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The immune responses evoked by my-
cobacteria, either humoral or cell-mediated,
are not species-specific since most of the
antigens of the genus are shared among its
species (7). The skin-test antigens, tuber-
culins and lepromins, also lack adequate
specificity for the same reason. Many at-
tempts have, therefore, been made to char-
acterize and to isolate the mycobacterial an-
tigens responsible for the elicitation of
delayed-type hypersensitivity (DTH) reac-
tions.

From Mycobacterium tuberculosis, an ar-
ray of DTH eliciting proteins with molec-
ular weights of 150 kD (?), 45-48 kD (°),
35-42 kD (*%), 28.5-35 kD (°), 28-30 kD
('9), 22 kD (?%), 20 kD (*%), 5-10 kD (*#¢), 9.7
kD ('7), 5.8 kD (*°), and 4-5 kD (*!) have
been isolated. Similarly from Af. leprae, low-
molecular-weight protein fractions ('¢-3%),
low-molecular-weight anionic proteins (' 32),
and a high-molecular-weight cell-wall an-
tigen (*°) have been found to be capable of
eliciting DTH responses.

The studies cited indicate that in both M.
tuberculosis and M. leprae there is a possi-
bility of more than one antigen taking part
in cell-mediated immunity. We, therefore,
undertook a study to broadly define the an-
tigens of M. leprae and M. tuberculosis re-
sponsible for the elicitation of DTH re-
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sponses in presensitized mice and guinea
pigs. In addition, antigen fractions from M.
vaccae, which has been found to be anti-
genically related to M. leprae (*7-3%:42), and
fractions of BCG, which is closely related
to both M. leprae and M. tuberculosis
(> 13-43), were also used for a comparative
assessment of species specificity.

The preparation of lepromin and tuber-
culin (or PPD) involves heating. Also, there
are reports indicating a better immunoge-
nicity of certain heated mycobacteria
compared to their native counterparts.
Therefore, the relative efficacies of heated
mycobacterial antigens as immunogens and
as elicitins for DTH were also studied.

MATERIALS AND METHODS

Mycobacteria. M. bovis BCG (Glaxo vac-
cine strain), M. tuberculosis H37Ra, and M.
vaccae R877R (kindly provided by Dr. J.
L. Stanford, Middlesex Hospital Medical
School, London) were grown in Sauton’s
medium for 4-5 weeks. The mycobacteria
were collected and washed three times with
sterile normal saline by centrifugation. The
final pellets were lyophilized and stored at
4°C until used. Armadillo-derived M. lep-
rae, purified according to the WHO proto-
col (*), was kindly provided by Dr. R. J.
W. Rees (Clinical Research Centre, Harrow,
England) at a concentration of 10° bacilli
per ml in normal saline.

Animals. Randomly bred guinea pigs
weighing 300-350 g (obtained from Central
Drug Research Institute, Lucknow, India)
and Swiss (Rockefeller) strain mice (6-8
weeks old) were used in this study. The mice
were raised in the animal house of Central
JALMA Institute for Leprosy, Agra, India.

Immunizations. The lyophilized myco-
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bacteria were suspended in normal saline
(50 mg dry weight/ml), and the bacilli were
freed from the clumps by exposure to ul-
trasonic vibrations (°) in pulses of 10 sec,
amounting to a total period of 1 min. The
suspensions were then centrifuged at 1000 x
£ X 10 min, and the supernatants, contain-
ing mostly free bacilli, were collected and
the bacterial numbers were determined ('2).
Immunizations of experimental animals
were done with these (native) preparations
as well as their autoclaved (15 lbs pres-
sure X 15 min) counterparts. The sedi-
ments were stored for the preparation of
soluble antigens by sonication.

Suggestions by Shepard et al. (**), Mehra
and Bloom (*'), and Collins (*) were fol-
lowed for immunization of mice and guinea
pigs. Native mycobacteria (107, 0.1 ml sus-
pension) were injected intradermally (i.d.)
in the inguinal region of each mouse. Fifty
mice were immunized with each mycobac-
terial species and kept in groups of 5 to 6.
The guinea pigs were immunized in groups
of three with native and autoclaved (15 lbs
pressure X 15 min) mycobacteria. Two i.d.
injections of 0.1 ml each (10% of M. leprae
or 107 of other mycobacteria) were admin-
istered into the groin region of each guinea
pig. Groups of unimmunized mice and
guinea pigs served as controls. The DTH
responses in all of the animals were tested
after 4 weeks.

Test antigens. Mycobacteria were soni-
cated in an ice bath for 15 min in pulses of
5 sec at 50% power output (Model UR 200P
sonicator, Tomy Seiko Co. Ltd., Tokyo, Ja-
pan). The sonicates were centrifuged at
50,000 x g X 10 min, and the supernatants
after protein estimation (*°) were stored in
aliquots at —70°C. Soluble antigen of M.
leprae (armadillo-derived) was kindly pro-
vided by Dr. R. J. W. Rees, Clinical Re-
search Centre, Harrow, England. An aliquot
of each of the soluble antigens was auto-
claved (15 Ibs X 15 min) and stored.

Initially, the profiles of soluble mycobac-
terial antigens were studied by analytical
polyacrylamide slab gel electrophoresis
(PAGE), without sodium dodecyl sulfate
(SDS), on 0.7-mm-thick slabs of 12.5% gel
('%). Protein bands were stained either with
PAGE blue 83 (BDH, Poole, England) or
with silver stain (*°). Afterwards, the soluble
antigens of M. tuberculosis, M. vaccae, and

Sinha, et al.: DTH Antigens of Mycobacteria 43

BCG were fractionated into four fractions
cach using preparatory PAGE. Electropho-
resis was performed without SDS in 2.7-
mm-thick slabs of 12.5% gel. Sterile dis-
tilled water was used for the preparation of
buffers and solutions. One ml of antigen
(containing 2 mg protein) was put into 10-
cm-long sample slots prepared in the stack-
ing gel. Electrophoresis was run overnight
at 80 V in a Pharmacia (Uppsala, Sweden)
L/S apparatus. Afterwards, the stacking gel
area beside and below the bromophenol blue
dye front was removed. From the remaining
gel, a 1-cm-wide marginal strip was cut out
along the length of the gel for reference pro-
tein staining and the rest of the gel was cut
at right angles to the direction of electro-
phoresis into four equal parts. Each part was
separately minced with a surgical knife and
suspended in tubes containing 15 ml sterile
normal saline. For elution, the tubes were
kept at 4°C for 48 hr; after collecting the
elutes by filtration, the gel pieces of each
fraction were resuspended in 10 ml of fresh
saline for further overnight elution. The lat-
ter elutes were pooled with earlier ones, and
all of the fractions were lyophilized and re-
constituted in 2 ml distilled water. This was
followed by dialysis of the fractions against
normal saline for 72 hr with two changes of
saline. The protein concentration of each
fraction was estimated (*°). The molecular
weights were determined by running in par-
allel the marker proteins (Pharmacia, Upp-
sala, Sweden) and plotting a standard curve
(relative mobilities vs molecular weights).
Finally, the fractions were stored in sterile
vials after filtering through millipore mem-
branes (0.22 u pore size). A control gel frac-
tion was also prepared as above, except that
normal saline was used instead of antigen
for PAGE.

The M. leprae protein antigens MY'1 (12
kD) and MY2 (35 kD) ('*'3) were affinity
purified from soluble antigen of armadillo-
derived M. leprae using the monoclonal an-
tibodies MLO6 and ML04, respectively. The
molecules MY1 and MY?2 and the soluble
antigen devoid of both the molecules
(MLSE) were kindly provided by Dr. J.
Ivanyi, Medical Research Council Unit for
Tuberculosis and Related Infections, Ham-
mersmith Hospital, London.

Tests for DTH. Mice and guinea pigs were
tested for DTH responses with unauto-
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Fic. 1. Polyacrylamide slab gel electrophoresis
(PAGE) of the soluble antigens of M. bovis (MB), M.
tuberculosis H37Ra (MT), M. vaccae (MV), and M.
leprae (ML). Lanes on the left were stained with PAGE
blue 83, and their replicates on the right were stained
with silver stain. K = molecular weights of marker
proteins in kilodaltons.

MB MT MV ML

claved and autoclaved soluble antigens of
mycobacteria and their fractions. Working
dilutions were 300 ug protein/ml of normal
saline for mice and 100 pg/ml for guinea
pigs. If necessary, all of the fractions (I to
IV) of each soluble antigen were diluted in-
dividually to the same extent, so that the
sum total of their protein concentrations be-
came either 300 ug/ml or 100 ug/ml. MY1
and MY2 were used at a concentration of
10 ug protein/ml and MLSE at 100 ug pro-
tein/ml. The groups of animals were coded
before DTH testing, and the tests were per-
formed in a double-blind manner.

Forty ul of test antigen was injected sub-
cutaneously (s.c.) in the right hindfoot pad
of each mouse (5-6 mice in each group).
Unimmunized mice, injected with test an-
tigen or control PAGE elutes, served as con-
trols. Thicknesses of left and right hindfoot
pads were measured with a dial gauge (Mod-
el Pocotest A02T; Carobronze Ltd, Lon-
don) at 24, 48, and 72 hr, and the foot pad
enlargement was recorded for each mouse
by subtracting the thickness of the left hind-
foot pad from that of the right hindfoot pad.

The guinea pigs were tested in groups of
three. One hundred ul of each test antigen
was injected i.d. in the freshly shaven flanks
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Fic.2. Kinetics of foot pad DTH responses in mice
immunized with unautoclaved mycobacteria tested with
the following soluble antigens: M. leprac (ML), M. bo-
vis BCG (MB), M. tuberculosis H37Ra (MT), and M.
vaccae (MV). (A) = Autoclaved; I-IV = fractions of
soluble mycobacterial antigens.

(4-6 test antigens on each flank). Unim-
munized guinea pigs, tested with antigens
or control PAGE elute, served as controls.
The indurations were recorded with a Vern-
ier scale at 6, 24, 48, and 72 hr.
Expression of results. Mouse foot pad en-
largements were recorded in units (1 U =
0.1 mm), and the mean diameter of guinea
pig skin indurations were recorded in mil-
limeters. The results were expressed as the
mean of the foot pad enlargements or skin
indurations in a group of animals * the
standard error of mean. Significance of dif-
ferences were measured by applying the un-
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FiG. 3. Kinetics of DTH responses in guinea pigs immunized with unautoclaved mycobacteria. Test antigens
are as in Figure 2. Those guinea pigs immunized with autoclaved mycobacteria also showed similar kinetics.
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paired ““t” test for mice and paired “t” test
for guinea pigs.

RESULTS

Antigen fractions. Figure 1 shows the
PAGE profiles of the unfractionated soluble
antigens. Lanes on the left were stained with
PAGE blue 83 and their replicates on the
right were stained with silver stain. The
bands in M. leprae soluble antigen could not
be stained prominantly due to a lesser pro-
tein concentration in this sample (1 mg/ml)
compared to the other three antigens (5 mg/
ml). The Table shows protein concentra-
tions and molecular weights of antigen frac-
tions obtained by preparatory PAGE. The
protein concentrations decreased from high
to low molecular weight fractions in each of
the three soluble antigens (M. tuberculosis,
BCG, and M. vaccae).

Kinetics of DTH responses. The kinetics
of the DTH responses of mice and guinea
pigs are represented in Figures 2 and 3, re-
spectively. The peak DTH responses (elic-
ited by either soluble antigens or their frac-
tions) were observed at 24—-48 hr in the mice
and at 24 hr in the guinea pigs. The maxi-
mum DTH responses of the control (un-
immunized) mice (1 U) and guinea pigs (2
mm) are represented as base-line values in
Figures 4 and 5, respectively.

Efficacies of autoclaved vs unautoclaved
immunizing and test antigens. The compar-
ative peak DTH (24 hr) responses in guinea
pigs immunized with autoclaved or unau-
toclaved mycobacteria are shown in Figure
5. The DTH responses (to all test antigens)
in guinea pigs immunized with autoclaved
(A) and unautoclaved (U) M. tuberculosis
or BCG were not significantly different from
each other (p > 0.05). However, the re-
sponses in M. leprae (A) immunized guinea
pigs were significantly higher (p < 0.01) than
the corresponding values from guinea pigs
immunized with M. leprae (U). In guinea
pigs immunized with M. vaccae (A) also,
some of the DTH reactions were markedly
larger (but not statistically significant) than
those of M. vaccae (U) immunized guinea
pigs.

The guinea pig DTH reactions elicited by
autoclaved soluble antigens of M. tubercu-
losis, BCG, and M. leprae were significantly
smaller (p < 0.05) than the corresponding

1987

reactions elicited by unheated soluble an-
tigens (Fig. 5). However, in mice, these dif-
ferences were not statistically significant (Fig.
4).

Antigenic relatedness between mycobac-
teria. The differences in DTH responses to
soluble antigens of M. tuberculosis and BCG
were not statistically significant (p > 0.05)
in the groups of mice immunized with Af.
tuberculosis and BCG (Fig. 4) or in the group
of guinea pigs immunized with BCG (Fig.
5). However, this difference was significant
(p < 0.05) in guinea pigs immunized with
M. tuberculosis. The soluble antigen of M.
vaccae did not produce a DTH response in
both the groups of mice (i.e., those immu-
nized with M. tuberculosis and BCG),
whereas M. leprae elicited a marginal re-
action (1.8 = 0.6 U) in BCG-immunized
mice only (Fig. 4). Taken together, these
results indicate an antigenic proximity of M.
tuberculosis with BCG.

DTH tests in mice and guinea pigs im-
munized with either M. leprae or M. vaccae
(Figs. 4 and 5) reflected antigenic nearness
of these two species of mycobacteria. The
differences in the DTH responses to M. lep-
rae and M. vaccae soluble antigens in these
groups of animals were not significant (p >
0.05). On the other hand, in guinea pigs
immunized with M. leprae or M. vaccae,
the DTH responses elicited by the respec-
tive soluble antigens were significantly
higher (p < 0.05) than the responses elicited
by the soluble antigens of BCG or M. tu-
berculosis.

Potency and specificity of antigen frac-
tions. Potencies of DTH-eliciting soluble
antigen fractions of M. tuberculosis, BCG,
M. vaccae, and M. leprae were compared
by simultaneous tests in mice and guinea
pigs immunized with the respective myco-
bacteria. The species specificities of these
fractions were determined by testing them
in guinea pigs immunized with the antigen-
ically nearest mycobacterium, judged on the
basis of DTH tests in mice (Fig. 4). Thus,
antigen fractions of M. tuberculosis were
tested in BCG-immunized guinea pigs (and
vice versa) and the antigen fractions of M.
leprae were tested in M. vaccae-immunized
guinea pigs (and vice versa).

In guinea pigs (Fig. 5), DTH reactions to
fraction II (16-24 kD) of M. tuberculosis
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FiG. 4. Comparison of peak DTH responses in mice immunized with unautoclaved mycobacteria. Test
antigens are as in Figure 2. Base-line value (1 U) is maximum DTH response in control mice.

and that (20-27 kD) of BCG were signifi-
cantly larger (p < 0.05) than those elicited
by the corresponding fractions I, III, or I'V.
Although fraction II constituted only about
15% of the total soluble proteins of M. tu-
berculosis or BCG (The Table), the reactions
elicited by it were equal to (in the case of
BCG) or nearer to (in the case of M. tuber-
culosis) those elicited by the respective whole
soluble antigens. In mice (Fig. 4), the re-
actions elicited by these antigen fractions
were not statistically different from each
other. None of the fractionated antigens of

M. tuberculosis or BCG elicited species-spe-
cific DTH reactions (Fig. 5).

All four fractions of M. vaccae mounted
good DTH responses in mice and guinea
pigs immunized with M. vaccae, and the
differences in reaction sizes were statisti-
cally insignificant (Figs. 4 and 5). However,
fraction II (15-24 kD) of M. vaccae elicited
a significantly larger reaction (p < 0.05) in
guinea pigs immunized with M. vaccae
compared to that in guinea pigs immunized
with M. leprae.

The affinity-purified molecules of M. lep-
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F16.5. Comparison of peak DTH responses in guinea pigs immunized with autoclaved (O) and unautoclaved

(M) mycobacteria. Test antigens are as in Figure 2. Base-line value (2 mm) denotes maximum DTH response
in control guinea pigs.
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THE TABLE. Protein concentration and molecular weights of antigen fractions obtained

by preparatory PAGE.

M. tuberculosis H37Ra M. vaccae M. bovis BCG
;\nli_gcn Protein WAk, 365 Protein Mok We. Protein Mo, v,
ractions range range range
(ug/ml) KDy (ug/ml) (kD) (ug/ml) D)
I 25 <16 15 <15 15 <20
11 65 16-24 50 15-24 60 20-27
11 115 24-45 115 24-43 180 27-55
v 140 >45 130 >43 300 >55
Total
protein 345 310 555

* kD = kilodaltons.

rae, MY'1 (12 kD) and MY2 (35 kD), did
not clicit significant DTH reactions in guinea
pigs (Fig. 5). However, MLSE (soluble an-
tigen devoid of MY1 and MY?2) elicited
strong DTH reactions. Moreover, the re-
action elicited by MLSE in guinea pigs im-
munized with unautoclaved M. leprae
(8.0 £ 1.15 mm) was even stronger (p <
0.05) than the reaction elicited by the whole
soluble antigen of M. leprae (5.0 = 1.53
mm). MLSE also exhibited specificity for
M. leprae. The reactions produced by it in
M. vaccae-immunized guinea pigs (4.67 =
0.67 mm and 3.0 = 0.58 mm, respectively,
in animals immunized with autoclaved and
unautoclaved preparations) were signifi-
cantly smaller (p < 0.05) than those in M.
leprae-immunized guinea pigs (16.02 + 2.3
mm and 8.0 £ 1.15 mm, respectively).

DISCUSSION

The results of the present study are in
conformity with earlier studies (* 2!- 25 34.42),
indicating that a) intradermal or subcuta-
neous injections of intact mycobacteria sus-
pended in normal saline is the most effective
method for immunization, b) DTH reac-
tions peak at 24-48 hr in mice and at 24 hr
in guinea pigs, and c) certain mycobacteria,
especially M. leprae and M. vaccae, may
work as better immunogens in heat-killed
forms.

We have observed that autoclaved my-
cobacteria were either equipotent (in the case
of M. tuberculosis and BCG) or better (in
the case of M. leprae and M. vaccae) im-
munogens for DTH compared to their
unautoclaved counterparts. The DTH re-
actions elicited by autoclaved soluble an-
tigens, except those of M. vaccae, were sig-

nificantly smaller than the reactions elicited
by corresponding unheated antigens in
guinea pigs. However, in mice, the differ-
ences in reactions clicited by unautoclaved
and autoclaved soluble antigens were not
significant. Previously, we have reported the
superiority of autoclaved over unauto-
claved soluble antigen of M. leprae for elic-
iting skin DTH responses in leprosy patients
(*"). Heating has been found to eliminate
the activity of a majority of mycobacterial
antigens(''-3!-3%), the main reason being heat
denaturation of proteins. However, the abil-
ity of heated mycobacterial antigens to still
immunize for and elicit DTH responses in-
dicates that heating can be an important first
step toward the elimination of nonspecific
(also, possibly immunosuppressive) anti-
genic determinants.

We did not come across the problem of
lesser immunogenicity of M. vaccae which
has been reported to occur in certain strains
of mice (*?). The antigenic proximity of M.
vaccae and M. leprae, as observed by us,
has also been suggested by a few earlier stud-
ies (°7-3%42), based on which a trial of M.
vaccae as a candidate vaccine for leprosy
has been initiated (*°). However, greater
protection by the BCG wvaccine against
mouse foot pad infection with M. leprae has
been reported (**). In the present study, BCG
was found to be antigenically nearer to M.
tuberculosis and, to a lesser extent, to M.
leprae.

Preparatory PAGE is an established tech-
nique for the fractionation of mycobacterial
antigens (> ' 2%). Unlike many studies in the
past, we have used fractionated antigens at
concentrations which were equal to their
concentrations in the corresponding whole
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soluble antigen. This provided a fairer as-
sessment of the potencies of the constituent
antigens.

The 16-24 kD fraction of M. tuberculosis
and the 20-27 kD fraction of BCG were
found to contain most potent DTH eliciting
antigens. The responses clicited by <16 kD
antigen of M. tuberculosis and <20 kD an-
tigen of BCG were second best. These find-
ings correlated well with some of the
previous studies, indicating a predominant
role of comparatively lower molecular
weight fractions of M. tuberculosis and
BCG in the elicitation of DTH responses
(10-17.25.28.30.41) The quantum of DTH re-
actions were apparently independent of the
protein concentrations of the respective test
antigens. The most potent fractions (I and
IT) of both M. tuberculosis and BCG con-
tained only about 15-20% of the total sol-
uble proteins. None of the soluble antigen
fractions of M. tuberculosis or BCG gave an
indication of species specificity. Earlier
studies have indicated an almost complete
genetic and antigenic overlap of these two
species of mycobacteria (7 '3 43).

Although all four fractions of M. vaccae
antigens took part in the elicitation of DTH,
the 15-24 kD antigen (fraction II) might
contain species-specific determinants since
it produced a significantly smaller reaction
in M. leprae-sensitized guinea pigs.

The 12 kD (MY1)and 35 kD (MY2) pro-
teins of M. leprae elicited insignificant DTH
reactions when used at concentrations which
were one tenth of the whole soluble antigen.
This was done on the basis of earlier reports
('*1%) that, individually, these molecules
constitute <10% of the total soluble protein
of M. leprae. However, we have reported
(*”)a very good antibody response in leprosy
patients against an epitope of the 35 kD
molecule. Certain mycobacterial antigens
have been shown to preferentially induce
either humoral or cell-mediated immune
responses (*>-3%). MLSE, on the other hand,
elicited a reaction which was stronger than
that produced even by the whole soluble
antigen. Comparable results have been ob-
tained by us in a similar study conducted
with leprosy patients (unpublished data).
MY 1 and MY 2 bear M. leprae-specific epi-
topes. Hence, the enhancement of DTH re-
actions after elimination of these molecules

1987

may indicate the immunosuppressive na-
ture of at last one of the molecules. The
suppressive nature of some M. leprae an-
tigens has already been indicated by carlier
studies (**>2%). The reaction produced by
MLSE in M. vaccae sensitized guinea pigs
was significantly weaker, indicating further
that this fraction might contain antigens re-
sponsible for the elicitation of M. leprae-
specific DTH.

SUMMARY

A variety of mycobacterial antigens have
been associated with the delayed-type hy-
persensitivity (DTH) reactions in human
beings and animals. An attempt has been
made in the present study to identify the
major antigen fractions of Mycobacterium
leprae and M. tuberculosis responsible for
the elicitation of DTH and to evaluate their
specificity by a comparison with the anti-
gens of two closely related mycobacteria,
BCG and M. vaccae. Guinea pigs and mice
were sensitized with native or heat-killed
M. leprae, M. tuberculosis, M. vaccae, and
BCG. Four fractions each of the latter three
mycobacteria, obtained by preparatory
polyacrylamide slab gel electrophoresis, were
used for elicitation of DTH. Three fractions
of M. leprae (MY 1, MY2, and MLSE) were
obtained by affinity chromatography using
monoclonal antibodies.

Heat-killed M. leprac and M. vaccae
proved to be better sensitizers for DTH
compared to their native counterparts,
whereas there were no significant differences
between the efficacies of autoclaved and
unautoclaved M. tuberculosis or BCG. The
best DTH responses were recorded with a
16-24 kD fraction of M. tuberculosis, a 20—
27 kD fraction of BCG, and MLSE of M.
leprae. The purified molecules of M. leprae,
MY1 (12 kD) and MY2 (35 kD), did not
elicit a DTH reaction. Although none of the
fractions of M. tuberculosis or BCG exhib-
ited species specificity, fraction II (15-24
kD) of M. vaccae and MLSE might be com-
prised of species-specific determinants.

RESUMEN

Se han asociado una variedad de antigenos mico-
bacterianos con las reacciones de hipersensibilidad tipo
tardio (HTT) en los humanos y en animales de expe-
rimentacion. En el presente estudio se ha hecho un
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intento para identificar las fracciones antigénicas del
Mycobacterium leprae y del M. tuberculosis respon-
sables de la inducciéon de la HTT. También se ha tra-
tado de evaluar su especificidad por comparacién con
los antigenos de 2 micobacterias intimamente relacio-
nadas, BCG y M. vaccae. En el estudio se sensibilizaron
cobayos y conejos con M. leprae, M. vaccae y BCG
nativos o muertos por calor. Para inducir las reacciones
de HTT se usaron 4 fracciones de cada una de las 3
Gltimas micobacterias obtenidas por electroforesis pre-
parativa en gel de poliacrilamida. También se obtu-
vieron 3 fracciones del M. leprae(MY 1, MY2 y MLSE)
por cromatografia de afinidad usando anticuerpos mo-
noclonales.

El M. leprae y el M. vaccae muertos por calor re-
sultaron ser mejores inductores de HTT que las pre-
paraciones nativas. Con el M. tuberculosis y el BCG
no hubieron diferencias significativas entre las prepa-
raciones nativas o las autoclaveadas. Las mejores res-
puestas de HTT se obtuvieron con una fracciéon 20-
27 kD de 1 BCG y con la fraccion MLSE del M. leprae.
Las moléculas MY1 (12 kD) y MY2 (35 kD) no in-
dujeron reacciones de HTT. Aunque ninguna de las
fracciones del M. tuberculosis o del BCG exhibieron
especificidad de especie, la fraccion 11 (15-24 kD) del
M. vaccae y la fraccion MLSE del M. leprae podrian
contener determinantes especificos de especie.

RESUME

On a associ¢ un grand nombre d’antigénes myco-
bactériens avec les réactions d’hypersensibilité de type
retardé, tant chex I’homme que chez I'animal. On a
dés lors essayé dans cette étude d'identifier les fractions
antigéniques principales de Mycobacterium leprae et
de M. tuberculosis, qui sont responsables de I'hyper-
sensibilité de type retardé; on s’est attaché a évaluer
leur spécificité en comparant les antigénes des ces deux
mycobactéries & ceux de mycobactéries qui leur sont
étroitement apparentées, le BCG et M. vaccae. Pour ce
faire, on a sensibilisé des cobayes et des souris par M.
leprae, M. tuberculosis, ou M. vaccae, soit & 1’état na-
turel ou tués par la chaleur, ainsi que par le BCG.
Quatre fractions, de chacune des trois mycobactéries
citées, ont €té utilisées pour induire cette hypersensi-
bilité de type retardé. Ces fractions avaient été obtenues
par électrophorése sur un gel de polyacrylamide. Trois
fractions de M. leprae (MY1, MY2, et MLSE) ont été
obtenues par des techniques de chromatographie d’af-
finité, en utilisant des anticorps monoclonaux.

Il s’est révélé que M. leprae et M. vaccae tués par la
chaleur constituaient des agents sensibilisants plus ef-
ficaces pour I'induction de I'hypersensibilité de type
retardé, que leurs équivalents non dénaturés. Par contre,
aucune différence significative n’a été trouvée suite au
traitement par la chaleur pour M. tuberculosis auto-
clavé ou non autoclavé ou pour le BCG. Les réponses
les meilleures d’hypersensibilité de type retardé ont été
enregistrées avec une fraction de M. tuberculosis, de
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16 a 24 kD, une fraction de BCG de 20 a 27 kD, ct la
fraction MLSE de M. leprae. Les molécules purifiées
de M. leprae, MY1 (12 kD) et MY2 (35 kD), n’en-
trainaient pas de réaction d’hypersensibilité de type
retardé. Quoiqu’aucune des fractions de M. tubercu-
losis oude BCG n’a témoigné d’une spécificité d’espéce,
la fraction II (15-24 kD) de M. vaccae et la fraction
MLSE pourraient comprendre des déterminants spé-
cifiques pour I'espéce.

Acknowledgments. We are grateful to Dr. J. Ivanyi,
Medical Research Council Tuberculosis and Related
Infections Unit, Hammersmith Hospital, London, for
the supply of affinity purified fractions of M. leprae.
We are also grateful to Dr. R. J. W. Rees, Clinical
Research Centre, Harrow, England, for the supplies of
M. leprae and its soluble antigen. Thanks are due to
Mr. P. N. Sharma for technical help, Mr. H. O. Agarwal
for photography, and Mr. Anil Chopra for secretarial
assistance. Dr. K. V. Desikan, Director, Central JAL-
MA Institute for Leprosy, is thanked for critically re-
viewing the manuscript.

This work was supported by ad hoc grants (vide
1/8/82 Scheme) from the Indian Council of Medical
Research.

REFERENCES

1. ABE, M., Minacawa, F., YosHINO, Y. and
OKAMURA, K. Studies on the antigenic specificity
of M. leprae. 11. Purification and immunological
characterization of the soluble antigen of leprosy
nodules. Int. J. Lepr. 40 (1972) 107-117.

. CHAPARAS, S. D., Janicki, B. W., Goop, R.,
JounsoN, A. N., WrRIGHT, G., GOLDSTEIN, R.,
DANIEL, T. M. and ALLING, W. In vivo and in vitro
reaction and specificity of fractions from sonicates
of M. tuberculosis separated by gradient acryl-
amide gel electrophoresis. Am. Rev. Respir. Dis.
122 (1980) 533-542.

3. Cross, O., MsHANA, R. N. and HARBOE, M. An-

tigenic analysis of M. leprae. Scand. J. Immunol.
9 (1979) 297-302.

4. Coruins, F. M. Kinetics of the DTH response in
tuberculous guinea pigs and mice tested with sev-
cral mycobacterial antigen preparations. Am. Rev.
Respir. Dis. 127 (1983) 599-604.

5. DaNIEL, T. M. and ANDERSON, P. A. The isolation
by immunoabsorbent chromatography and phys-
icochemical characterization of A tuberculosis
antigen 5. Am. Rev. Respir. Dis. 117 (1978) 533—-
539.

6. DanIeL, T. M. and Hinz, C. F., Jr. Reactivity of
purified protein and polysaccharides from M. fu-
berculosis in delayed skin test and cultured lym-
phocyte mitogenesis. Infect. Immun. 9 (1974) 44—
47.

7. DaNIEL, T. M. and JaNickl, B. W. Mycobacterial
antigens: a review of their isolation, chemistry and

2



w
88}

International Journal of Leprosy

immunological properties. Microbiol. Rev. 42
(1978) 84-113.

. DESHPANDE, J. M., SHARMA, K. D. and KAMAT,

R. S. Delayed hypersensitivity eliciting lipoprotein
antigen of Mycobacterium tuberculosis H37Rv.
Indian J. Med. Res. 76 (1982) 10-17.

. GarsutT, E. W, REEs, R. J. W, and BARR, Y. M.

Multiplication of rat leprosy bacilli in cultures of
rat fibroblasts. Lancet 2 (1958) 127-133.

. Gurra, K. C. and LANDI, S. Isolation, character-

ization and biological properties of a tuberculin
active peptidoglycan isolated from the culture fil-
trate of M. tuberculosis. Infect. Immun. 27 (1980)
344-350.

. HARBOE, M. Antigens of PPD, old tuberculin, and

autoclaved Mycobacterium bovis BCG studied by
crossed immunoelectrophoresis. Am. Rev. Res-
pir. Dis. 124 (1981) 80-87.

. HArT, P. D. and REEs, R. J. W. Effect of macro-

cyclon in acute chronic pulmonary tuberculosis
infection in mice shown by viable and total bac-
terial counts. Br. J. Exp. Pathol. 41 (1960) 414-
420.

. IMAEDA, T. DNA relatedness among selected strains

of M. tuberculosis, M. bovis, BCG, M. microti and
M. africanum. Int. J. Syst. Bacteriol. 35 (1985)
147-150.

. Ivanyl, J., Morris, J. A. and KeeNn, M. Studies

with monoclonal antibodies to mycobacteria. In:
Monoclonal Antibodies Against Bacteria. Maca-
rio, A. J. and Macario, E. C., eds. New York:
Academic Press, 1985, pp. 59-89.

. Ivanyl J., SINHA, S., AsToN, R., CUsseLL, D., KEEN,

M. and SENGUPTA, U. Definition of species-spe-
cific and crossreactive antigenic determinants of
Mycobacterium leprae using monoclonal antibod-
ies. Clin. Exp. Immunol. 52 (1983) 528-536.

. KIRCHHEIMER, W. F.,, PRABHAKARAN, K., HARRIS,

E. B., SANCHEZ, R. M. and SHANNON, E. J. Prep-
aration of protein from M. leprae and skin test
responses of vaccinated armadillos. Lepr. India 47
(1975) 142-150.

. KuwaBara, S. Amino acid sequence of tuberculin-

active protein from M. tuberculosis. J. Biol. Chem.
250 (1975) 2563-2568.

. Laemmui, U. K. Cleavage of structural protein dur-

ing the assembly of the head of bacteriophage T4.
Nature 227 (1970) 680-685.

. LAGUERRE, M. and TUrcoOTTE, R. Purification and

characterization of tuberculin-active components
from BCG. Can. J. Microbiol. 21 (1975) 2019~
2027.

. Lowry, O. H., RoseEBROUGH, N. J., FARR, A. L.

and RANDALL, R. J. Protein measurement with the
Folin phenol reagent. J. Biol. Chem. 193 (1951)
265-275.

. MEHRA, V. and BrLoowm, B. R. Induction of cell-

mediated immunity to Mycobacterium leprae in
guinea pigs. Infect. Immun. 23 (1979) 787-794.

. MEHRA, V., BRENNAN, P. J., RaDA, E., ConvIT, J.

to
)

30.

31.

33.

34.

35.

36.

1987

and BLoowm, B. R. Lymphocyte suppression in lep-
rosy induced by unique M. leprae glycolipid. Na-
ture 308 (1984) 194-196.

. MINDEN, P. and FARR, R. S. Binding between com-

ponents of the tubercle bacillus and humoral an-
tibodies. J. Exp. Med. 130 (1969) 931-954.

. Miura, K., Nagal, S., KinomoTo, M., HAGA, S.

and TOKUNAGA, T. Comparative studies with var-
ious substrains of bovis BCG on the production
of antigenic protein, MPB70. Infect. Immun. 39
(1983) 540-545.

. Nagal, S., Nagasuga, T. and MATsumMmoro, J.

Tuberculin peptide from culture filtrate of M. tu-
berculosis. Am. Rev. Respir. Dis. 121 (1980) 551-
557.

. NATH, L. and SINGH, R. The suppressive effect of

M. leprae on the in vitro proliferative response of
lymphocytes from patients with leprosy. Clin. Exp.
Immunol. 41 (1980) 406-414.

. PauL, R. C., STANFORD, J. L. and CARSWELL, J.

W. Multiple skin testing in leprosy. J. Hyg. (Lon-
don) 75 (1975) 57-68.

. REICH, M., AFFronTL, L. F. and WRiGHT, G. L.,

Jr. Isolation and partial characterization of the
most immunologically reactive antigen from M.
tuberculosis H37Ra culture filtrates. Tubercle 63
(1982) 99-106.

. Remran, L. J., Touw-LANGENDUK, E. M. J., CLOSS,

O. and BELEHU, A. Skin test activity of an antigen
fraction prepared from M. leprae compared with
standard lepromin and tuberculin PPD in leprosy
patients. Lepr. Rev. 55 (1984) 33-40.

SeBERT, F. B. The isolation of three different pro-
teins and two polysaccharides from tuberculin by
alcohol fractionation; their chemical and biolog-
ical properties. Am. Rev. Tuberc. 59 (1949) 86—
101.

SENGUPTA, U. and SINHA, S. Lepromin and lep-
romin reaction. Aspects Allergy Appl. Immunol.
(India) 17 (1984) 5-18.

. SENGUPTA, U., SINHA, S., RaMuU, G., MUKHERIJEE,

A.and DesikAN, K. V. Assessment of Dharmendra
antigen. (V). Attempts for purification of the spe-
cific delayed hypersensitivity inducing antigen(s)
from lepromin. Lepr. India 54 (1982) 208-213.
SHEPARD, C. C., VAN LANDINGHAM, R. and WALK-
ER, L. L. Searches among mycobacterial cultures
for anti-leprosy vaccines. Infect. Immun. 29 (1980)
1034-1039.

SHEPARD, C. C., WALKER, L. L. and VAN
LANDINGHAM, R. Heat stability of M. leprae im-
munogenicity. Infect. Immun. 22 (1978) 87-93.
SHEPARD, C. C., WALKER, L. L., VAN LANDING-
HAM, R. and YE, S. Sensitization and tolerance to
M. leprae antigen by route of injection. Infect. Im-
mun. 38 (1982) 673-680.

SINHA, S., SENGUPTA, U., RAMU, G. and DESIKAN,
K. V. Assessment of Dharmendra Antigen. (IV).
Antigenic analysis of lepromins. Lepr. India 53
(1981) 6-10.



551

37.

38.

39,

40.

41.

SINHA, S., SENGUPTA, U., Ramu, G. and Ivanyi,
J. Serological survey of leprosy and control sub-
jects by a monoclonal antibody-based immu-
noassay. Int. J. Lepr. 53 (1985) 33-38.

SMELT, A. H. M., REEs, R. J. W. and Liew, F. Y.
Induction of delayed-type hypersensitivity to M-
cobacterium leprae in healthy individuals. Clin.
Exp. Immunol. 44 (1981) 501-506.

STANFORD, J. L., Rook, G. A. W., Convir, J.,
GopaL, T., KronvaLL, G., Rees, R. J. W. and
WaLsH, G. P. Preliminary taxonomic studies on
the leprosy bacillus. Br. J. Exp. Pathol. 56 (1975)
579-585.

STANFORD, J. L., TERENCIO DE LAS AGUAS, J., GA-
NAPATI, R., REVANKAR, C. R. and REEs, R. J. W.
Pilot studies of immunoprophylaxis and immu-
notherapy in man with M. vaccae, M. leprae and
BCG. Int. J. Lepr. 52 Suppl. (1984) 701.
STOTTMEIER, K. D., BEaM, R. E., DAviD, R. S. and
FarsHy, D. C. Purified protoplasmic peptides of
mycobacteria. Chemical composition of a tuber-

Sinha, et al.. DTH Antigens of Mycobacteria

43.

44,

46.

53

culin active glycopeptide. J. Bacteriol. 105 (1971)
172-175.

. WATsoN, S. R., MorrisoN, N. E. and CoLLiNs, F.

M. DH responses in mice and guinea pigs to M.
leprae, M. vaccae and M. nonchromogenicum cy-
toplasmic protein. Infect. Immun. 25 (1979) 229-
236.

WAYNE, L. G. Microbiology of tubercle bacilli.
Am. Rev. Respir. Dis. 125 Suppl. (1982) 31-41.
WoRLD HEALTH ORGANIZATION. Protocol 1/79:
purification of M. leprae. Annex 1 to the report of
the enlarged steering committee for research on
the immunology of leprosy (IMMLEP) meeting of
7-8 February, 1979, p. 4.

. WRAY, W., BouLikas, T., WRrAY, V. P. and HAN-

cock, R. Silver staining of protein in polyacryl-
amide gels. Anal. Biochem. 118 (1981) 197-203.
YAMAMURA, Y., ONoUE, K. and TAHERA, T. Pu-
rification and the properties of tuberculin active
peptides. Z. Immuitactsforch. Allergie Klin. Im-
munol. 137 (1969) 171-176.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

