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ABSTRACT
The coat protein of cardamom mosaic virus (CdMV), a member of the genus Macluravirus, assembles
into virus‐like particles when expressed in an Escherichia coli expression system. The N and C‐termini of
the coat protein were engineered with the Kennedy peptide and the 2F5 and 4E10 epitopes of gp41 of
HIV. The chimeric proteins reacted with sera from HIV positive persons and also stimulated secretion
of cytokines by peripheral blood mononuclear cells from these persons. Thus, a system based on the
coat protein of CdMV can be used to display HIV‐1 antigens.
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Cardamom mosaic virus is a member of the Macluravirus
genus of Potyviridae (1). It is the causative agent of
cardamom mosaic disease. Potyviral CPs are multifunc-
tional proteins (2–4). Several studies on the expression
and assembly of potyviral CPs in various expression
systems have been published. In the cases of JGMV (5),
tobacco etch virus (3), PVY (6–8), (PPV) (9), and pepper
vein banding virus (10), expression of CP has led to
formation of virus‐like particles in E. coli and plant
systems. The CPs of CdMV also form filamentous virus‐
like particles on expression in an E. coli expression system,
as observed by immunogold electron microscopy (11).
The capsids of most plant viruses consist of multiple

copies of one or a few types of protein subunits arranged
with either icosahedral or helical symmetry. Because of
their relative simplicity, stability and ease of production,
plant viruses and virus‐like particles from plant viral CPs

have attracted attention as potential systems for display of
foreign antigens. The CPof potyvirus is reportedly a good
candidate for a carrier molecule for presenting epitopes.
Researchers have studied several potyviruses like zucchini
yellowmosaic virus (12), PPV (13), PVY (14), JGMV (15,
16) and papaya ringspot virus (17) for their ability to
present epitopes on their surfaces.

The envelope glycoprotein gp41 of HIV anchors the
infectious spike to the viral membrane and plays an
important role in cell entry. It is composed of �345
amino acids with a molecular mass of 41 kDa and is
highly conserved. The Kennedy peptide, which is
located in the cytoplasmic tail of gp41, corresponds
to amino acid sequence 735–752 of the precursor
envelope glycoprotein and contains three epitopes:
734PDRPEG739 (18), 740IEEE743 and 746ERDRD750
(19), the epitope ERDRD is reportedly neutralizing (20).
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The highly conserved MPER comprises the last 24 C‐
terminal amino acids of the gp41 ectodomain (21) and
contains epitopes recognized by three HIV‐1 broadly
neutralizing monoclonal antibodies, namely 2F5, 4E10
and Z13 (22–25). The 2F5 epitope has been mapped to
the motif ELDKWA at the end of the heptad repeat 2
region of gp41 (22, 25). The monoclonal antibody 4E10
recognizes a contiguous epitope at the C terminus of the
2F5 binding region (26). 2F5 and 4E10 neutralize the
virus by interfering with its fusion with the target cell
membrane, during which the MPER is assumed to be
exposed (27).
In the current study, we have displayed various

combinations of the Kennedy peptide (E1), 2F5 and
4E10 epitopes at the N and C terminals of the full length
CP of CdMV (Fig. 1). We have also analyzed the ability of
chimeric proteins to react with sera from HIV infected
persons and to induce cytokines in their PBMCs.

MATERIALS AND METHODS

Cloning and expression of full length coat
protein of cardamom mosaic virus

Using the primers 50‐GG ATCCATGGATTTAGTAGG-
CACG‐30 and 50‐AAGCTTTCATATA GAGTTGCTCGT-
GG‐30, the CP was amplified from the construct
pTom20 (28), which contains the full length CP and
part of theNIb gene. The full length CPwas amplified and
cloned into T‐tailed vector pXcmKn12 and then
subcloned into pHT7 vector (28) at BamHI and HindIII
sites for expression in E. coli. The protein was found to
over‐express optimally when the construct was trans-

formed into Rosetta strain and induced with 0.8 mM
IPTG.

Refolding and purification of full length
coat protein of cardamom mosaic virus

The inclusion bodies formed by the over‐expressed
protein were purified and solubilized in unfolding buffer
(8 M urea, 50 mM Tris–HCl [pH 8.5], 100 mM NaCl).
The suspension was centrifuged at 14,000 rpm for
30 min at 4°C to obtain unfolded protein in the
supernatant, which was passed through a 0.45 mm filter.
The unfolded protein was bound to an Ni‐NTA column
and refolded in the column by treatment with 10 column
volumes of refolding buffer (50 mM Tris, pH 8.5, 0.1 M
NaCl, and 10% glycerol). It was then eluted with refolding
buffer containing different concentrations of imidazole.
The whole process was performed at 4°C.

Oligonucleotides coding for epitopes for
engineering on cardamom mosaic virus

The oligonucleotides coding for the epitopes to be
engineered were designed as follows. The peptide
sequence corresponding to the epitope was back‐
translated to obtain the DNA sequence, the codons
optimized for E. coli expression and then synthesized as
oligonucleotides.

KE Forward 50‐CCGGGTGGTCTGGATCGTCTGG-
TCGTATCGAAGAAGAAGGTGG TGAACAGGATCGT-
GATCGTAGC‐30 and KE Reverse 50‐GCTACGATCAC-
TATCCTG TTCACCACCTTCTTCTTCGATACGACCC-
AGACGATCCAGACCACCCGG‐30, 2F5 Forward 50‐
AATGAAAAAGATCTGCTGGCGCTGGATAGCTGGA-
AAAATCTGTGG‐30 and 2F5 Reverse 50‐CCACAGATT-
TTTCCAGCTATCCAGCGCCAGCAGATCTTTTTCAT-
T‐30, 4E10 forward 50‐AGCTGGTTTGATATTGAG-
CAATTGGCTGTGGTATATTCG C‐30 and 4E10 Reverse
50‐GCGAATATACCACAGCCAATTGCTAATATCAAAC-
CAGCT‐30

Cloning of epitopes into cardamom mosaic
virus gene

Polymerase chain reaction‐based site‐directed mutagen-
esis was used to create point mutations for the
introduction of an EcoRV site. For creating an EcoRV
site at the N and C termini of CdMVCP, the primer pairs
50‐GGATCCATGGATATCGTAGGCACGCCAACA‐30,
50‐TGT TGGCGTGCCTACGATATC CATGGATCC‐30

and 50‐CACTGATATCGACGAATTTG‐30, 50‐CAAATT-
CGTCGATATC AGTG‐30, respectively, were used. The
oligonucleotides coding for the epitopes were annealed
by the following procedure: 1 mg each of epitope

Fig. 1. Schematic representation of the chimeric proteins. The

epitopes and their positions on the CdMV CP are indicated as colored

bands (red, E1; violet, 2F5; yellow, 4E10).

HIV gp41 epitopes on CdMV coat protein
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oligonucleotides were heated at 94°C for 10 mins and the
tubes left at room temperature till they reached 30°C, they
were then precipitated, washed with 70% ethanol and re‐
suspended in 25 mL ultra‐pure water. The CP gene was
linearized with EcoRV, subjected to alkaline phosphatase
treatment and ligated with annealed T4 polynucleotide
kinase‐treated oligonucleotides. The clones were
screened for loss of EcoRV site caused by insertion
of the epitope and then sequenced to confirm the
orientation of the epitopes.

Cloning, expression, and purification of
chimeric coat protein engineered with
epitopes from HIV gp41

The chimeric CP genes were subcloned into the E. coli
expression vector pHT7 at XbaI (from the vector) and
HindIII (incorporated in the primer) sites. The chimeric
proteins were expressed, refolded, and purified following
the same procedure as for the wild type full length
CdMVCP.

Western blotting of the chimeric proteins
with sera from HIV positive persons

About 20 mg of protein samples were subjected to SDS–
PAGE and the resolved protein bands transferred to a
nitrocellulose membrane. Sera fromHIV positive persons
(1:20 dilution) were used as the primary antibody and
rabbit anti‐human IgG conjugated with horse radish
peroxidase as the secondary antibody. The reactions were
detected by using the substrate 4‐chloro 1‐napthol.

Collection of blood samples

Ten milliliters of venous blood was collected, with
informed consent, fromHIV positive persons whose CD4
count was greater than 350 cells/mm3. At the time of
blood collection, these persons were free of opportunistic
infections and naïve to anti‐retroviral therapy.

Enzyme‐linked immunosorbent spot assay

Wells washed with DPBS were coated with 50 mL of
5 mg/mL of primary antibody and incubated at 4°C
overnight. On Day 2, the wells were washed with DPBS
and blocked with 100 mL of complete RPMI and
incubated at 37°C for 2 hrs. A mixture of 100 mL of
PBMCs (isolated from the blood samples) suspension
(2 � 105 cells per well) and 1 mg of the chimeric
proteins was added and incubated at 37°C in a CO2

incubator overnight. On Day 3, the plates were decanted
and washed three times with 100 mL DPBS and then
three times with 100 mL PBS þ 0.1% Tween 20. Fifty

microliters of 2 mg/mL of secondary antibody was added
to eachwell and incubated at room temperature for 3 hrs.
50 mL of streptavidin–horseradish peroxidase (1 mL/
mL) was added and incubated for 1 hr. One hundred
microliters of substrate (two drops buffer þ three drops
3‐amino‐9‐ethyl carbazole) was added and the plates
incubated in the dark for 10 mins, then read.

Stimulation of peripheral blood
mononuclear cells with chimeric proteins
and assay for cytokine induction

The PBMCs (0.5 � 106 cells/500 mL) were cultured in
complete RPMI medium. Chimeric protein was added at
10 mg/mL concentration. The cultures were incubated at
37°C for 3 days in a CO2 incubator and then the cells spun
at 10,000 rpm for 15 mins and the supernatant used for
cytokine assays. Bio‐Plex Pro cytokine and chemokine
assays (Bio‐Plex Pro assay kit; Biorad, Hercules, CA,
USA) were performed to assess the ability of the chimeric
proteins to induce these immune system signals. Two‐
way ANOVA was performed on the data and P values
of < 0.05 considered significant.

RESULTS

Cloning, expression and purification of full
length coat protein of cardamom mosaic
virus

The 924 bp full length CdMVCP was amplified and
cloned into an E. coli expression vector. In members of
Potyviridae, the viral proteins are derived by cleavage at
specific sites in the polyprotein by viral proteases.
Multiple sequence alignment between the members of
the Macluravirus genus, namely Chinese yam necrotic
mosaic virus, narcissus latent virus, Maclura mosaic
virus, Alpinia mosaic virus, yam chlorotic necrotic
mosaic viruses, large cardamom chirke virus, Ranunculus
latent virus and CdMV (Fig. 2a), revealed that QM is the
most conserved possible cleavage site between NIb and
CP. Therefore the start site of the full length coat protein
was considered to be at methionine.

Cloning, expression and purification of
chimeric cardamom mosaic virus coat
protein displaying epitopes from HIV gp41

Oligonucleotides coding for the Kennedy peptide, 2F5
and 4E10 epitopes from a HIV isolate subtype C
(Accession number EF469243) were inserted at the N
and C terminal regions of the coat protein. The chimeric
proteins obtained by engineering the Kennedy peptide
(E1), the 2F5 epitope and the 4E10 epitope in different
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combinations at the N and the C termini of CdMVCP
(Fig. 1) were designated as follows: (i) CdMVCP(N)E1,
(ii) CdMVCP(C)E1, (iii) CdMVCP(N&C)E1, (iv)
CdMVCP(N)2F5, (v) CdMVCP(C)2F5, (vi) CdMVCP
(N&C)2F5, (vii) CdMVCP(N)E1(C)2F5, (viii) CdMVCP
(N)4E10, (ix) CdMVCP(C)4E10, (x) CdMVCP(N&C)
4E10, (xi) CdMVCP(N)E1(C)4E10, (xii) CdMVCP(N)
4E10(C)E1 and (xiii) CdMVCP(N)4E10(C)2F5.
The chimeric proteins derived from the 13 constructs

listed above were refolded and purified in the same
manner as the wild type coat protein. Figure 3a–l shows
the gel pictures of CdMVCP and all but the last two of the
above proteins.
The epitope sequences of the Kennedy epitope, 2F5

and 4E10 sequences from all the sequenced Indian
isolates of HIV (subtype C) were aligned with the type B
sequence (Fig. 2b,c) which is mostly used for other
display studies. As the monoclonals for these epitopes
were also developed for subtype B sequence, the
alignment was designed to identify the corresponding
epitope regions in subtype C sequence. Both globally and

in India, the commonest subtype of HIV‐1 infection
is subtype C. Though cross clade neutralization has
been demonstrated (29, 30), it is reportedly weak against
some epitopes, such as 2F5 (27, 31). Therefore, in order
to obtain a subtype C specific immune response the
sequence from the Bangalore (India) isolate (EF469243)
was used.

Reactivity of chimeric proteins with sera
from HIV positive persons

The chimeric proteins had positive reactions with the sera
fromHIV positive persons (Fig. 4a–f, Table 1), indicating
that the epitopes displayed on CdMVCP are in the correct
conformation for recognition by the antibodies in sera.
Wild‐type CdMVCP did not react with the sera, showing
that the reaction is specific towards the epitopes. Serum
from a volunteer who had been vaccinated with TBC‐
M4 (32) was also used in this study. Because this vaccine
construct has full length gp41 in the modified vaccinia
Ankara vector, it recognized the chimeric proteins

Fig. 2. (a) Alignment of NIb–CP cleavage region of Macluravirus members. Arrow indicates the highly conserved possible cleavage site QM.

(b) Alignment of Kennedy epitope sequence from Indian isolates with subtype B sequence. (c) Alignment of 2F5 and 4E10 epitope sequences

from Indian isolates with subtype B sequence.
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CdMVCP(N)E1 and CdMVCP(N&C)E1, as expected
(Fig. 4g).
The sera from theHIV positive persons that recognized

the chimeric proteins possibly contain 2F5‐like, 4E10‐like
and Kennedy peptide specific antibodies. The chimeric
proteins with two copies of epitopes (CdMVCP[N&C]E1,
CdMVCP[N&C]2F5, CdMVCP[N&C]4E10) reacted
with 58% (14/24, 7/12 and 7/12, respectively) of the
samples tested. However not all sera recognized the
chimeric proteins, because these antibodies are not
produced in all such patients. Several studies assessing the
presence of such antibodies in the sera of HIV patients
have shown that antibodies specific to Kennedy peptide,
2F5 and 4E10 epitopes are not uniformly present in
persons infected with HIV(33–38).

It is noteworthy that the chimeric proteins with two
copies of epitopes at the N and C termini (CdMVCP
[N&C]E1,CdMVCP[N&C]2F5 and CdMVCP[N&C]
4E10) reacted more strongly with sera from HIV infected
persons than did the other chimeric proteins. Due to
this high reactivity, these three chimeric proteins were
subjected to further immunological studies.

Stimulation of cytokines by chimeric
proteins

A preliminary screening of the samples for the produc-
tion of IFN‐g was performed by ELISPOT assay. Table 2
shows the ability of the chimeric proteins to stimulate the
production of IFNg, leading to the formation of spots.

Fig. 3. Purificaton of CdMVCP and the chimeric proteins. (a) Purification of CdMVCP. Lane 1, marker; Lane 2, input; Lane 3, flowthrough;

Lane 4, purified CdMVCP. (b) Purification of CdMVCP(N)E1. Lane 1, marker; Lane 2, input; Lane 3, flowthrough; Lane 4, purified CdMVCP(N)E1.

(c) Purification of CdMVCP(C)E1. Lane 1, marker; Lane 2, input; Lane 3, flowthrough; Lanes 4 and 5, purified CdMVCP(C)E1. (d) Purification of

CdMVCP(N&C)E1. Lane 1, marker; Lanes 2 and 3, purified CdMVCP(N&C)E1. (e) Purification of CdMVCP(N)2F5. Lane 1, marker; Lane 2,

flowthrough; Lane 3, wash; Lane 4, purified CdMVCP(N)2F5. (f) Purification of CdMVCP(C)2F5. Lane 1, marker; Lane 2, wash; Lanes 3 and 4,

purified CdMVCP(C)2F5. (g) Purification of CdMVCP(N&C)2F5. Lane 1, marker; Lane 2, flowthrough; Lane 3, wash; Lanes 4 and 5, purified

CdMVCP(N&C)2F5. (h) Purification of CdMVCP(N)E1(C)2F5. Lane 1, marker, Lane 2, flowthrough; Lane 3, wash; Lanes 4 and 5, purified CdMVCP

(N)E1(C)2F5. (i) Purification of CdMVCP(N)4E10. Lane 1, marker; Lane 2, first elute; Lanes 3 and 4, purified CdMVCP(N)4E10. (j) Purification of

CdMVCP(C)4E10. Lane 1, marker; Lane 2, first elute; Lanes 3 and 4, purified CdMVCP(N)4E10. (k) Purification of CdMVCP(N&C)4E10. Lane 1,

marker, Lanes 2 and 3, purified CdMVCP(N&C)4E10. (l) Purification of CdMVCP(N)4E10(C)2F5. Lane 1, marker; Lanes 2 and 3, purified CdMVCP

(N)4E10(C)2F5. The arrows indicate the bands of purified chimeric proteins in the gel.
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PBMCs stimulated with hemagglutinin served as positive,
and unstimulated cells as negative, controls. Samples with
more than thrice the number of spot‐forming units in
negative controls were considered significant. This
experiment was followed by a detailed analysis of
stimulation of different cytokines.

Because the primary immune response is minimal and
therefore more difficult to recognize or quantify than the
secondary immune response, PBMCs from HIV infected
persons were used in the study. Responses of PBMCs from
five normal persons were also studied. The chimeric
proteins were found to be stimulating the cytokines and

Fig. 4. (a–f) Western blots of chimeric proteins with sera from HIV positive persons. Each blot shown in the figure was treated with a

serum sample from a different HIV infected person. Arrows indicate the bands of reactivity between sera and chimeric proteins. The different

chimeric proteins loaded in each lane in the blots are as follows. (a) Lane 1, CdMVCP(N&C)E1; Lane 2, CdMVCP(C)E1; Lane 3, CdMVCP(N)E1;

Lane 4, colored marker; Lane 5, CdMVCP. (b) Lane 1, CdMVCP(N&C)E1; Lane 2, CdMVCP(C)E1; Lane 3, CdMVCP(N)E1; Lane 4, CdMVCP; Lane 5,

colored marker. (c) Lane 1, CdMVCP(N&C)E1; Lane 2, CdMVCP(C)E1; Lane 3, CdMVCP(N)E1; Lane 4, colored marker; Lane 5, CdMVCP. (d) Lane

1, CdMVCP; Lane 2, colored marker; Lane 3, CdMVCP(C)2F5; Lane 4, CdMVCP(N)4E10; Lane 5, CdMVCP(N&C)4E10; Lane 6, CdMVCPCP(N&C)

2F5; Lane 7, CP(N)E1(C)4E10. (e) Lane 1, CdMVCP; Lane 2, colored marker; Lane 3, CdMVCP(N&C)4E10; Lane 4, CdMVCP(N&C)2F5; Lane 5,

CdMVCP(N)2F5; Lane 6, CdMVCP(N)E1(C)4E10; Lane 7, CdMVCP(N)4E10(C)2F5; Lane 8, CdMVCP(N&C)E1. (f) Lane 1, CdMVCP; Lane 2, marker;

Lane 3, CdMVCP(C)2F5; Lane 4, CdMVCP(N)4E10; Lane 5, CdMVCP(N&C)2F5; Lane 6, CdMVCP(N&C)4E10; Lane 7, CP(N)E1(C)4E10. (g) Western

blot with serum from a volunteer vaccinated with TBC‐M4. Lane 1, CdMVCP(N&C)E1; Lane 2, CdMVCP(C)E1; Lane 3, CdMVCP(N)E1; Lane 4,

colored marker; Lane 5, CdMVCP.

Table 1. Summary of the results of western blot of the chimeric proteins with sera from HIV positive persons

S. no Name of the protein No. of samples tested No. of samples giving positive reaction

1 CdMVCPN(E1) 21 8

2 CdMVCPC(E1) 14 6

3 CdMVCPN&C(E1) 24 14

4 CdMVCPN(4E10) 12 2

5 CdMVCPN&C(4E10) 12 7

6 CdMVCPN(2F5) 12 2

7 CdMVCPC(2F5) 12 3

8 CdMVCPN&C(2F5) 12 7

9 CdMVCPN(4E10)C(2F5) 12 1

10 CdMVCPN(4E10)C(E1) 12 4

11 CdMVCPN(E1)C(4E10) 12 3
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chemokines IL‐10, IL‐6, IL‐8, IL‐1b, MIP‐1a, MIP‐1b
and RANTES. The significant results of the study are
shown as box and whisker plots (Figs. 5, 6). When the
chimeric proteins were compared, CdMVCP(N&C)E1
more strongly stimulated IL‐6, IL‐1b, MIP‐1a, MIP‐1b
and RANTES than did CdMVCP(N&C)2F5 and
CdMVCP(N&C)4E10. When the chimeric proteins
were compared with respect to IL‐6 stimulation in
PBMCs, it was evident that CdMVCP(N&C)E1 provided
stronger stimulation than the chimeric proteins having
the 2F5 and 4E10 epitopes. The responses to CdMVCP
(N&C)E1 in theHIV patients’ PBMCs had amedian value
of 90021.38 pg/mL, whereas the median values for
CdMVCP(N&C)2F5 and CdMVCP(N&C)4E10 were
107.48 and 1387.66 pg/mL, respectively. Similar re-
sponses were observed with the samples from normal
subjects. Again, CdMVCP(N&C)E1 was found to more
strongly induce IL‐1b in patients’ PBMCs (median value
144.96 pg/mL) than CdMVCP(N&C)2F5 (31.3 pg/mL)
and CdMVCP(N&C)4E10 (31.3 pg/mL). In the case of
MIP‐1a, the chimeric protein CdMVCP(N&C)E1 stimu-
lated both patient and normal PBMCs (3659.2 pg/mL and
66 � 109 pg/mL, respectively) significantly more strongly
than did CdMVCP(N&C)2F5 (56.83 and 65.76 pg/mL,
respectively) and CdMVCP(N&C)4E10 (515.59 and
9196.74 pg/mL, respectively). For MIP‐1 b, CdMVCP
(N&C)E1 also provided stronger stimulation than did the
other two chimeric proteins CdMVCP(N&C)2F5 and
CdMVCP(N&C)4E10 in both the normal and patient
PBMCs. In the normal controls CdMVCP(N&C)E1
stimulated more secretion of RANTES (22903.62 pg/
mL) than did CdMVCP(N&C)2F5 (8586.36 pg/mL) and
CdMVCP(N&C)4E10 (6474.99 pg/mL). Thus the chime-
ric proteins, in particular CdMVCP(N&C)E1, stimulate
many cytokines and chemokines in PBMCs.

DISCUSSION

In members of the Potyviridae family, the viral proteins are
derived by cleavage at specific sites in the polyprotein by
viral proteases. Q/M is highly conserved among the
Maclura viruses and, in addition to Q/S, Q/G, E/S, and
E/G, is also one of the preferred cleavage sites of Como,
Picorna, and Potyvirus proteases (39). Therefore, we con-
sideredmethionine as the starting point of the coat protein.

Because there is no three dimensional structural data
for potyviral CP, the exposed regions have to be identified
based on studies of the coat protein of other potyviruses.
Mild proteolysis by trypsin of the particles of six
potyviruses (bean yellow mosaic virus, clover yellow
vein virus, JGMV, passion fruit woodiness virus, PVYand
watermelon mosaic virus II) revealed that the N and C
terminal regions of their coat proteins are exposed on the
particles (40). Pepscan analysis of PPV coat protein has
confirmed that the N and C terminal domains of PPVCP
are the immuno‐dominant regions of the protein (13).
These data suggest that this may be a general feature of
all potyviruses. The predicted secondary structure of
CdMVCP also shows random coils without any helix or
strand at the N and C termini. Therefore, we chose the N
and C termini of CdMVCP for display of epitopes from
HIV gp41.

There are many reports in which Kennedy peptide has
been engineered on a variety of display systems (19, 41, 42),
including the CP of a plant virus cowpea mosaic virus,
which leads to a strong neutralizing antibody response that
provides 99% neutralization of HIV 1 IIIB (43). Antibodies
against the Kennedy epitope region can reportedly perform
post‐attachment neutralization, neutralization of infectious
progeny and strong standard neutralization (20, 44–47),
making it a suitable candidate for display.

Table 2. Summary of ELISPOT assay results

Sample ID

No. of spot forming units

Positive Negative CdMVCP(N&C)E1 CdMVCP(N&C)2F5 CdMVCP(N&C)4E10

100 373 2 48 47 42
101 234 1 21 20 14
104 511 112 83 56 130

105 74 31 120 55 213
108 185 11 70 8 24
109 443 101 40 10 20

112 305 8 29 40 80
113 33 15 144 188 33
115 591 39 14 15 14

116 420 25 9 60 35
117 486 6 3 5 38

Significant results are shown in bold.
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Several chimeric constructs developed with 2F5
epitope “ELDKWA” displayed on various carriers (48–
53) give rise to varying degrees of immune response.
An enhanced response has been observed in the case of
recombinant immunogens in which there is a high
density of ELDKWA epitopes (54). Thus, display of the
2F5 epitope on CdMVCP, which forms virus like
particles, is expected to induce a good immune
response with neutralizing antibodies. The 4E10
epitope, the most broadly cross reactive monoclonal
antibody described to date, neutralizes all viruses so far
tested, making it a suitable candidate for display on
CdMVCP because it provides immune responses
against all subtypes of HIV.
The recognition of the chimeric proteins displaying the

2F5, 4E10 and Kennedy peptide shows that the epitopes
are displayed by CdMVCP. The 2F5‐like, 4E10‐like
and Kennedy epitope specific antibodies are not
consistently produced by all HIV positive persons.
Possible explanations include immune diversion by
non‐neutralizing MPER epitopes (55), down modulation
of neutralizing MPER antibodies (56) and immune
tolerance mechanisms (2F5‐ and 4E10‐like antibodies are
autoreactive) (57).

Many studies of the presence of antibodies specific to
Kennedy peptide, 2F5 and 4E10 epitopes have been
performed. About 67% of individuals with asymptomatic
HIV infection and 37% of those with symptomatic
disease have antibodies against the Kennedy epitope and
are capable of recognizing the chimera of polio virus with
Kennedy epitope (38). Immunization of humans with
gp160 elicits antibodies against the immunodominant
Kennedy peptide region (35). About 56% of 50 samples of
HIV positive sera (33) and 70% of 20 maternal HIV
positive sera (37) reportedly have antibodies that can
react with peptides containing the 2F5 epitope. Neutral-
izing antibodies reacting with the 2F5 epitope are
reportedly responsible for serum neutralizing activity
(36). The presence of 4E10‐like antibodies in the broadly
cross neutralizing plasma of an HIV positive person and
their importance in virus neutralization have been
reported (34). These studies show the presence of
antibodies to these epitopes in some, but not all, HIV
infected persons, explaining the reactivity of the chimeric
proteins with sera from HIV infected persons.

We found that the chimeric proteins stimu-
lated the cytokines and chemokines IL‐10, IL‐6,
IL‐8, IL‐1b, MIP‐1a, MIP‐1b and RANTES. Genetic

Fig. 5. (a–c): Box and whisker plots showing stimulation of cytokines IL‐6, IL‐8, and IL‐1beta by chimeric proteins. A two‐way ANOVA was

performed for the data; a P value of < 0.05 was considered significant. N, normal; P, patient; Q1, first quartile; Q3, third quartile.
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polymorphisms associated with strong IL‐10 produc-
tion reportedly slow disease progression (58) and
reduce susceptibility to HIV infection (59, 60).
Treatment with recombinant IL‐10 has been shown
to prevent HIV infection in a humanized mouse
model (61). These studies show the importance of IL‐
10 in HIV prevention. The chimeric proteins’ ability to
stimulate IFN‐g, which plays an important role in
adaptive and innate immune responses to viral
infection (62), is evident from the ELISPOT assay.
IFN‐g has been shown to mediate antiviral activity
against R5‐HIV‐1 in thymocytes (63). IFN‐g produc-
tion is down‐modulated in HIV patients (64, 65). IL‐8,
which is increased in the peripheral blood and
lymphoid tissue of HIV positive individuals, reportedly
decreases replication of primary R5‐tropic HIV‐1 by
transcriptional mechanisms (66). Among the chimeric
proteins, CdMVCP(N&C)4E10 stimulates the most IL‐
8 secretion, closely followed by CdMVCP(N&C)E1.
According to previous studies, exposure of human
PBMCs to HIV strongly induces IL‐6 (67).
Chimeric proteins stimulate the chemokines MIP‐1a,

MIP‐1b and RANTES. These chemokines bind to

chemokine receptor type 5 and, by promoting internali-
zation of this critical HIV coreceptor, decrease the ability
of HIV to gain entry into otherwise susceptible cells (68).
Recombinant human RANTES, MIP‐1a and MIP‐1b
induce dose dependent inhibition of strains of HIV‐1,
HIV‐2 and simian immunodeficiency virus. Autocrine
production of MIP‐1a and MIP‐1b by antigen‐specific
CD4þ T cells is reportedly protective against HIV‐
infection in vivo (69). Stimulation of these chemokines by
chimeric proteins might lead to protection of the cells
against HIV.

Thus the chimeric proteins, in particular CdMVCP
(N&C)E1, stimulate many cytokines and chemokines
that help in preventing HIV infection.

We have shown that the chimeric proteins developed
displaying the epitopes fromHIV‐1 on the coat protein of
CdMVCP are immunogenic in vitro. The successful
display of epitopes from HIV shows the possibilities for
development of diagnostics: the CdMVCP system could
be used for display of epitopes. With further studies on
antibody production patterns by these chimeric proteins,
their potential to be used as vaccine candidates could be
ascertained.

Fig. 6. (a–c): Box and whisker plots showing the stimulation of cytokines IL‐10, MIP‐1a, and MIP‐1b by chimeric proteins. A two‐way

ANOVA was performed for the data; a P value of < 0.05 was considered significant. N, normal; P, patient; Q1, first quartile; Q3, third quartile.
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