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Abstract
Human immunodeficiency virus type 1 (HIV-1) has been a global epidemic since 1983; yet, the virology and immunology 
related to HIV-1 remain elusive. Furthermore, as there is still no effective chemoprophylaxis or vaccine to treat patients with 
HIV-1, most research focuses on strategies to prevent HIV-1 infection, such as with antiviral drugs, novel therapeutics, or 
improved diagnostic kits. The HIV-1 Gag precursor protein (p55)—comprising the matrix (MA/p17), capsid (CA/p24), and 
nucleocapsid (NC/p7) protein domains—is the main structural HIV-1 protein, and is uniquely responsible for virion assembly 
within the virus life cycle. Recently, the immature and mature capsid structures were solved; however, the precursor protein 
structure is still unknown. Here, we expressed two subtypes of HIV-1 MA–CA stretch of the Gag protein, referred to as 
p41, in a bacterial expression system. We characterized the purified p41 protein, and showed its superior antigenicity over 
that of p24, highlighting the potential influence of the p17 domain on p24 structure. We further showed that p41 has good 
immunogenicity to induce an antibody response in mice. These results will aid future investigations into the HIV-1 capsid 
precursor structure, and potentially contribute to improving the design of diagnostic kits.
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1 Introduction

Human immunodeficiency virus type 1 (HIV-1) is a retro-
virus that causes acquired immune deficiency syndrome 
(AIDS). Since 1983, HIV-1 has been a global epidemic, with 
more than 36.7 million people living with HIV-1 all over 
the world and about 2.1 million newly infected each year 
[1]. Currently, the primary treatment for HIV-1 infection is 
antiretroviral therapy (ART). Most of the antivirals against 
HIV-1 approved by the Food and Drug Administration are 
reverse transcriptase inhibitors (RTIs), protease inhibitors 
(PIs), and integrase inhibitors (INIs) [2]. Although suppress-
ing HIV-1 replication can prolong a patient’s lifetime, these 

treatment options still cannot cure HIV-1 infection. Besides, 
with increasing rates of viral resistance to ART and the asso-
ciated side effects of long-term therapy, it is now necessary 
to develop new antiviral drugs, novel therapeutics, and early 
detection techniques.

The HIV-1 Gag precursor protein is the main structural 
protein encoded by the gag gene. It is responsible for the 
assembly of virions and undergoes dramatic conformational 
changes during protein maturation [3–5]. Structurally, Gag 
is composed of several domains, including the matrix (MA/
p17), capsid (CA/p24), spacer peptide 1 (SP1), nucleocapsid 
(NC/p7), SP2, and p6 domains [3–7].

In the immature virus particles, Gag molecules are 
packaged radially, such that the MA domain is bound to 
the inner leaflet of the viral membrane and the C-terminal 
region of Gag is oriented toward the center of the particle 
[8, 9]. The MA domain undergoes N-terminal myristoyla-
tion, which is critical targeting Gag to the assembly site 
[10, 11]. The MA domain also directs Gag to the plasma 
membrane for Gag oligomerization and for the incorpora-
tion of the Env trimeric envelope protein into virions [11, 
12]. Cryo-electron microscopy (cryo-EM) and tomography 
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(cryo-ET) analyses have shown that the Gag hexagonal lat-
tice of the immature virus particles has a spacing of 8-nm, 
and that Gag hexamers are reinforced mainly by a six-
helix bundle of SP1 peptides and CA C-terminal domain 
(CTD)–CTD interactions [8, 9].

When virions are released from the host cell plasma 
membrane, the immature particles undergo a dramatic mor-
phological rearrangement over a cascade of proteolytic steps 
for maturation. A key proteolytic site is between the MA 
and CA domains, which triggers the structural rearrange-
ment of CA to promote maturation. In these mature virus 
particles, the CA subunits are organized as a 2-dimensional 
lattice of hexamers, this time with a 10-nm spacing [13, 14]. 
The mature capsid is a cone-shaped shell that encompasses 
approximately 1,500 CA proteins, organized as approxi-
mately 250 hexamers and 12 pentamers [15]. The native 
capsid structure has been well defined by X-ray crystallog-
raphy [16], with evidence for sixfold symmetry within the 
hexamers (intrahexamer), and threefold and twofold symme-
try between neighboring hexamers (interhexamer). Yet, CA 
conformational variability exists [16], with subnanometer-
resolution cryo-ET structures demonstrating the presence of 
hexameric and pentameric CA within intact HIV-1 mature 
particles; the hexamer structure is compatible with crystal-
lography studies but the pentamer forms by means of differ-
ent interfaces [17].

The fullerene cone capsid encloses the HIV-1 genome, 
the viral replicative enzymes and some accessory proteins 
[18–20], and therefore the stability of the capsid can influ-
ence aspects of HIV-1 infection, such as uncoating and 
reverse transcription [21, 22]. Indeed, some authors have 
suggested that the capsid may interact with numerous cel-
lular factors within the host cell during HIV-1 infection, and 
this has made the CA domain a potential target for pharma-
cological inhibitors [23–25].

The structure of full-length Gag assembly is still unclear, 
primarily because of the intrinsic flexibility of Gag. Further-
more, although many high-resolution structures of CA in 
immature and mature virions have been solved [8, 9, 14–17, 
26–28], the structural information of MA in the immature 
Gag lattice or the mature virions is still not yet available. 
This lack of knowledge makes it difficult for us to understand 
the underlying functions of the MA domain in HIV-1 life 
cycle and how its presence would be beneficial for the design 
of therapeutics or vaccines. In this study, we constructed and 
expressed two subtypes of the HIV-1 MA–CA stretch of the 
protein, hereafter referred to as p41 (subtype C MJ4-p41 and 
subtype B NL4-3-p41), using a bacterial expression system. 
The purified proteins were characterized by SDS–PAGE, 
western blotting, dot-blotting, ELISA, and mouse immuniza-
tion. We found that p41 proteins showed good antigenicity 
and immunogenicity. These results will provide useful infor-
mation for the further structural and functional exploration 

of capsid precursor proteins and help to improve the design 
of diagnostic kits based on the p41 protein.

2  Materials and Methods

2.1  Strains, Plasmids, Enzymes and Reagents

Escherichia coli DH5α and BL21 (DE3) were purchased 
from Invitrogen (Carlsbad, CA, USA). HIV-1 infection clone 
plasmids MJ4 and NL4-3 were kindly provided by Prof. Hua 
Zhu (Rutgers University, USA). pMD18-T plasmid, restric-
tion endonucleases NdeI and XhoI, Taq-DNA polymerase, 
dNTP, PCR buffer and T4 DNA ligase were purchased from 
TAKARA Biotechnology Co., Ltd. (Dalian, China). Eight 
HIV-1-positive and three HIV-negative serum samples were 
provided by Beijing Wantai Biological Pharmacy Enterprise 
Co., Ltd. (Beijing, China), which is a high-tech enterprise 
engaged in the biological diagnosis reagents and vaccine 
development and production. Serum samples were from 
their in-house control panel for commercial HIV diagnostic 
kit, application of which was accordance with the standard 
detection guidelines. pTO-T7 plasmid, p24 protein and anti-
p24 monoclonal antibodies were preserved in our lab.

2.2  Plasmid Construction

Using the full-length gene sequence of HIV-1 p55 (MJ4 and 
NL4-3), we designed oligonucleotide primers that included 
the restriction sites for NdeI and XhoI (underlined): MJ4-
p41, F: 5′-CAT ATG GGT GCG AGA GCG TC-3′, R: 5′-CTC 
GAG CAA TAC TCT TGC TTT GTG GC-3′; for NL4-3-p41, F: 
5′CAT ATG GGT GCG AGA GCG TC-3′, R: 5′-CTC GAG CAA 
AAC TCT TGC TTT ATG GC-3′.

MJ4-p41 and NL4-3 genes were amplified using HIV-1 
infection clone plasmids MJ4 and NL4-3 as template DNA. 
The purified PCR products were ligated into the pMD18-
T plasmid. The pMD18-T-p41 plasmids and pTO-T7 plas-
mid were verified by double digestion with NdeI and XhoI 
restriction enzymes. The cleaved p41 and pTO-T7 were 
ligated by T4 DNA ligase to construct MJ4-p41 and NL4-
3-p41 expression plasmids. Recombinant plasmids were 
verified by DNA sequencing.

2.3  Recombinant Protein Expression 
and Purification

The MJ4-p41 and NL4-3-p41 expression plasmids were 
transformed into E. coli BL21 (DE3) and cultured in LB 
medium containing kanamycin with shaking (180 rpm/min) 
at 37 °C until reaching an  OD600 of 0.8. p41 protein expres-
sion was induced by 0.8 mM IPTG for 6 h with shaking at 
37 °C. Strains were harvested by centrifugation (6000 rpm 
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for 5 min), solubilized in 20 mM Tris–HCl pH 8.0, and soni-
cated. The insoluble material was removed by centrifugation 
and the supernatant was collected by 35% saturation ammo-
nium sulfate precipitation. The precipitate was pelleted by 
centrifugation and resuspended for further purification on a 
HiTrap  Ni2+ column using the AKTAPurifier System (GE 
Healthcare Life Sciences, PA, USA).

2.4  SDS–PAGE, Western Blotting and Dot‑Blotting

The purified p41 proteins were analyzed by SDS–PAGE, 
western blotting and dot-blotting. Briefly, proteins were 
treated with 2  × reducing buffer (100  mM Tris–HCl, 
pH6.8, 200 mM β-mercaptoethanol, 4% SDS, 0.2% bro-
mohenol blue and 20% glycerol) or non-reducing buffer 
(no β-mercaptoethanol), and loaded into the wells of 12% 
polyacrylamide gels. Gels were subjected to SDS–PAGE, 
and then stained with Coomassie blue or transferred onto 
nitrocellulose membranes (GE Healthcare, Little Chalfont, 
Buckinghamshire, UK) for immunoblotting. Membranes 
were blocked with 5% skim milk in Tris-buffered saline, and 
then incubated with anti-p24 monoclonal antibody (A10F9) 
[29] at room temperature for 2 h. The membranes were then 
washed and incubated with goat anti-mouse antibody conju-
gated with alkaline phosphatase (GAM-AP), at 1:2000 dilu-
tion for 1 h. Membranes were washed five times, and then 
incubated with chromogenic substrates.

For dot-blotting, 5-µL protein samples (0.5 mg/mL con-
centration) were absorbed onto nitrocellulose membranes. 
Membranes were air-dried, then blocked as described above, 
and incubated with HIV-1-positive serum (from the HIV-1 
infected patients), -negative serum (from the HIV-1 unin-
fected individuals), or anti-p24 monoclonal antibodies. Sec-
ondary antibodies and chromogenic substrates were applied 
as above.

2.5  Indirect Enzyme‑Linked Immunosorbent Assay 
(ELISA)

Wells of a 96-well ELISA plate were coated with 100 µL 
protein (1 µg/mL concentration) for 2 h at 37 °C. Wells were 
then blocked with blocking solution, and incubated with a 
serial dilution of immunized serum or anti-p24 mAbs for 
1 h at 37 °C. The wells were then coated with horserad-
ish peroxidase (HRP)-conjugated goat anti-mouse antibody 
(1:5000 dilution; made in-house) and incubated for 30 min 
at 37 °C. The OD was measured on an ELX800 Microplate 
Reader (Bio-Tek Instruments Inc., Winooski, VT).

Blocking ELISA was performed as described above, with 
modification. After coating and blocking the plate as above, 
the wells were then incubated with HIV-1-positive serum 
before adding the immunized serum. The wells were then 
incubated with goat anti-human antibody conjugated with 

HRP (1:5000 dilution; made in-house) for 30 min at 37 °C. 
The OD value was converted to percentage inhibition (%) 
using the following formula: Inhibition (%) = 100 − [(ODsample/
ODcontrol × 100)], where the  ODcontrol represents wells with 
PBS instead of immunized serum.

2.6  BALB/c Mice Immunization Assay

Four groups of female BALB/c mice (n = 3 per group) were 
respectively immunized with 100 µg MJ4-p24, MJ4-p41, 
NL4-3-p24 or NL4-3-p41 proteins subcutaneously on weeks 
0, 1, 2 and 3. The proteins had been emulsified with com-
plete Freund’s adjuvant in the prime immunization, and 
with incomplete Freund’s adjuvant in three booster immu-
nizations. Immunized serum was collected for analysis. 
Antibody titers were measured using indirect ELISA (see 
above) using the respective proteins as coating antigens. The 
4-week post-immunization serum was further evaluated by 
Blocking ELISA assay.

2.7  Statistical Analysis

ELISA assay data were processed with GraphPad Prism 
(Graphpad Software, CA, USA).

3  Results

3.1  Construction of Expression Plasmid

HIV-1 Gag full-length protein undergoes a cascade of pro-
teolytic cleavage reactions to produce the mature and infec-
tious virions (Fig. 1a). One of the most important proteolytic 
sites is between the MA and CA domains, which triggers 
the structural rearrangement of CA to promote the matura-
tion process. Yet, despite the importance of this step, there 
is limited structural information pertaining to this MA–CA 
stretch of the protein. To investigate the MA–CA stretch, 
referred to p41, we first cloned and expressed the proteins for 
subsequent characterization. The p41 gene was derived from 
the HIV-1 infectious plasmids, MJ4 (subtype C) and NL4-3 
(subtype B), and the amplified products were of approxi-
mately 1000 bp on agarose electrophoresis (Fig. 1b). The 
target genes were inserted into the pTO-T7 vector to con-
struct the pTO-T7-p41 expression plasmid, and this was used 
to generate the p41 protein bearing a C-terminal His-tag. 
The resulting clones were designated MJ4-p41 and NL4-
3-p41. The plasmids were verified by DNA sequencing.

3.2  Expression and Purification of Recombinant 
p41 Protein

The MJ4-p41 and NL4-3-p41 expression plasmids were 
transformed into E. coli BL21 (DE3), and p41 protein was 
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expressed and characterized. The eluted fractions were 
pooled for further identification and analysis. As shown in 
Fig. 1c, an apparent molecular weight of ~ 41 kDa was con-
firmed by immunoblotting using anti-p24 antibody (A10F9).

The p41 protein was efficiently expressed in the soluble 
supernatant (data not shown). p41 was purified using the 
HiTrap  Ni2+ affinity chromatography. As shown in Fig. 2a, 
the p41 protein was over 90% pure measured by Quantity 
One software, indicating a high-purity p41 protein. To 
our surprise, NL4-3-p41 migrated as a single band under 
reducing (with β-mercaptoethanol) and non-reducing (no 
β-mercaptoethanol) conditions; however, the MJ4-p41 pro-
tein migrated as either a dimer or a monomer under non-
reducing conditions. We previously expressed and purified 
MJ4-p24 and NL4-3-p24 proteins, and similarly found that 
MJ4-p24 was a dimer in our crystal structure analysis [29]. 
Therefore, we speculate that the MJ4-p41 monomer may 
similarly spontaneously cross-link into homologous dimers 
by forming a disulfide bond between two Cys309 residues 
which are the same cysteines as p24.

3.3  Characterization of p41 Protein

We next sought to compare p41 and p24 for their reactivity 
and immunogenicity using HIV-1-positive serum and anti-
p24 antibodies in western blotting and dot-blotting analyses. 
We found that p41 proteins showed better reactivity with the 

HIV-1-positive sera (from the HIV-1 infected patient no. 7) 
than did p24, irrespective of reducing or non-reducing con-
ditions for western blotting (Fig. 2a). Using a dot-blotting 
assay, we found that MJ4-p41 and NL4-3-p41 reacted better 
than MJ4-p24 and NL4-3-p24 with all eight of the tested 
HIV-1-positive serum samples, consistent with the western 
blotting results (Fig. 2b). In addition, we tested five anti-
p24 monoclonal antibodies (previously isolated from mice) 
[29], and found stronger immunoreactivity for p41 than p24, 
further supporting the above findings. None of the proteins 
reacted with the three control sera.

To further compare the p24 and p41 proteins, we evalu-
ated the reactivities of p24 and p41 with a twofold serial 
dilution of four anti-p24 mAbs (starting at 1 µg/mL) using 
ELISA. The four mAbs named A10F9, 9E8, H5F4 and 
16G12 were corresponding to Fig. 2b no. 13–16 mAbs 
which had reactivity with four proteins. The 50% maxi-
mal effective concentration  (EC50) was calculated to 
directly reflect the binding activity. As shown in Fig. 3, 
the  EC50 values for the A10F9, 9E8, H5F4 and 16G12 
mAbs were 9.2, 11.3, 103, and 46.2 ng/mL, respectively, 
for NL4-3-p41, and 11.5, 33.3, > 200, and > 200 ng/mL, 
respectively, for NL4-3-p24. We found that the four anti-
p24 mAbs showed lower  EC50 values with NL4-3-p41 
than with NL4-3-p24, suggesting that the p17 domain 
may influence the p24 epitope and improve its binding 
to NL4-3-p41. However, it is worth noting that the  EC50 

Fig. 1  HIV-1 p41 construction. 
a Schematic representation 
of HIV-1 Gag, p41, and p24. 
The five proteolytic sites are 
indicated by arrows in the full-
length HIV-1 Gag protein. b 
Identification of PCR-amplified 
HIV-1 p41 genes by agarose 
electrophoresis. c SDS–PAGE 
and western blotting analysis of 
HIV-1 p41 protein expression. 
The anti-p24 monoclonal anti-
body (A10F9) was used as the 
detection antibody. The arrow 
indicates the p41 protein
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values were similar among the four mAbs with MJ4-p24 
and MJ4-p41, with no significant differences in reactivity 
observed. This may be due to the aforementioned dimer 
formation for MJ4-p41 and MJ4-p24, which may affect 
antibody reactivity. To figure out whether the dimeriza-
tion of MJ4 proteins is associated with the antigenic-
ity difference between p41 and p24, we performed the 
 EC50 test of MJ4 proteins in presence of reducing agent, 
β-mercaptoethanol. As shown in Fig. 4, the  EC50 values 
for the A10F9, 9E8, H5F4 and 16G12 mAbs were 8.3, 
7.2, 15.7 and 9.6 ng/mL, respectively, for MJ4-p41, and 
19.8, 20.5, > 200, and 40.1 ng/mL, respectively, for MJ4-
p24. The results demonstrated that four anti-p24 mAbs 
had lower  EC50 values with monomeric MJ4-p41 than 
that of MJ4-p24 monomer, which was consistent to the 
 EC50 discrepancy between NL4-3-p41 and NL4-3-p24 in 

monomeric form. Taken together, the p17 domain may 
pose effects on the antigenicity of p24 moiety in context 
of the full-length p41 .

3.4  Immunization Analysis

We next evaluated the immunogenicity of the p41 and p24 
proteins to immunize BALB/c mice. Three mice per group 
were inoculated four times with 100 µg of the recombinant 
MJ4-p24, MJ4-p41, NL4-3-p24 or NL4-3-p4 formulated 
with Freud’s adjuvant. The antibody response profiles 
showed that all four recombinant proteins elicited a high 
antibody titer for the 4-week post-immunization samples of 
approximately 7-log, 7.5-log, 6-log and 6.5-log for MJ4-
p24, MJ4-p41, NL4-3-p24 and NL4-3-p41, respectively 
(Fig. 5a). Thus, both p41 and p24 proteins exhibited good 

Fig. 2  Antigenicity analysis of HIV-1 p41. a SDS–PAGE and western 
blotting analysis of p41 and p24 proteins in reducing and non-reduc-
ing conditions using HIV-1 positive sera (from the HIV-1 infected 
patient no. 7). b Dot-blotting analysis of p41 and p24 proteins using 

eight samples of HIV-1 positive serum and five anti-p24 mAbs, 
respectively. Three HIV-1 negative serum samples (from the HIV-1 
uninfected individuals) served as the negative control
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immunogenicity to elicit an antibody response in BALB/c 
mice.

Finally, we examined whether binding of the HIV-1-pos-
itive sera (from the HIV-1 infected patient no. 7) to p24 or 
p41 could be inhibited by the 4-week post-immunization 
serum. In the blocking ELISA assays, we found that antise-
rum from all four groups of mice could efficiently inhibit the 
binding of HIV-1-positive sera to p24 or p41 protein at ten-
fold dilution, with mean inhibition values of 64, 77.5, 67.5 
and 76.5% for MJ4-p24, MJ4-p41, NL4-3-p24 and NL4-
3-p41, respectively (Fig. 5b). Thus, antibodies raised via p24 
and p41 immunization share similar epitopes with naturally 
acquired antibodies produced in response to HIV-1 infection.

4  Discussion

The HIV-1 p17 (MA) and p24 (CA) of the Gag protein 
are crucial in the production of infectious virions. Here, 
we constructed and tested the MA–CA stretch of the Gag 

protein—referred to as p41—for its antigenicity and capac-
ity to elicit an immune response. We found that p41 offered 
better antigenicity over that of p24, suggestive of an effect of 
p17 on the structure of the p24 domain. Through immuniza-
tion analysis, we also found that p41 can induce an antibody 
response in mice, raising epitopes similar to those naturally 
acquired in response to HIV-1 infection.

Recent advancements in cryo-EM and cryo-ET have sig-
nificantly accelerated our understanding of the HIV-1 struc-
ture. The MA domain directs Gag proteins to their correct 
assembly sites, promotes Gag oligomerization, and recruits 
the envelope trimer protein into virions [4]. It is also part 
of the nuclear localization signal (NLS) and nuclear export 
signal (NES), which is important for HIV-1 infection and 
assembly [30, 31]. Mutations or deletions within this criti-
cal region interfere with virion assembly and result in the 
production of non-infectious virions [32–35]. Likewise, the 
CA domain has multifaceted roles in HIV-1 infection and 
assembly [36], and the detailed structural knowledge of its 
assembly has provided a potential target for pharmacological 

Fig. 3  Comparison of antigenicity between p41 and p24 proteins 
with four anti-p24 mAbs (corresponding to Fig. 2b no. 13–16 mAbs) 
using indirect ELISA: a A10F9, b 9E8, c H5F4 and d 16G12. The 

data were analyzed by GraphPad Prism software and the 50% maxi-
mal effective concentration  (EC50) was calculated by a four-parameter 
logistic fit
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Fig. 4  Comparison of antigenicity between MJ4-p41 and MJ4-p24 
in presence of reducing agent by indirect ELISA using four anti-p24 
mAbs, a A10F9, b 9E8, c H5F4 and d 16G12. The data were ana-

lyzed by GraphPad Prism software and the 50% maximal effective 
concentration  (EC50) was calculated by a four-parameter logistic fit

Fig. 5  Immunogenicity assay. a Antibody titer for the immunized 
serum by indirect ELISA. The injection time points are indicated by 
black arrows. Both p24 and p41 proteins induced strong antibody 
titers as high as  106 at 4-weeks post-immunization. b Inhibition pro-
files using a Blocking ELISA assay. Serum taken from animals at 

4-weeks post-immunization was blocked from binding to p41 or p24 
by HIV-1 positive sera (from the HIV-1 infected patient no.7). The 
mean inhibition values are marked above the corresponding column 
at tenfold dilution of serum
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inhibitors [23–25]. Indeed, the structures of the immature 
or mature forms of the CA domain have been solved, and 
this has led to novel therapeutic antivirals against the capsid 
protein [37].

Our characterization of p41 highlighted the varied anti-
genicity of p24 against the mAbs or anti-serum when cou-
pled to MA (as in p41) compared with its free form (p24). 
During the virion maturation process, it is believed that 
cleavage in the MA–CA junction triggers a conformation 
rearrangement in the CA domain, and this causes the new 
CA N-terminus to fold into a β-hairpin, stabilized by a bur-
ied salt bridge between the N-terminal proline and a con-
served aspartate residue in helix 3 [38]. The formation of 
this β-hairpin promotes maturation of the capsid [39]. To our 
knowledge, the structure of the MA–CA stretch is different 
to that of the mature CA. Although various structures of MA 
and CA have been reported, the structure of the immature 
MA–CA p41 protein is not available. Solving the structure 
of p41 will uncover the conformational changes that occur 
during virion maturation.

As a first step toward this understanding, the present stud-
ies focused on the expression and characterization of two 
subtypes of recombinant HIV-1 p41 protein. We found that 
the p41 protein had better reactivity with HIV-1-positive 
serum than that of p24 protein, indicating that p41 has a 
remarkable advantage in detecting HIV-1-positive serum. 
This could be used to help improve diagnostic tests. Further-
more, in the ELISA assay of p41 against anti-p24 mAbs, we 
confirmed better antigenicity of p41 than p24, possibly due 
to influence of p17 on the p24 epitope. The immunization 
assay also showed high immunogenicity for p41 and the anti-
serum could block HIV-1-positive serum from binding with 
the p41 protein. Together, these results suggest that p41 may 
be a suitable, alternative candidate for HIV-1 diagnostics.

In conclusion, we show that the p41 (MA–CA) protein 
is highly reactive with HIV-1-positive serum and anti-p24 
mAbs as compared with the p24 (CA alone) protein. This 
knowledge may offer an advantage in the design and devel-
opment of diagnostic agents with enhanced reactivity. Future 
studies may also consider resolving the complex structure 
of the precursor MA–CA region of Gag with the anti-p41 
antibody to gain further insight into this interaction.
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