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Abstract
AIM: To construct human eosinophil-derived neurotoxin
(hEDN) and HBV core protein (HBVc) eukaryotic fusion
expression vector with a linker (Gly4Ser)3 between them to
optimize the molecule folding, which will be used to inhibit
HBV replication in vitro.

METHODS: Previously constructed pcDNA3.1(-)/TR was
used as a template. Linker sequence was synthesized and
annealed to form dslinker, and cloned into pcDNA3.1(-)/TR
to produce plasmid pcDNA3.1(-)/HBc-linker. Then the hEDN
fragment was PCR amplified and inserted into pcDNA3.1(-)/
HBc-linker to form pcDNA3.1(-)/TNL in which the effector
molecule and the target molecule were separated by a linker
sequence. pcDNA3.1(-)/TNL expression was identified by
indirect immunofluorescence staining. Radioimmunoassay
was used to analyse anti-HBV activity of pcDNA3.1(-)/TNL.
Meanwhile, metabolism of cells was evaluated by MTT
colorimetry.

RESULTS: hEDN and HBVc eukaryotic fusion expression
vector with a linker (Gly4Ser)3 between them was
successfully constructed. pcDNA3.1(-)/TNL was expressed
in HepG2.2.15 cells efficiently. A significant decrease of
HBsAg concentration from pcDNA3.1(-)/TNL transfectant was
observed compared to pcDNA3.1(-)/TR (P=0.036, P<0.05).
MTT assay suggested that there were no significant
differences between groups (P=0.08, P>0.05).

CONCLUSION: Linker introduction enhances the inhibitory
effect of HBV targeted ribonuclease significantly.
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INTRODUCTION
Hepatitis B virus (HBV) remains a major public health problem
worldwide[1-6] and causes transient and chronic infection of
liver[7-9]. Transient infection may produce serious illness, and
chronic infection may also have serious consequences: nearly
25 % of chronic HBV infected patients terminate in untreatable
liver cancer of 350 million chronic HBV infected patients. The
available treatments are of limited efficacy, such as interferon-

α (INF-α)[10-12], nucleoside analogues[13-15] and gene therapy
strategy[16,17]. Alternative approaches to inhibit HBV replication
are urged. Capsid-targeted viral inactivation (CTVI, also called
virion-targeted viral inactivation) was established by Natsoulis
and Boeke in 1991, in which a viral capsid protein or other
virion associated protein as a carrier guides a degradative
enzyme into virus particles specifically to inhibit virus
replication or kill it[18]. CTVI has been thoroughly investigated
in experimental treatment for retrovirus, such as Moloney
murine leukemia virus (MMLV) and HIV, showing a
promising prospect as an antiviral treatment[19,20]. Previously
we fused HBV core protein (HBVc) to human eosinophil-
derived neurotoxin (hEDN), and after transfection of the
fusion protein encoding plasmid into HepG2.2.15 cells HBV
replication was inhibited, due to the fact that HBV pregenome
RNA (pgRNA) was degraded by the effector molecule, hEDN,
via the guiding of the target molecule, HBVc[21,22]. Here we
reported the further enhancement of the degradative effect by
introduction of a linker sequence (Gly4Ser)3 to separate the
effector molecule and the target one.

MATERIALS AND METHODS

Reagents and equipments
pcDNA3.1(-)/TR was constructed in our laboratory[21].
HepG2.2.15 cells were kindly provided by Dr. Hao (Tangdu
Hospital, Fourth Military Medical University). Restriction
enzymes, alkaline dephosphoratase, TaKaRa Ex TaqTM, DNA
marker-DL2000 and T4 DNA ligase (TaKaRa Biotechnology
Co., Ltd., Dalian), Plasmid Miniprep Kit, Agarose Gel Extraction
kit (Watson Biotechnology, Shanghai), LipofectinMine2000
(GIBCO), mouse anti-HA and rabbit anti-mouse IgG labeled
with FITC (Sino-American Biotechnology Company),
Radioimmunoassay Kit (Beijing Bei Mian Dongya Biotech
Institute), GeneAmp PCR System 9600 (Perkin Elmer).

Linker and primers
All the oligomers were synthesized by Sangon (Shanghai).
LinkerF 5’-gcg cgg atc cgg tgg cgg tgg ctc ggg cgg tgg tgg gtc
ggg tgg cgg cgg atc tga tga gct cgc gc- 3’ (BamHI, SacI)
LinkerR 5’-gcg cga gctc aga tcc gcc gcc acc cga ccc acc acc
gcc cga gcc acc gcc acc gga tcc gcg c- 3’ (SacI, BamHI)
P1: 5’- gcg ggatcc acc atg aaa cct cca cag tt- 3’(BamHI)
P2: 5’- gcg agatct gat gat tct atc cag gtg aa- 3’(BglII)

Cell culture
HepG2.2.15 cells integrated full-length HBV genome were
cultured in DMEM medium containing 150 mL/L fetal bovine
serum at 37 , in 50 mL/L CO2. G418 was added to screen
cells at the final concentration of 100 g/L. The media were
freshed once every two days and the cells were passaged every
six days.

Introduction of linker
To prepare double stranded linker, linkerF and linkerR were
annealed by heating at 100  for 5 min and then slowly cooling
to room temperature, and dissolved at a concentration of 0.1 g/L.



Dslinker bearing BamHI and SacI restriction sites was digested
and cloned into pcDNA3.1(-)/TR digested by the same
restrictions, to produce plasmid pcDNA3.1(-)/HBc-linker.
     hEDN fragment acquired from pcDNA3.1(-)/TR was PCR
amplified by using primers and taking pcDNA3.1(-)/TR as a
template. The PCR products digested by BamHI/BglII were
inserted into pcDNA3.1(-)/HBc-linker which was restricted
by BamHI and dephosphorated, and the direction of hEDN
was identified by enzyme restriction. The constructed plasmid
was called pcDNA3.1(-)/TNL in which the effector molecule
and the target molecule were separated by a linker sequence.
The linker sequence and the PCR products were confirmed by
sequencing by gencore (Shanghai).

Transfection and indirect immunofluorescence
Transfections were performed as described by the provider of
LipofectinMine2000 and the transfecting condition had already
been optimized by our laboratory[21]. The cell density of 4×108

/L was added by 500 µL/well in 24-well plate in which the
cover glasses were put in advance. Transfecting work was
performed when cells were adhered, usually after 24 hours[18].
The experiment was divided into 3 groups: test group in which
pcDNA3.1(-)/TNL was used, and two control groups in which
blank vector pcDNA3.1(-) was used in the second group and
the third was taken for mock transfection. Tri-wells were
contained in each group. 48 hours post-transfection cells were
quickly washed with 1mL sterile PBS (pH8.0) for 5 minutes,
fixed in 1 g/L TritonX-100 diluted with 20 g/L paraformaldehyde
and put on ice for 30 minutes. The fixed cells were washed
three times with cold PBS, incubated with mouse anti-HA
(1:100) for 15 minutes at 4 , and then washed three times in
cold PBS, followed by incubation in rabbit anti-mouse IgG
labeled with FITC (1:100) for 10 minutes at 4 . After rinsed
with PBS for 1 hour, the slides were mounted with cover ships
by using 500 g/L glycerol/PBS. The results were observed by
fluoroscopy and pictures were taken.

Analysis of anti-HBV activity for pcDNA3.1(-)/TNL
24 hours before transfection, HepG2.2.15 cells were plated
into a 96 well-plate with of 4×104 cells per well. Transfections
were performed as described above. To determine HBsAg
concentration, transfection experiment was divided into 7
groups, they were pcDNA3.1(-)/TNL, pcDNA3.1(-)/TR,
pcDNA3.1(-)/hEDNmut-HBVc, pcDNA3.1(-)/HBVc, pcDNA3.1
(-)/hEDN, pcDNA3.1(-) and mock transfection, named as A
to G respectively. Each transfection was performed in triplicate.
After 48 hours of transfection the cell suspension was taken
and HBsAg concentration was determined by RIA kit
(completed by Nuclear Medicine Department of Xijing
Hospital). Meanwhile the transfected cells were used to analyze
the metabolic activity in order to analyze the effect of
expressing protein on host cells. The data obtained were
analyzed by SPSS software.

MTT assay
Metabolism of cells was evaluated by MTT colorimetry. 48
hours following transfections, 20 µL of MTT solution (5 g/L)
was added into each well and incubated at 37  for another
4 h. 150 µL DMSO was added and surged for 10 min to dissolve
the crystal completely. Absorbance values were identified at
490 nm wavelength by ELISA reader.

RESULTS

Linker introduction
To separate HBc and hEDN, a linker was introduced. Both the
linker sequence cloned into plasmid pcDNA3.1(-)/HBc-linker

and hEDN fragment from PCR products, were subsequently
inserted into pcDNA3.1(-)/TNL, and confirmed by sequencing.
plasmid pcDNA3.1(-)/TNL was identified by restrictions of
BamHI/SacI and SacI/HindIII, the results suggested the
construction was successful (Figure 1).

Figure 1  Identifications of plasmids in construction of
pcDNA3.1(-)/TNL. 1: pcDNA3.1(-)/TNL digested by SacI/
HindIII; 2: pcDNA3.1(-)/TR by BamHI/SacI; 3: pcDNA3.1(-)/
TR by SacI/HindIII; 4: pcDNA3.1(-)/TNL by BamHI/SacI; 5:
PCR products of hEDN.

Indirect immunofluorescence
To observe the expression of linker-separated fusion protein
of pcDNA3.1(-)/TNL, indirect immunofluorescence was
performed after 48 h of transfection (Figure 2).

Figure 2   Detection of  fusion protein by indirect
immunofluorescence. 1: Green fluorescence in cells transfected
by pcDNA3.1(-)/TNL; 2, 3: No fluorescence was observed in
pcDNA3.1(-) transfectant and mock transfection.
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Linker effect
To analyze the digestion effect of hEDN separated by a linker
with HBVc. HBsAg concentration was determined by RIA after
transfection. The significant decrease of HBsAg concentration
in pcDNA3.1(-)/TNL transfectant, compared to pcDNA3.1(-)/
TR(P=0.036, P<0.05, Figure 3), suggested that linker
introduction enhanced hEDN digestion effect, which may be
due to optimization of the folding of both hEDN and HBVc
molecules. Also there were significant differences between
groups A, B and groups C, D, E, F, G (P=0.0054, P<0.01),
and no significant difference was found between groups C, D,
E, F and group G (P=0.085, P>0.05).

Figure 3  Comparision of HBsAg concentration in transfection
groups.

Cell toxicity effect
48 hours post-transfection cell growth was observed and cell
toxic effect of linker-separated fusion protein on host
hepatocytes was detected by MTT assay. The A490 value of
HepG2.2.15 cells transfected with pcDNA3.1(-)/TNL,
pcDNA3.1(-)/TR, pcDNA3.1(-)/hEDNmut-HBVc, pcDNA3.1
(-)/HBVc, pcDNA3.1(-)/hEDN, pcDNA3.1(-) and mock
transfection was 0.62±0.16, 0.69±0.10, 0.70±0.05, 0.64±0.04,
0.75±0.08, 0.78±0.04, 0.54±0.16, respectively (x±s, n=3). The
results suggested that there were no significant differences
between groups (P=0.08, P>0.05).

DISCUSSION

HBV infection is an important health problem worldwide.
Int-erferons and nucleosides analogues are effective drugs for
chronic HBV infection, but only 20-30 % of treated patients
maintain a long-lasting response to anti-viral drugs[23]. The
expense of prolonged treatment makes these therapies poorly
suitable for people in developing countries, where the
prevalence of chronic HBV infection is often high. Therefore,
new therapy strategy for HBV infection is urgent.
     A new strategy called CTVI was established to guide effector
molecule to target molecule and inhibit virus replication[18].
Previously we fused HBVc to hEDN, and after transfection of
the fusion protein encoding plasmid into HepG2.2.15 cells,
HBV replication was inhibited due to the fact that HBV
pregenome RNA (pgRNA) was degraded by the effector
molecule, hEDN, by guiding the target molecule, HBVc[21,22].
To further enhance the degradative effect of targeted
ribonuclease, the classic linker (Gly4Ser)3 was introduced to
separate the effector molecule and the target one. In our
investigation, HBsAg concentration decreased significantly in
pcDNA3.1(-)/TNL transfectant compared to pcDNA3.1(-)/TR
transfectant due to linker introduction which may augment the
digestion effect of hEDN significantly (P=0.036, P<0.05) via
optimizing the protein folding.
     Linker introduction, one of the gene fusion techniques, has
become an increasingly useful tool in a variety of biomedical

researches[24]. Many naturally occurring enzymes are composed
of two or more distinct modules that are joined into a single
macromole by stretches of amino acids referred to as linkers[25].
In structural biology, construction of recombinant fusion
proteins has been used as a means to increase the expression
of soluble proteins and to facilitate protein purification[26-28].
In recent years, a wide range of applications of gene fusion
techniques has been reported in the fields of biotechnology.
These applications include selection and prodution of
antibodies and proteins with specialized functions, such as
proteins that target specific genes[29-31]. Recent studies have
provided examples of linkers that are important in establishing
the structural and functional assembly of multi-domain
proteins[32]. These interdomain linkers are relatively long and
probably flexible in order to allow the two modules to perform
independent functions. Recombinant production of chimeric
enzymes requires stable linkers to join fusion partners without
interfering with their function. The use of long linkers may
result in low yield of active fusion protein since unprotected
and flexible regions are often susceptible to proteolytic
cleavage during recombinant protein production. A shorter
linker might overcome problems associated with protease
degradation. On the other hand, there is a risk that a shorter
linker brings the modules too close to each other, resulting in
a loss of function[25]. In many studies functional single-chain
antibodies (scFvs) were engineered by linking immunoglobulin
heavy and light chain variable domains (VH and VL) via
(G1y4Ser)3, which satisfies the needs above. Further
enhancement of hEDN digestion and inhibitory effect may be
completed by further linker design and screening, and the work
involved in this field is in progress in our lab.
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