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Twenty-three monoclonal antibodies (MAbs) prepared in seven different laboratories were studied, all of
which recognized the 65-kilodalton (kDa) protein of Mycobacterium leprae as determined by Western blotting
or gel immunoradioassay or both. Fourteen of the MAbs recognized different epitopes, as evaluated by
cross-competition studies using radiolabeled MAb and unlabeled inhibitors; the species specificity of these
epitopes was defined by nitrocellulose dot blot immunoassays with bacterial sonic extract antigen preparations
from 23 species of mycobacteria. Each of the 14 distinct MAbs recognized a 65-kDa protein produced by a
lysogenized Escherichia coli Y1089 host containing cloned rDNA which included the gene for the M. leprae
65-kDa protein. Of the 14 distinct MAbs, 1 recognized an epitope found only on M. leprae, and the others
recognized epitopes present on as few as 8 or as many as all 23 of the mycobacterial species studied.
Identification of these distinct 65-kDa protein epitopes and use of the MAbs which recognize them should assist
future structural studies of this protein and characterization of the T-cell reactive and serodiagnostically useful
portions of the molecule.

The structure of epitopes that stimulate T cells as opposed
to the structure of those which interact with antibodies has
been studied for very few bacterial diseases. Mycobacterial
diseases represent the largest single category of bacterial
diseases in which cellular immunity is fundamental to resis-
tance and recovery from the infection. The 65-kilodalton
(kDa) protein molecule is a prominent component of Myco-
bacterium leprae and Mycobacterium tuberculosis. Humans
make antibodies to the molecule during leprosy and tuber-
culosis (8, 11), and T-cell clones responsive to the 65-kDa
protein of M. leprae, M. tuberculosis, and Mycobacterium
bovis have been isolated from leprosy patients and their
contacts (R. R. P. deVries et al., Lepr. Rev., in press;
A. H. J. Kolk et al., Lepr. Rev., in press) and from tuber-
culosis patients and purified-protein-derivative-responsive
individuals (2; S. Mustafa and T. Godal, Lepr. Rev., in
press). These antibody-reactive and T-cell-stimulating
epitopes of the 65-kDa protein may prove relevant to efforts
to develop rapid diagnostic procedures, improved skin test
reagents, and vaccines. Several laboratories have produced
monoclonal antibodies (MAbs) to the 65-kDa molecule of M.
leprae (3, 4, 7; World Health Organization Workshop, Let-
ter, Infect. Immun. 48:603-605, 1985). The gene encoding
the protein has been cloned in Xgtll bacteriophage (13), and
recently the total sequence of the protein has been deter-
mined (9). Lysogens of Escherichia coli containing this gene
express the protein in antigenic form, allowing isolation of
the protein in quantities much greater than those previously
available from the nonculturable leprosy bacillus. These
developments suggested the possibility of defining at a
molecular level the structural basis of some of the epitopes
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of the 65-kDa protein molecule that react with available
MAbs, as well as of epitopes capable of stimulating T cells.
Such studies may facilitate an understanding of differences
in the primary, secondary, or tertiary structure of the two
types of epitopes and may identify regions of the molecule
recognized by hosts infected with the leprosy bacillus.

This study examined the number of different epitopes
recognized by 23 MAbs known to recognize the 65-kDa
protein of the leprosy bacillus and the mycobacterial species
specificity of the MAbs shown to recognize different
epitopes.

MATERIALS AND METHODS
MAbs. All of the MAbs studied recognized the 65-kDa

protein of M. leprae, as identified by Western blotting (6) or
gel immunoradioassay (10). The MAbs were obtained from
the following sources: IIC8, IIIC8, IIIE9, IVD8, IIT9, and
IVD2, T. M. Buchanan (3, 4; World Health Organization
Workshop, Letter); Y1.2, E3.14, T2.3, and C1.3, V. Mehra
and B. R. Bloom (World Health Organization Workshop,
Letter); SL12, SL14, SL22, SL26, and SL28, W. J. Britton;
ML-30, J. Ivanyi (7); E423, T. Gillis; F47-10, F67-2, F67-13,
and F67-18, A. J. Kolk; and MOC2 and MOC6, 0. Closs.
Each MAb was purified by staphylococcal protein A or

sizing chromatography, and the purified antibody was radio-
labeled with 1251 by a chloramine T (5) or Bolton-Hunter (1)
procedure. An antigenic preparation of sonicated M. leprae
(12) was coated to Immulon I Removawells (Dynatech
Laboratories, Inc.). The binding of each I251-labeled anti-
body to the antigen-coated wells was evaluated for inhibition
by a 1:100 dilution of ascitic fluid of each MAb. MAbs with
different inhibition patterns from those of all of the other
MAbs were presumed to recognize different epitopes, and
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when more than one antibody recognized a given epitope, a
single representative antibody was chosen for further study.
In some instances in which the radiolabeled antibody reacted
poorly with antigen bound to polystyrene plates, the anti-
body was reacted with the same antigen bound to nitrocel-
lulose. Inhibition of this binding by unlabeled MAb at a 1:100
dilution was evaluated by autoradiography.

Evaluation of mycobacterial species specificity. Bacterial
sonic extract antigens of each of 23 mycobacterial species
(see Table 2) were prepared as previously described (12) and
adjusted to a protein concentration of 1 mg/ml. One micro-
gram of protein in a 5-,u volume was spotted onto nitrocel-
lulose in a template of the 23 species plus a buffer negative
control per paper strip and allowed to air dry. The nitrocel-
lulose template strips were blocked at 37°C for 1 h with 5%
nonfat milk in phosphate-buffered saline (PBS) and then
incubated with a 1:500 to 1:2,000 dilution of ascitic fluid
containing the appropriate MAb in PBS containing 1%
nonfat milk at room temperature for 30 min. The template
strips were drained of antibody and washed for 5 min in PBS
with gentle shaking at room temperature, followed by wash-
ing for 15 min in 0.5 M NaCl in phosphate buffer containing
0.05% Tween 20 and a second 5-min wash with PBS. The
goat anti-mouse immunoglobulin-peroxidase conjugate
(Cooper Biomedical, Inc.) was diluted 1:2,000 in 1% nonfat
milk-PBS and incubated with the template strips at room
temperature for 30 min. The strips were then drained and
washed once at room temperature with PBS for 5 min,
followed by four washes of 10 min each in 0.5 M NaCl in
PBS with 0.05% Tween 20 and a final wash in PBS for 5 min.
The washed template strips were reacted for 30 to 45 min
with a 0.015% H202 color development solution (4-chloro-1-
naphthol; Bio-Rad Laboratories) until the dots developed a
purple color. The templates were then washed with distilled
water several times, air dried, and stored in the dark, or in
some instances they were stored in distilled water before air
drying and storage. The dot reactions were graded as nega-
tive or positive in an intensity range of 1 (low) to 4 (high).

Preparation of bacterial lysates containing the M. leprae
65-kDa protein or some of its epitopes. Agtll recombinant
lysogens were generated in E. coli Y1089. Strain Y1089 was
grown in LB broth (1% tryptone, 0.5% yeast extract [Difco
Laboratories], 1% NaCl [pH 7.5]) supplemented with 0.2%
maltose at 32°C with aeration overnight to saturation. The
bacteria were infected with the Agtll phage at a multiplicity
of five phage per bacterium by incubating for 20 min at 32°C
in LB broth (pH 7.4) supplemented with 10 mM MgCl2. The
phage contained cloned recombinant DNA coding for ex-
pression of one or more epitopes on the 65-kDa protein ofM.
leprae (13). The infected cells were plated in a soft agar
overlay (LB broth with 0.6% agar) onto an LB plate (LB
broth with 1.5% agar) at a density of approximately 200 per
plate and incubated at 32°C. Individual colonies were picked
with sterile toothpicks, and one-half of each colony was
placed onto plates to be incubated at 45°C and then onto
plates to be incubated at 32°C. Colony progeny which grew
at 32°C but not at 45°C were assumed to be lysogens. Single
colonies of lysogens were grown overnight in LB broth at
32°C, and this growth was used to seed additional LB broth
at a ratio of 0.5 ml per 50 ml of broth. A subculture of the
overnight growth was placed onto LB plates incubated at 45
and 32°C to confirm the temperature sensitivity of the
lysogen. During log-phase growth at approximately 100 Klett
units, the temperature was quickly raised to 42 to 45°C, and
the culture was incubated for 20 min with continued shaking
to permit phage multiplication. The culture was then supple-
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FIG. 1. Western blot results with MAbs. Lanes B, Crude bacte-
rial lysates of E. coli Y1089 lysogenized with Agtll rDNA clone
Y3178; lanes A, latex spheres containing the 65-kDa protein par-
tially purified from the bacterial lysates.

mented with isopropyl-p-D-thiogalactopyranoside (2 to 10
mM) if it was required for synthesis of the protein of interest
and incubated at 38°C for 1 h. The cells were harvested by
centrifugation at 24 to 37°C for 5 min at 5,000 x g. The cell
pellet was quickly suspended in 10 mM Tris buffer (pH 8)-2
mM phenylmethylsulfonyl fluoride-4 mM EDTA at 1/12.5 of
the original culture volume, followed by freezing in liquid
nitrogen, thawing, and centrifugation to obtain the superna-
tant containing the 65-kDa protein or its epitopes of interest.
Lysogens of the Agtll phage rDNA clone Y3178 which

expressed a protein of approximately 65,500 daltons (and no
detectable f-galactosidase) were used to produce lysates for
interaction with MAbs (Fig. 1). Each of the MAbs presumed
to recognize different epitopes was reacted in a Western blot
(6) against crude lysates and against latex spheres containing
covalently coupled MAb 1IC8 and the 65-kDa protein and its
antigenic fragments recognized by MAb IIC8 (Fig. 1). The
spheres contained the 65-kDa protein approximately 1,000-
fold purified compared with that in the crude lysates. In
addition, each of the 14 different MAbs was reacted with a
lysate of E. coli Y1089 lysogenized with Xgtll containing
rDNA from an irrelevant yeast protein gene, as a control for
recognition of E. coli products by the MAbs.

RESULTS

Twenty-three MAbs were tested by cross-competition
experiments, and 14 different MAbs were identified. The
inhibition results obtained for these 14 antibodies are shown
in Table 1. All 14 MAbs recognized a band of approximately
65 kDa in the crude lysates from lysogens of clone Y3178,
and 11 of the 14 also recognized one or more bands of c65

I
VOL. 55, 1987



1002 BUCHANAN ET AL.

TABLE 1. Cross-competition studies of MAbs that recognize 14 epitopes on the 65-kDa protein of M. leprae

125I-labeled % Inhibition produced by diluted (1:100) ascitic fluid containing the indicated MAb":
MAb 11C8 HIIC8 ML-30 Y1.2 111E9 IVD2 C1.3 IIH9 E423 SL22 SL28 F67-2 F67-13 F67-18

11C8 89 - -

HIC8 80 -

ML-30 93 -

Y1.2 - 83 - -
111E9 - - 90 67
IVD2 51 80 - -
C1.3 - 74 24 -
11H9 - - 22 - 83
E423 100 - -
SL22 20 90
SL28 - - 100
F67-2 - 100
F67-13 - - - 100
F67-18 - - - - 100
a Inhibition by ascitic fluid of binding of '251-labeled purified MAb. MAbs IVD8, SL12, SL26, and MOC2 gave cross-competition results identical to those

obtained with IIIE9, and all appeared to recognize the same epitope. MAb E3.14 produced a reaction pattern similar to that of IIH9, and MOC6 was also inhibited
by IIH9. MAbs SL14, T2.3, and F47-10 were inhibited by many of the MAbs. -, Inhibited less than 20%.

kDa on the latex beads containing the 65-kDa protein and its approximately 65 kDa. The dot blot immunoassay studies of
proteolytic fragments captured by MAb IIC8 (Fig. 1). Of the species specificity for the 14 different MAbs are shown in
14 different MAbs, 1 (Y1.2) recognized a product of approx- Table 2. The group of MAbs represented by IIIE9 (IIIE9,
imately 65 kDa found in the E. coli Y1089 host lysogenized IVD8, SL12, SL26, and MOC2) recognized an epitope found
with Xgtll containing the unrelated yeast DNA. This MAb only on the M. leprae 65-kDa protein molecule. MAb IVD2
reacted with a 17-amino-acid synthetic peptide prepared by recognized a portion of the same epitope recognized by
Anderson et al. (D. C. Anderson, R. A. Young, and T. M. IIIE9, as shown by cross-competition studies (Table 1), but
Buchanan, Lepr. Rev., in press) from the M. leprae 65-kDa reacted with 13 other mycobacterial species in addition to M.
protein sequence (data not shown). This suggests that the leprae. The other MAbs recognized epitopes found on as few
epitope recognized by this MAb is indeed located on the as 8 (F67-13) to as many as all (IIC8) of the 23 species of
65-kDa protein of M. leprae but that this epitope may also be mycobacteria tested. The sequences of the epitopes recog-
found on one or more E. coli proteins with a size of nized by MAbs IIC8 and IIIC8 have been confirmed by

TABLE 2. Species specificity in dot blot immunoassays of MAbs which recognize 14 separate epitopes on the
65-kDa protein of M. Ieprae

Reactivity of MAbW:
Mycobacterial species

IIC8 IIIC8 ML-30 Y1.2 IIIE9 IVD2 C1.3 IIH9 E423 SL22 SL28 F67-2 F67-13 F67-18

M. bovis BCG 4 - 1 3 -- - - 4 4 4 3 4 1 4
M. bovis 3 - - 1 - 2 3 1 3 3 1 2 - 3
M. chelonei 4 3 1 2 - 3 - 2 1 3 2 4 1 4
M. diernhoferi 2 1 - 1 - - - 1 1 1 2 - - 1
M. duvalii 3 2 - 2 - 2 1 1 2 2 2 1 - 2
M. flav'escens 4 4 - 3 - 3 3 3 3 3 2 3 - 4
M.fortuitum 2 1 - 1 - - - 1 1 1 2 - - 1
M. gastri 4 4 1 4 - 3 - 1 4 4 2 2 - 4
M. gordonae 3 3 - 2 - 3 3 3 3 3 2 3 - 3
M. intracelliilare 3 1 - 2 - - - 1 2 2 2 1 - 2
M. kansasii 3 - - 2 - - 2 2 3 3 3 2 - 2
M. leprae 4 4 4 4 4 3 4 4 4 4 4 4 2 4
M. marinum 2 1 - - - - - 1 1 1 2 1 1 1
M. nonchromogenicum 2 1 - - - - - - 1 1 2 1 - 1
M. peregrinum 3 2 - 1 - 1 - - 3 1 2 1 - 2
M. phlei 2 1 - 1 - 1 - 1 - 2 1 2 - 3
M. scrofulaceum 4 4 1 3 - 3 3 3 3 4 1 4 1 4
M. smegmatis 3 2 - 1 - 1 1 1 2 2 - 3 - 3
M. terrae 3 3 - 2 - 2 1 2 2 3 4 2 - 2
M. thamnopheos 4 4 4 4 - 2 3 4 - 4 4 4 1 4
M. triviale 2 1 1 - - - - - - 1 2 1 - 2
M. tuberculosis H37Rv 4 1 2 2 - - 1 3 4 3 4 4 1 4
M. ulcerans 4 4 1 3 - 2 2 3 3 3 4 4 1 3
M. vaccae 2 2 - 1 - - - 1 1 2 1 1 - 2

a Reactions were graded as negative (-) or from 1 to 4 in order of increasing intensity of the dot reaction obtained after reacting the MAb, immunoenzyme
conjugate, and substrate with the nitrocellulose spots, each containing 1 ,ug of the sonic extract antigen of a given mycobacterial species.
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solid-phase peptide synthesis (Anderson et al., in press)
beginning with sequence information provided by Mehra et
al. (9). The peptides bearing these epitopes produced .40%
inhibition of their immunoassays in 1-ng (IIC8) and 10-ng
(IIIC8) amounts.

DISCUSSION

These studies provide the first evidence for 14 distinct
epitopes recognized by a group of 23 MAbs directed at the
65-kDa molecule Qf M. leprae. In addition, this is the first
report of data indicating the species distribution of each of
the 14 different epitopes among 23 species of mycobacteria.
These antibodies should be useful probes for elucidation of
the structure of each epitope and for identification of the
location of the epitopes within the full linear structure of the
amino acid sequence of the total molecule. It is likely that
the structural identification of species-specific antibody-
reactive epitopes will aid efforts to develop rapid diagnostic
tests. These MAbs may also delimit regions of the 65-kDa
molecule that stimulate T cells, epitopes that will likely
prove of interest for the development of vaccines and
improved skin test reagents.
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