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The 65 kD protein antigen is of immunological importance in medically relevant mycobac-
teria, including M. leprae, M. tuberculosis, and BCG (1,2). Although the 65 kD antigen is
believed not to be a cell-surface protein (2,3), patients with leprosy or tuberculosis, and
BCG-vaccinated individuals, are found to have antibodies and T-cells that recognize the 65
kD antigen (4-8). Whether epitopes on the 65 kD antigen are necessary or sufficient for pro-
tective immunity is unknown.

At least 6 different antibody epitopes for the 65 kD antigen have been defined using com-
petitive radioimmunoassays (1,5). One of these epitopes (recognized by the monoclonal anti-
body IIIE9) is unique to M. leprae and the remainder are shared with the 65 kD proteins from
other mycobacteria.

Using recombinant methods, Young and co-workers have developed a method of epitope
mapping that has localized a linear epitope recognized by IIIE9 to a 15 amino acid region of
the 65 kD antigen (9). A synthetic peptide containing the predicted 15 amino acid sequence
was used to confirm the epitope (9). Recently, Shinnick (10) has obtained the DNA sequence
of the 65 kD antigen from M. tuberculosis. In the region comparable to the IIIE9 epitope
there are 3 amino acid differences from the M. leprae sequence (10). Since IIIE9 does not re-
cognize the 65 kD antigen from M. tuberculosis, these results suggest that one or more of
these 3 amino acid residues is responsible for the specificity of IIIE9.

To investigate this epitope further, we have synthesized a peptide which contains the
authentic M. leprae epitope, a peptide which contains all three amino acid substitutions
found in the M. tuberculosis sequence, and peptides containing each of these amino acid sub-
stitutions individually. ELISA has been used to evaluate binding of IIIE9 to these peptides.

Materials and methods

IIIE9 ascites (2) was obtained from L. Walker, Center for Disease Control, Atlanta, Geor-
gia, U.S.A. Alkaline phosphatase conjugated goat anti-mouse 1gG was obtained from South-
ern Biotechnology Associates. p-nitrophenyl phosphate was from Sigma. Peptide synthesis
reagents were from Applied Biosystems. All other chemicals were reagent grade.

PEPTIDE SYNTHESIS

Peptides were synthesized using the solid-phase method (11) on an automated model 430A
peptide synthesizer from Applied Biosystems. Amino acids were coupled as symmetric an-
hydrides, and acetic anhydride capping was used at the end of each coupling reaction. The
efficiency of coupling was monitored using a ninhydrin assay on resin samples samples ob-
tained at the end of each coupling reaction (12).
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Peptides were deprotected and cleaved from the resin using an HF-cleavage protocol
from Dr. D. Davis, Applied Biosystems. 1 gm of resin was cleaved in 10 ml of HF, using
1.5 ml anisole and 0.5 ml dimethyl sulfide as scavengers. The cleavage was allowed to occur
for 30 min at -20°C (methanol-ice mixture) followed by 30 min at 0°C. After cleavage, scav-
engers were extracted with ether, and peptide was extracted using 5 % acetic acid.

The peptides were partially purified using C18 Sep-pak cartridges (Millipore). 5 % acetic
acid was used as the loading solvent and also for washing the cartridge. Peptide was eluted in
5 % acetic acid containing 70 % acetonitrile. This elution was diluted with an equal volume
of water and lyophilized. We find that the capacity of the cartridges is typically 10-15 mg of
peptide (R. Rutkowski, unpublished).

ELISA EXPERIMENTS

Peptides were fixed to the bottom of 96-well microtiter plates using the procedure of Ninman
& Elder (13). 50 ul of peptide (0.1 mg/ml) in phosphate buffered saline (PBS) was added to
each well and the solution was allowed to dry by incubation overnight at 37°C. Methanol was
added for 5 min at 23°C. Non-specific binding sites were blocked with 2 % bovine serum al-
bumin (BSA) in PBS, by incubating for at least 2 hours at 23°C.

Ascites was diluted in PBS containing 0.2 % BSA and 0.1 % Triton X-100. The antibody
dilutions were added to the microtiter wells and allowed to incubate for 1 hr at 23°C. After
washing with PBS, alkaline phosphatase conjugated goat anti-mouse IgG antibody (1:500 di-
lution) was added to the wells for 1 hr at 23°C. After washing with PBS, p-nitrophenyl phos-
phate (1 mg/mlin 10 % diethanolamine, pH 9.8) was added to the wells. After | hr at 23°C,
the absorbance in each well was determined at 410 nm using a microplate reader.

Results
Figure | gives the amino acid sequences for the peptides studied here. The peptide designat-
ed Lep-A corresponds to the epitope recognized by IIIE9, as determined by Mehra et al. (9).

1 2 3 4 5 € 7 8 9 10 M 12 13 14 15
LEP—A Ala-Leu-Asp-Lys-Leu-Lys-Leu-Thr-Gly-Asp-Glu-Ala-Thr-Gly-Ala

LEP-B @hp-Leu-Asp-Lys-Leu-Lys-Leu-Thr-Gly-Asp-Glu-Ala-Thr-Gly-Ala
LEP-C  Ala-Leu-Asp-Gly-Leu-Lys-Leu-Thr-Gly-Asp-Glu-Ala-Thr-Gly-Ala
LEP-D  Ala-Leu-Asp-Lys-Leu-Lys-Leu~GIu-Gly-Asp-Glu-Ala-Thr-Gly-Ala

TB-A  @hp-Leu-Asp~Gly-Leu-Lys-Leu-GIY-Gly-Asp-Glu-Ala-Thr-Gly-Ala

Figure 1.

Amino acid sequences of the peptides studied here. All peptides were synthesized with N-ter-
minal cysteine residues (for coupling purposes in future experiments) which are not depicted
in the figure. The sequence designated Lep-A corresponds to the epitope for [IIE9 determin-
ed by Mehra et al. (9). Lep-B, Lep-C, and Lep-D countain single amino acid substitutions
from Lep-A as shown. TB-A contains all three amino acid substitutions, corresponding to the
sequence for the homologous region of the 65 kD antigen in M. tuberculosis.
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The peptide designated TB-A corresponds to the sequence for the homologous region of the
65 kD antigen in M. tuberculosis, as determined by Shinnick (10). The peptides designated
Lep-B, Lep-C, and Lep-D contain point substitutions from the Lep-A sequence at residues 1,
4, and 8 respectively: the amino acid substitutions correspond to those found in the M. tuber-
culosis sequence.

Figure 2 depicts binding of the monoclonal antibody IIIE9 to these different peptides,
where the ELISA absorbance is plotted as a function of ascites dilution. The results (Figure
2) indicate that Lep-B binds as well or almost as well as the authentic M. leprae epitope in
Lep-A. In contrast, the single amino acid substitutions found in Lep-C or Lep-D essentially
abolish binding of the antibody to the peptide. TB-A, which contains all three amino acid
substitutions, also shows no significant binding.
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Figure 2

ELISA results for binding of IIIE9 to the peptides. The absorbance at 410 nm after 1 hr of
substrate incubation is plotted as a function of ascites dilution. (@) Lep-A. (O) Lep-B. (R)
Lep-C. (Q) Lep-D. (A) TB-A.
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Discussion
The epitope recognized by the monoclonal antibody IIIE9 is the only epitope in the 65 kD
antigen that is known to be specific for M. leprae. Previous work localized a linear epitope
recognized by IIIE9 to a 15-residue region of the 65 kD antigen (9), and DNA sequencing of
the M. tuberculosis homologue indicated that there were only three amino acid substitutions
in this 15-residue region (10). These amino acid substitutions occur at positions 1, 4 and 8.
Our results indicate that the amino acid substitutions at positions 4 or 8 are individually
capable of eliminating binding of IIIE9 to peptides when ELISA is used. The amino acid
substitution at position 1 appears to be less important.

Leu

Figure 3:

Helical wheel representation (14) of the IIIE9 epitope. The helix is hypothetical: the figure is
given here to indicate that if the epitope is helical then the helix is amphipathic. Residues in
black boxes are hydrophobic and circled residues are charged. The asterisks refer to resi-
dues that are different in the protein from M. tuberculosis.
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The results suggest that it will be possible to localize further the linear epitope recognized
by IIIE9. Our conclusions are preliminary: it is possible but unlikely that the amino acid
substitutions have abolished the ability of the peptides to stick to the microtiter wells. We
plan to measure binding of the peptides to the antibody in solution (e.g., using radioim-
munoassays or competitive ELISA).

If the 15 residue antibody epitope studied here is also found to be a T-cell epitope, then it
will be interesting to see how the amino acid changes studied here affect T-cell recognition.
The helical wheel representation of Schiffer & Edmundsom (14) indicates that this sequence
is capable of forming an amphipathic «-helix (Figure 3). It has been suggested that T-cell
antigenic sites tend to be amphipathic helices (15, 16). All three amino acid substitutions
found in the M. tuberculosis sequence are on the same face of this presumptive helix (Figure
3).
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