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Background:  Trim5α is a host restriction factor that is able to block a 
broad range of retroviruses in a species specific manner. HIV-1 can be 
efficiently blocked by Trim5α from old world monkeys, whereas human 
Trim5α only partially inhibits HIV-1 replication. The viral determinant 

involved in susceptibility of HIV-1 to Trim5α mediated inhibition is 
located in the CypA binding region of capsid and mutations in this region 
are able to abrogate the restriction. Here, we  analyzed whether 
mutations in the CypA binding region of the HIV-1 capsid had an effect 

on the interaction between capsid and the cellular factors CypA and 
Trim5α.  
 
Results: Our data demonstrated that in vitro produced HIV-1 
capsid/nucleocapsid (CA/NC) protein complexes were able to interact 
with the cellular factors CypA and Trim5α. Mutations in the CypA binding 
region of capsid (H87Q, A88P and I91V) that were associated with CypA 

independent replication and a reduced sensitivity to Trim5α mediated 
inhibition did not interfere with binding of CypA and Trim5α. However, a 
decrease in the affinity of the mutant capsid protein for CypA was 
observed when intracellular CypA concentrations were limited by 

addition of cyclosporin A.   
Using a so called  ‘fate of capsid’ assay, we observed that mutations in 
the CypA  binding region or addition of cyclosporin A prevented 
destabilization of viral core particles within the first 24 hours after 

inoculation.    
 

Conclusions: Our data suggests that CypA is involved in HIV-1 core 
destabilization, thereby playing an important role in the uncoating 

process. Virus particles with mutations in the CypA binding region in the 
HIV-1 capsid protein that modulate CypA binding are less sensitive to 
CypA mediated destabilization. 
 
 
 

Background  
 
The ability of the human immuno deficiency virus (HIV) 1 to efficiently 
establish an infection is dependent on many host factors that are 
required during different stages of the viral life cycle. Cyclophilin A 
(CypA) is an important cofactor for HIV-1 and specifically interacts with 
residues in a loop between the 4th and 5th alpha helices of the capsid 
protein,[1,2]. CypA is recruited into the virion during assembly at a 

stoichiometry of ~1:10 [3-5]. The interaction between CypA and capsid 
is most significant for infectivity of the virus in a newly  infected cell [6-
9].  
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The interaction of CypA with the HIV-1 capsid can be inhibited by 
cyclosporine A (CsA), a compound that competitively interacts with the 
hydrophobic binding pocket present in CypA, or by mutation of critical 
residues in the CypA binding  region. Blocking the CypA-capsid 

interaction results in a reduction of HIV-1 infectivity in most cell lines 
[8-10].   
 
CypA has gained attention when it was identified as a cofactor that 

potentiated restriction by the tripartite containing motif (Trim) 5α from 
some simian species [11-13]. Most Trim proteins contain a RING, a B-
box and a Coiled coil domain,  while Trim5α additionally encodes a 
B30.2 domain [14,15]. Trim5α restricts HIV-1 at an early post-entry 

step [16] and it was demonstrated that Trim5α physically interacts with 
the capsid protein via the C-terminal B30.2 domain  [17]. Trim5α exerts 
its effects in a virus and host specific manner [6,8] and species specific 

variation in the carboxyl terminal B30.2 domain largely  accounts  for 
the differences in the potency of the restriction of a specific retrovirus 
[18-21]. Binding assays have demonstrated that the ability of Trim5α 
orthologues from different species, to associate with  the  HIV-1  capsid, 

correlates with the ability to restrict virus replication [17]. For example, 
Old world monkey Trim5α  strongly associates with the capsid of HIV-1, 
whereas human Trim5α which moderately restricts HIV-1 replication, 
only weakly associates with the HIV-1 capsid.   

Recently, it was demonstrated that the viral determinant in Trim5α 
mediated restriction was located in the CypA binding region of the 
capsid protein of HIV-1 and that mutations in this region can abrogate  
the  restriction [7,13,22-24]. This suggests that there might be a role 

for CypA in Trim5α mediated inhibition.  Indeed, the interaction between  
the HIV-1 capsid and CypA was required for Trim5α mediated inhibition 
of HIV-1 replication in old world monkey cells [11,13,25]. In contrast, 

CypA supports HIV-1 replication in human cells and it has been 
suggested  that HIV-1  has  recruited CypA  to  protect  itself  against  
the anti-viral activity of human Trim5α. More recent studies using siRNA 
to knock-down CypA and Trim5α indicated that Trim5α  and  CypA  in  

human  cells  independently  regulated viral  infectivity  [11,26]. 
However, mutations in the CypA binding region of the HIV-1 capsid that 
are associated with CypA independent replication also mediate 
protection from human Trim5α [24].  

In this report, we studied the association between HIV-1 capsid and the 
cellular factors CypA and Trim5α using in vitro produced and assembled 
capsid-like particles and pull-down assays.   
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Results  
 
Binding of CypA and Trim5α to HIV-1 Capsid  
Previously it has been demonstrated that substitutions in the CypA 

binding region of the capsid protein render HIV-1 replication 
independent of CypA. In  addition, these mutations may reduce the 
sensitivity of the virus to Trim5α mediated inhibition [7,13,22-24]. Here 
we analyzed whether mutations in the CypA binding region might 

influence the interaction between the viral capsid and the cellular 
proteins CypA and Trim5α. CA/NC complexes that contained either the 
wild type CypA binding region or a mutant CypA binding region with 3 

amino acid substitutions (H87Q, A88P and I91V), were covalently 
coupled to CNBr-activated sepharose and used to pull down CypA and 
Trim5α from cellular  lysates of 293T  cells.  
 

Endogenous CypA was pulled down from the cell lysates by both wild 
type and mutant CA/NC complexes (figure 1). The interaction between 
CypA and the CA/NC complexes was specific and the amount of capsid 
bound CypA could be reduced by addition of Cyclosporin A (CsA) (figure 

1). The addition of CsA to the lysates inhibited the interaction of CypA 
with mutant CA/NC more efficiently  than the interaction with wild type 
CA/NC, suggesting that the reduced affinity of the mutant CA/NC for 
CypA becomes apparent only when the amount of CypA is reduced.  

 
Figure 1: CypA interacts with wild type and mutant HIV-1 CA/NC complexes. 

In vitro produced CA/NC complexes that contained either the wild type CypA 
binding region or mutant CypA binding region with 3 amino acid substitutions 
(H87Q, A88P, I91V), were incubated with lysates of 293T cells in the presence or 
absence of CsA (1 μg/ml). The interaction of CypA and the CA/NC complexes was 
analyzed by SDS-PAGE and Western blotting.   

 
Next we analyzed whether mutations in the CypA binding region of 
capsid interfered with the interaction of capsid and Trim5α. In vitro 
produced wild type and mutant CA/NC complexes that were coupled to 
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CNBr-activated sepharose beads were incubated with cell lysates of 
293T cells expressing HSV-tagged Trim5α. Trim5α efficiently interacted 
with both wild type and mutant CA/NC. When wild type and mutant 
CA/NC complexes were incubated with cell lysates expressing myc-

tagged Trim5γ, no detectable  levels of Trim5γ were pulled down by 
either wild type or mutant CA/NC complexes (figure  2). This indicates 
that Trim5α is specifically pulled down by wild type and mutant CA/NC 
complexes and confirms previous observations that the B30.2 domain of 

Trim5α  is required  for the interaction with CA/NC complexes [17].   
 
 

Figure 2: Trim5α interacts with wild type and mutant HIV-1 CA/NC complexes 
through the B30.2 domain.  In vitro produced CA/NC complexes  that contained 

either  the wild type CypA binding region or mutant CypA binding region with 3 
amino acid substitutions (H87Q, A88P,  I91V), were  incubated with 293T  cell  
lysates  expressing HSV-tagged Trim5α, myc-tagged Trim5γ or both. The ability of 
wild type and mutant CA/NC complexes to pull down Trim5α and Trim5γ from the 
cell lysate was analyzed by SDS-PAGE and Western blotting.  

 
Trim5γ over-expression was reported to reduce Trim5α mediated 
restriction of HIV-1 replication [16]. Co-expression of HSV-tagged 
Trim5α and myc-tagged Trim5γ had no effect on Trim5α binding to wild 
type or mutant CA/NC in the pull-down assay (figure 2), suggesting that 
inhibition of Trim5α mediated restriction  by Trim5γ is not due to 
reduced binding of Trim5α to the HIV-1 capsid protein in the presence of 
Trim5γ.   
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Low competitive binding of CypA and Trim5α to CA/NC   
Recently it has been demonstrated that mutations in the CypA binding 
region  of the HIV-1 capsid reduce the sensitivity of the virus to Trim5α 
mediated  inhibition  [7,13,22-24]. This suggests that Trim5α and CypA 

might compete for binding to the HIV-1 capsid. Therefore we tested 
whether the interaction between Trim5α and CA/NC complexes could be 
modulated by the  addition  of  CsA  which  prevents  CypA  binding to 
the CA/NC complexes. In vitro produced wild type and mutant CA/NC 

complexes were incubated with lysates of 293T cells expressing HSV-
tagged  Trim5α in the presence or absence of 1 μg/ml CsA. An efficient 
interaction between Trim5α and both wild type and mutant CA/NC 
complexes was observed. Addition of CsA only resulted in a  slight 

increase in Trim5α (monomeric  and  dimeric) binding to wild type as 
well as mutant CA/NC complexes (figure 3). This suggests that there is 
no strong competition between CypA and Trim5α for binding to wild type 

and mutant CA/NC complexes, albeit that CypA may be able to slightly 
hinder recognition of the capsid protein by Trim5α.   

 
Figure 3: CypA does not interfere with the interaction between Trim5α and 
HIV-1 capsid.  In vitro produced CA/NC complexes that contained either the wild 

type CypA binding region or mutant CypA binding region with 3 amino acid 
substitutions (H87Q, A88P, I91V), were incubated with 293T cell lysates 
expressing HSV-tagged Trim5α in the presence or absence of CsA (1 μg/ml). The 
ability of wild type and mutant CA/NC complexes to pull down Trim5α in the 
presence or absence of CsA was analyzed by SDS-PAGE and Western blotting. 
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CypA enhances disassembly of HIV-1 cores  
The stability of a retroviral capsid during cellular entry, in response to 
cellular factors such as Trim5α or CypA, is very important for efficient 
infection [12,30]. Previously, it was demonstrated that binding of 

Trim5α  to the retroviral capsid of a restriction sensitive virus induced 
destabilization of the viral core [17,30]. Moreover, substitution of the 
histidine for a glutamine at position 87  in capsid  resulted in higher 
stability of the core particle. Here, we analyzed the role of CypA in the 

destabilization of wild type and mutant viral cores using the previously 
described fate of capsid assay [17]. HeLa cells were inoculated with 
VSV-G pseudotyped wild type and mutant lentiviral vectors (LV; 37.5 μg 
p24 in 15×106 cells) in the presence or absence of 1μg/ml CsA. Twenty-

four hours after  infection, cells were harvested and washed 3 times with 
PBS. Cytosolic extracts were prepared and intracellular core particles 
were pelleted through a 50% sucrose cushion and analyzed by Western 

blotting.  
High concentrations of capsid proteins of the mutant LV could be 
detected in the pellet, whereas only limited amounts of wild type capsid 
proteins were detected even after overexposure of the blots (figure 4). 

This indicated that mutant viral cores are more resistant to 
destabilization as compared to wild type cores,  confirming previous 
observations [17].  

 
Figure 4: Effect of CypA on the stability of wild type and mutant HIV-1 core 
particles after infection. HeLa cells were inoculated with wild-type LV or mutant 

LV that contained 3 amino acid substitutions (H87Q, A88P, I91V) in the CypA 
binding region in the presence or absence of CsA  (1  μg/ml). 24 hours later, the 
cells were lyzed and sedimented through a 55% sucrose gradient to pellet the 
intracellular particulate capsid. The pellet was resuspended in sample buffer and 
analyzed for the presence of capsid proteins by SDS-PAGE and western blotting 
using an anti-p24 antibody. 
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Moreover, when CsA was added to the cultures during infection, an 
increased amount of mutant capsid was observed in the pellet fraction 
(figure 4). After overexposure of the blot, a similar increase in the 
amount of capsid was observed in cells inoculated with the wild type LV 

in the presence of CsA. This data indicate that CypA is involved in the 
destabilization of the viral core early after virus entry and that mutations 
in the CypA binding region of the capsid protein make the virus less 
sensitive to CypA mediated destabilization.  

As a control we added ammonium chloride (30mM NH4Cl) to the cells to 
inhibit endosome acidification and prevent subsequent entry of the VSV-
G pseudotyped  HIV-1 into the cytoplasm of  the cells. FACS analysis of 
NH4Cl treated cells  demonstrated complete inhibition of infection (data 

not shown). However, we  did observe capsid protein in the pelleted 
NH4Cl treated cells, which could be the result of endosome rupture 
during cell lysis. Notably, equal amounts of wild-type and mutant core 

particles could be detected in the pellet fraction of the NH4Cl  treated  
cells, indicating that the particles do not differ in intrinsic stability. 
 
 

Discussion  
 
Trim5α is a cellular restriction factor that targets the capsid of incoming 
retroviruses in a species-specific manner [16,31,32]. The CypA binding 
region of the HIV-1 capsid protein has been identified as an important 
viral determinant in Trim5α mediated inhibition and amino acid 
substitutions in this region modulate  sensitivity to Trim5α mediated 

inhibition [6-9,11-13,22-24]. This also suggested that CypA might be 
involved in Trim5α mediated inhibition. Indeed, CypA was demonstrated 
to be involved in Trim5α mediated inhibition of retroviruses in old world 
monkey cells [11,13,25]. In human cells, Trim5α and CypA were shown 

to be independent regulators of viral infectivity [11,26]. However, 
mutations in the CypA binding region of the HIV-1 capsid also seem to 
interfere with sensitivity of the virus to inhibition by Trim5α in human 
cells  [24]. Here we analyzed  whether the interaction between the viral 

capsid and the cellular proteins  Trim5α and CypA is affected by 
mutations in the CypA binding loop (H87Q, A88P and I91V).   
CypA was able bind efficiently to both wild-type and mutant CA/NC 
complexes, and addition of CsA could prevent this interaction. The 

interaction between the mutant CA/NC and CypA appeared to be more 
sensitive to CsA treatment indicating that the mutations in the CypA 
binding region of capsid might be  associated with decreased affinity for 

CypA. This is in agreement with computational and theoretical studies 
which have suggested that a histidine at position 87 makes favourable 
contacts with CypA [33]. Indeed, a five-fold reduction in affinity was 
observed when this residue was replaced by a glutamine [34].   
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Trim5α was also able to interact with both the wild type and mutant 
CA/NC complexes, indicating the mutations in the CyPA binding loop do 
not abrogate  Trim5α binding. Furthermore we observed that wild type 
and mutant CA/NC structures were unable to interact with Trim5γ, a 

Trim5 isoform that lacks the B30.2 domain through alternative splicing. 
This confirms previous observations that the interaction between Trim5α 
and HIV-1 capsid is dependent on the B30.2 domain of Trim5α [17].   
Previously it was demonstrated that substitutions in the CypA binding 

region of capsid reduced sensitivity to Trim5α mediated restriction of 
viral replication [7,22-24,31,35,36]. However, no difference in Trim5α 
binding between wild type and mutant CA/NC particles could be 
demonstrated in our assay, indicating that the Trim5α binding site on 

the viral capsid protein is not  disrupted by the amino acid substitutions. 
This also implies that binding of Trim5α to capsid particles does not 
necessarily correlate with restricted infection which is in agreement with 

previous studies that demonstrated that binding is necessary but not 
sufficient for restriction of a susceptible retrovirus [37]. Although we did 
not observe differences between the interaction of wild type or mutant 
capsid particles and Trim5α, it cannot be excluded that the amino acid 

substitutions in the CypA binding region might induce structural changes 
in the capsid protein that influence the relative resistance to Trim5α 
mediated inhibition.   
Furthermore we analyzed the effect of CypA on wild type and mutant 

core particles shortly after  infection. LV carrying wild type or mutant 
capsid  proteins were used to infect HeLa cells and the fate of the wild 
type and mutant core particles in the cytoplasm of the cells was 
analyzed using a previously described assay  [17]. We observed that 

viral cores of wild type LV were  lost  rapidly  after  infection. Viral cores 
of LV carrying mutations in the CypA binding region that are associated 
with CypA independent replication and a reduced affinity for CypA were 

more stable, and high concentrations of core particles could be detected 
in the cytoplasm at 24 hours after infection. In addition, we observed 
that destabilization of the viral core upon infection could be  inhibited by 
CsA. These data suggest  that CypA is  involved in destabilization of the 

viral core and that mutations in the CypA binding region that reduce the 
affinity of  the capsid protein for CypA can reduce destabilization. This is 
in agreement with previous observations where CypA after fusion to a 
trimerization domain was able to restrict retroviruses very  efficiently. 

This restriction was similarly associated with an increased destabilization 
of retroviral core particles [38,39].  Differences in the CypA  binding  
affinity of the HIV-1 capsid  have  previously  been demonstrated to be 

associated with a decreased sensitivity to Trim5α mediated inhibition 
cells from simian species [7,13,18,22-24]. Here, we observed that the 
reduced affinity of the viral capsid for CypA was associated with an 
increased stability of the viral core during infection. However, in human 
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cells, CypA and Trim5α are independent regulators of HIV-1 infectivity 
[11,26]. Therefore, it is likely that  the reported cis-trans isomerise 
activity of CypA is responsible for the observed increase in 
destabilization of the viral core [40,41]. Additional research is required 

to unravel the role of CypA in the uncoating process of HIV-1 and why 
HIV-1 maintains the ability to bind CypA even though CypA independent 
HIV-1 variants have been isolated from HIV-1 infected individuals 
[22,24]. 

 
 

Materials and methods  
 
Cell cultures and virus production  
293T cells were cultured in Dulbecco Modified Eagle’s Medium (DMEM) 
supplemented with 10%  fetal  calf  serum  (FCS)  and  penicillin  (100 

U/ml)  (Invitrogen) and streptomycin (100 μg/ml) (Invitrogen). HeLa 
cells were  cultured in IMDM supplemented with 10% FCS and penicillin 
(100U/ml) and streptomycin (100 μg/ml).   
HIV-1 based lentiviruses expressing the green fluorescent protein (GFP) 

were produced by calcium phosphate transfection of 293T cells with the 
lentiviral vector (LV) construct, the packaging construct  for  gag/pol,  
vesicular stomatitis  virus  glycoprotein  envelope  (pCMV-VSV-G) and 
rev (pRSV-rev) as described previously [27]. Infectious LVs were 

harvested at 48 and 72 hour  after transfection and filtered through a 
0.22μm filter. The LVs were concentrated by ultracentrifugation (2 hours 
at 46000×g). Vector concentrations were determined using an in-house 
p24 specific ELISA [28].  
The mutant HIV-1  based LV  has  been  described  previously  [7]  and  
contains  3 amino acid substitutions in CypA binding region (H87Q, A88P 
and I91V) of the packaging construct.  
  
Plasmids  
The cDNA for Trim5α and Trim5γ was obtained by RT-PCR amplification 
from HeLa cells with primers Trim5 Fw: 5’-GCT TGG TAC CGA TGG CTT 
CTG GAA TCC TGG-3’, and Trim5α Rv 5’-AGA GCT TGG TGA GCA CAG 
AG-3’ and trim5γ Rv 5’ AGC TTG GTA CCT AAG GAG GGG TAA GTT ATG 
TG-3’. The amplified fragments were digested with KpnI and EcoRI and 
ligated in the EcoRI and KpnI  restriction sites in the eukaryotic 
expression vector. Trim5α was cloned into pcdna3.1(+) that contains a 
HSV-tag (Invitrogen) and Trim5γ  was cloned into pcdna3.1(A) that 
contains a Myc-tag (Invitrogen). 

 
To express HIV-1 capsid-nucleocapsid (CA/NC) proteins in E. coli, HIV-1 
CA/NC genes of the wild type and mutant packaging constructs were 
amplified by PCR with primers CA/NC Fw: 5’-CAT AAT CAT AAT GCC TAT 



72 Capsid specific restrictions 

 
AGT GCA GAA CAT CC-3’, and CA/NC Rv: 5’-GTA TCG AGG TAC CGG 
ACG AGG GGT CGC TGC C-3’. The amplified products were digested with 
NdeI and KpnI and ligated in the NdeI and KpnI digested pET43.1 
expression vector (Novagen, Madison, USA) that contains a histidine 

tag.  
  
 
In vitro production of CA/NC complexes  

E. coli BL21(DE3)pLysS cells were transformed with the pET43.1 CA/NC 
expression vector and grown to O.D600 of ~0.6. Isopropyl β-D-1-
thiogalactopyranoside (IPTG) was added at a concentration  of  1  mM  
and  incubated  for  12  hours  at  37’C  in  a  shaking  incubator. The 

induced  cells were  harvested by centrifugation and lysed by Bugbuster 
reagent (Novagen, Madison, USA) to release proteins and processed as 
described by the  manufacturer.  The lysates were incubated with 

washed Ni-NTA beads (Novagen, Madison, USA) for 1hr at 4’C in a 
rotator and loaded onto columns for 4 sequential washing steps with 
increasing amounts of imidazole (20, 30, 40 and 50 mM) in the wash 
buffer (50 mM NaH2PO4; 300 mM NaCl). CA/NC was eluted from the Ni-

NTA beads with wash buffer containing 250 mM imidazole, subsequently 
desalted  using a PD-10 column (GE Healthcare) and finally eluted with 
PBS. Total CA/NC yield was measured by p24 specific ELISA as 
described previously [28].   

CA/NC complexes were assembled  in  the  presence  of  viral RNA  that  
contains a packaging signal. Viral RNA was transcribed from an EcoRI 
digested lentiviral construct [29] in a total volume  of  100 μl by T3 RNA  
polymerase  according  to  the manufacturers recommendation 

(Promega, Leiden, Netherlands). For CA/NC assembly, 100 μg CA/NC 
was combined with 100 μl of the produced viral RNA, adjusted to 0.5 M 
NaCl to a total volume of 1ml and allowed to assemble overnight at 4˚C. 
 
 
Capsid pull-down assay  
Assembled CA/NC complexes were coupled to Cyanogen bromide (CNBr) 

activated-sepharose beads (Amersham). 100 mg CNBr beads were 
swollen by incubation in 14 ml of 1 mM HCl for 15 min. Next  the beads 
were washed once  in ice-cold 1 mM HCl and twice  in binding buffer 
(0.1 M NaHCO3  (pH8.5);  0.5 M NaCl). Excess binding buffer was 

removed and assembled CA/NC complexes were added to the beads and 
incubated for at least 24 hrs. Subsequently, the  beads were washed 3 
times with binding buffer and used to pull down cellular proteins from 
cell lysates.  

Cell lysates were prepared from untransfected 293T cells and 293T cells 
that were transfected with pcDNA-Trim5α-HSV or pcDNA-Trim5γ-myc. 
Transfected and untransfected 293T cells were lysed in NP40 lysis buffer 
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(50mM Tris-HCl  (pH7.5); 150mM NaCl; 0,05% sodium deoxycholaat) 
containing protease inhibitor cocktail (Roche, Woerden, The 
Netherlands).  
Precipitates were resolved by SDS-PAGE (NuPAGE, Invitrogen, Breda, 

The Netherlands) and Western blotted on polyvinylideenfluoride (PVDF) 
membranes  (Immobilon-P, Millipore). Proteins that were specifically 
pulled down by wild type  and mutant CA/NC complexes were visualized 
using monoclonal mouse  antibodies recognizing HSV-tagged proteins 

(Novagen, Madison, USA) and  myc-tagged proteins (Invitrogen, Breda, 
The Netherlands). Binding of endogenous CypA was visualized using a 
polyclonal rabbit antibody that recognizes  CypA  (Affinity Bio-reagents, 
Rockford, USA). Specific recognition of the tagged  proteins was 

visualized by horseradish peroxidase labeled secondary antibody 
recognizing mouse or rabbit immunoglobulins (Amersham, Roosendaal, 
The Netherlands). 

 
 
Fate of Capsid assay  
The ‘fate of capsid assay’  has been described previously [17]. In brief, 

HeLa  cells were inoculated with wild type LV and mutant LV for 24 hrs 
to ensure substantial entry. Next, the cells were detached and washed 
three times with ice-cold PBS, and subsequently the cells were lyzed in a 
hypotonic lysis buffer (10 mM Tris-HCl; 10 mM KCl; 1 mM EDTA) for 15 

min and  a  freeze-thawing  step.  Following brief centrifugation to pellet 
insoluble material, cleared supernatants were layered on a 50% sucrose 
cushion and centrifuged at 4ºC for 2 hrs at  25,000  rpm  (rotor  type  
sw40.1). The supernatant was removed and the  pellet  was 

resuspended in 500 μl RIPA buffer. Next, capsid proteins were immune  
precipitated with anti-p24 antibodies, washed three times with RIPA 
buffer and analyzed by polyacryl amide electrophoresis and Western 
blotting (Invitrogen, Breda, The Netherlands). 
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