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Reconstitution of gene expression from a
regulatory-protein-deficient hepatitis B virus genome
by cell-permeable HBXx protein

Angela Hafner, Boerries Brandenburg & Eberhard Hildt*

Robert Koch-Institut, Berlin, Germany

Various functions are ascribed to the HBx regulatory protein of
the hepatitis B virus (HBV). Due to the low expression level of
HBX, it has been difficult to correlate spatial and temporal HBx
expression levels with specific functions. Based on a novel cell-
permeable peptide, known as the translocation motif (TLM), cell-
permeable HBx fusion proteins were generated. The TLM-
HBx fusion protein is rapidly internalized from the medium into
almost all cells, whereas no significant internalization was seen
with wild-type HBx. The major fraction of internalized HBx pro-
tein moves from the cytoplasm to the nucleus. The cytosolic
fraction, however, activates c-RAF1/extracellular-signal-related
kinase 2 signalling and causes activation of activator protein 1
(AP1) and nuclear factor-kB. The TLM-HBXx protein rescues HBV
gene expression from an activator-deficient HBV genome. These
results indicate that cell-permeable regulatory proteins provide a
novel, efficient tool for a clearly defined, dose-dependent analy-
sis of regulatory protein function, without affecting the integrity
of the cell, and can be used for the safe reconstitution of virus
production from a regulatory-protein-deficient virus genome.
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INTRODUCTION
In addition to causing acute and chronic hepatitis, the hepatitis B
virus (HBV) is considered to be a major aetiological factor in the
development of human hepatocellular carcinoma (HCC). Almost
all HBV-associated HCCs studied so far have chromosomally
integrated HBV DNA (Buendia, 2000). The HBV genome
encodes two transcriptional activators: the PreS2 activator LHBs
(large hepatitis B virus surface protein; Hildt et al., 1996) and the
HBx activator protein (Twu & Schloemer, 1987).

Various functions have been ascribed to HBx. The transcriptional
activator function seems to depend on the activation of cytoplasmic
signal transduction cascades, such as the RAS/RAF/extracellular-

Robert Koch-Institut, Nordufer 20, D-13353 Berlin, Germany
*Corresponding author: Tel: +49 304547 2528; Fax: +49 304547 2328;
E-mail: e.hildt@rki.de

Received 23 January 2003; revised 13 May 2003; accepted 18 June 2003
Published online 18 July 2003

©2003 EUROPEAN MOLECULAR BIOLOGY ORGANIZATION

signal-regulated kinase (ERK) cascade (Klein et al., 1999; Klein &
Schneider, 1997; Bouchard et al., 2001a). This activation can be
mediated by an HBx-dependent modulation of intracellular calcium
levels (Bouchard et al., 2001a). Furthermore, HBXx triggers the activa-
tion of a variety of transcription factors, such as activator protein 1
(AP1; Kekule-Urchs et al., 1993; Benn et al., 1996), nuclear factor-kB
(NF-kB; Lucito & Schneider, 1992) and ATF (activating transcription
factor)-CREB (CAMP-responsive-element binding protein; Williams &
Andrisani, 1995). In addition, a direct interaction of HBx with com-
ponents of the transcriptional machinery, such as the TATA-binding
protein (TBP), TFIIB, TF2H or the B5 subunit of RNA polymerase
(Haviv et al., 1998) has been described. Finally, HBx can modulate
pro-apoptotic as well as anti-apoptotic processes (Su & Schneider,
1997, Schuster et al., 2002; Elmore et al., 1997).

The function of HBx in HBV-associated carcinogenesis is of
great interest (Andrisani & Barnabas, 1999). One possible mech-
anism is the induction of cell proliferation (Kekule-Urchs et al.,
1993; Bouchard et al., 2001b; Madden et al., 2001). In addition,
the protein might have a mutagenic effect by interfering with
DNA repair (EImore et al., 1997; Becker et al., 1998). Despite a
well-established function of the X protein WHx in the wood-
chuck hepatitis virus (WHV) life cycle (Zoulim et al., 1994), there
are conflicting reports about the relevance of HBx for the life
cycle of HBV (Bouchard et al., 2001a; Reifenberg et al., 2002;
Stoeckl et al., 2003).

This controversy might be due to different experimental
approaches. In particular, due to low expression levels, detection of
recombinant HBx after transient transfection is problematic.
Conversely, strong, constitutive overexpression of the protein is
unlikely to reflect the physiological situation. To overcome these
problems, we established a novel experimental system that is based
on cell-permeable HBXx fusion proteins to investigate the biology of
HBx. This system allows the defined, dose-dependent, direct corre-
lation of the presence of HBx protein in almost all of the cells with
the effects observed.

Cell permeability was achieved by the fusion of HBx to the TLM
(translocation motif), a novel cell-permeable peptide (Oess & Hildt,
2000). The TLM is a 12 amino-acid, amphipathic, a-helical peptide,
which is derived from the surface protein of HBV (Oess & Hildt,
2000). The TLM mediates the energy-independent and receptor-
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Fig. 1| Structure of the HBx proteins and the eGFP fusion protein used in this
study. The HBx proteins have an amino-terminal His, tag followed by a V5
epitope to improve solubility. In the case of translocation motif (TLM)-HBX,
the 12 amino-acid cell-permeable peptide is fused to the carboxyl terminus.
eGFP, enhanced green fluorescent protein.

independent transfer of peptides, nucleic acids and proteins when
fused to them, without affecting the integrity of the cell or interfering
with intracellular signal transduction cascades (Saher & Hildt, 1999;
Hildt et al., 2002), and is therefore a suitable tool for the analysis of
HBx-dependent functions.

RESULTS

TLM-HBXx fusion proteins are cell permeable

TLM-HBx and wild-type HBx proteins (Fig. 1) were produced and
purified as described in the Methods section. First, we investigated
whether the highly purified and renatured TLM-HBX fusion proteins
are cell permeable. Huh7 cells were grown for 20 min in the pres-
ence of purified TLM-HBx before fixation. Purified wild-type HBx
was used as a control. Immunofluorescence microscopy showed
an HBx-specific staining of almost all (>95%) of the cells grown in
the presence of TLM-HBXx (Fig. 2A-D), whereas in the case of cells
incubated with wild-type HBX, no significant staining was seen.

To confirm the cell permeability of TLM-HBXx by an independent
experimental approach, Huh7 cells were subjected to subcellular
fractionation. The lysosomal, microsomal and cytosolic fractions were
analysed by western blotting using an HBXx-specific antiserum. The
blot showed that TLM-HBX, in contrast with wild-type HBX, is able to
penetrate the plasma membrane and enter the cytoplasm (Fig. 2E). In
the lysosomal and microsomal fractions, neither TLM—-HBx nor wild-
type HBx were detectable. These results indicate that the fusion of the
TLM peptide to the HBx protein generates a cell-permeable protein.

TLM-HBx accumulates in the nucleus

The intracellular localization of HBx is still controversial
(Bouchard et al., 2001a; Haviv et al., 1998; Sirma et al., 1998).
Because the TLM, in contrast with other cell-permeable peptides
(Elliot & O’Hare, 1997; Lin et al., 1995; Richard et al., 2003),
does not target any particular subcellular compartment by itself
(Oess & Hildt, 2000), fusion of HBx with this peptide is suitable
for assessing this question.

Confocal immunofluorescence microscopy of Huh7 cells grown
for 20, 40 or 60 min in the presence of TLM-HBX or wild-type HBx
showed a nuclear accumulation of TLM-HBx. After 60 min, in almost
all cells (>95%), the main fraction of TLM-HBx was seen in the
nucleus (Fig. 3A). Incubation for a longer time did not result in a
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Fig. 2| TLM-HBXx is a cell-permeable protein. (A-D) Immunofluorescence
microscopy (200-fold magnification) of ethanol/DAPI (4°,6-diamidino-2-
phenylindole)-fixed Huh7 cells that were grown in the presence of 0.5 uM
TLM-HBx (A,C) or wild-type (WT) HBx (B,D) for 20 min. For detection,
an HBx-specific antiserum and a Cy3-conjugated secondary antibody were
used. Note that only in cells grown in the presence of TLM-HBx (A) was the
HBx protein detected within the cells. DAPI staining was used to visualize
nuclei (C,D). (E) Western blot analysis of lysosomal (lysos.), microsomal
(micros.) and cytoplasmic (cyt.) fractions of Huh7 cells grown in the
presence of 0.5 uM wild-type HBx (lanes 1,3and 5) or TLM—HBx (lanes 2,
4 and 6) for 20 min. For detection of HBx in these fractions, an HBx-specific
antiserum was used (bottom panel). Detection of cathepsin b (a lysosomal
marker), tumour necrosis factor receptor type | (TNFRI; a microsomal
marker) and grb2 (a cytosolic marker) was performed to control for the
purity of the subcellular fractions and as loading controls. The western blot
analysis confirms the cell permeability of TLM—-HBXx. Aliquots of DMEM
containing 0.5 uM TLM-HBx or wild-type HBx were analysed by western
blotting using an HBx-specific serum to confirm that similar amounts of
proteins were applied (input control). TLM, translocation motif.
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Fig. 3| Nuclear accumulation of TLM-HBXx. (A) Confocal laser-scanning immunofluorescence microscopy (1,000-fold magnification) of ethanol/DAPI (4',6-
diamidino-2-phenylindole)-fixed Huh7 cells grown for 20, 40 or 60 min in the presence of 0.5 uM TLM-HBXx or of wild-type (WT) HBx. The immunofluorescent

staining was performed using an HBx-specific antiserum and a Cy3-conjugated secondary antibody. Note that a large fraction of TLM-HBXx accumulates in the nucleus
in a time-dependent manner. Transmission microscopy was used to visualize the cells. (B) Quantification of nuclear TLM-HBX in cells grown for 60 min in the presence
of TLM-HBx by confocal scanning microscopy. The z-scans show that ~85% of the TLM-HBX is localized in the nucleus. (C) Western blot analysis of the nuclear and

cytosolic fractions of Huh7 cells grown in the presence of 0.5 uM TLM-HBx or WT HBx for 30 and 60 min using an HBx-specific antiserum. Histone H1 was used as
marker for the nuclear fraction, and actin was used as a marker for the cytosolic fraction and as a loading control. Western blot analysis confirmed a time-dependent
accumulation of TLM—-HBx in the nucleus and a decrease in cytoplasmic TLM—-HBx. The bottom right panel shows the input control. These two lanes were loaded with
an aliquot of DMEM containing 0.5 uM TLM-HBx or WT HBx to verify that similar amounts of TLM—HBx and WT HBx were used. TLM, translocation motif.

further nuclear accumulation of HBx. The nuclear accumulation of
TLM-HBx was also demonstrated by z-stacking through cells grown
for 60 min in the presence of TLM-HBx. From this, it was calculated
that ~85% of TLM-HBX is localized in the nucleus (Fig. 3B). This result
was corroborated by an independent experimental approach.
Preparation of nuclear and cytosolic fractions of cells grown for 30 or
60 min in the presence of TLM-HBXx or wild-type HBx and subsequent
western blot analysis using an HBx-specific antiserum (Fig. 3C) con-
firmed a nuclear accumulation of the main fraction of HBx.
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TLM-HBx is a functional regulatory protein

The TLM does not interfere with intracellular signal transduction
cascades. In the following set of experiments, we aimed to
analyse the functionality of TLM-HBX. First, activation of c-RAF1
and ERK2 in cells treated with TLM-HBx was studied.
Immunocomplex assays show that TLM-HBx is able to induce an
~2.5-fold activation of c-RAF1 and ERK2 as compared with con-
trols (buffer, wild-type HBx and TLM—-eGFP (enhanced green flu-
orescent protein; Fig. 4A,B). Consistent with previous reports
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(Saher & Hildt, 1999; Oess & Hildt, 2000) that the TLM per se
does not interfere with intracellular signal transduction cascades,
TLM-eGFP does not activate c-RAF1/ERK2.

To exclude the possibility that the effect observed is due to an
unspecific stress, the amount of heatshock protein 72 (HSP72)
was determined by western blot analysis. This showed that the
presence of TLM-HBx or TLM-eGFP did not affect the level of
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Fig.4| Activation of the c-RAF1/ERK2 signal transduction cascade by
TLM-HBX. (A) c-RAF1 activity was analysed by immunocomplex assays using
MAPK/ERK kinase (MEK) [y*?P]ATP as substrates. The autoradiographs (upper
panel; results of one representative experiment from three experiments are
shown) show that, in case of the cells grown in the presence of 0.5 uM TLM-HBXx
(lane 4), a significant activation of c-RAF1 was observed as compared with the
controls (buffer, lane 1; 0.5 uM TLM-enhanced-green-fluorescent protein
(eGFP), lane 2; and 0.5 uM wild-type (WT) HBX, lane 3). To ensure that similar
amounts of c-RAF1 were precipitated, an aliquot of the precipitate was analysed
by western blotting (WB) using a c-RAF1-specific antiserum (lower panel).

(B) ERK2 activity was determined by an immunocomplex assay using myelin
basic protein (MBP) and [y*?P]ATP as substrates. The autoradiograph (upper
panel; results of one representative experiment from three are shown) shows that
in case of the cells grown in the presence of TLM—-HBx (lane 4), a significant
activation of ERK2 was observed as compared to the WT HBx control (lane 3).
To ensure that similar amounts of ERK2 were precipitated, an aliquot of the
precipitate was analysed by western blotting using an ERK2-specific antiserum
(lower panel). (C) Western blot analysis of total cellular lysate derived from cells
grown for 5 hin the presence of 0.5 uM TLM-eGFP (lane 1), TLM-HBx (lane 2),
WT HBx (lane 3) and buffer (lane 4), using a heatshock protein 72 (HSP72)-
specific antiserum. The blot shows that TLM-mediated transfer does not change
the amount of HSP72. Actin was used as a loading control. ERK2, extracellular-
signal-related kinase 2; TLM, translocation motif. Act., relative level of activation
as compared with control.

770 EMBO reports VOL 4 | NO 8 | 2003

Cell-permeable HBx protein
A. Hafner etal.

the stress marker HSP72 as compared with controls (buffer and
wild-type HBX), which confirms the specificity of the effects
observed (Fig. 4C).

Next, the potential of TLM-HBXx to activate the transcription
factors AP1 and NF-kB was analysed by band-shift experiments.
Nuclear extracts were prepared 30 min after the addition of
TLM-HBXx or wild-type HBx to the medium. The assays revealed
significant activation of both transcription factors by TLM-HBX,
as compared with the controls (Fig. 5A,B). These results show
that passing across the plasma membrane does not affect the
functionality of the HBx protein.

Activation of NF-kB was also analysed on a single-cell level by
immunofluorescence microscopy. In the case of cells that were
grown for 40 min in the presence of TLM-HBX, translocation of
NF-kB from the cytoplasm to the nucleus, which reflects activation,
was seen in >95% of the cells analysed. In case of the controls
(wild-type HBx or TLM—-eGFP), no significant amount of NF-kB was
detected in the nucleus (Fig. 5C).

To address the question of whether TLM-HBX is also able to
induce long-term effects, cells were transfected with an NF-kB-
dependent reporter construct and grown in the presence of vari-
ous amounts of TLM-HBx, wild-type HBx or TLM-eGFP (as a
control). Reporter gene assays showed a dose-dependent induc-
tion of the luciferase gene by the addition of TLM-HBX to the
medium, but not by HBx. Interestingly, the presence of TLM-HBx
in the medium at concentrations above 10 pM resulted in a loss
of activator function. Under these conditions, no significant
change in cell integrity was seen (Fig. 5D). These results show
that passing across the plasma membrane does not affect
the functionality of the HBx protein, and that TLM-HBXx fusion
proteins are functional activator proteins.

TLM-HBX rescues HBx/PreS2 deficiency

In a recent study, we found that functional knockout of both the
PreS2 and HBx regulatory functions completely abolishes the pro-
duction of viral particles (Stoeckl et al., 2003). To analyse the rele-
vance of HBx-dependent transcriptional activator function to HBV
gene expression, we investigated whether HBx/PreS2 deficiency can
be rescued by the cell-permeable TLM-HBx fusion protein. To do
this, Huh7 cells were transfected with a deficient HBV genome
(pSPT1.2HBVdefXdef/PreS2; Stoeckl et al., 2003), which does not
encode functional PreS2 and HBx regulatory proteins, and were
grown in the presence or absence of TLM-HBx. Wild-type HBx and
TLM-eGFP were used as negative controls. Expression of the viral
genome was analysed by quantification of virus-specific DNA in the
supernatant by TagMan PCR.

After transfection of the activator-deficient HBV genome, no signifi-
cant amount of viral DNA was detected in the supernatant.
Subsequent addition of TLM-HBX, however, strongly enhanced the
production of virus-specific DNA, producing levels up to 50% of those
seen after transfection of the wild-type genome. Similar results were
obtained from the application of cell-permeable, purified PreS2 pro-
tein, or by the simultaneous application of TLM-HBx and PreS2. Wild-
type HBx and TLM—-eGFP had no effect (Fig. 6).

These results show that regulatory protein function is a prerequi-
site for HBV gene expression, that regulatory protein deficiency can
be overcome by TLM-HBX, and that TLM-HBx can be used as a
novel, efficient tool to analyse functions of the HBx protein in the
viral life cycle.
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DISCUSSION

In this study, we show that by fusion of HBx to the TLM peptide, a
functional, cell-permeable protein can be made. This cell-permeable
HBXx protein is a novel tool for the analysis of HBx, as it allows clear
correlations to be made between the observed effects and the pres-
ence of the regulatory protein. TLM fusion proteins are characterized
by the fact that almost all of the cells exposed to the cell-permeable
protein internalize the fusion protein. The translocation of TLM fusion
proteins into the cell neither affects the integrity of the cell nor inter-
feres with intracellular signal transduction cascades—an important
prerequisite for the analysis of HBx-specific regulatory functions (Oess
& Hildt, 2000). In contrast to other cell-permeable peptides that target
their cargo proteins to defined subcellular compartments (such as the
nucleus in the case of VP22 (Elliott & O’Hare, 1997) and fibroblast
growth factor 1/2 (Lin et al., 1995), or the endosomal compartment
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< Fig.5| Activation of AP1 and NF-kB by TLM-HBx. (A) Elelctrophoretic

mobility-shift assay (EMSA) using an AP1-specific consensus oligonucleotide
of nuclear extracts from Huh7 cells grown in the presence of 0.5 pM TLM-HBx
(lane 2) or 0.5 uM wild-type (WT) HBx (lane 1) for 30 min. Phorbol myristyl
acetate (PMA) stimulation was used as a positive control (lane 3). For cells
grown in the presence of TLM-HBX, but not for those grown in the presence of
WT HB¥, asignificant induction of AP1-specific activity was seen. (B) EMSA
using an NF-kB-specific consensus oligonucleotide of nuclear extracts from
Huh7 cells grown in the presence of 0.5 uM TLM-HBXx (lane 4),0.5 upM WT
HBx (lane 3),0.05 uM TLM-HBx (lane 5) and 0.05 uM WT HBXx (lane 6) for
30 min. PMA stimulation was used as a positive control (lane 2). Addition of
buffer to the medium was used as a negative control (lane 1). For TLM-HBX,
but not for WT HBX, a significant dose-dependent induction of the NF-kB-
specific activity was seen. (C) Immunofluorescence microscopy (1,000-fold
magnification) of ethanol/DAPI (4',6-diamidino-2-phenylindole)-fixed Huh7
cells that were grown in the presence of 0.5 uM WT HBx, TLM-eGFP
(enhanced green fluoresent protein) or TLM—-HBx for 40 min. Immuno-
fluorescence was performed using an NF-kB-speciifc antiserum and a Cy3-
conjugated secondary antibody. Note that TLM—-HBX, in contrast with WT
HBX, induces a nuclear accumulation of NF-kB, indicating its activation.

(D) Reporter gene assay in Huh7 cells transfected with the reporter plasmid
p2NF-kB-luc. Cells were grown in the presence of 0.01-10.00 uM TLM-HBX,
TLM-eGFP or WT HBXx for 6 h. Luciferase activity was determined using a
commercial assay system. Activities, shown as multiples of induction, are mean
values from three independent experiments. In the case of TLM-HBX, the assay
revealed a dose-dependent induction of the reporter gene, whereas WT HBx or
TLM—-eGFP did not induce a significant induction of the reporter gene. AP1,
activator protein 1; NF-kB, nuclear factor-kB; TLM, translocation motif.

in the case of Tat-derived peptides (Richard et al., 2003), the TLM
shows no preference for any subcellular compartment (Oess & Hildt,
2000; Saher & Hildt, 1999; Hildt et al., 2002). Due to the small size
of the TLM (12 amino acids), the authentic localization of the cargo
protein is not affected by fusion to the TLM tag.

In the case of the cell-permeable TLM-HBx protein, a time-
dependent nuclear accumulation of the fusion protein is seen.
However, a smaller but significant fraction can still be detected in
the cytoplasm (~15%). In the case of transfection experiments, it is
possible that the transfer of plasmid DNA contributes to an
increased expression of proteins that are involved in controlling
DNA integrity, such as damaged-DNA binding protein 2 or p53
(Elmore et al., 1997), which results in a nuclear shift of their binding
partner, HBx. However, even the small cytosolic fraction of
TLM-HBX is able to trigger rapid activation of c-RAF1 and an induc-
tion of NF-kB, which results in its translocation from the cytoplasm
to the nucleus. In parallel, the degradation of IkB (inhibitor of
NF-kB) is detected (data not shown), showing that TLM-HBXx-depen-
dent activation of NF-kB follows the classic mechanism. In addition,
it is possible that the nuclear fraction of HBx might be involved
in general transcriptional coactivation by interference with
components of the transcriptional machinery (Haviv et al., 1998).

We showed that, in contrast with the HIV activator protein tat,
wild-type HBX is not cell permeable. It is therefore unlikely that the
protein spreads from an infected cell to surrounding cells. This argues
against a physiological role of HBx based on the spreading of HBx
from an HBV-infected cell to the surrounding cells, thus preparing
these cells for infection by HBV. Thus, the activator function seems to

EMBO reports VOL 4| NO 8| 2003 771



scientific report

have another effect on HBV replication. Here, we show that the lack
of HBV gene expression from an HBV double-mutant (defective with
respect to the PreS2 and HBx regulatory functions) can be rescued by
cell-permeable HBx. Virus production in HBV transgenic mice lack-
ing the HBXx protein is not affected by the HBx deficiency (Reifenberg
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Fig. 6 | Rescue of hepatitis B virus gene expression from a PreS/HBx
regulatory-protein-deficient hepatitis B virus genome by cell-permeable
TLM-HBx. Huh7 cells were transfected with the plasmids pSPT1.2HBVadr
(pHBV-WT, which carries a wild-type (WT) hepatitis B virus (HBV)
genome) or pSPT1.2HBVdefXdef/PreS2 (pHBVdefX/PreS2, which lacks the
HBx and PreS2 regulatory function). Virus production was quantified by
TagMan PCR. The number of viral particles derived from pSPT1.2HBVadr-
transfected cells (~1 x 106genomes mI-) was arbitrarily set at 100. TagMan
PCR showed that in the case of cells transfected with pSPT1.2HBVdefX/
defPreS2, a complete loss of virus production is seen. However, in the case of
pSPT1.2HBVdefX/defPreS2-transfected cells grown in the presence of 0.5 pM
TLM-HBXx for 8 h, a partial reconstitution of virus production was seen,
whereas the presence of WT HBx or TLM-eGFP (enhanced green fluorescent
protein; as an unrelated cell-permeable control) failed to have any effect on
virus production. The presence of 0.5 uM purified PreS2 or 0.5 uM PreS2 and
0.5 uM TLM-HBx results in a partial reconstitution of virus production.
TLM, translocation motif.
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et al., 2002). Consistent with this, transfection experiments using
HBYV genomes lacking the coding sequence for the PreS2 or HBXx reg-
ulatory proteins showed that the loss of one regulatory protein (HBx
or PreS2 activator) does not significantly affect HBV gene expression,
indicating that the regulatory proteins can replace each other with
respect to HBV genome expression (Stoeckl et al., 2003). Therefore,
the observation that TLM-HBx and cell-permeable PreS2 induce only
a partial reconstitution of viral gene expression from an activator-
deficient HBV genome does not indicate that efficient HBV genome
expression requires the simultaneous presence of both activator pro-
teins. Simultaneous application of TLM-HBx and PreS2 protein resulted
in a similar partial reconstitution of virus production from a defective
genome (~50% as compared with the wild-type genome). This proba-
bly reflects the time-limited effect induced by cell-permeable pro-
teins that are subjected to proteolysis and are not regenerated. In the
light of this, however, these experiments emphasize the relevance of
the viral regulatory proteins for HBV gene expression.

The application of cell-permeable regulatory proteins, in contrast
with transfection experiments, allows an easily adjustable amount of
the activator protein in almost all of the cells exposed to it, without
affecting the integrity of the cell. Therefore, cell-permeable regulatory
proteins could be used as tools for basic research. Moreover, cell-
permeable fusion proteins could be relevant for biotechnology. As
the effect of cell-permeable regulatory proteins is regulated solely by
the half-life of the respective protein, these fusion proteins, as shown
paradigmatically in case of HBV, could be useful tools for the tran-
sient reconstitution of regulator-deficient viral genomes that are the
foundation for many gene therapy approaches.

METHODS

Construction of expression plasmids. The sequence encoding HBx
was amplified from plasmid pTKTHBV2 (which contains a tandem
genome (subtype ayw); Will et al., 1985) by PCR, using a forward
primer that introduced the coding sequence for the simian-virus-5-
derived V5 epitope (Southern et al., 1991). In the case of TLM-HBX,
the coding sequence for TLM was introduced by the reverse primer.
The Bglll-digested PCR product was inserted into the eubacterial
expression vector pQe9, which encodes an amino-terminal His, tag.
The vectors encoding the PreS2 activator protein and TLM—-eGFP
were described recently (Oess & Hildt, 2000).

As a control, the sequence encoding the His,~V5-HBx and
His,—V5-HBx-TLM fusion proteins were subcloned into the
eukaryotic expression vector pCDNA3. These constructs were
cotransfected with AP1-driven and NF-kB-driven reporter con-
structs to demonstrate that, under these conditions, both proteins
have a similar function. The reporter gene assays showed that the
insertion of the V5 or TLM peptides does not affect regulatory
protein function (data not shown).

Protein purification. Protein purification was performed under
denaturing conditions, as described in Oess & Hildt (2000). Proteins
were renaturated by stepwise dialysis against 30 mM Tris, pH 7.0,
5% glycerol, 25 mM NaCl, 1 mM dithiothreitol.

Protein analysis. SDS—polyacrylamide gel electrophoresis was per-
formed according to the method of Laemmli (1970). Before loading,
samples were adjusted to identical protein concentrations. Gels were
loaded with 20 g of total protein per lane. For western blot analysis,
an HBx-specific mouse-derived monoclonal antibody (Chemicon)
was used. Sera specific for hexokinase, histone H1, cathepsin B, grb2
and TNFR1 (Santa Cruz) were used as controls for equal loading and
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for purity control of the subcellular fractions. Immunocomplex assays,
subcellular fractionation and electrophoretic mobility-shift assays
were performed as described in Oess & Hildt (2000).

Indirect immunofluorescence labelling. Huh7 cells were grown on
coverslides and incubated with 0.5 uM purified TLM-HBx or wild-
type HBx diluted in DMEM. After two brief washes with PBS, cells
were fixed with ice-cold DAPI (4’,6-diamidino-2-phenylindole)/
ethanol for 10 min. HBx was detected using a mouse-derived
monoclonal antibody (Chemicon). Confocal immunofluorescence
microscopy was performed using a Zeiss microscope (63x/1.23
objective).

Cell culture and transfection assays. Huh7 cells were cultured in
DMEM supplemented with 10% FCS. For reporter-gene assays,
0.8 x 106 cells were transfected with 1 pg of the reporter plasmid
pNF-kB-luc by lipofection using DOTAP (Roche), in accordance
with the manufacturer’s instructions. Relative luciferase activity
was determined using a commercial assay system in accordance
with the manufacturer’s instructions (Roche). For quantification of
virus-specific DNA in the supernatant, DNAsel treatment was per-
formed to eliminate transfected DNA. TagMan PCR was performed
as described in Stoeckl et al. (2003).
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