment
groups were washed twice with PBS and then 0.5 ml TBS
lysis buffer was added. Following centrifugation at 1,500 x g
at 4°C for 5 min, cell nuclear fractions were sedimented and
separated from the cytoplasmic fractions in the supernatants.
Nuclear fractions were washed twice with 0.5 ml TBS and
then dissolved in 1 ml radio-immunoprecipitation assay
(RIPA) solution. The cytoplasm fractions were mixed with
equivalent volumes of RIPA solution. Equal volumes of
lysis buffer were then added and the resulting mixtures were
incubated at 55°C for 2 h to digest the proteins. Following
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Table I. Nucleotide sequences and amino acid sequences of the selected mimic peptides.

No. Nucleotide sequences Amino acid sequences

1 ACCTCCACCTGTAAAAGTCCTCTGATCCTGAGAGTGAGA GIn-Asp-Gln-Arg-Thr-Phe-Thr
2 ACCTCCACCAATCGGAGTATGAGTAACCAGAGAGTGAGA Leu-Val-Thr-His-Thr-Pro-Ile

3 ACCTCCACCCCGAAACAGCGTAGCAGGAACAGAGTGAGA Val-Pro-Ala-Thr-Leu-Phe-Arg

4 ACCTCCACCCCGCGGCGGATGAAGATGAGGAGAGTGAGA Pro-His-Leu-His-Pro-Pro-Arg

5 ACCTCCACCATGCGAATGATGTAGAGACATAGAGTGAGA Met-Ser-Leu-His-His-Ser-His

6 ACCTCCACCACTCGACGCAGTACGCAGAGCAGAGTGAGA Ala-Leu-Arg-Thr-Ala-Ser-Ser

7 ACCTCCACCATGACGCGGATAAATAGCATGAGAGTGAGA His-Ala-Ile-Tyr-Pro-Arg-His

8 ACCTCCACCAGTAGCAGTCGGAGGCGGCCTAGAGTGAGA Arg-Pro-Pro-Pro-Thr-Ala-Thr

Italicized letters represent the code that differs between the 8 sequences presented, and is displayed as amino acids in the 'Amino acid

sequences' column.

digestion, the samples were extracted with equal volumes of a
phenol-chloroform-isoamyl alcohol (25:24:1) mixture and the
DNA in the aqueous phase was sedimented with 2.5 volumes
of alcohol and 1/10 volumes of 3 M sodium acetate. The DNA
was recovered following centrifugation at 12,000 x g at 4°C
for 15 min. Following washing with 70% alcohol, DNA was
dissolved with Tris-ethylenediaminetetraacetic acid buffer and
quantified using agarose gel and fluorescence, according to the
manufacturer instructions of a QIAquick Gel Extraction Kit
(Qiagen, Hilden, Germany).

The DHBV-DNA of the cell culture supernatant was
extracted using the QIAamp MinElute Virus Spin kit (Qiagen)
according to the manufacturer's instructions. The DNA
samples were stored at -20°C for future analysis.

The qPCR for DHBV-DNA was performed using
SYBR-Green I (Bioasia Life Technology Co. Ltd., Shanghai,
China) in a real-time PCR instrument (Mastercycler® ep
realplex; Eppendorf, Hamburg, Germany; Registration
ID 2273536). The PCR program was designed as follows:
Pre-denaturation at 95°C for 5 min and 42 cycles including
15-sec denaturation at 94°C, 30-sec annealing at 56°C, and a
45-sec extension at 72°C. The DNA contents were measured at
each cycle end and calculated using a standard curve.

Construction of mimic peptide-expressing recombinant plas-
mids. Purified DHBVP PCR products (8 ul) were obtained
using a QIAquick PCR Purification Kit (Qiagen), according to
the manufacturer instructions. These products were thoroughly
mixed with 1.5 ul BamHI, 1.5 ul HindIII, 25 ul sterile water
and 4 ul 10X buffer (Qiagen). The mixtures were incubated at
37°C for 1.5 h. Purified pPGEM® (4 ul; Promega) was digested
similarly. The products were purified using gel extraction
methods and the DHBVP fragment was ligated into the pPGEM
vector using T4 DNA ligase. The ligation products were used
to transform E. coli competent cells, and the positive clones
were chosen for sequencing.

Measurement of the inhibitory effect on DHBV inhibition of
mimic peptides expressed intracellularly. Plasmids expressing
the mimic peptides were used to transfect duck primary hepa-
tocytes pre-infected with DHBV. The DHBV-DNA contents
of the cells were then determined. In the EXP groups, 1.2 ug

mimic peptide-expressing plasmid combined with 3 pl lipo-
somes were added to each well. In the control groups, 1.2 ug
pEGFP-N1 plasmid (Clontech Laboratories, Inc., Mountain
View, CA, USA) combined with 3 ul liposomes were used.
The medium was changed to serum-free DMEM following
transfection and the cells were incubated at 37°C in a 5% CO,
incubator. The medium was changed to DMEM containing
5% FBS, 300 mg/l penicillin, 100 mg/1 streptomycin, 1 mg/1
insulin, 1.5 mg/ml glucose, 10 U/ml nystatin and 1x10° M
hydrocortisone-hemisuccinate after 6-h incubation. Entecavir
(3 pl) was added to each well in the entecavir-treated group
while 3 ul PBS was added to the wells of the negative control
group. The medium was changed every 48 h and the collected
cell supernatants were stored at -20°C for future analysis. After
10 days of incubation, the cell supernatants were collected
and the cells were washed twice with PBS and digested with
0.25% trypsin. Following centrifugation at 1,500 x g at 4°C
for 5 min and washing twice with PBS, the cells in each well
were collected and counted. DHBV-DNA was then extracted
as described previously.

Inhibition rate analysis. The DHBV-DNA inhibition rate
of the mimic peptides was calculated as follows: Inhibition
rate (%) = [(measured DNA content of the negative
control - measured DNA content of the specific treatment
group)/measured value of the negative control] x100.

Statistical analysis. The data were analyzed by SPSS 17.0 for
Windows (SPSS Inc., Chicago, IL, USA). A homogeneity test
of variance revealed unequal variances between groups, so a
Kruskal-Wallis test was performed for further analysis. P<0.05
was considered to indicate a statistically significant difference.

Results

Mimic peptides specifically targeting DHBVP and the asso-
ciated nucleotide sequences. Three screening rounds were
performed and the nucleotide sequences of eight mimic
peptides were selected (Table I; the DNA content of another
two mimic peptides were too weak to be detected). The amino
acid sequences of the selected mimic peptides were deduced
from the nucleotide sequences (Table I). The eight mimic
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Figure 2. Duck primary hepatocytes 2 h after dissection (magnification,
x100).

peptides were synthesized according to the associated amino
acid sequences.

DHBY infection of primary cultured cells. The primary duck
hepatocytes were successfully isolated and attached in culture
12 h following their isolation. After culturing for 8 days, the
proliferating hepatocytes covered the entire surface of the dish.
No significant differences were observed between the EXP
and control groups. Cell morphology at different time-points
is shown in Figs. 1-4.

Inhibition of DHBV-DNA by treatment with mimic peptides.
The DHBV-DNA levels in the cell culture supernatants, cyto-
plasmic fractions and nuclear fractions are shown in Table II.

The DHBV-DNA levels of the cell culture supernatants
and cytoplasm fractions in the EXP groups treated with mimic
peptides 2 or 7 and the positive (entecavir) group were signifi-
cantly decreased compared with those in the negative control
group (P<0.05). In addition, there were no significant differ-
ence between the EXP groups treated with mimic peptides 2
or 7 and the positive control (P>0.05).

The DHBV-DNA inhibition rates in the cell culture
supernatants for hepatocytes treated with mimic peptides 2
and 7 were 94.1 and 96.9%, respectively, similar to the inhi-
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Figure 3. Duck primary hepatocytes at day 4 of culture (magnification, x100).

S

Figure 4. Duck primary hepatocytes following culturing for 8 days (magni-
fication, x100).

bition ratio of 97.4% in the positive control (P>0.05). The
DHBV-DNA inhibition rates in the cytoplasm fractions for
mimic peptides 2 and 7 were 89.9 and 93.9%, respectively,
similar to the entecavir-mediated inhibition rate of 90.6%
(P>0.05).

Inhibition of DHBV-DNA by intracellularly expressed mimic
peptides. The DHBV-DNA levels of the cell culture superna-
tants, cytoplasmic fractions and cell nuclear fractions from
cells intracellularly expressing mimic peptides are shown in
Table III.

The DHBV-DNA levels in the EXP groups intracellularly
expressing mimic peptides 2 or 7 and the positive control group
were significantly decreased compared with those in the nega-
tive control group (P<0.05). Furthermore, the DHBV-DNA
levels of the nuclear fractions in the EXP group intracellularly
expressing mimic peptide 7) were significantly decreased
compared with those in the negative control group, and were
the lowest among all the groups (P<0.05).

The inhibitory effect on DHBV-DNA levels in the cell
culture supernatants was similar among the EXP groups treated
with mimic peptides 2 or 7 and the positive control, and their
respective inhibition rates were 95.0,98.4 and 98.0% (P>0.05).
The respective inhibition rates of the cytoplasmic DHBV-DNA
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Table II. DHBV-DNA levels of the cell culture supernatants, cytoplasmic fractions and nuclear fractions following treatment with
mimic peptides targeting DHBV polymerase.

No.

Cell culture supernatants

Cytoplasmic fractions

Nuclear fractions

0 N NN B W

Positive control
Negative control

1.73E5+2.16E5
5.68E4+7 07E5**
6.31E5+4.18E4
1.14E5+7.35E3
1.48E5+7.39E4
2.65E5+3.24E4
2.99E4+2 41E4*°
6.37E5+2.14E4

2 47E4+3 39E4*
9.63E5+1.59E5

6.53E5+6.37E3
5.31E4+1.59E4%°
4 83E5+3.53E4
1.79E5+2.13E5
1.63E5+6.45E4
243E5+2.74E4
3.22E4+5.23E4%°
3.01E5+5.38E4

4 94E4+1 47E3"
5.25E5+1.59E5

1.34E5+4 27E4
4.14E5+5.17E4
6.32E5+5.14E3
7.15E5+3.82E4
4.79E5+2 24E4
6.37E5+1.31E4
341E5+9 47E4
4 49E5+3.25E4
5.72E5+1.56E4
7.74E5+1.63E4

"P<0.05 compared with the negative control; "P>0.05 compared with the positive (entecavir-treated) control. DHBV-DNA duck hepatitis B

virus-DNA.

Table III. DHBV-DNA contents of the cell culture supernatants, cytoplasmic fractions and nuclear fractions following cellular

expression of mimic peptides.

No. Culture supernatants Cytoplasmic fractions Nuclear fractions
1 1.80E5+3.86E4 2.01E5+3 40E4 1.67E5+2.66E4
2 3.51E4+1.51E4*® 7.09E4+5 91E3° 3.89E5+4.66E4
3 1.96E5+3.30E4 2.56E5+3.74E5 4.02E5+2 08E4
4 1.94E5+3 45E4 2 48E5+3.53E4 2.05E5+7.09E4
5 1.85E5+3.44E4 2.07E5+4.10E4 2.01E5+6.25E4
6 2.22E5+1.20E4 4 01E5+4 48E4 2.82E5+6.09E4
7 1.14E4+8 68E3*° 8.50E4+5.94E4*® 9.83E4+6.02E3"
8 4.774E5+3 84E4 2.35E5+4.63E4 2.37E5+6.17E4
Positive control 1.40E4+1.18E4* 8.79E4+8.38E3* 4 37TE5+2.55E4

Negative control

7.09E5+6.15E4

5.14E5+7 95E4

6.94E5+1.53E4

"P<0.05 compared with the negative control; "P>0.05 compared with the positive (entecavir-treated) control. DHBV-DNA, duck hepatitis B

virus-DNA.

levels in the EXP groups treated with mimic peptides 2 or 7
and the positive control were 86.2, 83.5 and 82.9% (P>0.05).
The EXP group treated with mimic peptide no 7, however, had
a much lower DHBV-DNA level in the nuclear fractions than
did the positive control, and their respective inhibition rates
were 85.8 and 37.0% (P<0.05).

Discussion

Chronic HBV infection is a devastating health problem that
is closely associated with different stages of liver injury,
hepatic fibrosis and hepatocellular carcinoma (24-26). As
such, the development of an effective HBV treatment is a
major task in the medical field (27). HBV is a member of
Orthohepadnavirus belonging to the family Hepadnaviridae.
The Avihepadnavirus genus, which includes DHBV and can
infect bird species, also belongs to the same family (28,29).
Viruses of this family are quite small and show hepatotropic

characteristics. These viruses are DNA viruses with similar
virion morphology/genomes that replicate through RNA
reverse transcription. DHBV contains a relaxed circular
partially double-stranded DNA (rcDNA) genome that is
3,021 or 2,027 bp long. A minus-strand nick exists in DHBV
rcDNA, whereas the plus-strand of DHBV rcDNA remains
intact (30,31). DHBVP contains 788 amino acids, weighs
~89 kD and is composed of four functional domains starting
from the terminal protein domain in the N terminus, spacer
domain, reverse transcriptase domain, and RNaseH domain
in the C terminus (32). Since viral polymerase is essential for
the biological cycle of Hepadnaviridae, anti-HBV drugs in
development mainly focus on viral polymerase (33). In the
present study, peptides surrounding the YMDD site, which
is targeted by nucleotide analogs (34), were selected as
DHBYV drug-screening targets. Current DHBV drug develop-
ment is mainly focused on nucleotide analogs, although the
clinical applications of nucleotide analogs have been limited
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by problems such as long research and development cycles,
high toxicity, single target sites and acquired drug resis-
tance (35,36).

PDT is a novel technique in which foreign proteins or
peptides are fused with phage coat proteins at the phage
surface while maintaining specific spatial conformations. It
enables the screening of proteins and peptides via specific
affinity. PDT is an efficient screening technique for biological
macromolecules, which combines physically linked genotypes
and phenotypes to identify proteins and peptides with specific
molecular binding activity for phage amplification. Specific
peptides can be efficiently screened by leveraging the affinity
between peptides displayed by M13 phages and target proteins
or other biological macromolecules. Peptide sequences can be
deduced from the associated nucleotide sequences (37-39). In
the present study, mimic peptides were screened using PDT to
investigate their inhibitory effect on DHBV functions. Mimic
peptides have extensive application prospects due to their
small size, low cytotoxicity, high stability and high membrane
permeability.

The in vitro DHBV model is frequently used to perform
pharmacodynamic analyses of HBV infection. Duck primary
hepatocytes can be infected by DHBV 4 days following isola-
tion; such a model can be used to investigate the effects of
treatments on viral load, viral attacks and infection pathways
of DHBYV infection. Although DHBV and HBV have different
genetic structures and functions, duck primary hepatocytes
can be used to investigate the early steps of the viral replication
process. Hence, results obtained from duck primary hepato-
cyte cultures could provide valuable and strong evidence to
support studies of HBV (22).

To investigate the anti-viral activities of the mimic peptides
in the present study, duck hepatocytes were treated directly
with synthetic mimic peptides or transfected with plasmids
expressing mimic peptides. The amino acid sequences of
the mimic peptides were deduced from nucleotide sequences
and synthesized. The synthetic mimic peptides were used to
treat duck primary hepatocytes infected with DHBV, and the
DHBV-DNA content of the nuclear fractions, cytoplasmic
fractions and culture supernatants were determined at different
time-points. In this study, normal cell morphology was found
in each group, and the cell numbers of the experimental and
control groups were similar.

The DHBV-DNA contents of the cell culture supernatants
and cytoplasm fractions significantly decreased when the
cells were treated with mimic peptides 2 or 7, or these mimic
peptides were intracellularly expressed. The DHBV-DNA
content of the nuclear fractions of cells expressing mimic
peptide 7 decreased the most.

The inconsistencies observed between the synthetic mimic
peptide treatment and intracellular mimic peptide expression
may be attributable to non-specific binding since this could not
be completely ruled out by PDT. Mimic peptides with similar
structures may have different biological functions due to
their distinct functional sites. Accordingly, the present results
demonstrated that mimic peptides 2 and 7 inhibited DHBV
replication when applied directly, while the intracellular
expression of mimic peptide 7 inhibited DHBV replication.
These results indicate that mimic peptide 7 may have the
potential to become an anti-HBV drug.
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