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Detection and Characterization of a Xgt11 Recombinant
Clone of M. leprae that Expresses an Antigenic

Determinant of a 64-kDa Protein'
Sandra K. Davidson and Gregory T. George 2

Awareness of the disease leprosy dates to
biblical times yet the causative agent, My-
cobacterium leprae, is one of the last re-
maining infectious disease pathogens to be
fully characterized antigenically. The eva-
siveness of AI. leprae results from both our
inability to culture the mycobacteria for
prolonged periods of time and its limited
host range. When organisms are recovered
from infected tissues, sonicated, and sub-
jected to polyacrylamide gel electrophoresis
there are many proteins visible after stain-
i ng (14, 26 ).) Relatively few of these 30 plus
proteins have been identified and charac-
terized ( 12); thus the nature of most proteins
has yet to be defined. More information
about the M. leprae proteins is important
for vaccine development and studies of the
pathogenesis of the organism.

In 1985, Young, et al. prepared a M. lep-
rae genomic expression library in Xgtll that
they screened for expressed proteins with
mouse monoclonal antibodies to Al. leprae
( 33). Their studies and those of other re-
searchers (2, 24 ) led to the isolation of genes
encoding defined antigens of M. leprae. The
most frequently studied proteins, 12kDa,
18kDa, 28kDa, 36kDa, 65kDa, and 70kDa,
expressed in Escherichia coli, have been a
reliable source of antigens to study humoral
and cell-mediated immune responses in lep-
rosy patients. Several of these proteins are
homologous with heat-shock proteins (22, 29),

and the 28-kDa, 65-kDa, and 70-kDa an-
tigens are present in at least three other my-
cobacterial species (2 ' 3 ' 30 ). Additional genes
have been identified by screening a plasmid
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expression library of Al. leprae ("), by com-
plementation studies in auxotrophic bac-
teria (8 ' 15 ), and by the immunoscreening of
the Xgt11 expression library with sera from
leprosy patients (6, 17. 21, 27) .

In an effort to identify additional myco-
bacterial antigens we screened the Xgt11 Al.
leprae recombinant library of Young, et al.
(33 ) with hyperimmune polyclonal rabbit
antiserum elicited with a sonicated extract
of Al. leprae, with the hypothesis that the
rabbit antibody response following Al. lep-
rae immunization might differ significantly
from the antibody repertoire of mice such
as that indicated by monoclonal antibodies
(9, 10 , .) A similar approach to screening a
Xgt11 Al. tuberculosis genomic library was
undertaken by Young, et al. (31 ) Species
variability in the antibody response to Al.
leprae has been shown by the studies of Va-
dice, et al. ( 26). They showed that Al. leprae-
infected nine-banded armadillos, an im-
portant animal model in the study of lep-
rosy, generally recognized and produced an-
tibodies to a greater diversity and larger
number of Al. leprae antigens than did mul-
tibacillary leprosy patients. We report a de-
scription of a previously uncharacterized
recombinant clone that encodes a 0-galacto-
sidase fusion protein expressing an epitope
of a 64-kDa Al. leprae protein.

MATERIALS AND METHODS
Bacteria, Xgtl 1 clones, and antisera. E.

coli strains Y1089 and Y1090 have been
described previously (32). These strains were
obtained from Drs. T. P. Gillis (Laboratory
Research Branch, GWL Hansen's Disease
Center at Louisiana State University, Baton
Rouge, Louisiana, U.S.A.) and L. L. Mul-
drow (Clark Atlanta University, Atlanta,
Georgia, U.S.A.), respectively. The geno-
mic expression library of M. leprae in Xgtll
and the recombinant lambda clones Y3180
and Y3179, expressing the 36-kDa and 18-
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kDa genes ("), respectively, were kindly
provided by Dr. R. A. Young (Whitehead
Institute, Cambridge, Massachusetts,
U.S.A.). Plasmid pUC3 and Xgt 1 1 clone
Y3178, both expressing the 65-kDa gene of
M. leprae, and monoclonal antibodies IVD8,
I IC8, I I H9, and E42/3 were provided by Dr.
Gillis. Monoclonals SA1D2D1, Y1-2, F47-
9, 46.7, L5, and ML06-A 1 were provided
through the I MMLEP Program of the World
Health Organization. Rabbit hyperimmune
antiserum to Al. leprae cell sonicates was
supplied by Dr. R. Navalkar (Morehouse
School of Medicine, Atlanta, Georgia,
U.S.A.).

Immunological screening of the Xgt 1 1 M.
leprae genomic library. Bacteriophages from
the M. leprae Ägt11 expression library were
plagued in Luria-Bertani (LB) top agar on
lawns of E. coli Y 1090 at 42°C. The plaques
were induced simultaneously and trans-
ferred 4 hr later at 37°C onto nitrocellulose
filters (Bio-Rad Laboratories, Richmond,
California, U.S.A.) pretreated with 10 mM
isopropyl-O-D-thiogalactopyranoside
(IPTG; Promega, Madison, Wisconsin,
U.S.A.). They were subsequently screened
with hyperimmune polyclonal rabbit anti-
serum. The immunoscreening procedure
was essentially that described by Huynh, et
al. ( 13 ), except that extraneous protein-bind-
ing sites were blocked with 5% nonfat dry
milk in TBS (Tris buffered saline, 50 mM
Tris-HCI, pH 8.0, 150 mM NaCI) and the
reactive clones were detected with the
Protol3lot alkaline phosphatase (AP) system
(Promega). The rabbit antiserum waspreab-
sorbed with E. coli lysate and used at a 1:100
dilution. Plaque-purified clones were also
probed with monoclonal antibodies at a
1:200 dilution. AP-conjugated antibodies
(goat anti-rabbit and goat anti-mouse) were
used at a 1:7500 dilution.

Construction and induction of lysogens.
Lysogens of clone A, Y3178, and Y3179
were constructed in E. coli Y1089 as de-
scribed ( 13). An E. coli lysogen of clone
Y3180 was obtained from Dr. T. N. Shin-
nick (Centers for Disease Control, Atlanta,
Georgia, U.S.A.). The growth and induction
of lysogens were according to standard pro-
cedures ( 13) as described previously ( 16). Cells
were pelleted, resuspended in 1% sodium
dodecyl sulfate (SDS), and stored at —80°C.

SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) of lambda lysogens. Induced
lambda E. coli lysogens were resolved on
10% polyacrylamidc slab gels using the dis-
continuous buffer system of Laemmli ( 18 )
and were stained with Coomassie brilliant
blue R (Sigma Chemical Company, St. Lou-
is, Missouri, U.S.A.). Alternatively, the re-
solved proteins were transferred to nitro-
cellulose (25 ) and probed with antibodies as
described above. An anti-O-galactosidase
mouse monoclonal antibody was purchased
from Promega.

Affinity purification of rabbit antibodies
with clone A. The Ägt11 clone A was plated
at 2-5 x 104 phage in LB top agar on a 90-
mm LB plate. Clone A plaques were lifted
onto IPTG-treated nitrocellulose and pro-
cessed as described above. The blots were
incubated with the hyperimmune rabbit an-
tiserum and after washes the bound anti-
bodies were eluted from the antigen ac-
cording to the procedure of Snyder, et al.
(23). Sodium azide (0.01%) was added to the
eluate to inhibit contamination.

Southern blots. Phage DNA was pre-
pared according to a plate lysate procedure
( 19). Recombinant phage DNA was digested
to completion with restriction endonucleas-
es (EcoRI, XhoI; Promega) and electropho-
resed in a 0.8% (w/v) agarose gel. The gel
was stained with ethidium bromide and
photographed. DNA was transferred to a
PhotoGene nylon membrane (GIBCO BRL,
Grand Island, New York, U.S.A.) by a stan-
dard capillary transfer technique ( 19) fol-
lowed by UV-crosslinking (Stratalinker;
Stratagene, La Jolla, California, U.S.A.) at
120,000 microjoules/cm 2 . Prehybridization
of the membrane was performed essentially
as described in Maniatis, et al. ( 19) for 4 hr
at 42°C, followed by overnight hybridiza-
tion at 42°C in the presence of 50 ng/ml
denatured biotinylated probe per cm 2 of
membrane and 10% (w/v) dextran sulfate.
Detection of the hybrids was performed with
the PhotoGene nucleic acid detection sys-
tem (GIBCO BRL) as described by Carlson,
et al. (5 ) with a 5-7 min exposure to Kodak
X-OMAT film. The blot was stripped in a
solution of 95% formamide and 0.5% SDS
at 65°C for 1 hr.

Preparation of DNA probes. Plasmid
DNA from pUC3, a pUC derivative con-
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Fla I. Immunoblot of plaque purified clone A from
the Xgtll Al. leprae expression library. Plaque lifts were
reacted with rabbit anti-M. leprae antiserum followed
by an alkaline phosphatase-conjugated goat anti-rabbit
antiserum. Markings were used to align the nitrocel-
lulose filter with the plate.

strutted by Dr. T. P. Gillis, was prepared
by standard procedures. This plasmid has
at the EcoRI polylinker an —2900-base pair
(bp) DNA fragment subcloned from the M.
leprae DNA of clone Y3178. Clone Y3178
DNA, prepared as described above, and the
pUC3 DNA were digested with EcoRI. An
—3600-bp EcoRI-EcoRI fragment, contain-
ing the entire 65-kDa coding sequence and
contiguous noncoding region of M. leprae
DNA from clone Y3178, was isolated by
agarose gel electrophoresis followed by elec-
troelution. A second fragment, the - 2900-
bp EcoRI-EcoRI pUC3 DNA fragment cor-
responding to positions 53 to 2929 of clone
Y3178 ( 20), containing the complete coding
sequence of the 65-kDa gene, was similarly
isolated. Both DNA fragments were labeled
with biotin-ATP by nick-translation
(BioNick; GIBCO BRL) and stored at
—20°C.

RESULTS
Screening of the Xgtll M. leprae library

and characterization of clone A lysogen.
Approximately 2.4 x 10' plaques from the
Xgtll library of M. leprae were screened for
the expression of antigenic determinants

HG. 2. SDS-FAC.it. of lambda lysogens. Lysates
lambda lysogens (lane 65, clone Y3178; lane A, clone
A; lane 36, clone Y3180; lane 18, clone Y3179) and
nonlysogenized E. colt (lane, E. call) were subjected to
electrophoresis in a 10% polyacrylamide slab gel. The
prestained standards (lane, STD) arc: f3-galactosidasc,
116 kDa; phosphorylase B, 95.5 kDa; glutamate de-
hydrogenase, 55 kDa; ovalbumin, 43 kDa; lactate de-
hydrogenase, 36 kDa; carbonic anhydrase, 29 kDa; and
lactoglobulin, 18.4 kDa (Diversified Biotech, Newton
Centre, Massachusetts, U.S.A.).

with hyperimmune rabbit antiserum to M.
leprae. Twenty-three reactive plaques were
isolated by plugging with a sterile pasteur
pipet. The reactive plaques were plaque pu-
rified (Fig. 1) and then immunoscreened by
dot blot with monoclonal antibodies to some
well-characterized antigens: IVD8, IIC8,
IIH9, E42/3, and Y1-2 to the 65-kDa pro-
tein, F47-9 to the 36-kDa protein,
SA1D2D1 to the 28-kDa protein, L5 to the
18-kDa protein, ML06-A 1 to the 12-kDa
protein, and 46.7 to phenolic glycolipid
(4,9, 10 , .) In all cases the clones selected with
the rabbit antiserum were nonreactive with
the murine monoclonal antibodies.

E. coli lysogens that were constructed with
recombinant bacteriophages were induced
and the cell extracts examined by SDS-
PAGE. Figure 2 shows a Coomassie blue
stained SDS-polyacrylamide gel of the ly-
sogens A, Y3180, Y3178, and Y3179. Lane
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M.leprae^M.leprae

A IVD8
Fla 3. Western blot with monospecific A antibod-

ies. Aliquots of cell extracts of M. leprae and prestained
molecular weight standards were subjected to electro-
phoresis as described in Fig. 2 and transferred to ni-
trocellulose paper. Blot A was incubated with mono-
specific hyperimmune rabbit serum/affinity purified
rabbit antibodies, washed and treated with. alkaline
phosphatase-conjugated goat anti-rabbit IgG antise-
rum. Blot IVD8 was incubated with monoclonal an-
tibody, IVD8, washed, and treated with an alkaline
phosphatase-conjugated goat anti-mouse IgG antise-
rum. Standard lanes (STD) are as described in Fig. 2.

A, the A lysogen, shows the presence of a
high molecular weight protein of approxi-
mately 132-143-kDa. This suggests that the
polypeptide specified by the recombinant

clone A is a fusion protein with 0-galacto-
sidase. This protein is larger than the fu-
sion protein of clone Y3180 (Fig. 2, lane 36)
that expresses an epitope of the 36-kDa pro-
tein. The A fusion protein closely approx-
imates the size of the fusion protein of clone
Y3179 (Fig. 2, lane 18) that expresses the
carboxy-terminal 111 amino acids of the
18-kDa protein ('). In order to determine if
the high molecular weight protein was ac-
tually a fusion protein, a Western blot of
clone A and clone Y3180 was probed with
a monoclonal anti-O-galactosidase antibody
(data not shown). The demonstration of an
immunoreactive protein of a high molecu-
lar weight confirmed that clone A encoded
a fusion protein.

Affinity-purified rabbit antibodies to the
A fusion protein were prepared as described
in Materials and Methods and used in a
Western blot analysis against Al. leprae cell
extract to determine the size ofthe Al. leprae
protein represented by the epitope of the A
fusion protein. Immunoblot analysis showed
that the affinity-purified rabbit antibodies
predominantly recognized a single polypep-
tide with an apparent molecular weight of
64 kDa. To confirm that this was not the
well-characterized 65-kDa protein, the blot
was repeated and half of the nitrocellulose
was again probed with the affinity-purified
antibodies (Fig. 3, blot A) and half of the
strip was probed with the monoclonal an-
tibody IVD8 to the 65-kDa protein (Fig. 3,
blot IVD8). These immunoblots show that
the M. leprae protein expressing the A ep-
itope is smaller than the Al. leprae 65-kDa
protein. Additional demonstration that the
immunologically reactive fusion protein
from the A lysogen did not express an an-
tigenic determinant of the 65-kDa protein
was shown by Western blot analysis of the
A lysogen with a battery of monoclonal an-
tibodies to the 65-kDa protein. Five differ-
ent monoclonal antibodies (IVD8, IIC8,
E42/3, Y1-2, and IIH9) reacted with the 65-
kDa protein from the Y3178 lysogen, but
no reactivity was shown for the A fusion
protein (Fig. 4). There was some crossre-
action with E. coli proteins from both the
test and control lysogens.

Characterization of the M. leprae DNA
in clone A. Clone A DNA was isolated from
recombinant phage and cut with the restric-
tion enzyme EcoRI in order to determine
the size of the Al. leprae DNA insert frag-
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FIG. 4. Western blot with five different 65-kDa re-
active monoclonal antibodies. Lysates of lambda ly-
sogens (lanes A, clone A; lanes Y3178, clone Y3178)
were subjected to electrophoresis as described in Fig.
2 and transferred to nitrocellulose paper. The paper
was cut into strips and each strip incubated with a
different monoclonal antibody, IVD8, IIC8, E42/3, Yl-
2, and IIH9. The strips were washed, treated with an
alkaline phosphatase-conjugated goat anti-mouse IgG
antiserum, and the color developed. Standard lanes
(STD) are as described in Fig. 2.

ment. Besides the two lambda arms, two
DNA pieces of approximately 3800 by and
650 by were present (Fig. 5A, lane 2) on a
0.8% agarose gel. The similarity in size of
the large fragment of insert DNA to the
EcoRI-EcoRI DNA fragment of the 65-kDa
clone (Fig. 5A, lane 4) was cause for concern
that clone A might contain the 65-kDa gene
sequence. Partial EcoRI digests of clone A
DNA demonstrate multiple bands of insert
DNA, suggesting the presence of at least two
internal EcoRI sites (data not shown). The
largest DNA fragment after partial digestion
was approximately 4450 bp; this reflects the
total amount of M. leprae DNA in clone A.

EcoRI-digested phage DNA from both
clone A and the recombinant 65-kDa clone
(Y3178) were electrophoresed and trans-
ferred to a nylon membrane for Southern
blotting with two different biotin-labeled
probes encoding the 65-kDa protein. The
first probe, 2900 bp, contained all of the
DNA encoding the protein and 1100 by of
distal DNA. This probe hybridized to the
3600-bp DNA fragment from clone Y3178
as expected (Fig. 5B, lane 4), but did not
hybridize to either the 3800-bp or 650-bp

A^B^C

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

FIG. 5. Southern blot with two 65kDa specific
probes: A = Ethidium-bromide-stained agarose gel;
samples are: lane 1, clone A DNA-Xhol digest; lane
2, clone A DNA-EcoRI digest; lane 3, biotinylated
XDNA-HindlII fragments and biotinylated ¢X 174
DNA-Hinfl fragments (GIBCO BRL); lane 4, clone
Y3178 DNA-EcoRI digest; and lane 5, clone Y3178
DNA-Xhol digest. B = DNA from Panel A was trans-
ferred to a nylon membrane and probed with nick-
translated 2900-bp Nrul-Nrul fragment from pUC3
containing the 65kDa coding sequences. C = Mem-
brane in Panel B after stripping and reprobing with a
nick-translated 3600-bp EcoRI fragment from clone
Y3178.

DNA fragments from the recombinant clone
A (Fig. 5B, lane 2). These fragments are
visible in the ethidium-bromide-stained gel
before transfer (Fig. 5A). Figure 5C shows
the same blot after the membrane was
stripped and reprobed with the second
probe—the entire insert DNA from the re-
combinant clone Y3178. This probe con-
tains an additional 700 by of DNA from
the noncoding regions of the 65-kDa clone;
it hybridized to itself (Fig. 5C, lane 4) as
expected and additionally hybridized to the
larger DNA fragment from clone A (Fig. 5C,
lane 2).

DISCUSSION
We have isolated clones from the M. lep-

rae Xgtll expression library of Young, et al.
( 33 ) with hyperimmune rabbit antiserum.
These clones expressed protein products that
were nonreactive with a panel of monoclo-
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nal antibodies. In this paper we have de-
scribed clone A, that encodes a fusion pro-
tein of 132-143 kDa and expresses an
antigenic determinant of a 64-kDa Al. lep-
rae protein. Western blot analyses with mu-
rine antibody IIH9, which maps to an ep-
itope of the amino terminus of the 65-kDa
protein, and monoclonal antibodies 11C8
and IVD8, which map to epitopes in the
carboxy terminus of the 65-kDa protein ( 20 ),
show the A fusion protein to be completely
nonreactive. IVD8 recognizes the same M.
leprae specific epitope as 111E9 ( 4 ). Clone A
is unique to those isolated thus far from the
Xgtl 1 library in that it expresses an epitope
of a 64-kDa protein and the DNA insert
contains internal EcoRI sites.

The 64-kDa protein appears to be a major
immunodominant antigen for rabbits im-
munized with Al. leprae because additional
clones that we have analyzed contain the
same insert DNA. We suggest that the
64-kDa antigen of Al. leprae has not been
described previously, and we plan to char-
acterize our other reactive clones for addi-
tional antigenic determinants. Our prelim-
inary studies have indicated that the A
lysogen is reactive with some sera from lep-
rosy patients when the A lysogen is used in
an antibody-capture assay (unpublished
data). Future studies to confirm this obser-
vation and the immunological role of the
64-kDa antigen in the immune response to
M. leprae are planned.

Clone A DNA does share some homology
with the 3600-bp DNA fragment of clone
Y3178 but, interestingly enough, this is not
due to homology with the repetitive se-
quence that has been identified in M. leprae
(7 . 28). At least 27 copies of this repetitive
sequence are present in the Al. leprae ge-
nome and have been identified in the non-
coding 3' region of the 65-kDa insert.DNA
(bases 2127 to 2815), a region present in
both of the probes used in our study. Per-
haps the homology observed in our exper-
iments is due to a different repetitive ele-
ment in M. leprae DNA. Our smaller probe
did not contain —650 by at the 3' end and
also lacked the 5' sequences (bases 1 to 53)
that are likely to contain the promoter re-
gion for the 65-kDa gene.

Based on the large size of the DNA frag-
ment of clone A and the small size of the

fusion protein, it is apparent that the ma-
jority of the insert DNA consists of Al. lep-
rae DNA not coding for the 64-kDa protein.
The possibility remains that the noncoding
region of the A insert DNA contains another
open reading frame and another promoter
region as found with a 3200-bp DNA frag-
ment containing the gene for the 18-kDa
protein ('). We are currently sequencing the
insert DNA and will use computer pro-
grams to search for a repetitive region shared
by the DNA fragments of clone Y3178 ( 20 )
and clone A.

SUMMARY
A genomic library of Mycobacterium lep-

rae in the expression vector Xgt 1 1 was
screened with rabbit polyclonal hyperim-
mune antiserum elicited with a sonicated
extract of Al. leprae. Numerous reactive
clones were isolated by this immunoscreen-
ing, indicating a broad antibody response
of the rabbit. None of the recombinant
clones was reactive with monoclonal anti-
bodies to the previously well-characterized
Al. leprae recombinant clones. One of the
clones isolated, clone A, encoded a large,
132-143-kDa 0-galactosidase fusion pro-
tein expressing an epitope of M. leprae.
Monospecific antibodies eluted from this
fusion protein reacted on Western blots with
a 64-kDa M. leprae protein. The DNA of
this clone was shown to be distinct from the
gene encoding the well-characterized im-
munodominant 65-kDa protein by DNA
hybridization. We have identified a new
Ägt11 recombinant clone encoding a fusion
protein with a 64-kDa protein. This protein
is recognized by the humoral immune re-
sponse of the rabbit in response to a chal-
lenge with an M. leprae cell extract.

RESUMEN
Sc analizó una genoteca do Mycobacterium leprae en

el vector de expresión lambda-gt11, usando un anti-

suero hiperinmune policlonal, preparado en conejo

contra un extracto sonicado de M. leprae. Se aislaron

numerosas clonas reactivas que indicaron una amplia
respuesta del conejo. Sin embargo, ninguna de las clo-
nas recombinantes reaccionO con los anticuerpos mo-

noclonales contra las clonas recombinantes de M. lep-
rae previamente Bien caracterizadas. Una de las clonas
aisladas, la clona A, codificó Para una proteina de fu-

sión con beta-galactosidasa de 132-143 kDa que ex-



6 2 , 2^Davidson and George: 64-kDa Protein^ 243

presó un epitopo de M. leprae. Los anticuerpos mo-

noespecificos eluidos de Ia proteina de fusion

reaccionaron en Western blots con una proteina de 64

kDa de M. leprac. Por andlisis de hibridizaciOn, el

DNA de esta clona fue distinto del gene codificante de

la ya hien caracterizada proteina inmunodominante de
65 kDa. Identificamos una nucva clona recombinante

lambda-gtll codifcante de una proteina de fusion con
una proteina de 64 kDa. Esta proteina es reconocida
por Ia respuesta inmune immoral del conejo en res-

puesta a su inmunización con un extracto celular de

M. leprae.

RESUME
Une librairie genomique de Afycobacterium leprae

dans le vecteur d'expression Xgt11 a etc testee avec de
l'antiserum polyclonal hyperimmun de lapin sensibi-

Ilse. avec un extrait sonique de M. leprae. De nombreux

clones réactifs ont été 'soles par cc depistage immu-

nologique, indiquant une reponse étendue du lapin sous

forme d'anticorps. Aucun des clones recombinants ne
reagissait avec les anticorps monclonaux dirigés vers

les clones recombinants de M. leprae bien caractérisés

anterieurement. Un des clones isolés, le clone A, en-

codait une grande proteine de fusion /1-galactosidase

de 132-143 kDa exprimant un épitope de M. leprae.
Des anticorps monoskcifiques produits 3 partir de cette

protcine de fusion réagissaient par Western blot avec
une protcine de 64 kDa de M. leprac. On a montre que
I'ADN de ce clone etait distinct du gene encodant la

protcine immunodominante de 65 kDa bien caracté-
risée par hybridation de I'ADN. Nous avons identifie

un nouveau clone recombinant Xgt11 encodant une
protcine de fusion avec une protcine de 64 kDa. Cette

protéine est reconnue par la reponse immunitaire hu-

morale du lapin en reponse au contact avec un extrait
cellulaire de Al. leprae.
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