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Analysis of Variation in Batches of Armadillo-derived
Mycobacterium leprae by Immunoblotting1
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Studies of the immunochemistry of My-
cobacterium leprae, the etiologic agent of
leprosy, have been impeded by the inability
to cultivate the bacillus on artificial medi-
um. The discovery that nine-banded ar-
madillos were susceptible to infection with
Al. leprae (6) was of paramount importance
since armadillo-infected tissues made an ex-
cellent source of large amounts of bacteria.
This material has now been used in large
numbers of laboratories in a variety of im-
munological and biochemical studies. A
number ofgroups have studied the antibody
responses to Al. leprae using anti-M. leprae
antisera, leprosy patients' sera, and mono-
clonal antibodies (1,2,4.7.10s.j However, both
the number of Al. leprae components re-
vealed and their molecular weight range
varied considerably between different stud-
ies. It is possible that these differences were
due to variations in techniques and the sera
used. However, the possibility that major
differences can occur between batches of ar-
madillo-derived Al. leprae cannot be ex-
cluded. In this study we have investigated
this last possibility by immunoblotting sev-
eral different batches of armadillo-derived
Al. leprae using well-characterized mono-
clonal antibodies.

MATERIALS AND METHODS
Preparation of M. leprae lysates. Al. lep-

rae bacilli were purified from infected ar-
madillo tissues according to Draper's meth-
od (3). Briefly, infected armadillo spleens or
lymph nodes were gamma-irradiated with
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2.5 Mrad from a Cobalt-60 source to kill
M. leprae. The tissues were then homoge-
nized and their DNA enzymatically digest-
ed. The bacteria were separated from debris
on a self-forming Percoll density gradient
followed by phase partitioning. Nine prep-
arations were studied; batches MI-1 and
MI-2 were prepared specifically for this study
and contained the protease inhibitor phe-
nylmethyl sulfonylfluoride (PMSF) at a con-
centration of 1 mM. Batches CD73, 78, 84,
91, 95, 96, and 99 were prepared by Dr. R.
J. W. Rees and Mrs. A. C. R. E. Lowe, as
part of the WHO-IMMLEP program; it was
IM M LEP policy not to include protease in-
hibitors. Different tissues were used for the
different batches. Some (CD78, CD95, MI-1,
and MI-2) were prepared only from spleens;
others (CD84, CD91, CD96, and CD99)
were prepared from pooled spleen and
lymph node tissues. Although some of the
preparations were made from pools of ar-
madillo tissue, no two batches of bacilli con-
tained organisms prepared from the same
animal. Bacterial suspensions were washed
and resuspended in phosphate buffered sa-
line (PBS), pH 7.2, and sonicated on ice at
90 W for 15 min at 50% duty cycle. After
centrifugation at 20,000 x g x 15 min at
4°C, the supernatant was collected and re-
ferred to as cell-free extract (CFX). The pro-
tein concentration was determined accord-
ing to Lowry's method ("). Suitable aliquots
of CFX were stored at —70°C until further
USC.

Analysis of M. leprae lysates by PAGE
and by immunoblotting. The CFX of Al.
leprae was analyzed by polyacrylamide gel
electrophoresis (PAGE) in a vertical slab gel
according to the Laemmli discontinuous
buffer system (9). The resolving gel con-
tained 12% polyacrylamide and 0.1% so-
dium dodecylsulfate (SDS) in Tris-HC1, pH
8.8, and the stacking gel contained 5% poly-
acrylamide and 0.1% SDS in Tris-HC1, pH
6.8. Immediately before electrophoresis,
CFX was heated to 100°C for 5 min in a
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buffer containing 1% SDS and 10 mM di-
thiothreotol, and 20 /..ig of protein was load-
ed into each well of the gel. The resolved
protein bands were visualized by Coomas-
sic brilliant blue staining. Alternatively,
SDS-PAGE fractionated M. frprae antigens
were electrophoretically transferred onto ni-
trocellulose sheets using a semi-dry blotter
as previously described (8), with a constant
current density of 0.8 mA/cm2 of current
path for 60 min at room temperature. Sub-
sequently, nitrocellulose blots were washed
in Tris-buffered saline (TBS) for 10 min and
then incubated in blocking buffer (3% gel-
atin in TBS) for 30 min. The unbound gel-
atin was removed by washing twice in TBS
containing 0.05% Tween 20 (TTBS) for 10
min. Blots were incubated for 2 hr in sealed
plastic bags with monoclonal antibodies di-
luted 1/1000 in antibody buffer (1% gelatin
in TTBS). This was followed by washing
twice in TTBS for 10 min each, and the
second antibody (horseradish peroxidase-
conjugated sheep anti-mouse IgG anti-
serum) diluted 1/1000 in antibody buffer
added for a further 2-hr incubation. At the
end of this incubation, blots were washed
twice for 10 min in TTBS, then once in TBS
followed by treatment with freshly prepared
color development reagent (0.04% 3,3'-di-
aminobenzidine in citrate phosphate buffer,
pH 5.0, containing 0.036% H,0,). When
the reactive bands were visualized, the re-
action was stopped by extensive washing in
water. Finally, the blots were dried and pho-
tographed.

RESULTS
SDS-PAGE of batches MI-1, MI-2, CD73,

CD78, and CD96 is shown in Figure 1. MI-1
and MI-2, to which PMSF was added, have
consistently resolved into comparable pro-
tein band patterns. The other batches
showed variations in the overall number of
bands resolved, as well as in their patterns.
For example, CD96 showed a loss of bands
in the molecular weight range of 22 kDa to
65 kDa. CD73 (prepared by a different pu-
rification protocol (12) and used as a skin-
test reagent) resolved into only four bands
of molecular weights 36, 28, 20, and 10 kDa.
CD78, CD91, and CD99 were consistently
comparable to each other and to MI-1 and

THE TABLE. Summary of results of
munoblotting M. leprae cell-free extract
(CFA) with monoclonal ant/hod/es.

Monoclonal antibodies (specificity)

Al. leprae^ SA1D2 -

CFX batch^Y1-2^111E9^F47-9 DI65 kDa 65 kDa 36 kDa "8 kDa

±^
M1-2
CD73
CD78
CD84
CD9I
CD95
CD96
CD99

" + = Strong positive reaction.
— = Negative reaction.

" Although no 65-kDa protein was detected, lower
molecular weight species were detected, with a partic-
ularly strong band at approximately 40-kDa molecular
weight.

d ± = Weak positive reaction.
A strong additional band was present at approxi-

mately 25-kDa molecular weight.

MI-2; whereas CD84 showed a loss of bands
of molecular weight more than 40 kDa (data
not shown).

Four IgG monoclonal antibodies (sup-
plied by the WHO-IMMLEP bank) were
used to study the different batches of CFX
of M. leprae by immunoblotting. Y1-2 and
IIIE9 (5) recognize different epitopes on the
65-kDa molecule. 111E9 is M. leprae spe-
cific; whereas Y1-2 is crossreactive with
other mycobacteria. The 65-kDa band was
readily detectable in MI-1, MI-2, CD78,
CD9 I, CD96, and CD99; whereas batches
CD73, CD84, and CD95 lacked such a band
(The Table; Fig. 2a and b). A band of 40-
kDa molecular weight was detected in CD95
by 111E9, but not by Y1-2. Several other
lower molecular weight bands were recog-
nized, all of which were less intense and
slower to develop color than the major bands
of 65 kDa and 40 kDa. Monoclonal anti-
body F47-9 (5) recognizes an epitope on the
36-kDa protein. All of the batches tested
reacted with this antibody (The Table; Fig.
2c and d). However CD96 and CD73
showed faint bands compared to the others,
and CD95 showed a lower molecular weight
band in addition to the 36-kDa band. The
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FIG. 1. SDS-PAGE analysis of cell-free extract of M. leprae; 20 pg of protein was loaded into each well of
the gel.

monoclonal antibody SA1D2D1 (13) rec-
ognizes an epitope on the 28-kDa protein
in addition to some higher molecular weight
bands. All of the batches of CFX reacted
with this antibody, although CD84 and
CD96 showed fainter bands than the other
preparations.

DISCUSSION
These data suggest that differences exist

among the different batches of CFX of M.

leprae. It seems unlikely that these differ-
ences result from differences in the length
of time of storage, since batch CD78 was
stored for the longest period of time yet con-
tained all the major bands. Batch CD95 was
prepared 6 months after CD78 but did not
contain any detectable 65-kDa band. The
65-kDa protein appears to be particularly
susceptible to protease activity, being sta-
bilized by the presence of PMSF. Since
PMSF inhibits serine proteases only, it is
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FIG. 2. Immunoblot analysis of different batches of cell-free extract of M. leprae using monoclonal antibodies
Y1-2 (a and b) and F47-9 (c and d). Positions of the 65-kDa protein (a and b) and the 36-kDa protein (c and
d) are shown on the right of the figure.

possible that, even in the presence of PMSF,
other proteases will still be active. Similar,
though less obvious differences were found
between batches when comparisons of the
36-kDa and 28-kDa proteins were analyzed.
It should be stressed that in this study we
have looked only at three well-characterized
M. leprae antigens; clearly a more exhaus-
tive analysis is likely to reveal other major
variations. This is supported by the findings
revealed by SDS-PAGE analysis (Fig. I).

Batches of CFX of Al. leprae are being
used in several laboratories throughout the
world as a source of Al. leprae antigens. We
report these data to emphasize the vari-
ability which may exist between different
batches of this material, and hence the need
for caution when comparing data from dif-
ferent laboratories.

SUMMARY
Several batches of cell-free extracts of ar-

madillo-derived Mycobacterium leprae were

analyzed by SDS-PAGE and by immuno-
blotting with monoclonal antibodies. The
presence or absence of protease inhibitors
had a profound effect on the protein anti-
gens, particularly the 65-kDa antigen. In the
absence of protease inhibitors, there were
both quantitative and qualitative differ-
ences between the different batches of M.
leprae extracts.

RESUMEN
Se prepararon varios lotes de extractos de Mycobac-

terium leprae aislados de armadillos, Sc fraccionaron
por electroforesis en gel de poliacrilamida (SDS-PAGE)
e inmunoelectrotransferencia, y se hicieron reaccionar
con anticuerpos monoclonales. La presencia o ausencia
de inhibidores de proteasas tuvo un profundo efecto
sobre los antigenos protêicos, principalmente sobre el
antigeno de 65 kDa. En ausencia de inhibidores de
proteasas hubieron diferencias cuali- y cuantitativas
entre los diferentes lotes de los extractos de M. leprae.

RÉSUMÉ
Plusieurs lots d'extraits sans cellule de Alycobacte-

Kum leprae obtenus chez le tatou ont ete analyses par
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la methode SDS-PAGE, et parl—immunoblotting" avec
des anticorps monoclonaux. La presence ou l'absence
d'inhibiteurs de la protease avaient un diet prononce
sur les antigenes proteiniques, et particulierement sur
l'antigene 65-kDa. En l'absence d'inhibiteurs de la pro-
tease, on a observe des differences a la lois quantitatives
et qualitatives entre les cliff:rents lots des extraits de
Al. leprae.
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