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A technique for capturing broad subtypes and
circulating recombinant forms of HIV-1 based on
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Abstract. Magnetic beads coated with an anionic polymer,
poly(methyl vinyl ether-maleic anhydrate) [poly(MVE-MA)],
were used in a method to capture human immunodeficiency
virus type-1 (HIV-1). The beads were incubated with either
HIV-1-infected cell culture medium or plasma from HIV-1
infected individuals and separated from the supernatant by
applying a magnetic field. After thorough washing, adsorption
of HIV-1 by the beads was confirmed by reverse transcrip-
tion (RT)-polymerase chain reaction (PCR), real-time PCR,
enzyme-linked immunosorbent assay and western blotting.
The results confirmed the presence of envelope, polymerase,
Nef and the viral genome of HIV-1. Furthermore, various
subtypes and circulating recombinant forms (CRFs) of HIV-1
including subtype B, C and CRFO1_AE and the immature form
of subtype B HIV-1 could be captured. Preincubation with
neutralizing antibody against HI'V-1 envelope gp41 decreased
the capture efficiently, suggesting that poly(MVE-MA) binds
HIV-1 via gp41l. We believe that this capture procedure will
be a valuable tool for detecting various types of HIV-1 in both
clinical and experimental samples.

Introduction

Rapid and sensitive detection of viruses in blood is critically
important in order to reduce the spread of disease as a result of
transfusion (1). Human immunodeficiency virus type-1 (HIV-1)
is a major virus linked to transfusion-associated transmission
of disease. Although serological detection of antibodies against
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HIV-1 can reduce the risk of disease transmission, a better
procedure is urgently required (2-8). For example, during the
pre-seroconversion window period the quantity of antibody
against the virus is low despite the a high load of HIV-1
present in the blood. Infection with immunovariant viruses and
immunosilent carriage cause a similar condition. Recent devel-
opments in enzyme-linked immunosorbent assay (ELISA),
polymerase chain reaction (PCR) and immunochromatography
facilitate the detection of HIV-1 in biological samples (9-12).
Nonetheless, the sensitivity of these procedures is insufficient
to eliminate the risk of viral transmission.

There are two major limiting factors in the development of
a protocol to concentrate HIV-1: i) compatibility with current
methods of detection and ii) requirement for a straightforward
procedure. Several approaches have been used to increase the
concentration of viruses in order to enhance the sensitivity
of detection (13-15). For example, ultracentrifugation and
polyethylene glycol (PEG) mediated precipitation have been
used to concentrate a number of different viruses including
HIV-1. Ultracentrifugation is a well-known procedure, but is
time-consuming and can increase the false-positive rate when
combined with PCR (12,16). Although PEG precipitation is
simple and easy to perform, the PEG sometimes interferes
with the subsequent PCR (17). One alternative approach is to
use magnetic beads coated with molecules that efficiently bind
viral particles. Indeed, we and other groups have reported that
an anionic polymer, poly(methyl vinyl ether-maleic anhydrate)
[poly(MVE-MA)] can be used to capture different viruses.

Here, we report that magnetic beads coated with
poly(MVE-MA) are useful for the capture of various subtypes
and circulating recombinant form (CRF) of HIV-1. The poten-
tial of this method and the mechanisms by which the beads
bind HIV-1 are being discussed.

Materials and methods

Reagents. Unless otherwise specified, chemical reagents were
obtained from Sigma-Aldrich (St. Louis, MO) or Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). The 300-nm-diam-
eter magnetic particles (reducing sedimentation and offering
a broad binding surface) with a high ferrite content (allowing
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separation under a magnetic field) were prepared by grafting
of poly(MVE-MA) in dimethyl sulfoxide/phosphate buffer
5/95 solution for 3 h at 37°C (Flavigny et al, American Society
for Microbiology 104" General Meeting, 166, 2004). The
anionic magnetic beads, Viro-adembeads, were obtained from
Ademtech (Pessac, France).

Samples. For analysis, we used either cell culture medium of
HIV-1 (LAI or L2)-infected MT4 cells (NIH AIDS Research
and Reagent Program) or 293T cells (American Type Culture
Collection CRL-11268) transfected with HIV-1 molecular
clones (pNL4-3, pBal, pIndie-C1, pL2 and 95TNIH022).
In addition, plasma from 4 HIV-1-infected individuals was
also used. The plasma from HIV-1-infected individuals at
a very early stage of infection was purchased from Alpha
Therapeutic Corporation (Calexico, CA). The plasma samples
were tested for the following: human hepatitis B virus (HBV)
surface antigen (-), anti-HIV-1/HIV-2 (-), HIV-1 by PCR (+),
anti-human hepatitis virus (HCV) (-), HCV by PCR (-), HBV
by PCR (-), human hepatitis A virus by PCR (-) and parvo-
virus by PCR (-). These results were reported in the Final
Viral Marker Report (Repeat Donors) of Alpha Therapeutic
Corporation Consolidated Test Results from Memphis Lab
and PCR pooling Lab (Finalized date: 14-Apr-2003).

HIV-1 capture. Viral capture was performed according to the
manufacturer's instructions (Ademtech). Briefly, after 2 washes
with binding buffer, anionic magnetic beads (50 ul) were
further washed twice with phosphate-buffered saline (PBS).
Then, 50 ul of cell culture medium or plasma diluted with
450 pl of PBS was added to the washed beads and incubated
for 20 min at room temperature. A magnetic field was then
applied to the tubes containing the magnetic beads. The super-
natant was discarded and the beads were thoroughly washed
3 times with PBS. The washed beads were resuspended with
PBS and subjected to viral RNA extraction, western blotting or
ELISA. After separation, 4 fractions were obtained as follows:
i) bead fraction (BD), ii) sample before incubation with the
beads (BF), iii) supernatant after incubation (SP) and iv) total
sample containing the same quantity (50 gl) of cell culture
medium or plasma as BD (TL). The viral capture procedure
was typically completed within 30 min.

Capture inhibition by anti-HIV antibody. In order to verify
the mechanism of viral capture, HIV-1-infected cell culture
media were incubated with anti-HIV-1 Env gp41 antibody,
4E10 (Polymun Scientific Immunbiologische Forschung
GmbH) or anti-a-tubulin, B-5-1-2 (Sigma-Aldrich) for 30 min
at 37°C prior to addition of the magnetic beads. The samples
were then subjected to bead incubation and magnetic separa-
tion as described before.

Western blotting. Each fraction was solubilized in an equal
volume of 2X sodium dodecyl sulfate (SDS) gel-loading
buffer [90 mM Tris-HCI (pH 6.8), 10% mercaptoethanol, 2%
SDS, 0.02% bromophenol blue and 20% glycerol], boiled
for 5 min and separated on an SDS-12% polyacrylamide gel
electrophoresis (PAGE) before being electroblotted onto a
polyvinylidene difluoride (PVDF) membrane (Hybond-P;
Amersham Pharmacia Biotech, Piscataway, NJ) for 60 min at
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Figure 1. Detection of the RNA genome of HIV-1 adsorbed onto anionic
magnetic beads. Culture medium of HIV-1 (LAI)-infected and uninfected
(control)-MT4 cells were mixed with anionic magnetic beads. After incuba-
tion, the following fractions were obtained: bead fraction (BD), supernatant
after incubation (SP) and sample containing the same quantity of culture
medium as BD (TL). Viral genomic RNA was extracted from the fractions
using a QIAamp viral RNA mini kit and subjected to reverse transcription
(RT)-reaction. The resultant cDNAs of HIV-1 Gag protein gene (675 bp), Env
protein gene (748 bp) and 5'-LTR (475 bp) were amplified by PCR as described
in the Materials and methods. The left lane is the size marker (100 bp ladder).

15 V. Blots were treated with 5% skimmed milk for 1 h at
room temperature and then incubated with anti-HIV-1 p24
antibody (03-HIV-18; Biomarket, Ltd.), Nef antibody (clone
2A3, 03-HIV-3; Biomarket, Ltd.), envelope (Env) antibody
(SF2 gp120#387,NIH AIDS Research and Reference Program)
and acquired immunodeficiency syndrome (AIDS) patient
serum in PBS containing 0.1% Tween-20 (PBS-T) and 0.5%
skimmed milk for 1 h at room temperature. After 3 washes
with PBS-T, the membrane was incubated in horseradish
peroxidase (HRP)-conjugated anti-mouse IgG or anti-human
IgG (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA) in PBS-T and 0.5% skimmed milk for 1 h at room
temperature. After 3 washes with PBS-T, the probed proteins
were detected using an enhanced chemiluminescence detec-
tion kit (Amersham Pharmacia Biotech).

ELISA. ELISA for HIV-1 p24 was performed using HIV-1
p24 ELISA kit (BioAcademia, Osaka, Japan). Absorbance
at 450 nm was measured to quantify the level of HIV-1 by
microplate reader (Labsystems Multiskan MS; Dainippon
Sumitomo Pharma Co., Ltd., Osaka, Japan).

Reverse transcription (RT)-PCR. Viral RNA from beads or
an aliquot of each sample was extracted with the QIAamp
viral RNA mini kit (Qiagen, Hilden, Germany) according to
the manufacturer's instructions. RNA was extracted from the
magnetic beads by adding lysis buffer prior to removing the
beads. RNA was then eluted in 60 pl of nuclease-free water. For
the RT-reaction, random primers were added and after incuba-
tion at 25°C for 10 min, the RNA was reverse-transcribed at
65°C for 50 min followed by denaturation of the enzyme at
85°C for 5 min. The diluted cDNA was amplified in a reac-
tion mixture containing primers, Ex Taq (Takara Bio, Inc.,
Otsu, Japan) and Ex Taq buffer under conditions of 30 cycles
of 94°C for 1 min, 60°C for 1 min and 72°C for 1 min. PCR
was carried out using the following primers for the HIV-1 Gag
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Figure 2. Quantitative analysis of viral protein (Gag and Pol) genes of HIV-1 adsorbed onto anionic magnetic beads. (A) Anionic magnetic beads were used to
capture HIV-1 from 500 p1 of culture medium of cells infected with HIV-1 (LAI) and then analyzed by real-time PCR. Uninfected cells were used as a negative
control. Samples were divided into 3 categories: i) bead fraction (BD), ii) supernatant after the incubation (SP) and iii) sample containing the same quantity of
culture medium as BD (TL). RNA was purified using a QIAamp viral RNA mini kit, reverse-transcribed and then analyzed by real-time PCR with HIV-1 Gag

protein gene (Gag) and Pol protein gene (Pol).
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Figure 3. Detection of viral proteins of HIV-1 adsorbed onto anionic mag-
netic beads. Culture medium of HIV-1 (LAI)-infected MT4 cells was diluted
with PBS and subjected to incubation with anionic magnetic beads. Western
blotting was performed with anti-HIV-1 p24, Nef and Env antibody and
AIDS patient serum. Samples were divided into 3 categories: i) bead fraction
(BD), ii) supernatant after the incubation (SP) and iii) total sample containing
the same quantity of nasal aspirate as BD (TL). The samples were solubilized
with SDS loading buffer and then subjected to western blotting. Molecular
weight marker (KDa) is shown in the right lane.

gene: HIV Gag RTPCR AE B common F, 5'-ggggaagtgacatag-
cagga-3' and R, 5'-ctgttggctctggtctgcte-3'; for the HIV-1 Env
gene: HIV Env RTPCR AE B common F: 5'-gacggtacaggccag
acaat-3' and R, 5'-tcccagaagttccacaatcc-3'; for the HIV-1 5'long
terminal repeat (LTR): HIV 5'LTR RTPCR AE B common F,
5'-ccctgattggcagaactacac-3' and R, 5'-agcactcaaggcaagcttta-3'.
The amplified products were purified and cloned in pT7Blue
T-vector (Novagen, Madison, WI). DNA sequencing (ABI
PRISM3100 Genetic Analyzer; Applied Biosystems, Foster
City, CA) with the R-20mer primer and U-19mer primer
(Novagen) was used to verify the product sequence.

Real-time RT-PCR. The cDNAs produced in the RT reactions
above were also analyzed by real-time PCR (Q-PCR, quan-
titative PCR). For real-time PCR, a Brilliant SYBR-Green
Q-PCR mastermix was used according to the manufacturer's
instructions (Stratagene, La Jolla, CA). Briefly, the Q-PCR
components included Brilliant Q-PCR mastermix, reverse-

transcribed cDNA, and the forward and reverse target gene
primers: realHIVgag F, 5'-caagcagggagctagaacga-3' and R,
5'-ttgtctacagecttetgatgtete-3'; realHIVpol F, 5'-aaattcaaaattttc-
gggtttattac-3' and R, 5'-aggagctttgctggtecttt-3'. The Q-PCR
program used in a Mx3000P™ Real-time Q-PCR System
(Stratagene) was: denaturation (at 95°C for 10 min) and then
40 cycles of denaturation (95°C for 30 sec), annealing (58°C
for 60 sec) and extension (72°C for 30 sec). Each reaction
was done in triplicate. The results were analyzed using the
Mx3000P™ system software. The relative expression ratio of
each sample was calculated using a mathematical model based
on the amplification efficiency. PCR specificity was verified by
dissociation curve analysis of the amplified DNA fragments.

Results

To investigate whether Viro-Adembeads could be used to
capture HIV-1, cell culture medium from HIV-1 (LAI)-
infected MT4 cells was mixed with the anionic polymer-coated
magnetic beads. The mixture was then magnetically separated
and bead (BD), supernatant (SP) and total (TL) fractions were
prepared. Cell culture medium from mock-infected MT4 cells
was also used to prepare control fractions. The fractions were
then analyzed by RT-PCR, real-time PCR, western blotting and
ELISA to determine the extent of HIV-1 capture by the beads.

Firstly, RT-PCR was performed to detect HIV-1 genomic
RNA in order to examine the capacity of the beads to capture
HIV-1 (Fig. 1). RT-PCR analysis gave a single band of 675 bp
for Gag, 748 bp for Env and 475 bp for 5'-LTR in the bead
fraction (BD) and samples containing the same quantity of cell
culture medium as BD (TL) using cell culture medium from
HIV-1 (LAI)-infected MT-4 cells. No signal was detected in the
supernatant after incubation (SP). In contrast, RT-PCR analysis
of BD, SP and TL using cell culture medium obtained from
Mock-infected MT4 cells (control) did not give any signal. The
675-, 748- and 475-bp bands were confirmed to be Gag, Env
and 5'-LTR gene of HIV-1, respectively by DNA sequencing
(identity to Genebank accession number AF324493 was 96, 98
and 99%, respectively). Therefore, these results confirm that
the bead fraction includes the HIV-1 genomic RNA.

The amount of HIV-1 genomic RNA in the BD, SP and TL
fractions was measured by real-time RT-PCR, relative to that
in a control (a TL sample with the highest value was taken as
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Figure 4. Quantitative analysis of HIV-1 adsorbed onto anionic beads. Plasma
from 4 HIV-1-infected individuals (No. 1-4) were diluted with PBS and sub-
jected to incubation with anionic beads. HIV-1 p24 was adsorbed onto the
beads using HIV-1 p24 ELISA kit. Samples were divided into 3 categories:
i) bead fraction (BD), ii) supernatant after incubation (SP) and iii) sample
containing the same quantity of culture medium as BD (TL). The concentra-
tion of HIV-1 in each fraction was calculated as an index of absorbance at
450 nm by comparison with HI'V-1 p24 standard.

100 [%]). For HIV-1 (LAI)-infected cell culture medium, the
amount of viral RNA in the BD fraction was ~33 and 50%
that in the TL from real-time PCR of Gag and Pol genes,
respectively (Fig. 2). In contrast, cell culture medium from
mock-infected MT4 cells (control) showed no amplification
of genomic RNA in BD, SP and TL. The specificity of these
PCR reactions was confirmed by dissociation curve analysis
of the reaction products. These results showed that HIV-1 in
cell culture medium could be captured by the magnetic beads,
but that a fraction of HIV-1 was lost during the procedure. A
significant fraction of HIV-1 in the culture medium of virus-
infected cells was lost during the capture procedure using
anionic polymer-coated magnetic beads. The loss of HIV-1
may have been due to serum components in the cell culture
medium, such as albumin, binding to the magnetic beads and
thereby hindering viral capture (18).

Western blotting demonstrated that the total sample fraction
(TL) and bead fraction (BD), but not the supernatant fraction
(SP), in cell culture medium of HIV-1 (LAI)-infected MT4
cells had a major band of 30, 34 and 110 kDa for p24, Nef and
Env proteins, respectively (Fig. 3). These bands correspond to
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the respective deduced mass of HIV-1 p24, Nef and Env protein
based on their amino acid sequences. Thus, HIV-1 was detected
at similar levels in the total sample fraction (TL) and in the
bead fraction (BD), but not at all in the supernatant fraction
(SP). In addition, the corresponding bands were detected using
serum from an AIDS patient. These results support the idea
that HIV-1 is efficiently captured by anionic magnetic beads.

Next, we examined the efficiency with which HIV-1 was
captured from plasma by conducting a quantitative analysis
using ELISA (Fig. 4). HIV-1 in plasma from 4 HIV-1-infected
individuals (No. 1-4) was recovered using anionic magnetic
beads (BD) at a level of 65-80% that from samples containing
the same quantity of plasma as BD (TL). In contrast, HIV-1
was below the detection limit in the supernatant after incuba-
tion (SP). These findings suggest that most of the HIV-1 was
efficiently captured from plasma by the magnetic beads.

To further examine whether this magnetic capture method
can be applied to broad subtypes of HIV-1, cell culture medium
of 293T cells transfected with various types of HIV-1 molecular
clones, such as pNL4-3 (subtype B), pBal (subtype B), pIndie-C1
(subtype C) and 95TNIHO022 (CRFO1_AE), were subjected to
magnetic capture (Fig. 5). ELISA showed that HIV-1 from cell
culture media of 293T cells transfected with HIV-1 pNL4-3,
pBal or pIndie-C1 could be captured by magnetic beads at a
similar level of capture efficiently (60-80%). However, cell
culture medium of 293T cells transfected with 95TNIH022,
showed a lower efficiency of HIV-1 capture compared to the
molecular clones of subtype B and C. This may be due to the
overall lower concentration (about 100-fold lower) of HIV-1
in cell culture of 293T cells transfected with 95TNIHO022
compared to the other molecular clones.

Next, we used gpl20-containing, protease-deficient clone
(L2), which is derived from LAI and generate immature and
defective doughnut-shaped particles (19) (Fig. 6 and 7). ELISA
(Fig. 6) and western blotting (Fig. 7) showed that HIV-1
produced by transfection of pL2 into 293T cells could be effi-
ciently captured by magnetic beads. Although L2 expresses
an immature form of polymerase and decreased levels of Env
compared to wild type LAI, the L2 polymerase and Env were
efficiently captured by anionic beads. Finally, we investigated
the mechanisms by which poly(MVE-MA) binds HIV-1.
HIV-1 LAl in cell culture medium was preincubated with anti-
HIV-1 Env gp4l neutralizing antibody 4E10 before incubation
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Figure 5. Adsorption of HIV-1 with subtype B, C and circulating recombinant form CRF_A E onto anionic magnetic beads. (A) HIV-1 in cell culture medium
of 293T cells transfected with HIV-1 molecular clone of pNL4-3, pBal and pIndie-C1 or (B) MT-4 cells infected with HIV-1 95TNIHO022 before and after
adsorption onto anionic magnetic beads were quantitatively analyzed by ELISA using HIV-1 p24 ELISA kit. Samples were divided into 3 categories: i) bead
fraction (BD), ii) supernatant after the incubation (SP) and iii) sample containing the same quantity of culture medium as BD (TL).
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Figure 6. Quantitative analysis of adsorption of HIV-1 produced by trans-
fection of HIV-1 molecular clone onto anionic beads. HIV-1 in cell culture
medium of 293T cells transfected with HIV-1 molecular clone pNL4-3 and
pL2 before and after adsorption on anionic magnetic beads was quantita-
tively analyzed by ELISA using HIV-1 p24 ELISA kit. Samples were divided
into 3 categories: i) bead fraction (BD), ii) supernatant after the incubation
(SP) and iii) sample containing the same quantity of nasal aspirate as BD
(TL). The concentration of HIV-1 in each fraction was calculated as an index
of absorbance at 450 nm by comparison with HIV-1 p24 standard.
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Figure 7. Detection of viral proteins of HIV-1 and the gp120-containing,
protease-deficient clone (L-2) adsorbed onto anionic magnetic beads. Culture
medium of HIV-1 (LAI or L2)-infected MT4 cells was diluted with PBS and
subjected to incubation with anionic magnetic beads. Western blotting was
performed with anti-HIV-1 p24 and Env antibody and AIDS patient serum.
Samples were divided into 3 categories: i) bead fraction (BD) (ii) superna-
tant after the incubation (SP) and iii) sample containing the same quantity
of nasal aspirate as BD (TL). L2 shows immature polymerase (white arrow
heads) and low expression of Env protein (black arrow head).

with the magnetic beads (Fig. 8). Our results revealed that anti-
HIV-1 Env antibody 4E10 inhibited the binding of HIV-1 to
the magnetic beads, whereas the anti-tubulin antibody, which
was used as a negative control, showed no such inhibition.

Discussion

The magnetic bead-mediated capture method for HIV-1 is a
simple and quick procedure that significantly reduces problems
associated with loss of signal and possible cross-contamination
commonly observed in multi-step protocols. Moreover, the
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Figure 8. Inhibition of adsorption of HIV-1 onto anionic magnetic beads
by preincubation with anti-HIV-1 Env gp41 neutralizing antibody. Culture
medium of HIV-1 (LAI)-infected MT-4 cells was incubated with anti-HIV-1
Env gp41 antibody 4E10 or anti-a-tubulin antibody B5-1-2 for 30 min at
37°C. After the incubation, anionic magnetic beads were added and further
incubated for 20 min. The beads were then collected by application of a mag-
netic field and subjected to HIV-1 p24 ELISA.

magnetic bead-mediated capture method can be applied to
a range of sample types, such as cell culture and plasma as
well as other body fluids, and is compatible with conventional
detection methods, such as PCR, ELISA and western blotting.
Indeed, previously described methods for concentrating viruses
are often incompatible with conventional detection procedures
(12,16,17). For example, the ultracentrifugation procedure
requires expensive specialist equipment and is relatively time-
consuming compared to the magnetic bead-mediated capture
method. PEG precipitation is sometimes incompatible with
PCR due to PEG mediated inhibition of the DNA polymerase.
Therefore, capture by magnetic beads is a promising approach
compared to previous virus concentrating methods. There are
several methods for concentrating a virus using magnetic beads
coated with an antibody for a specific virus (16,20,21) and poly-
mers such as polyethyleneimine (PEI) for simian virus 40 (SV40)
(22), herpes simplex virus type 1 (HSV-1) (22), Sindbis virus
(22), vesicular stomatitis virus (VSV) (22), amphotropic murine
leukemia virus (23), poliovirus (24), hepatitis A virus (HAV)
(24), hepatitis B virus (HBV) (24), hepatitis C virus (HCV) (24),
and cytomegalovirus (CMV) (25) or sulfonated (SO) magnetic
beads in the presence of divalent cations for cytomegalovirus
(25), Sindbis virus (25), poliovirus (25) and porcine parvovirus
(25). Moreover, poly(MVE-MA)-coated magnetic beads can be
used for efficient capture of avian and human influenza virus
(18,26), respiratory syncytial virus (27), Borna disease virus (28),
dengue virus (29), HIV-1 subtype B (30), CMV (30), Rota virus
(30), herpesvirus (31) and vaccinia virus (31).

The present study clearly shows that poly(MVE-MA)-
coated magnetic beads can be used to capture HIV-1 with
various subtypes and CRF. Although the mechanism by which
the magnetic beads bind to HIV-1 remains unclear, Env may
be involved in this process because preincubation of the beads
with neutralizing antibody against HIV-1 Env prevented
capture of HIV-1. Electrostatic, hydrophilic, hydrophobic and
steric organization of poly(MVE-MA) may also contribute
to the binding (18). Because poly(MVE-MA) is negatively
charged, modification of the spatial organization of the poly-
mers may change binding efficiency and capacity of HIV-1
(32). Therefore, charge density and steric spatial organization
may provide some information on the binding mechanism.
However, we also show that the immature form of HIV-1 L2
with low production of Env can also be captured, suggesting
that the beads can bind to HIV-1 by a mechanism independent
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of the Env expression level. The 20-35% loss of HIV-1 during
bead capture from HIV-1-infected plasma may be due to non-
specific binding of albumin and immunoglobulin as previously
shown (18). However, modification of charge density and
surface organization of polymer may reduce the non-specific
binding.

In conclusion, we demonstrated that magnetic beads coated
with an anionic polymer are useful for the capture and concen-
tration of HIV-1. In the captured HIV-1, the presence of a viral
genome, Env, polymerase and Nef were confirmed by RT-PCR,
real-time PCR, ELISA and western blotting. Therefore, this
method can be used in combination with conventional means
of detection. The applicability of this method to different types
of viruses is currently being studied.
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