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The gene encoding an immunologically important 18-kilodalton protein antigen of Mycobacterium leprae has

been sequenced, and the amino acid sequence of the antigen has been deduced. The 18-kilodalton antigen is
strikingly similar in size and sequence to a family of eucaryotic heat shock proteins.

Six protein antigens have thus far been implicated in the clones were isolated from healthy vaccinated volunteers (9).
immune response to Mycobacterium leprae (2, 3). These The identity and cellular function of the 18-kDa protein is not
proteins have estimated molecular masses of 70, 65, 36, 28, known.

18, and 12 kilodaltons (kDa). Most of these proteins have To obtain clues to the nature of the 18-kDa antigen, the
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FIG. 1. Restriction maps of DNA encoding the M. leprae 18-kDa antigen and the DNA sequence strategy. The restriction map of M. leprae
DNA containing the coding sequence for the 18-kDa antigen (boxed) is shown. The extents of insert DNA at clones N3011, Y3181, and
pAN1S5, as well as the sequenced fragments, are indicated below the restriction map. bp, Base pairs.

been shown to stimulate human T cells (6, 8a, 9, 10, 12) and gene that encodes it was isolated and sequenced. A portion

are therefore likely to be involved in cell-mediated immu- of the gene encoding the 18-kDa protein was isolated previ-
nity, an important.determinant in protection against leprosy. ously by probing a Agtll recombinant DNA library with
The 18-kDa protein was the first of these antigens demon-  monoclonal antibodies directed against the M. leprae protein

strated to stimulate M. leprae-specific T-cell clones; these (17). This recombinant clone, Y3181, expressed a portion of
the 18-kDa protein as a fusion protein with B-galactosidase.
To obtain the sequence of the entire region encoding the
18-kDa protein, we sequenced the insert DNA from Y3181
as well as a portion of the insert DNA from a A\EMBL clone
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10 20 30 40 50
- - - - .
AGC AAT CTC CTC AGC TGT TCA GAC AGA AAA CTT GTC TAT CAC AAC TTG CAT CAA TAT
60 70 80 90 100 110
* * - . * .
ATC GAC CAG TGC TAT ATC AAA TCT ATG TAG TCA GGA ACA GCT ATA TAG TTA TAG TIT

120 130 140 150 160 170
- -

- * *
GTC ACA ACA GAT TGG AGT GCG AGG TGA CCA CAC ATG CTG ATG CGT ACT
Met Leu Met Arg Thr

180 190 200 210 220
* * - *

OGT GAA CTG GAC OGC TTC GCC GAG CAA GTG TTA GGT ACG TCT GCC CGC
Arg Glu Leu Asp Arg Phe Ala Glu Gln Val Leu Gly Thr Ser Ala Arg a val

230 240 250 260 270 280
- * * * *

ATG CCC ATG GAC GCT TGG CGT GAG GGC GAA GAA TTC GTC GTC GAG TTC GAC
Met Pro Met Asp Ala Trp Arg Glu Gly Glu Glu Phe Val Val Glu Phe Asp

290 300 310 320 330 340
* * * - *

-
GGC ATC AAA GCC GAT TCA CTG GAC ATT GAC ATC GAA OGC AAC GTA GTC ACC GTG OGG
Gly Ile Lys Ala Asp Ser Leu Asp Ile Asp Ile Glu Arg Asn Val Val Thr Val Arg

350 360 370 380 390
- - * L] *
GCC GAG OGC CCA GGC GTC GAC CCC GAT OGG GAA ATG CTT GCT GCC GAG OGG CCA OGC
Ala Glu Arg Pro Gly Val Asp Pro Asp Arg Glu Leu Ala Ala Glu Arg Pro Arg
400 410 420 430 440 450
* * * - * *

GGT GTG TTC AAT CGT CAG CTG GTT CTC GGC GAA AAC CTC GAC ACC GAA OGG ATC TTG
Gly Val Phe Asn Arg Gln Leu Val Leu Gly Glu Asn Leu Asp Thr Glu Arg Ile Leu

460 470 480 490 500 510
* - - * - -
GCT TCC TAC CAA GAA GGT GTC CTG AAG TTG TCG ATA CCA GTA GCC GAA AGG GCT AAA
Ala Ser Tyr Gln Glu Gly Val Leu Lys Leu Ser Ile Pro Val Ala Glu Arg Ala Lys
520 530 540 550 560 570
* * - * * *
OGC AAG ATC TCC GTT GAT CGT GGC AAC AAC GGA CAC CAG ACC ATA AAC AAA ACC
Pro Arg Lys Ile Ser Val Asp Arg Gly Asn Asn Gly His Gln Thr Ile Asn Lys Thr
580 590 600 610 620
- - * - -
GCA CAC GAA ATC ATA GAT GCC TAA TCG ACT GTT GTT TGC GCA ACA AGC TAA
Ala His Glu Ile Ile Asp Ala ---

FIG. 2. Sequence of the gene encoding the M. leprae 18-kDa
antigen. Sequences were determined in both directions by the chain
termination method (13). The deduced amino acid sequence is
shown below the DNA sequence.

using standard procedures (7). Clone N3011 contained 17 kb
of inserted DNA that included all of the DNA contained
within the Y3181 insert DNA (Fig. 1).

Because Y3181 produces a fusion protein containing por-
tions of the 18-kDa protein, the location and orientation of
the gene encoding this protein could be estimated in the
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overlapping restriction maps of clones Y3181 and N3011
(Fig. 1). DNA fragments isolated from clones Y3181 and
N3011 were inserted into M13 vectors (8) and subjected to
sequence analysis (13). The entire 1.7-kb EcoRI insert DNA
of Y3181, a 0.4-kb Pvull fragment of N3011 that overlaps the
right end of the Y3181 insert DNA, and the 0.6-kb EcoRI-
BamHI fragment of N3011 that abuts the right end of the
Y3181 insert DNA were sequenced (Fig. 1).

Figure 2 shows the DNA sequence obtained for the gene
encoding the 18-kDa protein and the amino acid sequence
predicted for the 18-kDa protein. The sequence predicts a
protein of 148 amino acids with a molecular mass of 16,607
daltons, in good agreement with the molecular weight esti-
mated on sodium dodecyl sulfate-polyacrylamide gels. For
the sake of consistency, we will continue to refer to this
protein by its apparent molecular mass of 18 kDa.

The amino acid sequence deduced for this antigen was
compared with that of proteins in the National Biomedical
Research Foundation protein sequence data base. The M.
leprae antigen exhibited striking sequence similarity to a
family of 17-kDa soybean heat shock proteins (11) (Fig. 3). A
comparison of the M. leprae protein sequence with that of
the soybean 17.5E protein revealed 31% amino acid se-
quence identity in 127 overlapping amino acids. A substan-
tial fraction of the nonidentical amino acids were conserved
amino acid replacements. Thus, the 18-kDa M. leprae pro-
tein antigen is significantly similar in sequence and size to
the 17-kDa soybean heat shock proteins, which are repre-
sentative of a class of small plant stress proteins (11).
Moreover, these small plant heat shock proteins exhibit
sequence similarities with a class of stress proteins present
in animals, known as the small heat shock proteins (5, 11).
We postulate that the 18-kDa M. leprae protein antigen is a
stress protein.

It would be useful to determine directly whether specific
stresses would induce increased synthesis of the M. leprae
18-kDa protein. However, M. leprae has not yet been
successfully cultivated in vitro, which precludes direct anal-
ysis of the stress response in this organism.

Stress proteins have been identified as targets of the
immune response for a variety of pathogens, including
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FIG. 3. Comparison of the amino acid sequences of the M. leprae 18-kDa antigen and the soybean 17-kDa heat shock protein 17.5E (11).
The sequence of the 18-kDa M. leprae antigen (top line) is aligned with that of the 17-kDa soybean heat shock protein (bottom line). Symbols:

-, identical residues; *, conserved amino acid replacements.
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mycobacteria (14, 16), Coxiella spp. (15), plasmodia (1),
schistosomes (4), and filaria (13a). This fact suggests that the
stress response may be a natural response of the infectious
pathogen to the hostile environment of the host. The obser-
vation that stress proteins are common immune targets of
pathogens may reflect the fact that the stress response and
the proteins induced by stress are highly conserved through
procaryotes and eucaryotes.
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