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Abstract

Targeted delivery of drugs to specific cells is one of the goals of modern nanomedicine. One of the strategies for achieving this is 
developing small nanocontainers capable of transporting the desired substance to target cells. Virus-like particles (VLPs) have moved 
forward as perspective delivery tools because of their ability to encapsidate different substances with potential therapeutic effect. VLPs 
can be easily produced in a large-scale, and their surface can be decorated with different factors mediating the recognition and binding 
to target cells. We propose the hepatitis B virus preS1 sequence as a potential delivery address. PreS1 is a fragment of HBV L surface 
protein, and is known for being the main viral specificity determinant. In the current study we focused on virus-like particles derived 
from bacteriophage AP205 coat protein and hepatitis B virus core proteins. We tested the interaction of preS1 decorated VLP with 
HepG2, Hek293, Jurkat, Namalwa and BHK-21 eukaryotic cell lines. We found that full-length preS1 can mediate VLP uptake into cells. 
However, the nature of preS1-mediated VLP uptake is cell-line unspecific and has low efficiency.  
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Introduction

A number of reports during the last decade have given 
convincing evidence that hepatitis B virus surface preS1 
protein, and even its active part-sequence preS1(21-47), 
built in nanoparticles or viruses, ensure specific interaction 
with certain kinds of eukaryotic cells (HepG2, Huh7, 
CCLP-1, LX-2). Extensive investigations were performed 
by engineered insertion of preS1 corresponding sequences 
into viral vectors (Argnani et al. 2004; Markusic et al. 2006; 
Qi et al. 2007; Murata et al. 2012) with further specific 
interaction of these vectors with hepatoblastoma HepG2 
cells (Argnani et al. 2004; Markusic et al. 2006; Murata 
et al. 2012) or other liver-derived cell lines (Markusic et 
al. 2007) as result. Also, a nonviral vector was elaborated 
and used as an active and specific targeting tool to HepG2 
cells providing cell-line specific gene and drug delivery 
(Miyata et al. 2009). In this last case, synthetic micelle-
forming nanoparticles were conjugated with preS1 protein, 
and the result was nanomaterial capable of inhibiting 
hepatoma growth in vitro and in vivo. PreS1 conjugation 
to nanoparticles substantionally enhanced the synergistic 
inhibitory effect of cancer-specific drug paclitaxel on the 
human hepatocellular cell line without side effects and it 
seems that in the future this could be a promising basis of a 
human hepatocyte-specific drug delivery system in clinical 
settings (Miyata et al. 2007).

HBV L (large) surface protein, along with two other 
M (middle) and S (small) proteins, are components of the 
HBV envelope. HBV L consists of three domains – preS1, 

preS2 and S. All three HBV surface proteins are encoded 
by a single S gene. It contains three ORFs and therefore 
can produce three proteins with different lengths. L surface 
protein was found in infective virinos and also in subviral 
particles. The amount of subviral particles in serum can 
reach high levels and even exceed the amount of virus 
itself. However, the functions of these subviral particles 
are not yet fully understood. There are suggestions that 
these particles suppress HBV infection by activation of 
cell signaling pathways (Bruns et al. 1998). Biosynthesis 
of L protein occurs in endoplasmatic reticulum. After 
translation, transmembranal regions TM2 and TM3/TM4 
are integrated in the endoplasmatic reticulum membrane, 
whereas only a half of all produced TM1 is buried into 
the membrane (Rapoport et al. 1999; Lambert et al. 2003). 
As a result, the position of N-terminal part of HBV L 
surface protein is dual, pointed both inwards and outwards 
(Schädler, Hildt 2009). 

The preS1 sequence consists of the first 108 (in some 
viral genotypes – 119) amino acids of HBV large surface 
protein. The reason of this difference is various HBV 
genome lengths among different genotypes. D, E and G 
genotypes are N-terminally shortened by 11 amino acids 
(Sominskaya et al. 1992).

Amino acids 3 to 77 are crucial for virus ability to infect 
cells (Le Seyec et al. 1999). Even more, HBV infectivity 
is determined almost exclusively by preS1 in L-protein, 
with M and S surface proteins playing only minor roles. 
Infectivity determinants of the hepatitis B virus domain 
are confined to the 75 N-terminal amino acids (Blanchet, 



G. Kalniņš, I. Cielēns, R. Renhofa

2

Sureau 2007). In other words, activity of the preS domain 
at viral entry solely depends on the integrity of its first 75 
amino acids and thus excludes any function of the matrix 
domain TMs.

In wild type viruses the second amino acid of preS1 
glycine is myristiolated and this myristiolation is essential 
for viral infectivity in human primary hepatocytes (Pershing 
et al. 1987; De Falco et al. 2001a). Myristiolation seems to 
be necessary for fixation of correct preS1 orientation. It 
was concluded that preS1 natively is unstructured protein 
with several specific pre-organized motifs into an area of 
50 N-terminal amino acids (Chi et al. 2007). There is also 
evidence that the preS1 non-translocated form is necessary 
for envelope interaction with the viral capsid (Bruss 1997). 
The structural and functional properties of HBV preS1 
sequence are well reviewed in Glebe and Urban (2007). 

The preS1 sequence is important also in formation of 
the immune responses against the virus infection (Ryu et al. 
1997). In early studies, three peptide sequences within the 
preS1 region were identified, which can induce and elicit T 
cell proliferation with subsequent T cell-B cell interaction 
and in vivo antibody production (Milich et al. 1987). These 
sequences are: a ten amino acid link 1 to10 with amino acids 
7 and 8 critical to the process, and region 83 to 106 with at 
least two T-cell recognition sites. A monoclonal antibody 
that recognizes an epitope between amino acids 27 and 49 
of preS1 was identified (Pontisso et al. 1989). The role of 
other sequences was shown by use of synthetic peptides 
(Neurath et al. 1989), where it was found that preS1 (10 to 
36) and preS1 (1 to 36) elicited antibodies neutralizing and 
protectiing against HBV infection. 

Other experiments (Petit et al. 1991) strengthened the 
idea of the functional importance of anti-preS1 (10 to 36) 
antibodies (i) in blocking the attachment of complete HBV 
particles to HepG2 cells, and (ii) as an essential factor for 
effective virus binding to HepG2 cells. Also in the case of 
woodchuck hepatitis virus envelope protein, a site of host- 
and cell type specific recognition was identified in the very 
N-terminal part of the preS1 domain (Jin et al. 1996). It 
was shown (Glebe et al. 2003) that a monoclonal antibody 
MA 18/7, directed against preS1 DPAF motif (Chi et al. 
2007a), neutralized infectivity of HBV for primary human 
hepatocytes, and also blocked infection of primary tupaia 
hepatocytes. Fine mapping of virus-neutralizing epitopes 
(Maeng et al. 2000) on hepatitis B virus preS1 allowed to 
identify specific epitopes that induced antibodies that 
neutralized both adr and ayw subtypes of the HBV. After 
analyses of a series of deletion mutants of preS1 proteins 
fused to GST (glutathione S-transferase), two main 
immunogenic spaces of preS1 were found: sequences 8 
to 15 and 26 to 36. One of the newest publications on the 
searching of neutralizing epitopes in the preS1 attachment 
site of hepatitis B virus (Bremer et al. 2011) does not seem to 
be in conflict with findings discussed above, as the authors 
considered preS1 (2 to 48) peptide as highly immunogenic, 

inducing production of protective antibodies, and therefore 
recommended to include such a sequence into hepatitis B 
vaccine. A number of immunogenic domains of preS1 
were identified in experiments with eight overlapping 
preS1-GST fusion proteins (Hu et al. 2005). Results in mice 
gave two main sequences 10 to 48 and 84 to 98. These two 
fragments had strong immunogenicity also in humans, 
but in humans there were other fragments with strong 
immunogenicy. PreS1, especially 23 to 48, stood out among 
the investigated N- and C- terminal fragments of preS1. 
Humanized monoclonal antibody HzKR127 binds to preS1 
of various clinical HBV isolates, including both adr and 
ayw subtypes, suggesting broad neutralizing activity (Chi 
et al. 2007b). This study also revealed that Fab-peptide 
complex was formed with 36 to 45 amino acids from the 
preS1 sequence. It was noticed that the role of that preS1 
region differ from „accustomed” DPAF (21 to 23), and were 
well consistent with other studies (Hu et al. 2005). These 
results clearly points out the complex nature of antibody-
preS1 sequence interaction.

A synthetic peptide analog, which corresponds to 21 
to 47 amino acids of HBV preS1 sequence, was recognized 
by both HepG2 cells and anti-HBV antibodies (Neurath 
et. al. 1986). Another N-terminally acylated 21-residue 
peptide analog from the very N-terminal part of preS1 
also was shown to inhibit HBV infection (Kim et. al. 
2008). Sequences of these two functionally active peptides 
overlap in 21 to 31 amino acids. Systemic mapping of 
the HBV preS1 domain involved in receptor recognition 
was performed simultaneously by two researcher groups 
(Gripon et. al. 2005; Barrera et. al. 2005). In both cases, 
N-terminal myristiolation of the examined peptides was 
shown to be critical for the functional activity. Yet, minimal 
functionally important structural domains found in each of 
the investigations were not the same, moreover they were 
fully different without overlapping. In one case (Barrera et 
al. 2005) it was 16 to 31 amino acids, in the other work it 
wasa 30 to 59 amino acid sequence (Gripon et. al. 2005). The 
explanation of such a paradox may lie in the complicacy 
of the performed experiments, or in the real activity of 
the sequences. The T7-phage displaying method (Tang et 
al. 2009) gave another sequence 60 to 108 amino acids of 
preS1 as most effective in transfecting HepG2 cells in a 
dose- and time-dependent manner.

The identification of the exact receptor for HBV entry 
into cells is often narrowed down to the identification 
of the preS1 receptor. The real picture might not be so 
simple, several other factors, coreceptors, etc could also be 
involved in cell-virus interaction. For example, since the 
preS1 domain of the large envelope protein has a particular 
sequence homology with Fc of IgA, they could cross-react 
in binding to the hepatocyte surface (Budkowska et al. 
1993). The identification of the exact receptor is hindered by 
very high HBV infection specificity. HBV naturally infects 
only human and chimpanzee liver cells. Human primary 
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hepatocyte cultures can be useful, but they have several 
disadvantages: limited cultivation time, varying cell quality, 
low availability and low susceptibility to HBV infection. 
Few human hepatic cell lines, for example, HepG2, HepaRG, 
and Huh7, have been useful in studying HBV receptors, 
and even fewer can ensure permanent HBV infection. It has 
been reported that receptors for HBV (or HBV receptor-
like structures) are present on the surface of human cells of 
nonhepatic origin, including peripheral blood B-cells, some 
hematopoietic cell lines, neuroblastoma, and embrional 
carcinoma (Pontisso et al. 1992). In this study, the presence 
of such structures was evaluated by inhibitory assays. 
Nonhepatic cell line lysate effect on interaction between 
HepG2 cell line and preS1-specific ligands, and HepG2 cell 
lysate effect on interaction between nonhepatic cell lines 
and preS1-specific ligands were tested.

Studies have indicated that human hepatocyte 
membrane can be recognized by anti-preS1 Mabs, giving 
false positive results (Neurath et al. 1990). For liver of other 
species (rabbit, rat, chicken, duck, mouse, woodchuck, and 
also for human HepG2 cells) no staining has been observed, 
and membranes remained unlabeled.

The main question for us is whether, and if yes, then 
how to involve other types of nanoparticles in the creation 
of specific interacting and drug delivery tools. Firstly, 
we considered self assembling RNA bacteriophage coat 
protein derived capsids, and, secondly, hepatitis B virus core 
protein formed particles. Our main aim was to test preS1 as 
a potential VLP addressing factor. We expected this address 
to work as a mediator between VLP and cell-specific surface 
receptor and selectively enhance VLP interaction with the 
HepG2 cell line. 

Materials and methods

Cell cultures
HepG2, BHK-21 and Hek293 cells were grown in Dulbecco’s 
modified Eagle medium supplemented with 10% fetal 
bovine serum (FBS), 100 U mL–1 penicillin and 100 µg 
mL–1 streptomycin. Jurkat and Namalwa cells were grown 
in Roswell Park Memorial Institute medium supplemented 
with 10% FBS, 100 U mL–1 penicillin and 100 µg mL–1 
streptomycin. Cells were maintained at 37 °C, 5% CO2. Cells 
were harvested at 70 to 80% confluency by trypsinisation. 
Cell counting was performed using a hemocytometer. 

Contact method
An aliqout of 1 × 106 cells was suspended in 50 μL VLP 
solution and incubated for 1 h at 37° C. For all experiments, 
VLP were diluted in phosphate buffered saline (PBS) to 
~300 μg mL–1 concentration. After incubation, cells were 
centrifuged at 1000 × g for 5 min and washed thoroughly 
with PBS. Finally cells were suspended in 100 μl PBS and 
poured into black 96-well plates (Nunc). Fluorescence 
intensity (counts per second) was measured with a Wallac 

Victor 3 (PerkinElmer). As positive controls, 50-μL VLP 
solutions were measured. An aliqout of 1 × 106 cells that 
were not incubated with VLP were measured as negative 
controls. Bounded fluorescence from total was calculated 
using the following formula:

bounded fluorescence = 
(experiment – negative control) × 100 / positive control.

SDS-PAGE and Western blot analysis
Samples were loaded in LAEMLI loading buffer on 15% 
polyacrylamide gel and electrophoresed at 20 mAh 
for 2 h in standard Tris-glycine pH 8.3 buffer. Gel was 
electrotransferred onto a Hybond-C Extra (GE Healthcare) 
nitrocellulose membrane using a semi-dry system (0.8 
mA cm–2). Western blots were done according to general 
protocols. Membranes were incubated overnight with 
rabbit polyclonal anti-AP 205 antibodies (dilution 1:1000, 
provided by Dr. Dace Skarstiņa, Latvian Biomedical 
Research and Study Center) or with mouse monoclonal 
anti-preS1 antibodies (dilution 1:100, provided by Ludmila 
Jackevica, Latvian Biomedical Research and Study Center), 
then for 1 h with Protein A-peroxidase (Sigma) or Anti-
mouse IgG-peroxidase (Sigma) accordingly (both diluted 
1:1000). Bands were visualized with 3,3-diaminobenzidine 
tetrahydrochloride hydrate solution in PBS (1 mg of dye 
diluted in 20 mL PBS supplemented with 40 µL H2O2). 

Confocal microscopy
Aliqouts of 1 × 105 cells were seeded on 16-well chamber 
slides (Thermo Scientific). After 24 h, cells were incubated 
with 50 μL VLP solution for 1 h in 37 °C. For all experiments, 
VLP were diluted in PBS to 1 μg mL–1 concentration. 
After incubation, cells were fixed in 2% formaldehyde, 
stained with Hoechst (Invitrogen) and WGA-Alexa 633 
(Invitrogen) and mounted in Pro-Long Antifade medium 
(Invitrogen). Cells were visualized using a Leica TCS SP5 
confocal microscopy system.  

Immunofluorescence
Aliqouts of 1 × 106 cells were suspended in 50 μL VLP 
solution and incubated for 2 h at 37 °C. For all experiments, 
VLP was diluted in PBS to 1 μg mL–1. After incubation, 
cells were centrifuged at 1000 × g for 5 min, and washed 
thoroughly with PBS. Cells were fixed in 2% formaldehyde, 
washed with PBS and permeabilized with 0.05% 
Triton X-100. VLP were detected using primary mouse 
monoclonal anti-AP205 antibodies (provided by Ludmila 
Jackevica) and secondary fluorescein-labeled rabbit anti-
mouse antibodies (Invitrogen). Primary antibodies were 
diluted 1:4000 in 1% BSA in PBS and incubated for 1 h 
at 4 °C. Cells were washed with PBS and incubated with 
secondary antibodies, diluted 1:1000 in 1% BSA in PBS. 
Cells were washed with PBS and analyzed with a FACS 
Calibur (BD Biosciences) flow cytometer. BD FACStation 
software was used for data acquisition. 
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Results and discussion

Characterization of VLPs containing preS1 sequences
Virus like particles carrying preS1 sequences were 
constructed based on recombinant Acinetobacter phage 
AP205 coat protein. Two approaches for constructing 
recombinant virus-like particles were used. One approach 
was forming VLPs from only chimeric monomers (chimeric 
VLPs). A second approach was to form VLPs from both 
chimeric and wild-type monomers (mosaic VLPs) by 
coexpression of two genes. In our experiments we used both 
mosaic and chimeric VLPs. Table 1 summarizes data about 
constructions used in our experiments. The characterized 
constructs were expressed in E. coli and purified using 
standard methods. Construction and purification of AP205 
constructs carrying foreign sequences is well described 
(Tissot et al. 2010).

C-terminal fusion of coat protein sequence with different 
lengths of preS1 peptides did not disturb self-assembly 
of coat protein into chimeric VLPs, whereas N-terminal 
fusions gave non-perfect particles (unstable or tightly 
sticked to bacterial membranes). Forming mosaic VLPs was 
an alternative way of how to involve the N-terminal fused 
full-length preS1 sequence into VLPs. Our focus was on this 
task, since in HBV structure in virus the preS1 sequence is 
also N-terminally exposed and this could be very significant 
factor for correct HBV receptor recognition. A drawback 

of this strategy, however, was the relative small amount of 
recombinant preS1 proteins incorporated in these VLPs, 
when compared to chimeric VLPs. Fig. 1A illustrates the 
content of our constructs. SDS-PAAG electrophoresis 
visualized one major band containing both recombinant 
and wild type AP205 coat proteins. For construct 283, two 
main bands were visible, containing wild-type coat protein 
dimers and monomers. For construct 949, one major band 
below wild-type dimer band and second lower band were 
visualized. For constructs 978, 450 and 555, only one main 
protein band was visualized, consisting of recombinant 
AP205 coat protein. 

VLP integrity was also examined with transmission 
electron microscopy (data not shown), and confirmed that 
our samples contained well-formed VLPs. Constructs 283, 

Fig. 1. SDS-PAAG analysis of constructs with C-terminally and N-terminally attached preS1 sequences (A). For N-terminally elongated 
construct 949 arrow shows N-terminally elongated AP205 protein monomer overlapped with wild-type protein dimer band. For 
C-terminally elongated construct 450, arrow shows single C-terminally elongated AP205 protein monomer band. For wild-type construct 
283, upper arrow shows 28 kDa AP205 protein dimer band and lower arrow shows 14 kDa monomer line. For C-terminally elongated 
construct 555, arrow shows single C-terminally elongated AP205 protein monomer band. For C-terminally elongated construct 978, 
arrow shows major C-terminally elongated AP205 protein monomer band. Stained with Coomasie blue. Western blot of constructs 283, 
949 and 555 using rabbit anti-AP 205 antibodies (B). Western blot of constructs 283, 949 and 555 using mouse anti-preS1 antibodies (C).  

Table 1. List of constructs used in the present study. Lowercase 
represents linkers between coat protein (CP) and preS1 sequences

No. Construct Type
283 AP205 CP wild
450 AP 205 CP-gtagggsg-9-108(preS1) chimeric
455 AP205 CP-gtagggsg-20-58(preS1) chimeric
555 AP205 CP-gtagggsg-10-36(preS1) chimeric
978 AP205 CP-gtagggsg-2-108(preS1) chimeric
949 AP205 CP-2-108(preS1)-sgtagggsgs AP205 CP  mosaic
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949 and 555 were analyzed with Western blot, using mouse 
anti-AP 205 coat (1B) and anti-preS1 (1C) antibodies. These 
data confirmed that both C-terminally and N-terminally 
elongated constructs contained AP 205 chimeric coat 
proteins elongated with preS1 fragments, but constructs 
without the preS1 attachment contained only wild-type 
coat proteins.

VLP interaction with eukaryotic cell lines
HepG2 cell line was chosen as a main model to study 
interaction, because several reports (Petit et al. 1991; De 
Falco et al. 2001b) suggested a possibility of HBV receptor-
like surface compartments. Three additional human cell 
lines Hek 293, Jurkat and Namalwa and one animal cell 
line BHK-21 were chosen as well. Fluorimetry and flow 
cytometry were used for quantification. Unmodified AP205 
coat protein formed particles (construct 283) were used in 
all experiments as controls. 

Fluorimetry data in some cases showed different VLP 
binding among different cell lines, but the deviations 
between separate experiments for most of the cases were 
too great for strong conclusions (Fig. 2). However, we chose 

three constructs: 949, 978 and 450, and then tried to study 
their interaction in more detail using immunofluorescence 
and flow cytometry (Fig. 3). These results showed that 
a certain amount of HepG2 cells interact with all VLP 
constructs, including non-addressed VLPs (construct 
283). However, the overall interaction is very small – in 
the best case (Fig. 3E) only about 2% of the HepG2 cell 
population showed increased binding with preS1 decorated 
VLP, when compared to unaddressed VLPs. Although a 
preS1 addressing effect was mentioned in several reports 
(Argnani et al. 2004; Markusic et al. 2006; Qi et al. 2007; 
Markusic et. al. 2007; Murata et al. 2012), it has never been Fig. 2. Fluorimetry data for VLP interaction with HepG2, Hek293, 

Namalwa and Jurkat cells. 

Fig. 3. Flow cytometry analysis of VLP interaction with HepG2 
cells. VLPs were detected with primary mouse anti-AP205 
antibodies and secondary FITC labeled anti-mouse antibodies. A, 
negative control with PBS; B, construct 283; C, construct 949; D, 
construct 978; E, construct 450.  
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used for delivery of VLP. In our experiments we found that 
only a very small fraction of HepG2 cells interact with 
preS1-decorated VLP in detectable amounts. The reason for 
this may be because only a very small fraction of HepG2 
cells possess HBV receptor-like structures in sufficient 
amounts. It might also be possible that that receptor affinity, 
sufficient for HBV binding and infection, is not sufficient 
for VLP selective binding. In any case, further studies are 
required to resolve these issues.

Confocal microscopy was performed to characterize 
VLP localization in cells that interacted efficiently with 
VLPs (Fig. 4). We performed FITC-labeled VLP incubations 
with HepG2 and Hek293 cells for 1 hour. Cells were grown 
on chamber slides, and those with observable FITC labeling 
were examined closer. We could conclude that construct 
555, containing only the immunologically significant 
region, bound strongly to the HepG2 cell membrane, but 
was not present in cytosol. However, constructs 978 and 
949 (containing additional preS1 regions), were present 
into cytosol during the same experimental conditions. This 
effect might be due to the existence of 1 to 9 and/or 37 to 
108 prolonged preS1 amino acid regions in constructs 978 
and 949, but lacking in construct 555. There are data (Tang 
et al. 2009) showing that the preS1 amino acid sequence 
60-108 can be an addressing factor to HepG2 cells even 
without the structurally and immunologically important 
10-36 amino acid region. Our results confirm that the 
full-length preS1 sequence is required for more efficient 
interaction with cells.

In conclusion, our results show that full-length preS1 
sequence mediates VLP uptake into HepG2 and Hek293 
cells in a cell type unspecific way as uptake of these 
particles can occur in both HepG2 and Hek293 cells, even 
despite the fact that Hek293 cells lack any HBV receptors 
or receptor-like structures. In contrast, the short preS1 21-
47 amino acid fragment mediates only adhesion to HepG2 
cells, and therefore lacks the ability to mediate VLP uptake 
into cytosol. However, the overall specific addressing 
effect of preS1 sequence to HepG2 cells is very low.
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