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Abstract

AIM: To prepare and purify TAT-HBV targeted ribonuclease
fusion protein, evaluate its transduction activity and
investigate its effect on HBV replication in 2.2.15 cells.

METHODS: The prokaryotic expression vector pTAT
containing TR gene was used in transforming E.coli BL21
(DE3) LysS and TR was expressed with the induction of
IPTG. The TAT-TR fusion protein was purified using Ni-NTA-
agrose and PD-10 desalting columns, and analyzed by SDS-
PAGE. Transduction efficiency of TAT-TR was detected with
immunofluorescence assay and the concentration of HBeAg
in the supernatant of the 2.2.15 cells was determined via
solid-phase radioimmunoassay (spRIA). MTT assay was used
to detect the cytotoxicity of TAT-TR.

RESULTS: The SDS-PAGE showed that the TAT-TR fusion
protein was purified successfully, and the purity of TAT-TR
was 90 %. The visualization of TAT-TR by immunofluorescence
assay indicated its high efficiency in transducing 2.2.15 cells.
RIA result suggests that TAT-TR could inhibit the replication
of HBV effectively, it didn”t affect cell growth and had no
cytotoxicity.

CONCLUSION: TAT-TR possesses a significant anti-HBV
activity and the preparation of TAT-TR fusion protein has
laid the foundation for the use of TR in the therapeutic trial
of HBV infection.
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INTRODUCTION

The introduction of proteinsinto mammalian cells has been
achieved by transfection of expression vectors, microinjection,
or infectious virus, etc. Although these approaches have been
somewhat successful, the classical manipulation methods are
not easily regulated and can be laborious. One approach to
resolve these problems is the use of PTD-mediated protein
transductiont* 2. Linked covalently to proteins, peptides,
nucleic acids, or asin-frame fusions with full-length proteins,
PTD would let them enter any cell type in a receptor and
transporter independent fashion®. HIV-TAT is amember of

protein transduction domains and appearsto possess high level
of protein-transduction efficiency“®. TAT fusion proteinswere
shown to transduce into all cells and tissues present in mice®,
including those present across the blood-brain barrier”®, And
many, if not most, proteins may be transduced into cells by
using thistechnology. Therefore, TAT PTD may let usaddress
new questions in preclinical research work and even help in
the treatment of human disease.

Hepatitis B is a major world-wide health problem!®-231,
Chronic infection is associated with high risk of liver cirrhosis
and primary liver carcinoma®*?2, Currently availabletherapies
are of limited efficiency!?. HBV targeted ribonuclease (TR)
gene, afusion gene of HBVc and hEDN, was constructed by
Liuet al inour lab®®, according to the theory of capsid-targeted
viral inactivation (CTVI) which isapromising strategy in anti-
virus research. HBV ¢ was used as the target molecule, which
wasthe structure protein of HBV and wasindispensable during
the packaging of HBV particle. The effector molecule was
hEDN, akind of human ribonuclease that can degrade pgRNA
of HBV. Transfection of 2.2.15 cells with the eukaryotic
expression vector bearing TR gene suggested that TR inhibited
the replication of HBV significantly®®”. Therefore, linking HIV-
TAT to TR would provide us a more efficient approach to
deliver TR into hepatocytes, and greatly help usto utilize TR
in the treatment of HBV infection. Reported here are the
purification of TAT-TR fusion protein, the identification of
its transduction and the anti-HBV effect on the 2.2.15 cells.
To confirm its anti-HBV mechanism, we also prepared and
purified TAT-TRmut, TAT-hEDN and TAT-HBV ¢ proteins
for use as negative controls.

MATERIALS AND METHODS

Materials

Ni-NTA-agrose was purchased from Qiagen Company. PD-
10 desalting columns were purchased from Amersham
Pharmacia Biotech. Anti-his mAb was from Santa Cruz
Company. Protein molecular mass markers, IPTG and G418,
imidazole and MTT were all from Sino-American Biotech.
RIA HBVeAg assay kit was purchased from Beimian Dongya
Biotechnology Institute. 2.2.15 cells was a kind gift of Prof.
Cheng, 302 Hospital of Chinese PLA. hEDN was purified by
Li etal®, pTAT-HA/TR, TAT-HA/TRmut, pTAT-HA/hEDN
and pTAT-HA/HBV c were all prepared in our Lab!®. PET-
30a/TR, PET-30a/TRmut, PET-30a/HBV ¢ and E.coli BL21
(DE3) LysS were maintained in our Lab.

Methods

Expression and purification of TAT fusion proteins pTAT-
HA/TR, TAT-HA/TRmut, pTAT-HA/hEDN, pTAT-HA/
HBVcand pTAT-HA wereemployed to transform E.coli BL21
(DE3) LysS by using CaCl, perforation. The transformants
were separately cultured in 3mL TB amp (100 pg/L) at 37 'C
overnight. 100 niL culturewasinoculated into 10 mL fresh TB
amp, and incubated for up to 4 hoursat 37 ‘C. Then IPTG was
added to each tubeto afinal concentration of 100 umol/L, and
the culture wasincubated for an additiona 4 hours. Theinduced
cells were harvested by centrifugation, and cell lysates were
analyzed by 120 g/L SDS-PAGE. The his-tagged fusion
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proteins were purified by using Ni-NTA-agrose and PD-10
desalting columns according to the manufacturer’ s
recommendations (Qiagen and Amersham Pharmacia). The
purified proteins were analyzed by 120 g/L SDS-PAGE.
Expression and purification of proteinswithout TAT PTD
PET-30a/TR, pET-30a/TRmut, and pET-30a/HBVc
transformed E.coli BL21 (DE3) LysS. After the analysis of
expression levels, the three proteins were purified in the same
way asfor TAT fusion proteins.

Culture of 2.2.15 cells Cells were cultured in DMEM
containing 150 mL/L fetal bovine serum at 37 C in 50 mL/L
CO,and 100 mg/L G418.

Identification of TAT fusion protein transduction 2.2.15
cells (2x10%/L) were plated into 6-well plateswith coverships,
and allowed to adhere for 24 hours. TAT-TR, TAT-TRmut,
TAT-hEDN, TAT-HBVc, TR, TRmut, hEDN and HBVc were
added into the wells, respectively, at the final concentration of
100 nmol/L. Incubated for 30 min at 37 C, all cells were
immediately washed with sterile PBS (pH8.0), fixed in 20 g/L
paraformaldehyde and 1 g/L TritonX-100 diluted in PBS and
put onice for 30 min. Cells were washed three times with cold
PBS. Non-specific epitopes were blocked by using 10 g/L BSA
for 10 min at 42 °C. Cells were washed three times with cold
PBS, and then incubated with mouse anti-His mAb (1:500)
for 15 min at 42 ‘C. After washing three timesin cold PBS,
the rabbit anti-mouse IgG labeled with FITC (1:1 000) was
added to each well and incubated for 10 min at 42 °C. Rinsed
with PBSfor 1 hour and the covershipswere mounted on dides
by using 500 mL/L glycerol. The cells were observed by
fluorescence microscopy.

Determination of anti-HBV effect of TAT-TR 2.2.15cells
were plated at the density of 2x10%/L into 12-well plates. TAT-
TR, TAT-TRmut, TAT-hEDN and TAT-HBV ¢ were added
into the wells, respectively, at the final concentration of 100
nmol/L. 20 n. DMEM was added into wells as mock group.
Four parallels were set up for each group. 24 hours later,
HBVeAg in the supernatant was determined by using spRIA
kit as described by the manufacturer.

MTT assay 2.2.15 cellswere plated at the density of 2x10%/
L into 96-well plates. After 24 hours, TAT-TR, TAT-TRmut,
TAT-HEDN, TAT-HBVc were added into (A), (B), (C), (D)
groups at the final concentration of 100 nmol/L. 20 nL
DMEM was added into well (E). 72 hours later, the
morphology of cells was observed through inverted
microscopy and MTT was applied in each well at the final
concentration of 5 g/L. After another 4 hours' culturing, 150
nL. DM SO was added into all wells and the light absorbance
at Ao Was detected.

Statistical analysis
All data obtained were processed by SPSS software. P<0.05
was considered statistically significant.

RESULTS

Expression and purification of TAT fusion proteins

In order to obtain the fusion proteins, pTAT-HA/TR, pTAT-
HA/TRmut, pTAT-HA/hEDN and pTAT-HA/HBV cwere used
to transform E.coli BL21 (DE3) LysS and expressed with the
induction of IPTG. The same strain transformed by pTAT-
HA was used as negative control. The expression levels were
determined by 120 g/L SDS-PAGE. Four predicted new bands
could be detected in the lysates of TAT fusion transformants,
but not in the control. Then the proteinswere purified by using
Ni-NTA affinity columnsand PD-10 desalting columns (Figure
1). The degrees of purity of the fusion proteins were 90 %,
88 %, 80 % and 85 % respectively.

Expression and purification of proteins without TAT PTD
Inasimilar fashion, pET-30a/TR, pET-30a/TRmut and pET-
30a/HBV c wereinduced to express proteinswithout TAT PTD
by IPTG in BL21 (DE3) LysS, and they produced proteins
with predicted molecular masses (Figure 2). Then the proteins
were purified by using Ni-NTA affinity columns and PD-10
desalting columns. The degrees of purity of the fusion proteins
were 88 %, 76 % and 81 % respectively.

2

Figure 1 SDS-PAGE analysis of expression and purification
for TAT fusion proteins. 1: Transformed by pTAT-HA /7HBVc;
2: Transformed by pTAT-HA /hEDN; 3: Protein marker; 4:
Transformed by pTAT-HA, 5: Transformed by pTAT-HA/TR;
6: Transformed by pTAT-HA/TRmut; 7: Protein marker; 8:
Purified TAT-TN; 9: Purified TAT-TNmut; 10: Purified TAT-
hEDN; 11. Purified TAT-HBVc.

Identification of protein transduction

Toevauatethefusion proteins transduction ability in crossing
the membrane of 2.2.15 cells. TAT-TR, TAT-TR mut, TAT-
hEDN and TAT-HBV c were added in the culture media at the
final concentration of 100 nmol/L. TR, TRmut, hEDN and
HBV cwithout TAT PTD were used as negative controls. Under
the fluorescence microscope, abundant fluorescence could be
seen in cytoplasm of the cells transduced with TAT fusion
proteins, but no fluorescence could be found in the control
cells (Figure 3). Thisresult clearly suggeststhat TAT fusion
proteins could cross the membrane of 2.2.15 cells with high
efficiency.
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Figure 2 SDS-PAGE analysis of purified control proteins. 1:
Protein marker; 2: Purified HBVc; 3: Expression product of BL21
transformed by pET30-a/HBVc; 4: Expression product of BL21
transformed by pET30-a; 5: Expression product of BL21 trans-
formed by pET30-a /TR; 6. Expression product of BL21 trans-
formed by pET30-a/TRmut; 7: Purified TR; 8: Purified TRmut.
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Figure 3 Detection of the transduction of the TAT fusion proteins in 2.2.15 cells. A: Added with TAT-TR; B: Added with TAT-
hEDN; C: Added with TAT-HBVc; D: Added with TAT-TRmut; a: Added with TR; b: Added with hEDN; ¢: Added with HBVc; d:

Added with TRmut.

Analysis of anti-HBV activity for TAT-TR

Statistical analysis with SPSS software showed that the mean
HBeAg concentration of the TAT-TR group decreased
significantly as compared with control groups (The mean
differenceis significant at the 0.05 level). In addition, thereis
no significant difference among the mean concentration of
control groups (P>0.05). The HBeAg concentration of TAT-
TR group decreased by 60.3 % (Figure 4).

MTT assay

After 72 hours culture, the morphology of cells was observed
under inverted microscope and it was found that there was no
discernable difference among the four experiment groups and
the DMEM control. MTT assay showed no significant difference
among the five groups. Their A, 8bsorbance values (xts, n=4)
were 0.487520.018, 0.4675+0.022, 0.4690+0.028, 0.4800+0.029
and 0.4855+0.050, respectively, (P>0.05).
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Figure 4 Comparison of HBeAg concentration between
different groups.

DISCUSSION

The transduction of proteinsinto cells was first described in
1988 independently by Green et al® and Frankel et al“?l, In
1994, Faweell et al®™ expanded these observations by
demonstrating that heterologous proteins chemically cross-
linked to @36 amino acid domain of TAT were ableto transduce
into cells. Subsequent to the TAT discovery, other transduction
domains were identified that resided in the Antennapedia
(Antp) protein from Drosophila*? and HSV VP22 protein from
HSV2, Although the exact mechanism of protein transduction
across the cellular membrane remains unclear, PTD’ s
widespread application has been realized. TAT-mediated

transduction provides several advantages over DNA
transfection, the current standard method of intracellular protein
expression. Importantly, al eukaryotic cell typestested to date
are susceptible to transduction, even osteoclasts, primary cells
and peripheral-blood mononuclear cells, which areimpervious
to DNA transfection and retroviral infection, can be effectively
transduced*#. Additionally, astransduction occurs so rapidly
(15 min rather than 12 h in serum-free mediafor transfection),
issues of timing can be addressed. The exact intracellular
concentration can also be controlled precisely just by varying
the amount added to the culture medium. Furthermore, every
cell in the population appears to contain a near-identical
intracellular protein level®. Another dominant advantage of
the system dlows denatured fusion protein be directly applied
without the laborious renature course, and thusit also provides
much convenience for protein purification. Once transduced
insdethe cells, the denatured proteins can be correctly refolded
by chaperones®!, and are capable of binding their cognate
intracellular targets and performing biochemical functions.

To explore the feasibility of using PTD in the anti-HBV
research work and provide an aternative strategy for treatment
of hepatitis B in this study, we prepared and purified the TAT-
TR fusion protein, and aso other control proteins. Transduction
of TAT-fusion proteins was detected by immunofluorescence
assay. Strong fluorescence appeared in the cytoplasm of the
cells applied with four TAT fusion proteins, but not in the
control groups. These results showed the high transduction
efficiency of TAT fusion proteins. We also investigated TAT-
TR’ s anti-HBV activity by radioimmunoassay and got an
exciting result. As compared with themock group, concentration
of HBeAg in TAT-TR group decreased by 60.3 %, which
indicated that the purified TAT-TR possessed a potent anti-HBV
activity. Therewas no significant difference between any other
group and the mock group, suggesting HBV c or hEDN alone
had no effect on HBV replication, and TRmut, afusion molecule
of HBVc with an inactivated mutant hEDN, also had no
inhibitory effect. These further confirmed the anti-HBV
mechanism of the HBV targeted ribonuclease. While TR was
transduced into 2.2.15 cells, it could be packaged into the HBV
core particlesby HBV ¢, and then hEDN, asaribonuclesse, could
degrade the pgRNA packed in the core particles, thusinhibiting
the replication of HBV. We performed MTT assay to reveal
whether the TAT fusion proteins were harmful to 2.2.15 cells,
and the results indicate that they did not affect the growth of 2.
2.15 cells and the purified TAT-TR may be applied in vivo.
Therefore, we concludethat the TAT-HBV targeted ribonuclease
fusion protein obtained in this study haslaid the foundation for
using TR in the therapy of HBV infection.
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