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Abstract: Objective: HepG2.215 cells are used as an experimental model, the central interaction region (CID) of
MxA protein is divided into different regions according to its structure, and different plasmids are constructed to find
the most powerful functional polypeptide against hepatitis B virus. Methods: Using full-length MxA plasmid as a
template and pCMV-tag-3A as a vector, we constructed plasmids A1, A1A2, and A2A3 according to the CID. The
plasmids were sequenced and transfected into HepG2.2.15 cells respectively. 24 hours later, the expression of the
plasmid was detected by qRT-PCR. And the expression of HBsAg and HBeAg were detected by enzyme-linked
immunosorbent assay (ELISA). The relative DNA expression of HBV DNA was detected by qRT-PCR. Combined
with the peptide structure and the screening results, the segment was again divided into different short peptides,
which were constructed into different plasmids and transfected into cells. And we detected the corresponding
indicators again. Thereby repeat in this cycle until the shortest functional polypeptide is found. Result: The
constructed plasmids were correct and their expression was normal. The expression of HBV DNA, HBsAg and
HBeAg in the A1 group were significantly lower than that in the other two groups, and it was equivalent to the CID
group. Separating the A1 component into A1N, A1C, the results of the test showed that the expression levels of HBV
DNA, HBsAg and HBeAg in the two groups were higher than those in the A1 group and the CID group, and there
was no difference between the two groups and the blank group.
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Introduction
Chronic hepatitis B virus (HBV) infection is closely
related to liver diseases (such as chronic liver
dysfunction, cirrhosis and liver cancer)[1]. According
to statistics, about 400 million people worldwide are
infected with hepatitis B virus, more than one third of
them occurs in China, where approximately 1 million
people die each year from end-stage of liver disease
associated with HBV infection[2]. At present, antiviral
therapy for chronic hepatitis B (CHB) includes IFN-α
treatment and nucleoside (acid) analogue treatment[3].
As one of the preferred anti-HBV drugs, IFN-αachieves
its antiviral effects mainly by inducing cells to produce
antiviral proteins and immunomodulation. Nucleoside
drugs act on HBV polymerase to inhibit viral
replication, and long-term use can easily cause viral
resistance mutations[4]. Moreover, interferon therapy
and adefovir treatment can impair renal function.
Therefore, the drug resistance of nucleoside drugs and
the non-response of IFN-αhave been the limitations of
current antiviral therapy.

MxA (myxovirus resistance protein A), discovered in
1988, belongs to the superficial family of the kinesin
macromolecular GTPase, mainly distributes in the
cytoplasm. It is named as anti-mucus virus protein A
because it can resist mucus virus. The MxA gene is
normally silent, however, when the cells are infected
by virus or are highly expressed induced by type I
interferon, they produce two direct antiviral factors
2'-5' oligoadenylate synthase 1 (OAS-1) and myxovirus
resistance protein A (MxA). Since it is discovered,
MxA protein has attracted much attention due to its
broad-spectrum anti-RNA virus activity. Recent studies
have shown that MxA can also inhibit the replication of
DNA virus---Hepatitis B virus[5, 6] , but its mechanism
of action is not yet clear. Previous studies have
indicated that MxA exerts antiviral function mainly
through interaction with hepatitis B virus nucleocapsid,
and its key area for exerting antiviral activity is its
central interaction region CID[7]. MxA protein plays
function in cytoplasm and is 76KD. Whereas, the cell
membrane only allows small molecules with a
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molecular weight of less than 500D to pass. So we
hope to identify effective peptides with antiviral
activity on MxA protein through stepwise screening.
The molecular weight reduction will greatly improve
its bioavailability, and reduce the difficulty of
developing into drug precursors.
1MATERIALS AND METHODS
1.1Cell lines and cell culture
HepG2.215 cells are from Zhejiang University,
cultured by DMEM High sugar medium (Hyclone,
USA) with 10% fetal bovine serum (BI). G418 (Beijing
solarbio Technology Co., Ltd. G8160) was put into the
medium above at the final concentration of 400ug/ml.
All the cells were cultivated in 37℃ culture box with
5%CO2.
1.2Plasmid construction
We set MYC-MXA (storage in this laboratory) as a
template, pCMV-tag-3A as plasmid carrier, and
designed primers based on the target sequence with
primer primer 5 Software （ table 1 ） . With
KOD-plus-neo (Japan, Toyobo) high-fidelity enzyme
for PCR reaction, according to the instructions, we
carried out the reaction procedure with 1% agarose gel
electrophoresis, 110v,30min. Cutting glue for DNA
recovery (Axygen glue Recovery Kit), the specific
steps were detailed in the instructions. Connect the
destination fragment to the carrier. Colony inoculation
was picked to add antibiotics to the rocker tube culture
for 14-16 hours. After the sequencing results were
correct, we extracted plasmid according to the plasmid
Extraction Kit (TRANE) manual and saved under the
condition of -20℃.
1.3Total RNA extraction and real-time PCR
The total RNA was extracted by Takara Rnaiso plus
after cell treatment, and the reverse transcription was
carried out using transcript one-step gDNA Removal
and cDNA Synthesis supermix Reverse Transcription
kit, with a reaction condition of 42℃15min , 85℃5s,
the synthesized cDNA is preserved in -80℃. Using
Transstart Tip Green qPCR supermix Kit, we
conducted real-time fluorescence quantitative PCR
reaction under conditions of 94 ℃ pre-degeneration
30s,94℃5s,60℃15s,72℃10s, a total of 45 cycles.
Each sample was set with three compound holes and
repeated three times. 2-CT was put to indicate the
relative expression of mRNA in the sample. The primer
sequence were shown in the table 2
1.4ELISA for detection of hepatitis B virus antigen
secretion
We took the HepG2.215 cells of the logarithmic growth
period, vaccinated them into the 12 orifice plate. After
transfection, the cells are cultured hungrily for 6-8h.
Then we discarded the supernatant to add fresh
medium, cultured it for 18h, and then collected cell
supernatant. We diluted with PBS in proportion to 1:2,
and read with an enzyme marker respectively,
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following the instructions after incubation, using
HBsAg, HBeAg enzyme-linked immune (ELISA) Kit
( Shanghai Ke Hua Bioengineering Co., Ltd.). Then
we read the OD value of each hole and calculated the
relative amount of hepatitis B antigen based on
wavelength 450nm, 650 nm. The formula was: relative
quantity = Experimental Group (OD490-OD630)-control
group (OD490-OD630)
1.5 Statistical methods
Statistical software graphpadprism6 was used to
analyze the data. All results were expressed as mean±
standard deviation. Independent sample t-test was used
to analyze Real-time quantitative PCR result and
ELISA result. The significant level difference was set
as P < 0.05.
2 RESULTS
2.1 A1 is the most powerful peptide in the CID
section that inhibits HBV replication.
According to the CID's structure, it was divided into
three sections of polypeptide: A1,A1A2,A2A3. After
they were built into plasmid, we transfected it into
HepG2.215 cells. qRT-PCR had detected that plasmid
was expressed(Fig1A、B). QRT-PCR had detected that
HBV DNA was expressed. The results showed that A1
inhibited HBV replication significantly higher than
other groups, and the difference was statistically
significant (P<0.05) (Fig2C). The results of Elisa
showed that the expression of HBsAg and HBeAg in
A1 group was significantly lower than that of other
groups, and the difference was statistically significant
(P<0.05) (Fig2A、B).
2.2 A1N, A1C did not have obvious antiviral function
According to the structure of A1, we divided it into two
parts A1N, A1C and built them into plasmids
respectively (Fig.3A). The plasmid is transfected into
the cell. qRT-PCR detection of plasmid activity found
that plasmid expression was expression good (Fig.3B).
QRT-PCR detection of HBV DNA expression showed
that there was no significant change in HBV DNA
expression A1N,A1C compared with the blank group,
and the difference was not statistically significant
(P>0.05)(Fig.4C). Elisa was used to detect the
secretion of hepatitis B surface antigen and E antigen.
The results of Elisa were consistent with those of
qRT-PCR, and the difference was not statistically
significant (P>0.05) (Fig.4A、B)
Discussion
IFN-A inhibits HBV replication mainly by inducing
cells to produce antiviral proteins (adhesive antiviral
protein MxA, double-stranded RNA activating protein
kinase PKR, 2 '-5 ' adenosine synthase 2 ' 5 ' OAS, etc.)
and immunomodulatory. JAK-STAT pathway is the
classic IFN signal transduction pathway. The results
show that HBV interference with JAK1-STAT1
signaling pathway and antagonistic effect against viral
protein is an important mechanism to cause IFN-α's
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non-response. Lütgehetmann and other studies have
found that HBV polymerase inhibits the transcription
activity of the original promoter ISRE of interferon
stimulation gene response and the expression of
interferon stimulating genes such as STAT1 and ISG15,
inhibiting the nuclear transposition of STAT1[8]. HBV
core antigen HBcAg can be combined with the
promoter region of the MxA gene to reduce the
expression of MxA protein[9]. HBV thereby evades
IFN-α-induced immune removal, resulting in IFN-α
treatment failure or not long-term response. In the
antiviral protein induced by interferon, MxA protein is
the most closely related to its antiviral function. The
study has already found that removing the gene of
MxA, the inhibitory effect of interferon on the
influenza A-endemic cold virus infected with A549
cells in vitro disappears[10]; Clinical data shows that
the expression level of MxA protein in host cells is
positively correlated with the response of type I
interferon and is considered a biomarker for clinical
antiviral therapy of type I interferon[11, 12].
Interestingly, individual expression of MxA alone can
significantly inhibit HBV cell models and virus
replication in HBV transgenic mice, suggesting that its
anti-HBV function does not rely on IFN-A signals[5,
13]. In addition, our study finds that MxA is able to
interact with HBV to play a direct antiviral effect [6].
An article in "Science" reports a class of non-nucleoside
HBV inhibitors-heterocyclic Two hydrogen compounds
Bay 41-4109, which can interfere with the assembly of
viral casings, promote the solution of nuclear casings
and play a powerful anti-HBV role. Preclinical data
shows that the anti-HBV activity of Bay41-4109 is
nearly 60 times stronger than that of nucleoside listed
drug lamivudine[7], and further targeted compound
GLS4 has a stronger inhibition of HBV DNA replication
activity, regardless of whether lamivudine resistant
Gene
Forward
A1N
GCCCGGGCGGATCCCGAAGACGAAAA
A1C
GCCCGGGCGGATCCCCTGTTTACCAG
TGAAAAAAT
A1
GCCCGGGCGGATCCCGAAGACGAAAA
ACTCCGAC
A1A2
GCCCGGGCGGATCCCGAAGACGAAAA
TGAAAAAAT
A2A3
GCCCGGGCGGATCCCGTGAATTACAG
TGAAAAAAT
CID
CGGGATCCC
GACATTTG ATGGGAGAGGCAAGG
Table1 Primer for peptide plasmid

strains or adfovir resistant strains are equally sensitive to
such drugs [14]. The Assembly of nuclear casings is
increasingly becoming a dominant target for
intervention in HBV replication and the development of
new drugs[15, 16].
According to our previous research results, the Central
mutual CID of MxA protein was the anti-HBV crucial
region. In this study, CID was divided into three parts by
means of genetic engineering combined with the
characteristics of its structure: A1, A1A2 and A2A3.
The three domain structures were constructed into
plasmids, respectively. Then these plasmids transfected
into HepG2.215 cells containing HBV and the effect of
three different peptide segments on the virus were
detected. The results showed that some of the antiviral
ability of A1 was the strongest, and then according to
the structural characteristics of A1, it was divided into
two parts, N end: A1N; C-Terminal A1C, respectively, to
build plasmid which were used to transfect HepG2.215
cell. Comparing its antiviral ability, the results show that
the anti-virus ability of A1N and A1C are not as strong as
A1. In this study, the method of plasmid construction
was used to shorten the 76KD size MxA protein to 7KD
size polypeptide, which greatly improves the
bioavailability, and reduces the difficulty of developing
the drug precursor. These results has provided a new
idea for the development of new drugs against hepatitis
B. The antiviral ability of the A1 peptide segment can be
further validated by protein purification and determined
by its IC50, and the MxA protein also has the ability to
resist RNA viruses, which can also be applied to this
peptide segment.
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Reverse
TGATATCGAATTCCTTTATTGCATGAGAGCA
TGATATCGAATTCCTTTACTGGATTTTTCTA
GTGATGT
TGATATCGAATTCCTTTACTGGATTTTTCTA
CTCAAAAT
TGATATCGAATTCCTTTAAAAATTTTTTATC
CTCAAAAT
TGATATCGAATTCCTTTA
GAAACAT
CGGAATTCTCAGGCTGATTGCCC
GCAGTAGACAATCTGTTCC

Table2 Primers for real time quantitative RT-PC
Gene
GAPDH
HBV DNA
Myc

Forward
GGAGCCAAAAGGGTCATCATCT
GTTGCCCGTTTGTCCTCTAATTC
TTACCATGGTGATGCGGTTTTG ’
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Reverse
AGGGGCCATCCACAGTCTTCT’
GGAGGGATACATAGAGGTTCCTT
GATCCTCTTCAGAGATGAGTTTC
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Fig 1 The structure of plasmid and the expression of myc in HepG2.215 cells. CID, A1,A1A2, A2A3 structure
concept map (A). Detection of MYC expression in CID, A1,A1A2 and A2A3 groups by real-time fluorescence
quantitative PCR (B).

Fig 2 The secretion of cell antigen and the expression of HBV DNA in each group after transfection of
Plasmid. The HBsAg expression of CID, A1, A1A2 andA2A3 groups was compared by ELISA kit detection (A).
The HBeAg expression of CID, A1, A1A2 and A2A3 groups was compared by ELISA kit detection (B). The
expression of CID, A1, A1A2 and A2A3 groups was compared by qRT-PCR. The results are expressed by relative
expression of HBV DNA/relative expression of MYC. All results are expressed by an average ± standard deviation,
with Multiple Comparison using the T test. The difference in the level of salience is set to p<0.05, n≥3,* P<0.05, **
P<0.01, ***P<0.001.

Fig 3 The structure of plasmid and the expression of myc in HepG2.215 cells. Α1,Α1C and Α1N structure concept
map (A) Detection of Α1,Α1C and Α1N group MYC expression detection by real-time fluorescence quantitative PCR
(B)
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Fig 4The secretion of cell antigen and the expression of HBV DNA in each group after transfection of Plasmid.
The HBeAg expression of Α1, Α1C and Α1N groups was compared by Elisa Kit (A) The α1,α1n expression of α1c
and HBsAg groups was measured by ELISA Kit (B). Detection and comparison of HBV in Α1, Α1C and Α1N groups
by qRT-PCR DNA expression. The results are expressed by relative expression of HBV DNA/relative expression of
MYC. (C). All results are expressed by an average ± standard deviation, with Multiple Comparison using the T test.
The difference in the level of salience is set to p<0.05, n≥3,* P<0.05, ** P<0.01, ***P<0.001.
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