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Murine monoclonal antibodies directed against the structural proteins p17 and p24 of human immunodefi-
ciency virus type 1 were investigated in an epitope mapping system. Overlapping peptides consisting of 15
amino acids of the pl17 and p24 protein, respectively, were used as competitors in an enzyme-linked
immunosorbent assay. Three different immunogenic regions (A, B, and C) could be defined, one on p17 and
two on p24. Twenty monoclonal antibodies reacted with the human immunodeficiency virus type 1 peptides of
region B, although differences in the reactivity of these antibodies with human immunodeficiency virus type 2
and simian immunodeficiency virus strain mac were detectable. Recognized epitopes were characterized by
computer analysis as described by T. P. Hopp and K. R. Woods (Proc. Natl. Acad. Sci. USA 78:3824-3828,
1981) and P. Y. Chou and G. D. Fasman (Biochemistry 13:222-245, 1974).

The internal viral structural proteins p17 and p24 are major
components of the human immunodeficiency virus (HIV).
Whereas p24 represents the core protein, pl7 is located
adjacent to the lipid membrane of the virion (7, 8). Recent
investigations suggest that pl7 serves as a matrix protein
involved in the shaping of the virus particle (13, 16). Both
proteins seem to play a significant role as prognostic factors
for the development of acquired immunodeficiency syn-
drome (17). The concentration of pl17 antibodies might serve
as a marker for the clinical status, whereas p24 antigenemia
is frequently detectable in individuals developing acquired
immunodeficiency syndrome (1, 2, 6, 12). The detection of
p24 in the serum by antigen capture assays is one method to
detect antigenemia in infected patients. For that purpose
broadly reacting anti-p24 antibodies might be helpful to
detect prototype p24 and its variants. This holds especially
true when people infected with HIV type 2 (HIV-2) are
investigated. Recently, monoclonal antibodies raised against
HIV type 1 (HIV-1) that cross-react with the core proteins
of HIV-2 and simian immunodeficiency virus strain mac
(SIV,,...) were described (15).

To identify respective epitopes on pl17 and p24 for some of
the antibodies (Table 1), overlapping peptides were synthe-
sized in solid-phase medium as described by Houghten et al.
(11). The sequence used was based on published data (18).
Each peptide corresponded to a sequence of 15 amino acids
(aa) of p17 or p24. Each subsequent peptide overlapped with
the previous one by 10 amino acids. Amino acid numbering
was made according to the database (14). Seventy-seven gag
peptides (pl7/5 through 32 and p24/31 through 81) were
synthesized starting with aa —7 LAEAR.

These peptides were investigated in direct and inhibition
assays. Three different antigenic regions on the gag proteins
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could be defined. As expected, the monoclonal antibody
3-H-7 reacting with p17 in immunoblotting was inhibited by
peptides originating in the p17 amino acid sequence (Table 2;
peptides pl17/28 and pl7/29). Since peptides pl7/28 and
p17/29 both gave direct reactivity and blocked the monoclo-
nal antibody (MAD) reaction, it is likely that the epitope is
located in the 10-aa overlapping sitt KKAQQAAADT (aa
113 through 122: region A). The amino acid sequence of
HIV-1444,0 1s quite distinct from those of HIV-2;,, and
SIV ... in this region (Fig. 1a). This difference is reflected by
the reactivity of the antibody in different test systems where
no crossreaction with HIV-2,,, and SIV . antigens were
detectable.

On p24 two different regions of reactivity were observed.
Region B (Table 2) comprised reactivity for 20 recloned
MADbs, but with slightly different epitopic sites. Nine MAbs
reacted with p24/47 and were also totally blocked by this
peptide. Since neither neighbor peptide had any influence
the reactivity of the MAbs, the centrally located aa EAAEW
may carry the epitope site. Five MAbs reacted with p24/47
and p24/48 and were blocked by p24/47 and partially by
p24/48. This group of MAbs must be assumed to react with
a broader epitope, to be found in the sequence EAAEW-
DRVHP. Six further MAbs of region B had reactivity
patterns leading to the possibility that they were reactive
with discontinuous epitopes, located within the sequences of
p24/212 and/or p24/216 and p24/217. Either they did not react
with any single linear small peptide, or they were not
blocked in their reactivity.

Antibody 12-B-4, which cross-reacted with HIV-2 and
SIV ... recognized peptides 64 and 65. From these results
and sequence alignment with HIV-2 and SIV, .. the se-
quence from aa position 293 through 302 can be predicted as
the epitope recognized by 12-B-4. MAb 12-B-4 belongs to the
region we call C on p24. Three MAbs were reactive to
peptides of this region (Table 2).
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TABLE 1. Peptide aa sequences”

Peptide no. Peptide aa sequence Starting position”
28 QNKSKKKAQQAAADT 108
29 KKAQQAAADTGHSSQ 113
47 ETINEEAAEWDRVHP 203
48 EAAEWDRVHPVHAGP 208
212 GHQAAMQMLKETINEEAAEWDRVHPVHAGP 193
64 GPKEPFRDYVDRFYK 288
65 FRDYVDRFYKTLRAE 293
68 QASQEVKNWMTETLL 308
216 IVRMYSPTSILDRIRQGPKEPFRDYVDRFYK 272
217 FRDYVDRFYKTLRAEQASQEVKNWMTETLL 293

“ Overlapping sequences are underlined. The published sequence of Ratner et al. (18) was used.

" Starting positions were taken from the database (14).

Comparison of the sequence alignment with cross-reac-
tivity studies imply that a cluster of epitopes is located in this
gag region. The sequence 205 through 208 forming the
epitope is conserved in HIV-2,,5 and SIV,,.... sequence 207
through 211 seems to be responsible for the cross-reaction
with HIV-2, whereas sequence 203 through 207 represents
the type-specific epitope. This hypothesis has to be con-
firmed by investigations with peptides in this region.

The comparison of the epitope findings with the computer
predicted antigenic epitopes as described by Hopp and

Woods (10) (Fig. 1b) and Chou and Fasman (4) offers the
possibility of proving the reliability of their predictions. The
defined epitope of 3-H-7 is located in a region with great
changes in hydrophilic quality (Fig. 1b) and a 8 turn. This
seems to lead to a high antigenicity. Our data corroborate
previous findings of Sternberg et al. (19). The defined epitope
of 12-B-4 also shows total homology with the predictions.
The sequence 293 through 302 is represented by a change in
hydrophilicity (Fig. 1b), and also the secondary structure
prediction points to a high antigenic region. Region B (aa 193

TABLE 2. Reaction of selected MAbs with peptides”

Reaction in immunoblot”

Coated Blocking i
MAb peptide(s) no. peptidets) no. Region HIV-1 HIV-2 SIV e
3-H-7 28,29 28.29 A + - -
1-E-9 212, 47 47 + - B
2-E-4 212, 47 47 + + -
2-H-4 212, 47 47 + + -
8-D-2 212, 47 47, (48)° + - -
8-H-7 212, 47 47 B, + - -
8-G-9 212, 47 47 + - N
10-E-7 212. 47 47 + + +
10-G-9 212, 47 47 + - -
11-C-5 212, 47 47 + - -
1-B-7 212, 47, (48) 47. (48) + + +
3-B-7 212, 47, (48) 47 + + B
6-D-12 212, 47, (48) 47, (48) B, + + -
6-E-7 212, 47, 48 47, (48) + + +
8-D-5 212, 47, (48) 47 + N B
5-B-11 212, ¢ 47 + + -
6-F-2 212, 47 - 47 + - -
7-G-11 212, - 47 + - -
8-D-8 212, (217), 47 47 B, + + -
8-D-11 212, (216, 217), 47 47 + - N
11-G-7 212, - - 47 + + +
7-A-8 217, - - + - B
11-G-1 217, 68 - } C + N N
12-B-4 216, 217 64. 63 + + +

“ The MAbs originated from one fusion of spleen cells of a mouse immunized four times with 0.5 mg of purified human T-lymphotropic virus [11B within 1 year
(15). For the inhibition assays the hybridoma culture supernatants were concentrated 10-fold by ammonium sulfate precipitation. The titers of concentrated MAbs
were determined on HIV-1 enzyme-linked immunosorbent assay plates (organon or recombinant p24-15; 20, 21). The dilution of the antibody corresponding to
an optical density at 490 nm of 0.6 to 1.2 in the HIV-1 enzyme-linked immunosorbent assay was used for the incubation with different peptides in the blocking
assay. The MAbs were incubated with a final concentration of 5 ug of cach of the synthetic peptides per well, and 100 wl of the mixture was transferred to an
HIV-1 enzyme-linked immunosorbent assay plate and incubated for an additional hour. The reactions were visualized by using anti-mouse immunoglobulin G
conjugated peroxidase and the appropriate substrate H-0,-OPD.

” Western blot analysis was performed with purified virus. HTLV 11I1B was grown in KE37 cells. LAV-2 was grown in CEM cells, and SIV
H9 cells. +, Reaction with gag protein: —. no reaction type detectable.

“ Numbers within parentheses indicate partial reactivity with the peptide.

¢ —, No reactivity with an independent antibody preparation.

was grown in

mac
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P17 HIV-1,SIVmac SiVmac p24 HIV-1
p16 HIV-2 ;')28 ?28 HIV-2
'

1 26 52 78 104

156 182 208 234 260
ol HIV-2
70! SiVmac I vol HIV-1

261 286 312 338 364

414 438 462 486 510

FIG. 1. (a) The amino acid sequences of the three different immunodeficiency virus isolates, HIV-1g4,, (18), HIV-2,4 (9), and SIV ..
(5, 3), were compared. The sequence of HIV-1 is used as a standard. Identity in amino acids of a given position to the sequence of prototype
HIV-1,,,, is depicted by a full-length vertical bar, whereas homologous exchange is marked by a half-length bar. Horizontal bars label the
sequences inhibiting the reaction of the MAbs (Tables 1 and 2). (b) The hydrophobicity profile of the gag protein was calculated by the method
of Hopp and Woods (10). Positive values identify hydrophobic regions and negative values identify hydrophilic regions within the protein.

through 222) contains B turns on each side of a hydrophilic
region that is also predicted to be of a-helical configuration.

We thank Y. Kassner and K. Kretschmer for assistance in raising
the monoclonal antibodies and B. Thiele for providing the secondary
structure prediction.
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