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CD8� cytotoxic T lymphocytes (CTLs) are now recognized as important mediators of immunity against
intracellular pathogens, including human immunodeficiency virus and tumors. How to efficiently evoke anti-
gen-specific CTL responses in vivo has become a crucial problem in the development of modern vaccines. Here,
we developed a completely novel CTL vaccine—mimovirus, which is a kind of virus-size particulate antigen
delivery system. It was formed by the self-assembly of a cationic peptide containing 18 lysines and a CTL-
epitope peptide of HBsAg28-39, with a plasmid encoding mouse interleukin-12 (IL-12) through electrostatic
interactions. We examined the formation of mimovirus by DNA retardation assay, DNase I protection assay,
and transmission electron microscopy and demonstrated that mimovirus could efficiently transfer the plasmid
encoding IL-12 into mammalian cells such as P815 cells in vitro. Furthermore, it was proved that mimovirus
could induce an HBsAg28-39-specific CTL response in vivo. Considering its effectiveness, flexibility, and defined
composition, mimovirus is potentially a novel system for vaccination against intracellular pathogens and
tumors.

CD8� cytotoxic T lymphocytes (CTLs) play a key role in the
immunity against tumors and intracellular pathogens including
human immunodeficiency virus. Recent investigations have in-
dicated that the key to eliciting CTL responses is to efficiently
deliver antigens into the major histocompatibility complex
class I (MHC-I) processing pathway of professional antigen-
presenting cells (APCs), especially dendritic cells (DCs), which
can thereby display high numbers of the MHC-I-peptide com-
plexes in a rich costimulatory context to prime the specific
naïve CD8� T cells (25, 26, 30, 33). For this purpose, several
particulate antigen delivery systems, such as immune-stimulat-
ing complexes (35), liposomes (2), virus-like particles (18),
microspheres (22), and phage-displayed particles (8, 38), have
been proved to be efficient. In addition, it has been suggested
that coadministration of antigen with cytokines or other im-
munoregulatory molecules, either in the form of recombinant
proteins or plasmids, could profoundly enhance immunity (25,
30, 33). Among them, interleukin-12 (IL-12) has been shown to
be potent to promote the induction of CTL responses in vivo
(6).

Synthetic peptides corresponding to epitopes recognized by
CTLs have been investigated as the basis of safe, effective
vaccines (5). The cationic peptides represent a kind of syn-
thetic DNA delivery system that is gaining increasing promi-
nence in gene therapy (11, 19, 24, 37). These cationic peptides
(e.g., oligolysine, [K]n) can bind to plasmid DNA through
electrostatic interactions between the positively charged lysine
residues and the negatively charged phosphate backbone of the

DNA. This interaction forms highly condensed particles that
protect the packaged DNA from the effects of nucleases and
allow internalization by mammalian cells. Here, rationally
combining the epitope-based peptide vaccine and the cationic-
peptide DNA delivery system of gene therapy, we firstly de-
signed a completely novel CTL vaccine–mimovirus, which is a
kind of virus-size particulate antigen delivery system. In the
present study, we designed and synthesized a cationic peptide
composed of 18 lysines and a CTL epitope corresponding to
residues 28 to 39 of HBsAg (H-2Ld restricted) (28, 31). To-
gether with the plasmid containing mouse IL-12 gene, this
cationic peptide can spontaneously form particles through
electrostatic interactions at an appropriate charge ratio of pep-
tide and DNA (Fig. 1). With a size equivalent to a virus, the
particle contains a molecule of DNA literally packaged by
presumably several thousands of antigenic peptides. And these
particles may simulate the mechanisms of cell entry and DNA
delivery used by viruses into mammalian cells including pro-
fessional APCs such as DC. Therefore, we designated this kind
of particle mimovirus, which might also mimic the immunoge-
nicity of a virus in vivo to some extent. In our studies, the H-2d

mice immunized with the mimovirus were shown to mount an
effective, specific anti-HBsAg28-39 CTL response. Moreover,
we demonstrated that both the particulate entity and the IL-12
gene transfer ability of mimovirus contributed to its effect of
inducing the effective CTL responses in vivo.

MATERIALS AND METHODS

Plasmids, cell lines, and mice. The plasmid pIL-12 (8,725 bp) was kindly
provided by Mi-Hua Tao (Academia Sinica, Taiwan, China), which was con-
structed by inserting p35 and p40 coding sequences of murine IL-12 into a
bicistronic plasmid pTCAE (6). As a control plasmid in our study, pTCAE (8,592
bp) was kindly provided by M. Reff (IDEC Corp., San Diego, Calif.). The DBA/2
mastocytoma cell line P815 was obtained from the American Type Culture
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Collection (Manassas, Va.) and maintained in RPMI 1640 medium supple-
mented with 10% heat-inactivated fetal calf serum, 2 mM L-glutamine, 25 mM
HEPES (pH 7.2), 50 �M 2-mercaptoethanol, penicillin (100 U/ml), and strep-
tomycin (100 �g/ml) at 37°C, 5% CO2 in a humidified incubator. The P815/S cell
line is a stable transfectant cell line expressing the HBsAg by transfecting the
plasmid pcDNA3/HBsAg into P815 cells and maintained under the same con-
ditions as P815 cells, except with the addition of G418 (200 �g/ml) for selection.
Female BALB/c mice (H-2d) were obtained from the animal facility of the Third
Military Medicine University and bred under specific-pathogen-free conditions.
They were used between 6 and 8 weeks of age.

Peptide synthesis and characterization. The 30-mer cationic peptide
N-[K]18IPQSLDSWWTSL ([K]18S12)and the 12-mer Ld-binding HBsAg28-39

peptide IPQSLDSWWTSL were synthesized in an Applied Biosystems peptide
synthesizer model 431A (Perkin-Elmer, Foster City, Calif.), with purification and
purity assessment by high-pressure liquid chromatography (HPLC) (Waters,
Milford, Mass.). Mass spectrometric analyses of the peptides were performed
using an API2000 electrospray ionization mass spectrometer (Perkin-Elmer).
Amino acid composition analysis was performed using an ABI amino acid ana-
lyzer model 420A (Perkin-Elmer).

Plasmid DNA preparation. For agarose gel electrophoresis and electron mi-
croscopy, plasmids were purified from transformed Escherichia coli strain DH5 �
by UNIQ-10 column plasmid minprep kit (Sangon, Shanghai, China). Plasmids
used for gene transfer in vitro and for vaccination were prepared with the Qiagen
Endofree plasmid maxi kit (Qiagen, Hilden, Germany), giving endotoxin levels
less than 0.5 endotoxin unit/�g of DNA, as assessed by Limulus amebocyte assay
(Chinese Limulus Reagent Ind., Xiamen, China).

DNA retardation and DNase I protection assay. DNA-[K]18S12 complexes
(mimovirus) were prepared in microcentrifuge tubes by the addition of 1 �g of
plasmid pIL-12 to serial dilutions of peptide [K]18S12 in 60 �l of HEPES-buffered
saline (HBS) containing 10 mM HEPES and 150 mM NaCl, pH 7.4. To facilitate
our calculation of the peptide/DNA charge ratio, we assumed that each lysine in
peptide [K]18S12 carries one positive charge while each phosphate in DNA
carries one negative charge. The peptide/DNA charge ratios were 0, 0.25, 0.5,
1.0, 2.0, 4.0, 8.0, and 16.0, respectively. The mixtures were vortexed and incu-
bated at room temperature for 1 h. For DNA retardation assay, 15 �l of each
complex was analyzed by electrophoresis on 0.8% agarose gels. For the DNase I
protection assay, 5 �l of a solution of 10 mM MgCl2 and 10 mM CaCl2 was added
to the 45 �l of each complex, followed by 5 �l of 0.5-�g/ml DNase I (Pharmacia
Biotech) in water. After 30 min at 37°C, the reaction was stopped by addition of
4 �l of 0.5 M EDTA and heat inactivation at 65°C for 10 min. To dissociate the
plasmid DNA from the peptide, 15 �l of 1% sodium dodecyl sulfate was added
prior to extraction with Tris-EDTA-saturated phenol-chloroform, followed by
ethanol precipitation and electrophoresis on 0.8% agarose gel. The integrity of
DNA was compared with that of native DNA.

Transmission electron microscopy analysis. Samples were prepared by mixing
1 �g of plasmid pIL-12 with the peptide [K]18S12 at various peptide/DNA charge
ratios in 50 �l of HBS. The mixtures were vortexed and incubated at room
temperature for an hour and then processed for transmission electron micros-
copy using a negative stain technique (11). Briefly, 15-�l drops of aliquot of the
mixtures were placed on glow-discharged carbon-coated 200-mesh copper grids
for 3 min. Solution was wicked off with filter paper and replaced with 2%
aqueous tungsten phosphate for 30 s. After removal of the solution, grids were

rinsed in distilled water and allowed to dry. Grids were imaged in an H-300
transmission electron microscope (Hitachi).

Gene transfer studies. In a 24-well plate, P815 cells were seeded at a density
of 5 � 104cells/well and incubated for approximately 24 h until 50 to 70%
confluent. Three micrograms of plasmid pIL-12 was mixed, respectively, with
peptide [K]18S12 at various peptide/DNA charge ratios or 15 �l of liposome
DOTAP (Roche Molecular Biochemicals) in 50 �l of HBS. The control group
included negative controls—no DNA (naked P815 cell), naked pIL-12, and
pTCAE mixed with DOTAP—and a positive control: pIL-12 mixed with
DOTAP. The cells were washed and incubated for 30 min at 37°C in 1 ml of
RPMI 1640 (10% fetal calf serum). Immediately after adding the DNA-peptide
or DNA-liposome complexes to the cells, the cell culture plate was centrifuged
at 400 � g for 5 min. After an incubation time of 6 h, the medium was replaced
with 1 ml of fresh supplemented medium, and the incubation was continued for
48 h before the further analysis. The supernatants were harvested to detect the
level of mIL-12 with enzyme-linked immunosorbent assay (ELISA) by using a
commercial kit for IL-12 p70 (Endogen, Woburn, Mass.). All samples were
assayed in triplicate.

Immunization of mice. For immunization, 75 nmol of peptide [K]18S12 was
mixed with 20 pmol of plasmid pIL-12 or pTCAE in 500 �l of HBS at the
peptide/DNA charge ratio of 4.0 to prepare two kinds of mimoviruses, respec-
tively, named mimovirus-12 and mimovirus-T. Mice (five mice per group) were
immunized subcutaneously at the tail base with 100 �l of mimovirus solution
containing 15 nmol of peptide [K]18S12 and 4 pmol of each plasmid. As controls,
mice were immunized with 15 nmol of peptide HBsAg28-39 and 4 pmol of pIL-12
or with only 15 nmol of peptide [K]18S12 in 100 �l HBS.

Cytotoxicity assay. Spleens were removed from immunized mice 8 to 10 days
postimmunization. Single-cell suspensions of splenocytes were prepared using
stainless steel mesh screens and red blood cell lysing solution (0.144 M NH4Cl,
0.017 M Tris [pH 7.6]), and cultured in the same medium as P815 cells. Re-
sponder cells (about 3� 107) were cocultured with 1 �M synthetic HBsAg28-39 12
mer peptide in 10 ml of medium containing human rIL-2 (20 U/ml; prepared in
our laboratory) in upright 25-cm2 culture flasks in 5% CO2 at 37°C. After 5 days,
cytotoxic effector populations were harvested. Serial dilutions of effector cells
were cultured with 104 51Cr-labeled targets in 200-�l V-bottom wells. Specific
cytolytic activity of cells was tested in 51Cr release assays against P815/S or
HBsAg28-39 peptide-pulsed P815 targets or naked P815 as control targets. After
a 4-h incubation at 37°C, 100 �l of supernatant were collected for gamma
radiation counting. The percent specific release was calculated as [(experimental
release � spontaneous release)/(total release � spontaneous release)] � 100.
Total counts were measured by incubating target cells with 100 �l of HCl (2 M).
In our experiments, spontaneous released counts always measured less than 15%
of the total counts. Data shown are the means of triplicate cultures. The standard
deviation of triplicate data was always less than 20% of the mean.

RESULTS

Peptide design, synthesis, and characterization. The 30-mer
cationic peptide N-[K]18IPQSLDSWWTSL ([K]18S12) was de-
signed to contain a CTL epitope, HBsAg28-39 (H-2Ld re-
stricted) at its carboxyl terminus followed by a DNA-binding
moiety of 18 lysines at the amino terminus. To avoid the
possibly poor yields due to the inhibitory effect of the C-
terminal oligo-L-lysine domain on the following synthesis of
the HBsAg28-39 sequence, we positioned the oligo-L-lysine do-
main at the N terminus, which could allow the ready synthesis
of the HBsAg28-39 sequence followed by the addition of the
L-lysine chain (11). Moreover, many previous studies indicated
that the immunogenicity of CTL epitope could be significantly
influenced by the C-terminal residue(s) (4, 10, 32). In our
designed peptide [K]18S12, the HBsAg28-39 group was placed at
the C terminus with a free C-terminal residue, thus probably
keeping well the immunogenicity of the CTL epitope during its
presentation in professional APCs in vivo. The identity of this
peptide was confirmed by electrospray ionization mass spec-
trometry (ESI-MS) and amino acid composition analysis (data
not shown), and the homogeneity shown by reversed-phase
HPLC (Fig. 2).

FIG. 1. Schematic diagram of forming a mimovirus model. A cat-
ionic antigenic peptide (PolyK-CTLepitope) was designed and synthe-
sized to contain 18 lysines (K) and a CTL epitope HBsAg28-39 (H-2Ld

restricted). Together with the plasmid containing the mouse IL-12
gene, this cationic peptide could spontaneously form particles through
electrostatic interactions at an appropriate charge ratio of peptide and
DNA. Due to many formal and antigenic similarities with virus, we
designated this kind of particle mimovirus. PolyK, polylysine.
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Formation of the peptide-DNA complex (mimovirus). The
formation of the peptide-plasmid DNA complexes, namely
mimovirus, was examined by their electrophoretic mobility on
an agarose gel stained with ethidium bromide at various charge
ratios of the peptide to plasmid DNA (Fig. 3A). No migration
of the plasmid DNA band was found at the charge ratio of 2.0
for both pIL-12 and pTCAE. This lack of migration indicated
neutralization of the nucleic acid by the cationic peptide and/or
formation of a large complex between the peptide and the
plasmid DNA. With the formation of peptide-DNA com-
plexes, the plasmid DNA is expected to be prevented from
digestion by DNase I. We evaluated this ability of each com-
plex by DNase I protection assay (Fig. 3B). The protection of
the DNA began at the peptide/DNA ratio of 1.0, at which the
DNA was partly retarded in the DNA retardation assay. To
assess the structures of the DNA complex with the peptide
[K]18S12, we used transmission electron microscopy with neg-
ative staining. The relaxed circular plasmid DNA is shown in
Fig. 4A. At the peptide/DNA charge ratio of 4.0, the com-

plexes formed a group of heterogeneous, dense particles with
diameters ranging from 10 to 100 nm, as shown in Fig. 4B.

Mimovirus-mediated gene transfer in vitro. It has been
shown that many cationic peptides such as oligolysine could
transfer DNA into mammalian cells by condensing plasmid to
form particles or aggregates, which could be easily internalized
into cells via endocytosis pathway. We therefore reasoned that
the mimovirus particle might also have such a gene transfer
effect. To test this speculation, we next evaluated the ability of
mimovirus to deliver pIL-12 into P815 cells in vitro. The mi-
moviruses were prepared by mixing 3 �g of plasmid pIL-12,
respectively, with peptide [K]18S12 at peptide/DNA charge ra-
tios of 0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, and8.0. The transfection
efficiency was evaluated by measuring the IL-12 level in the
supernatants of transfected cells with ELISA. As shown in Fig.
5, IL-12 was not detectable above background levels in un-
transfected control or negative controls (naked pIL-12 or pT-
CAE complexed with DOTAP). In contrast, while cells were
incubated with mimovirus, IL-12 became detectable at the
charge ratio of 2.0, at which the DNA was fully retarded as
described above (Fig. 3A). As the ratio rose to 4.0, the expres-
sion of IL-12 reached the highest level. The level of expression
obtained at this ratio was approximately 50% of the level
obtained by the liposome DOTAP-based technique. Hereafter
the level of expression was significantly reduced as the ratio
continued rising to 8.0. As other studies and ours showed, a
peptide/DNA ratio greater than 4.0 might turn the mimovirus
into even more condensed smaller particles, which probably
prevented the transcription of the complexed DNA in the cells
so that the level of expression fell markedly. So, we concluded
that mimovirus formed at the charge ratio of 4.0 might be the
most effective for gene delivery and expression in our present
studies.

Mimovirus induced antigen specific CTLs in vivo. For im-
munization, we prepared two kinds of mimoviruses, mimovi-
rus-12 and mimovirus-T, by, respectively, mixing peptide
[K]18S12 with plasmid pIL-12 or pTCAE at a peptide/DNA
charge ratio of 4.0. Mice were immunized subcutaneously at

FIG. 2. Analytical HPLC profile for peptide [K]18S12, using a low
rate of 1 ml/min and a linear, binary gradient (30 ml) between 100%
buffer A(0.1% aqueous trifluoroacetic acid) and 60% buffer B(0.1%
trifluoroacetic acid-acetonitrile). The peptide(1 mg) was eluted at
38.2% buffer B and was monitored at a wavelength of 214 nm.

FIG. 3. Agarose gel electrophoresis. (A) DNA retardation assay. The plasmid pIL-12 (1 �g) and several amounts of peptide [K]18S12 were
mixed in 20 �l of HBS, followed by electrophoresis on a 0.8% agarose gel stained with ethidium bromide. The charge ratios (peptide/DNA) are
indicated above. Marker represents the DNA size marker (�DNA/HindIII�EcoRI; Sangon). (B) DNase I protection assay. The plasmid pIL-12
was preincubated with the peptide [K]18S12 at the charge ratio indicated above, followed by treatment with DNase I as described in Materials and
Methods. The integrity of the DNA was compared with that of native DNA.
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the tail base with 100 �l of mimovirus solution containing 15
nmol of peptide [K]18S12 and 4 pmol of each plasmid. As
controls, mice were immunized with 15 nmol of peptide S28-39
and 4 pmol of pIL-12 or with only 15 nmol of peptide [K]18S12

in 100 �l of HBS. The HBsAg28-39-specific CTL responses in
the immunized mice were determined by release of 51Cr from
target cell P815 pulsed with the synthetic S28-39 peptide or
P815/S. The specificity of CTL-mediated lysis was determined
by using naked P815 cells as control targets. As shown in the

Fig. 6A, an efficient, HBsAg28-39-specific CTL response was
observed in the mice immunized with mimovirus-12. By con-
trast, there was no detectable cytotoxic activity observed in the
mice immunized with mimovirus-T, with peptide S28-39 and
pIL-12, or with only peptide [K]18S12 (Fig. 6B, C, and D).
However, because we did not test other doses of peptide to
immunize mice in the present studies, we could not exclude the
possibility that Mimovirus-T, or peptide S28-39 and pIL-12, or
only peptide [K]18S12 might induce CTL responses at certain
higher doses.

DISCUSSION

The term cross-priming mainly denotes the stimulation of an
MHC-I-restricted specific CTL response with exogenous (ex-
tracellular) antigens by professional APCs. This mechanism
has been recognized for its role in immune responses against
viruses, tumor immunity, and vaccine development. Till now,
many kinds of particulate antigen delivery systems have been
proved efficient to target exogenous antigen into the MHC-I
pathway and to elicit CTL, such as immune-stimulating com-
plexes (35), liposomes (2), virus-like particles (18), micro-
spheres (22), and phage-displayed particles (8, 38). It has been
suggested that, compared with soluble antigens, particulate
antigens are more easily captured by professional APCs such
as DCs and macrophages and then become more efficiently
transferred into the class I pathways (namely cross-presenta-
tion). In our former study, we showed that recombinant fila-
mentous phage particles that displayed the HBsAg28-39 could
induce specific CTL responses in vivo (38). Our present studies
clearly indicate that mimovirus, as a novel particulate vaccine,
could efficiently cross-prime an HBsAg28-39-specific CTL re-
sponses in vivo. After subcutaneous injection of mimovirus,
this kind of particle might be easily internalized via the endo-
cytosis pathway by the resident cells, especially professional
APCs (3, 36). This might be due to not only its particulate
nature (2, 8,18, 22, 28, 35, 38), with the size equivalent to a
virus, but also its abundant cationic charges which help mimo-

FIG. 4. Electron photomicrographs of mimovirus. Mimoviruses were prepared by mixing 1 �g of the plasmid pIL-12, respectively, with the
peptide [K]18S12 at various peptide/DNA charge ratios in 50 �l of HBS. The methods used for electron microscopy are described in detail in
Materials and Methods. Here we only show the appearance of the naked plasmid DNA (A) and that of mimovirus prepared at a peptide/DNA
charge ratio of 4.0 (B). Bar � 200 nm.

FIG. 5. Gene transfer effect of mimovirus in vitro. Mimoviruses
were prepared by mixing 3 �g of plasmid pIL-12, respectively, with
peptide [K]18S12 at various peptide/DNA charge ratios in 50 �l of HBS.
P815 cells were incubated with the mimoviruses or controls for 6 h in
a 24-well plate. The control group includes three negative con-
trols—no DNA (naked P815 cell), naked pIL-12, and pTCAE (pT)
mixed with DOTAP—and a positive control: pIL-12 mixed with
DOTAP. The medium was then replaced by 1 ml of supplemented
medium, and the incubation was continued for a total of 48 h before
the supernatants were harvested to detect the level of IL-12 by ELISA.
The results of one of three similar experiments are shown here.
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virus bind electrostatically to the overall negatively charged
cell surface (14, 17). Several studies have shown that DCs,
macrophages, and even B cells were able to cross-present an-
tigens under specific circumstances at least in vitro (1, 3,9, 12,
15, 16, 23, 27, 29). Only recently, Bevan’s group provided the
first evidence that CD8� DCs are responsible for cross-prim-
ing in vivo (9, 12). Following Ag uptake, DCs may mature and
migrate to the nearest draining lymph node where they select
and activate naive Ag-specific T cells (3).

Among a number of nonviral gene delivery systems, many
cationic synthetic peptides containing several cationic amino
acids have been employed, such as oligolysine (11, 37) and
�-helical peptide (20, 21). Many studies have indicated that
these peptides could bind to plasmid DNA and form small
cationic particles or large aggregates with DNA competent to
be internalized into cells via the endocytosis pathway. Further-
more, by conjugating certain receptor-binding ligands (do-
mains) to these cationic peptides, a number of receptor-medi-
ated gene delivery approaches have been developed (11, 24).
Here we have designed and synthesized the antigenic cationic
peptide [K]18S12, which contains 18 lysines and a CTL epitope,
HBsAg28-39. By DNA retardation assay, DNase I protection
assay, and transmission electron microscopy, we proved that
[K]18S12 could bind to the selected plasmids to form condensed
particles, namely, mimovirus, at an appropriate charge ratio of
peptide and DNA. Like other cationic peptide delivery sys-
tems, mimovirus was shown to be able to transfer pIL-12 gene
into mammalian cells such as P815 cells at least in vitro.

IL-12 has not only been suggested to induce production of
IFN-�, then promoting Th1 polarization and CTL responses,
but also has been suggested to play a major role in regulating
the migration and proper positioning of effector cells (7, 34). In
our present study, only mimovirus-12 was proved to be able to
induce efficient CTL responses against HBsAg28-39. Consider-
ing the gene transfer effect of mimovirus shown in vitro, it is
reasonable to speculate that mimovirus-12 might transfer
pIL-12 into certain cells, probably including professional
APCs, in vivo. Here it is worth noting a similar work reported

by Irvine et al. during the preparation of our manuscript (13).
They used complexes of plasmid DNA and the cationic peptide
CL22, transfecting human or murine DCs much more effi-
ciently than alternative nonviral agents.

Therefore, we concluded that both the particulate entity and
the IL-12 gene transfer ability of mimovirus might contribute
to its effect of inducing the specific CTL responses in vivo. The
design of mimovirus rationally combined the epitope-based
peptide vaccine approach with the cationic peptide gene trans-
fer system. As a kind of particular vaccine, mimovirus may
represent a novel, efficient delivery system for T-cell-epitope
peptides to be targeted into professional APCs to facilitate the
induction of potent immune responses. Furthermore, there
still exists a great flexibility to further optimize the design of
mimovirus by combining (via cationic peptides) any given plas-
mids encoding either lymphokines or antigens or both, with
one or several kinds of functional peptides containing either
epitope peptides or peptides targeting DCs or others. Consid-
ering its effectiveness, flexibility, and defined composition, mi-
movirus has the potential to be developed as an efficient vac-
cine strategy against tumors and intracellular pathogens,
including human immunodeficiency virus.
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