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The slow growth of the pathogen and the
failure of Mycobacterium leprae to grow in
vitro have made the purification of this my-
cobacterium difficult. Molecular cloning and
expression of mycobacterial DNA in a suit-
able host vector system could be another
interesting approach to obtaining mycobac-
terial protein antigens. Genes for the major
protein antigens of M. leprae, M. tubercu-
losis and M. bovis BCG as determined by
monoclonal antibodies (MAbs) have been
cloned in lambda bacteriophage (!%23-2%),
and the neucleotides of the genes encoding
the 65-kDa protein have been sequenced
(11 16.19),

The 65-kDa protein of M. leprae is pres-
ent in a wide range of mycobacterial species
("), and the protein is a major immuno-
reactive protein of mycobacteria. Antibod-
ies directed against this protein can be de-
tected in the sera of patients with leprosy
and tuberculosis, and T cells reactive with
this antigen can be isolated from patients
with leprosy or tuberculosis as well as from
BCG-vaccinated persons (33 !2.18) The
B-cell and T-cell epitopes on the immu-
nodominant 65-kDa proteins of M. bovis
BCG were determined by the use of recom-
binant antigens expressed in Escherichia coli
(*°). Recently, the 65-kDa protein has been
determined to be a stress protein and has
been described as an immune target in lep-
rosy and tuberculosis ('7-22).

The 65-kDa protein of M. leprae was pur-
ified from E. coli carrying the recombinant
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DNA as described by Lamb, et al. (7), and
we also purified the protein from E. coli for
further experiments. Here, we report on the
purification of the overproduced protein in
E. coli by affinity chromatography, the skin
responses of BALB/c mice inoculated with
M. leprae, and the role of the protein in
protective immunity against M. leprae in
mouse foot-pad infections.

MATERIALS AND METHODS

Bacteria, plasmid and phages. The E.
coli strains used were JM83 (ara, dlac-pro,
rpoL, thi, d80lacZdM15) (!7), and Y1090
(dlacU169, proA*, dlon, araDI139, rpoL,
supF, trpC22, Tnl10, pMC9) for the titration
of the Agtl1 phage, and Y1089 lysogenized
with the lambda phage Y4178 which con-
tained a cloned DNA fragment for the 65-
kDa protein of M. leprae (**). Strains Y 1090
and Y4178 were generously provided by Dr.
R. A. Young (Whitehead Institute, Cam-
bridge, Massachusetts, U.S.A.). Plasmid
pUC8 was used as the cloning vector (3).

DNA manipulation. Plasmid DNA and
phage DNA were prepared as described by
Davis, et al. (?). The methods for DNA ma-
nipulation were as described by Maniatis,
et al. (°).

Detection of 65-kDa protein. Transfor-
mant cells (JM83) carrying the recombinant
plasmids containing the DNA fragment for
the entire 65-kDa protein of M. leprae were
grown in Luria-Bertani (LB) broth contain-
ing ampicillin (200 pg/ml) and isopropyl-3-
D-thiogalactopyranoside (IPTG; 3 mM) at
37°C, with aeration overnight, and harvest-
ed by centrifugation. The cells were sus-
pended in 0.01 M phosphate-buffered saline
(PBS), pH 7.2, at Y, of the original culture
volume, treated with protease inhibitor
(phenylmethyl sulfonyl fluoride; 1 mM), and
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ultrasonicated for 1 min at 35 W (Ohtake
Works, Osaka, Japan). Antigen production
was examined by dot blotting using a MAb
IIIE9, which recognizes an epitope in the
65-kDa protein of M. leprae. The MAD ITIE9
ascites fluid was generated in Dr. Buchan-
an’s laboratory (Secattle, Washington,
U.S.A)) (%), and obtained through the Im-
munology of Leprosy (IMMLEP) Scientific
Working Group of the World Health Or-
ganization (WHO).

Preparation of a monoclonal antibody.
The cells producing a MAb 3A against the
65-kDa protein of M. leprae were prepared
by immunization of BALB/c mice with M.
leprae (details have been described else-
where ' 13), The MAb 3A was found to
crossreact with all bacilli tested ('3).

Purification of the 65-kDa protein of M.
leprae by immunoaffinity chromatography.
Immunoaflinity chromatography was done
by the method of Young, et al. (*'). The
globulin fraction precipitated by 50%
(NH,),SO, from the ascitic fluid containing
the MAD 3A was purified on an affinity col-
umn of staphylococcal protein A-Sepharose
CL-4B (Pharmacia, Uppsala, Sweden). Col-
umn fractions containing the purified MAb
3A immunoglobulin G were pooled, di-
alyzed against the coupling buffer (0.1 M
NaHCO,, pH 8.3, containing 0.5 M NaCl),
and concentrated by pressure filtration on
a YM5 membrane (Amicon Corporation,
Lexington, Massachusetts, U.S.A.) to a pro-
tein concentration of about 7 mg/ml. One
ml of this material was reacted with 0:33 g
of CNBr-activated Sepharose 4B (Phar-
macia) as recommended by the manufac-
turer. The column (1 ml) was washed with
PBS and stored at 4°C in PBS with 0.1%
w/v sodium azide.

The supernatant of 100,000 x g x 60
min centrifugation of sonicated cell lysate
of JM83 carrying pUC-N5, which con-
tained the recloned DNA fragment, was ap-
plied on the MAb 3A IgG-Sepharose 4B
column. The column was washed with PBS
until the elute had no detectable OD,g,. The
bound material was then eluted with four
column-volumes each of three elution buff-
ers containing: a) 1.0 M NaCl, b) 0.1 M
glycine-HCI (pH 2.5), and ¢) 10% v/v diox-
an in 0.1 M glycine-HCI (pH 2.5). The col-
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umn was then re-cquilibrated with PBS and
stored with PBS containing 0.1% azide.
Fractions (20 drops/tube) were neutralized
and assayed for the 65-kDa protein by dot
blotting with the MADb 3A. Fractions con-
taining the protein were collected, dialyzed
in PBS, and concentrated by pressure filtra-
tion (Amicon). Protein concentrations were
measured with bovine serum albumin (BSA)
as the standard using BCA Protein Assay
Reagent (Pierce Chemical Co., Rockford,
Illinois, U.S.A)).

Immunization and skin testing of mice.
Female BALB/c mice (6-8 weeks old) bred
at Clea Japan, Inc., were immunized intra-
dermally (i.d.) in the chest with 107 to 10%
intact M. leprae (Thai 53 strain) in 0.1 ml
PBS. Four months after immunization, the
immunized and control mice were chal-
lenged with an i.d. injection of 0.05 ml of
sterile saline, 5 pg of M. leprae lysate, or 5
ug of affinity-purified 65-kDa protein in the
foot pad. M. leprae (Thai 53 strain) was
maintained in nude mice. M. leprae lysate
was prepared as previously described ('°).

Increases in foot-pad size were measured
by 24, 48, and 72 hr after antigen challenge
by using a screw-gauge micrometer (Ozaki
Mfg. Co., Japan). Sterile saline alone did not
induce any foot-pad swelling over the pe-
riod studied.

Assay of protective immunity. The mouse
foot-pad model of Shepard ('®) was used to
test the role of the antigen in protective
immunity against M. [leprae infection.
BALB/c mice (6-8 weeks old) were im-
munized (i.d.) in the chest with antigens.
The antigens consisted of a suspension of
M. bovis BCG, a mixture of BCG and M.
leprae, E. coli carrying pUC8 or pUC-N5
without adjuvant, or affinity-purified 65-
kDa protein with Freund’s incomplete ad-
juvant. The dose per mouse was 107 M. bov-
is BCG, 107 M. leprae, approximately 10°
E. coli carrying pUC8 or pUC-NS, and 17
ug of affinity-purified 65-kDa protein. The
BCG was our usual culture that originated
from the Tokyo strain. Three weeks after
immunization, 5 x 103 M. leprae were in-
oculated into the right hind foot pad. Nine
months later, the number of M. leprae in
the right hind foot pad was counted by
Shepard’s method ('4).
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RESULTS

Subcloning of the gene encoding the
65-kDa protein of M. leprae

To construct a hyperproducing system of
the 65-kDa protein of M. leprae, a 3.6-kb
DNA fragment flanked with EcoRI sites was
isolated from a phage strain Y4178, a de-
rivative of the Agtll phage containing the
chromosomal fragments of M. leprae con-
structed by Young, et al. (**), and recloned
into the EcoRI site on a plasmid vector,
pUCS. The recombinant plasmids were in-
troduced into strain JM83, and three trans-
formant colonies were selected, pUC-N4,
pUC-NS3, and pUC-N7.

The orientation of the inserted DNA frag-
ment was determined by comparing the
length of the DNA fragment flanked with
Smal, since the sites are included in the 3.6-
kb DNA fragment (at nucleotide 3053-
3058), and vector plasmid. In plasmid pUC-
N5, the gene coding for the 65-kDa protein
was inserted downstream of the /ac pro-
moter on the vector contained in the same
orientation; in plasmids pUC-N4 and pUC-
N7, the gene for the 65-kDa protein was in
the opposite orientation (Fig. 1).

Production of 65-kDa protein of
M. leprae in E. coli

Plasmids pUC-N4, pUC-NS35, and pUC-
N7 were introduced into strain JM83 by
transformation, and the production of the
M. leprae protein was examined by dot blot-
ting using MAD IIIE9. All of these trans-
formant strains produced the protein under
induced and noninduced conditions (data
not shown). The amounts of the protein
produced by JM83 cells carrying pUC-NS5
or pUC-N7 were 25% to 45% of the crude
extracts estimated by SDA-polyacrylamide
gel (12.5%) electrophoresis followed by
spectrophotometric scanning of Coomassie
brilliant blue-stained gel (Fig. 2). The fact
that the 65-kDa protein is also overprod-
uced in the cells carrying pUC-N7, in which
the gene for the 65-kDa protein was in an
opposite orientation on the vector, suggests
that the 3.6-kb DNA fragment contains the
promoter region of the gene and is expressed
and, therefore, does not require IPTG for
induction in an E. coli cell.
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A

FiG. 1.
of M. leprae. DNA for M. leprae (E3) was inserted into
the EcoRI site of vector pUCS8 to produce plasmids
pUC-NS5 and pUC-N8, which contain the insert in
opposite orientations.

Subcloning of DNA for the 65-kDa protein

The 65-kDa protein produced in E. coli
cells was examined for its immunological
reaction with MAbD IIIE9 by Western blot-
ting (Fig. 3, lanes 3-6). The proteins with a
molecular mass of 65-kDa reacted with the
MAD IIIE9, and were produced in cells car-
rying the recombinant plasmids containing
the DNA fragment inserted either in the
same or in the opposite orientation of the
lac promoter, with and without IPTG.
Smaller reacting species (< 65 kDa) were
also observed when large amounts of the
extracts were used (Fig. 3, lanes 8-11) or
when the protease inhibitor (PMSF) was
omitted from the protein preparation.

Purification of 65-kDa protein. A crude
lysate of JM83 cells carrying pUC-NS5 (Fig.
2B, lane 4) was purified through immu-
noaffinity chromatography on MAb 3A IgG-
Sepharose (The Table). A single protein band
with a molecular mass of 65-kDa was de-
tected by direct staining of the gel with
Coomassie brilliant blue after immunoaf-
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Fi1G. 2. SDS-PAGE gel with 5 ul of the protein preparation stained with Coomassie brilliant blue. A. Lane
1, molecular weight standard (10?); lane 2, JM83/pUCS; lanes 3 and 4, JM83/pUC-NS; lanes 5 and 6, JM83/
pUC-N7. B. Lane 2, affinity-purified 65-kDa protein (< 0.03 mg/ml); lanes 3 and 4, JM83/pUC-NS5 (+ and —
indicate the presence or absence of IPTG, respectively).

finity chromatography (Fig. 2B, lane 2). The = 65-kDa affinity-purified protein in M. lep-
purified protein reacted with the MAb ITIE9  rae-immunized mice are shown in Figure
by Western blotting (Fig. 3, lanes 2 and 7). 4. A response of 5 ug of the 65-kDa protein
DTH response of BALB/c mice. Gross is observed, but it is weaker than the re-
changes following the i.d. injection of the sponse to 5 ug of the M. leprae lysate.

THE TABLE. Purification of 65-kDa protein by affinity chromatography on MAb 3A-
Sepharose.

. Protein
Fraction® Vol. (ml) % purity®
mg/ml Total mg
Starting material 2 1.3 2.6 < 30
Filtrate 30 0.07 2.1 ND¢
Eluate 12 < 0.03¢ 0.337 100¢

= Starting material was a crude protein preparation from JM83/pUC-N5 grown in LB with ampicillin (200
ug/ml) and good aeration at 37°C overnight. The filtrate fraction contained material that passed through the
column without binding along with the initial PBS wash. The 65-kDa protein was eluted from the column by
10% dioxan in 0.1 M glycine-HCI buffer.

® The 65-kDa antigen as a percentage of total protein present in each fraction.

< Estimated by slab gel scanning (Fig. 2B, lane 4).

¢ ND = not done.

¢ Dot blotting to MAb 3A and Western blotting to MAb IIIE9 (Fig. 3, lanes 2 and 7) showed strong positive
signals.

"Measured after concentration by a pressure filter.

¢ Estimated by SDS-PAGE.
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Western blotting with MAbs. For each lane, 0.5 ul (lanes 1-6) and 5 ul (lanes 7-11) of the protein

preparation was electrophoresed on 12.5% SDS-PAGE and tranferred to nitrocellulose. Except for lane 1, the
immobilized proteins were reacted with MAb IIIE9; lane 1 was reacted with MAb 3A. Loading material: Lane
1, JM83/pUC-NS35; lanes 2 and 7, affinity-purified 65-kDa protein; lanes 3 and 8, JM83/pUC-N5 with IPTG;
lanes 4 and 9, JM83/pUC-NS5; lanes 5 and 10, JM83/pUC-N7 with IPTG; lanes 6 and 11, JM83/pUC-N7.

Role of the 65-kDa protein in protective
immunity. The design of the experiment is
shown in Figure 5. The counts of M. leprae
in the right hind foot pad were carried out
on four mice from each group. The results
show that live BCG or the mixture of live
BCG and M. leprae gave significant protec-
tion; whereas the M. leprae 65-kDa protein
or E. coli producing the 65-kDa protein were
not effective with this method. High anti-
body levels against the 65-kDa protein of
M. leprae were found in the sera of mice
immunized with affinity-purified 65-kDa
protein of M. leprae (data not shown).

DISCUSSION

With the subclones that overproduced the
65-kDa protein of M. leprae, the amount of
this protein needed for a detailed study could
easily be affinity purified. The structural gene
of the 65-kDa protein of M. leprae was found
by Young and co-workers to be on a 3.6-kb
EcoRI fragment of the recombinant phage
Y4178 (*%). The entire 3.6-kb fragment was
recloned into the overexpression vector
pUC-8 as described here and by Lamb, et
al. (7). In both orientations of this fragment
in the vector, the level of production of the

65-kDa protein was equally high under non-
inducing conditions as described here. This
result also confirmed the observations by
Shinnick ('¢), Thole, et al. (*®), and Lamb,
et al. (7) that the expression of the 65-kDa
protein was controlled by a mycobacterial
promoter, although the transcriptional sig-
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FiG. 4. Delayed-type hypersensitivity (DTH) re-
sponses of mice immunized with M. leprae. Responses
of immunized mice to M. leprae lysate (®) and the 65-
kDa protein (M) are compared with those of control
mice (O and O). Results are the means from four mice;
error bars show standard deviations.
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FiG. 5. Results of harvests at 9 months after in-
oculation of 5 x 10* M. leprae into the mouse foot
pad. Mice were immunized intradermally with anti-
gens 21 days before challenge. A = control mice; B =
mice immunized with M. bovis BCG; C = mixture of
BCG and M. leprae; D = E. coli carrying pUC-N35; E
= E. coli carrying pUCS8; F = affinity-purified 65-kDa
protein. Each circle represents one mouse.

nalsin M. leprae deviate from the consensus
sequence in E. coli (16 18),

The positive skin-test responses elicited
with the affinity-purified 65-kDa protein
provide evidence that certain antigenic epi-
topes of this protein are capable of reacting
with lymphocytes of M. leprae-infected mice
that are involved in the DTH response. The
65-kDa protein used was purified with the
MAD 3A which crossreacted with all bacilli
tested, including the E. coli 65-kDa protein.
For this reason some contamination of the
affinity-purified M. leprae protein with E.
coli 65-kDa protein could have occurred. In
retrospect, it would have been better to have
used a MAD to isolate the M. leprae protein
which did not crossreact with E. coli. On
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the other hand, the 65-kDa protein of M.
leprae bears epitopes also found on other
bacilli (- 4513 17), Because of this, it is lim-
ited in its applicability as a specific skin-test
reagent for leprosy.

The 65-kDa protein is one of the deter-
minants to induce DTH responses in mice
infected with M. leprae (this study and 7).
We tried to determine if the 65-kDa protein
itself could induce the protective immunity
against M. leprae growth in mice as de-
scribed here. The relationship between DTH
and protective immunity as induced by my-
cobacterial vaccines remains a crucial prob-
lem (%). In our experimental conditions, the
protein itself did not induce protective im-
munity, although the immunized mice had
high serum antibody levels against the 65-
kDa protein of M. leprae. However, a more
detailed analysis of the ability of the protein
to elicit cellular immunity is needed to con-
clude that the 65-kDa protein is not capable
of inducing protective immunity against
leprosy.

SUMMARY

The 65-kDa protein of Mycobacterium
leprae was produced in an Escherichia coli
strain carrying a plasmid harboring the re-
cloned gene coding for the protein. The pro-
tein was purified through affinity chroma-
tography prepared with the IgG fraction of
a monoclonal antibody which was prepared
against the 65-kDa protein. The purified 65-
kDa protein also reacted immunologically
with the monoclonal antibody IIIE9, which
recognizes the epitope for M. leprae, pre-
pared by Buchanan, et al. BALB/c mice
were inoculated with M. /eprae and 4 months
later were skin tested with the purified 65-
kDa protein. Gross changes were observed
at the skin-test site. The role of the protein
in protective immunity against M. leprae
foot pad infection in mice was also studied.

RESUMEN

Se produjo la proteina de 65-kDa del Mycobacterium
leprae en una cepa de Escherichia coli portadora de un
plasmido conteniendo al gene reclonado codificante de
esa proteina. La proteina se purificé por cromatografia
de afinidad preparada con la fraccion IgG de un anti-
cuerpo monoclonal contra la proteina de 65-kDa. La
proteina 65-kDa purificada también reacciond inmu-
noloégicamente con el anticuerpo monoclonal I11E9
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preparado por T. Buchanan, et al. el cual reconoce el
epitope de M. leprae. Se inoculd un grupo de ratones
BALB/c con M. leprae y 4 meses después, los ratones
se inyectaron en la piel con la proteina 65-kDa puri-
ficada. Se observaron cambios aparentes en los sitios
de inyeccion. También se estudio el papel de la proteina
en la inmunidad protectora contra la infeccion indu-
cida por M. leprae en la almohadilla plantar del raton.

RESUME

On a produit la protéine 65-kDa de Mycobacterium
leprae dans une souche d’Escherichia coli incorporant
le géne recloné qui code pour cette protéine. La protéine
a é1¢é purifiée par chromatographic en faisant intervenir
la fraction IgG d’un anticorps monoclonal préparé
contre la protéine 65-kDa. Cette protéine purifiée 65-
kDa réagissait immunologiquement aussi avec 1'anti-
corps monoclonal I11E9, qui reconnait I'épitope de M.
leprae préparé par T. Buchanan er col. Des souris
BALB/c ont été inoculées par M. leprae et quatre mois
plus tard, on a procédé a des épreuves cutanées avec
la protéine purifiée 65-kDa. Des modifications évi-
dentes ont été observées a 'endroit de I'épreuve cuta-
née. On a également étudié le role de cette protéine
dans I'immunité protectrice contre M. leprae dans le
coussinet plantaire de la souris.
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