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Abstract

Effective protection against Mycobacterium tuberculosis may be achieved in experimental animals by immunization with
proteins secreted by tuberculous bacilli in the extracellular milieu during growth. In this study, monoclonal antibodies were
raised against Mycobacterium bovis bacillus Calmette-Guérin (BCG) culture filtrate proteins or live BCG. in an attempt to
identify novel mycobacterial secretion antigens: the localization of the antigens recognized by the monoclonal antibodies
within the mycobacterial cell was studied and interspecies reactivity was also investigated. The monoclonal antibodies obtained
recognized proteins of molecular mass ranging from $ to 82 kDa. with a prevailing frequency in the 30 kDa region. Three of the
monoclonal antibodies recognized proteins present only in culture filtrates, one reacted with 4 cytoplasmic antigen, while the
remaining antibodies recognized components which were mainly associated with the cell wall and the cytoplasmic membrane.
The chemical nature and possible identity of the antigens was checked. Three monoclonal antibodies are likely to react with
novel mycobacterial antigens of 5, 42 and 82 kDa, respectively. © 1998 Federation of European Microbiological Societies.
Published by Elscvier Science B.V.
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1. Introduction

Proteins released by actively growing tubercle ba-
cilli have been shown to induce protective immunity
against tuberculosis in animal models and there is
evidence that they are able to elicit cell-mediated
immune responses also in man [l-4]. However,
only few of these proteins have been isolated and
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characterized at present, and it is conceivable that
there are still important antigens as yet unidentified
in short-term culture filtrates (CFs) [5]. Mycobacte-
rium bovis bacillus Calmette-Guérin (BCG) is widely
used as a vaccine against tuberculosis, but its efficacy
ranges from 0 to 80% in different trials and one
reason for this variability seems to depend on the
ability of BCG to replicate in the host [6]. The latter
limitation could be overcome by the identification of
BCG antigens which may be used for the develop-
ment of a subunit vaccine. Monoclonal antibodies
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(mAbs) have provided useful tools to isolate and
purify single proteins, to be tested as to their ability
to induce protective immunity. In the present study,
a panel of mAbs against short-term CFs of BCG was
derived from mice and thorough characterization of
the antigens recognized was attempted. In order to
obtain mAbs with specificity for proteins that were
expressed at low levels, screening was carried out by
Western blot. The localization of the antigens recog-
nized was determined in different subcellular frac-
tions to assess whether they were of true secretion
origin: certain antigens were also part of the cell
envelope and were particularly abundant in the cell
wall. Interspecies reactivity was also evaluated.

At least three of the mAbs obtained are likely to
react with novel mycobacterial antigens and are
therefore described in more detail.

2. Materials and methods
2.1. Bacterial strains

M. bovis BCG, strain Pasteur, was supplied by
Pasteur Mérieux (Lyon, France). M. microti was
purchased from ATCC. All other mycobacterial
strains were a kind gift of Dr. G. Kéllenius, Swedish
Institute for Infectious Disease Control, Stockholm,
Sweden.

2.2. Preparation of short-term CFs

BCG CFs were prepared as described [7]. Briefly,
2x10° CFU of BCG were inoculated in 200 ml Sau-
ton’s modified medium without Tween 80. Cultures
were grown in static conditions for 7-8 days, then
they were filtered through a 0.22 um filter and con-
centrated 1000 times by ultrafiltration through an
Amicon YM3 filter with a cutoff of 3 kDa. Dialysis
was performed by further ultrafiltration with two
changes of sterile distilled water, then CFs were fur-
ther concentrated five-fold under vacuum and stored
at —20°C until use. Protein concentration was deter-
mined by the Bradford method using bovine serum
albumin as a standard [8]. Yield ranged between 300
and 500 pg 171

For M. scrofulaceum, M. avium, M. kansasii, M.
vaccae, M. marinum, M. gordonae, M. simiae, M.

smegmatis and M. microti, CFs were obtained from
cultures in Sauton’s modified medium without
Tween 80 in the late exponential growth phase. Ul-
trafiltration was performed as above. Crude CF pro-
teins of M. tuberculosis, strain Hy;Rv, were kindly
provided by Dr. P. Brennan, Colorado State Univer-
sity, Fort Collins, CO, USA.

2.3. Subcellular fractionation of BCG

BCG subcellular fractions were obtained as previ-
ously described, with minor modifications [9,10].
Briefly, 7-day-old BCG cells were suspended at 0.5
g of wet bacteria ml™' of lysis buffer (PBS, 0.05%
Tween 80, 0.8 mg ml™!' phenylmethylsulfonyl fluo-
ride, 156 pg ml™! benzamidine, 30 ug ml~' pepstatin
A, 10 mg ml™! iodoacetamide, 50 pg ml™' No-p-
tosyl-L-lysine chloromethyl ketone, 3 mg mil™!
EDTA, and 026 mg ml~!' 1,10-phenanthroline).
The suspension was sonicated with a probe sonicator
at l-min-pulser-on, 15-s-pulser-off intervals for a to-
tal of 20 min on ice. The whole mycobacterial lysate
was centrifuged at 27000 X g for 30 min. The result-
ing pellet was washed, resuspended in lysis buffer
centrifuged at 100000 < g for 2 h onto a discontinu-
ous gradient of 60%, 45%, 30% and 15% sucrose in
lysis buffer: the 30-45% interphase band was washed
in lysis buffer and resuspended in sample buffer for
SDS-PAGE (cell wall-enriched fraction) [9]. The
supernatant of the 27000 X g centrifugation was cen-
trifuged at 100000 X g for 2 h. The pellet was washed
and resuspended in lysis bufler (cell membrane-en-
riched fraction). The 100000 X g supernatant made
up the cytosol-enriched fraction [10].

Fractions were checked for fidelity with antibodies
recognizing markers of each fraction, namely HATS,
recognizing the cytoplasmic 65-kDa protein [5,11]:
HYT28, specific for a 38-kDa membrane protein
[12]; and HYT27, specific for Ag 85, which has
been shown to be secreted and associated with the
cell wall [7,9,13].

2.4. Monoclonal antibodies

B-cell hybridomas were obtained by standard pro-
cedures, with myeloma cell line P3-X63-Ag8.653 as a
partner for fusion and splenocytes from mice immu-
nized as follows [14]. BALB/c and C57BL/6 mice
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were immunized three times at 3-4-week intervals
with 50 pg of CF of BCG in incomplete Freund’s
adjuvant intraperitoneally. Four days before fusion,
they received a boost of 20 ug of CF intravenously
(i.v.) in balanced salt solution. C57BL/6 mice were
injected 1.v. with 2X 107 CFU of BCG and boosted
2 months later with 2Xx10° CFU i.v. One month
after the boost, they were killed.

MAb F116-5 was kindly provided as ascitic fluid
by Dr. Arend H.J. Kolk (Royal Tropical Institute,
Amsterdam, The Netherlands) [15]. All other control
mAbs were kindly provided by Dr P. Andersen
(Statens Serum Institut, Denmark) [5,11,12].

2.5. Polyacrylamide electrophoresis (PAGE) and
immunoblotting

PAGE was performed according to Laemmli [16].
(1) Denaturing conditions: a 15% (w/v) acrylamide-
bisacrylamide gel in 0.37 M Tris-HCI, pH 8.6, 0.1%
SDS was used to separate the antigens. Samples were
diluted in Laemmh sample buffer and loaded after
boiling 5 min. (2) Non-denaturing conditions: the
gels were performed as above. except that SDS and
2-mercaptoethanol were not included; samples were
loaded without boiling. Each well was loaded with
15 pg of protein. After the run, antigens were elec-
trophoretically transferred onto nitrocellulose paper
in 0.7 M glycine, 25 mM Tris, 20% ethanol and the
filters were blocked in TBS (20 mM Tris, 0.5 M
NaCl, pH 7.5), 5% BSA. The nitrocellulose paper
was cut in vertical strips and incubated in mAb
supernatants at 1:15 dilution in TBS, 0.5% Tween
20. Secondary peroxidase-labelled goat anti-mouse
IgG and IgM sera were used at a 1:1000 dilution.
Blots were developed with 3.3'-diaminobenzidine as
a substrate.

2.6. Isotype characterization

The isotype of the mAbs was determined by West-
ern blot: strips of nitrocellulose, prepared as above,
were incubated with mAb supernatants diluted 1:15.
A second-stage goat antibody recognizing mouse
1gGl, [gG2a, 1gG2b, 1gG3 or IgM (mouse monoclo-
nal antibody isotyping kit, Sigma) at a 1:500 dilution
was then incubated for 1 h. After washing, a third-
stage rabbit anti-goat peroxidase-labelled polyclonal

serum was incubated for 1 h. Blots were developed
as above.

2.7. Determination of the chemical nature of the anti-
gens and epitopes recognized by the mAbs

Samples of BCG CF (15 pug) were diluted in 100 pl
PBS containing 1 mg ml™! trypsin or 1 mg ml™!
papain and incubated at 37°C for 2 h. To determine
if the epitopes reacting with the mAbs were glycidic,
15 ug of BCG CF were diluted in 100 ul of 100 mM
Na-acetate pH 4.5, 10 mM NalO, and incubated at
37°C for 2 h. They were then subjected to SDS-
PAGE and abrogation of recognition by the mAbs
was evaluated by Western blotting [17].

To evaluate if lipid substituents were present the
protein recognized by mAb L8DS, 80 ul BCG CF,
1 mg ml™', were extracted with 1% Triton X-114, as
described [18].

2.8. Protein immunoaffinity purification

Sepharose-protein A (Sigma Chemical Co, St.
Louis, MO, USA) was covalently bound to mAbs,
produced as culture supernatants, by use of dime-
thylpimelimidate, following standard procedures
[14]. Twelve-day-old BCG CF was added to the gel
slurry at 1 mg ml™! and incubated 16 h. After wash-
ing the gel with 10 mM phosphate buffer (pH 7.0),
the antigens bound to the gel were eluted with 100
mM Na3zPO,4 (pH 12.5). The eluate was precipitated
with 90% ammonium sulfate and analyzed by West-
ern blotting.

3. Results

3.1. Antigen recognition and isotype of mAbs in
Western blotting

The main features of the mAbs obtained in this
study are summarized in Table 1. The supernatants
of growing hybridomas were screened by Western
blot after electrophoresis both in denaturing and in
non-denaturing conditions. The six most interesting
mAbs are shown, obtained from immune splenocytes
of BALB/c mice: mAb 1G2 only recognized the na-
tive antigen; mAb AO3A4 only reacted with the de-
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natured antigen, while the others recognized both
denatured and native forms.

MADbs obtained from infected mice were only
screened against denatured proteins and they all rec-
ognized products with a MW around 30 kDa. Be-
cause they recognized several bands and/or were
highly cross-reactive and little species-specific, they
were not analyzed in detail.

MADs from mice immunized with CFs were of the
1gG1 subclass, except for 2H2 and WB8AI1I1, which
were 1gG2a, and L6G10, which was IgM. This is
very similar to the results reported by Worsaae et
al. [19]. All mAbs obtained from BCG-infected
mice were of the 1gM isotype.

3.2. Chemical nature of the antigens recognized hy
mAbs

The antigens recognized by the mAbs shown in
Table 1 were also analyzed to assess whether they
were sensitive to trypsin/papain digestion. These
treatments abolished recognition by all mAbs
studied, therefore the mAbs obtained all recognized
polypeptides (data not shown). An exception was
represented by the antigen recognized by L8DS,
which was therefore analyzed in more detail (Fig.
1). As can be seen, although trypsin/papain did not

Table |
MAD features

MAb Form of antigen MW (kDa) Iso-  Trypsin/papain

recognized® of antigen®  type” digestion
2H2 den/non-den 23 fgG2a S
AOIF12 den/non-den 32 1gGl S
3E11 den/non-den 30 IgGl S
WBSAII den/non-den 80 IgGG2a S
1G2 non-den 30 IgGl  nd.
AO3A4  den 19 IgGl S
L8DY den/non den N 1eGl R
L6G10  den/non den 42 IeM S
C1B6 den 26 [eM  nd.
C1G4 den 22+34 38 1gM  n.d.
C3F3 den 34 IgM  nd.
C2F3 den 35- 38448 IgM  nd.
C2Ca den 22433 IgM  nd.

'MAbs from C57BL/6 mice were only analyzed by SDS-PAGE
and immunoblotting.

"Determined by SDS-PAGE and immunoblotting with CFs of
BCG.

S: sensitive; R: resistant: n.d.: not determined.
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Fig. |. Chemical nature of the antigen recognized by mAb
L8DS8. Samples (15 pg) were electrophoresed on a 15% SDS-
PAGE gcl after treating with: (1) no treatment; (2) NalO, pH
4; (3) NalO; pH 7: (4) trypsin. | mg ml™'; (5) papain, 1 mg
ml '; (6) protease XXIIV, | mg ml"’': (7) proteasec XIV. | mg
ml™!; (8) proteinase K, | mg ml"': (9) Triton X-114, acqueous
phase; (10) Triton X-114, detergent phase; (11) DNase, | mg
ml "; (12) RNase, 1 mg ml ', After transfer onto nitrocetlulose,
the filter was probed with mAb L&DS. Bars on the left represent
MW markers.

abolish antigen recognition by L8DS, other less spe-
cific proteases did destroy the antigen. DNase/RNase
digestion did not affect recognition of CF by L8DS.
The L8DS8 antigen was recovered in the aqueous
phase after Triton X-114 extraction, demonstrating
that no lipid substituent was present on the protein.

In addition, treatment of CF with NalO,, known
to oxidize sugar residues to aldehydes, did not abro-
gate recognition by the mAb, showing that no glyci-
dic substituent was involved in mAb-antigen binding
[17]. This treatment only abolished recognition by
mAb WBS8AII, indicating that at least one of the
antigens, the 82-kDa protein, is glycosylated (Fig.
2). Recognition by all other mAbs was not affected
by NalO, treatment.

3.3. Subcellular localization of the antigens

To assess whether the mAbs obtained recognized
true secretion proteins or constituents of the bacte-
rial cell, cellular localization of the antigens recog-
nized by the mAbs was investigated by Western blot
of four different subcellular fractions: CF, cytosol-,
cell membrane- and cell wall-enriched. The various
preparations were resolved by PAGE and transferred
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onto nitrocellulose filters. The fidelity of the fractions
was checked as described in Section 2 [7]. The mAbs
from infected mice showed a high degree of interspe-
cies reactivity in these experiments, recognizing sev-
eral bands in CF from almost all mycobacterial spe-
cies tested (data not shown).

Fig. 3AF.G shows the results with antibodies
AOIFI12, L6GI10 and L8DS, respectively, recogniz-
ing antigens present exclusively in CFs. MADb
AO3A4 (Fig. 3D) recognized a 17-kDa cytoplasmic
protein. All other mAbs recognized components
which were present not only in CFs, but also in
the cell wall and/or membrane: mAb WBBALI
(Fig. 3B) recognized a main band of 82 kDa, which
was detectable also in the cell wall and, to a lesser
extent, the membrane fractions. A band of 45 kDa
was present in the cytosol fraction, while another
band of 35 kDa was only present in CFs. MADb
3EIl (Fig. 3C) recognized two bands of 24 and 30
kDa present to a greater extent in the cell wall frac-
tion, but detectable in all fractions analyzed. Anti-
body 2H2 (Fig. 3E) recognized a band of 23 kDa
present also in the cell wall and membrane fractions.

Thus, at least three mAbs are likely to react with
true secretion products, present only in CFs.

3.4. Interspecies reactivity

All mAbs recognizing the denatured form of anti-
gen were also analyzed for their ability to recognize
CF proteins of different mycobacterial species by
Western blot. Table 2 summarizes the results ob-
tained for mAbs from mice immunized with CF, ex-
cept L8DE, which is shown in Fig. 4. In general,
mAbs from infected mice showed a higher degree
of interspecies reactivity compared to the others
(data not shown). As shown in Table 2, one mAb,
AO3A4, was specific only for the M. tuberculosis
complex, WB8AI! reacted with products of the lat-
ter and, to a lower extent, also of M. avium/M. intra-
ceflulare and mAb 2H2 recognized the product of the
M. tuberculosis and M. avium/M. intracellulare com-
plexes and of M. kansasii MAbs L6G10, 3EIl],
AOIFI12 reacted with proteins present in CF of a
great number of species.

As can be seen in Fig. 4, mAb L8DS8 recognized an
antigen present in the CFs of the M. ruberculosis
complex and, in addition, of M. marinum, M. kansa-
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Fig. 2. Chemical nature of the epitopes recognized by mAbs
L6G10 and WBBAL L. Samples (15 ug) were electrophoresed on a
15% SDS-PAGE gel after no treatment (CF) or treatment with
NalO;. After transfer onto nitrocellulose, the filters were probed
with mAbs WB8A1Il or L6G10. Bars on the lelt represent MW
markers.

sii and M. gordonae, in the latter with a slightly high-
er MW (8-10 kDa).

3.5. Identification of antigens recognized by selected
mAbs

Certain mAbs were selected for further study on
the basis of their limited interspecies reactivity, their
likely secretion origin or the MW of the antigen
recognized: the antigens recognized by the mAbs
were purified by affinity chromatography using se-
pharose-Staphylococcus aureus protein A as a solid
phase matrix, in order to further characterize and
possibly identify the antigens.

A03A44: The purpose was to define whether the
purified 17-kDa antigen was the same as the one
recognized by other mAbs, HBT11 and HYTS, re-
acting with proteins of 17-19 kDa [19,20]. As can be



134 G. Freer et al. | FEMS Immunology and Medical Microbiology 20 (1998 129-138

A B

CFL Cy WM CFL Cy WM Coo Cy WM

CFL Cy WM CFL Cy WM CFLCy WM
y F

G cFLogywMm

Fig. 3. Immunoblotting analysis of subcellular BCG fractions with mAbs. Samples (15 ug) were electrophoresed on a 15% SDS-PAGE gel
and transferred onto nitrocellulose filters. Lanes: CF: CF day 7; L: BCG lysate; Cy: cytoplasm; W: cell wall; M: cell membrane. Each
filter was incubated with different mAb supernatants diluted 1:10. (A) AOIF12. (B) WB8ALL. (C) 3Ell. (D) AO3A4. (E) 2H2. (F)
L6G10. (G) L8DS. Bars on the left represent MW markers. From top to bottom (kDa): 66, 46, 30, 21.5 and 14.3.

seen in Fig. 5, the antigen purified by AO3A4 is also has been cloned [20]. Thus, AO3A4 does not identify
recognized by HBT11, an antibody known to react a novel antigen.

also with a cytoplasmic protein only produced by 2H2: The purpose was to define whether the pu-
mycobacteria of the M. tuberculosis complex, that rifled 23-kDa protein was superoxide dismutase, rec-
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Table 2
MADb interspecies reactivity”
Species MADb

2H2 3ElI AOIFI2 AO3A4 WBSATI L6G10

M. ruberculosis + + + + 4 N
M. hovis BCG Pasteur + + + + + +
M. hovis BCG Tokyo + +/— + + T i
M. microti + + + + + +
M. avium S112/87 +— + + _ + _
M. intracellulure +/— + + _ T _
M. kansasii +/— + + _ _ .
M. vaccae - +/— + _ _ _
M. scrofulaceum - + + _ _ _
M. marinum — +f— — _ _ N
M. gordonae — + + _ _ +

M. simiae - —
M. xenopi — -
M. smegmatis - —

"Evaluated by immunoblotting with CFs from the mycobacterial species.

ognized by mAb F116-5 [15,21]). No recognition of
the purified antigen by this mAb could be seen.
However, the purity of the antigen was too low to
allow amino-terminal sequencing, therefore further
steps are still required to ascertain its identity.
WB8AIl: The antigen purified by WB8AII
yielded an 82-kDa band in SDS-PAGE and Coomas-
sie staining (not shown). It was then checked
whether two other mAbs, CBA4 and HBTI, both

1 23 45 6 7891011121314
kDa

66

46

21.5
14.3

Fig. 4. Interspecies reactivity of mAb L8D8. CF (15 ug) from
the following species were clectrophoresed on a 15% SDS-PAGE
gel and transferred onto nitrocellulose filters: (1) M. bovis BCG
Pasteur: (2) M. bovis BCG Tokyo: (3) M. tuberculosis; (4) M.
microtiy; (5) M. avium; (6) M. intracellulare; (7) M. kansasii; (8)
M. vaccae: (9) M. scrofulaceum: (10) M. marimum; (11) M. gor-
donae; (12) M. simiae: (13) M. xenopi; (14) M. smegmatis. The
filler was probed with mAb L8D8. Bars on the left represent
MW markers.

specific for proteins of a similar MW, were able to
react with this 82-kDa antigen [20]. As can be seen in
Fig. 5, no recognition could be seen.

AOIFI12, 3E11, 1G2: The antigens purified by
these mAbs all belonged to the Ag 85 complex, as
shown by the fact that they were all recognized by
mAb HYT 27 [11]. Mabs AOI1FI12 and 3EIl were
also assayed in Western blot against recombinant
MPTS9, the major component of Ag 85 (data not
shown). As for 1G2, only reacting with the native
form of the antigen, the purification of the latter
was carried out to determine its MW in SDS-
PAGE, and the purified protein yielded a band of
30 kDa as judged by SDS-PAGE and Coomassie
blue staining (not shown).

L8D§: This mAb seems to react with a previously
undescribed antigen, since no other mycobacterial
protein of a similar MW has been described, except
for the ESAT-6 antigen, which is absent in BCG [22].
The antigen recognized by L8DS is being sequenced
at its amino-terminus to ascertain whether it is in-
deed new.

L6G10: This mAb was chosen because of the sub-
cellular localization of its 42-kDa antigen, which is
only present in CF, and not in other subcellular
fractions. The purification of this antigen is still in
the process of being performed by chemical methods,
since immunoaffinity purification did not yield any
results, and is aimed at establishing whether this
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Fig. 5. Recognition of antigens purified with mAbs AO3A4 and WB8AIl by control mAbs. CF (15 pg) and antigens purified with
AO3A4 (AgAO3A4) and WBBAI1 (AgWB8AI L) were electrophoresed on a 15% SDS-PAGE gel and transferred onto nitrocellulose. Fil-
ters were probed with the mAbs reported on top of each anel. Bars on the left represent MW markers.

antigen is the equivalent of other described antigens
of a similar MW [23].

4. Discussion

BCG is an attenuated M. bovis strain widely used
as a vaccine against tuberculosis. Its efficacy as a
human vaccine ranges from 0 to 80% in different
trials and one reason for this variability seems to
depend on the ability of BCG to replicate in the
host and, therefore, to produce sufficient quantities
of antigens able to elicit a protective response. Be-
cause tuberculosis remains a worldwide health prob-
lem, much effort is being devoted to the identifica-
tion of individual mycobacterial antigens that may
be used to develop improved diagnostic methods for
tuberculosis and/or a subunit vaccine alternative to
BCG. MAbs have been widely used as tools to iden-
tify and isolate mycobacterial proteins and/or their
genes in different studies.

In the present paper, a panel of monoclonal anti-
bodies was obtained from BALB/c and C57BL/6
mice immunized in two different ways, with CF in

IFA or by infection with BCG, in the attempt to
diversify antigen recognition as much as possible.
Unfortunately, mAbs obtained from infected mice
were highly cross-reactive, probably because whole
bacilli, at the dose used, may exert a somewhat sup-
pressing effect on somatic maturation of B cells, as
previously suggested for M. leprae [15]. This hypoth-
esis was also suggested by the fact that all mAbs
obtained from infected mice were of the IgM isotype.
However, it must also be kept in mind that the strain
of mice was different: an alternative explanation for
the latter phenomenon might be that C57BL/6 mice
are less efficient in isotype switching.

In an attempt to distinguish true secretion proteins
from the others present in CFs, the subcellular local-
ization of the antigens recognized by those mAbs
reacting with the denatured form of the protein
was examined. All subcellular fractions used for
such experiments were checked with marker antibod-
ies which showed that they were indeed enriched in
extracellular, soluble cytoplasmic, cell wall and mem-
brane products. Of seven antibodies analyzed in de-
tail, five reacted with truly secretory proteins: mAbs
L8D8 and L6GI0 react with as yet unidentified
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products, while AO1F12, 3E11 and 1G2 recognized
components of a well-known secretion antigen,
which can remain attached to mycobacterial surface
and has been described as an immunodominant anti-
gen for antibody reactivity in mice [13,23].

The antigen described in the greatest detail is the
one recognized by L8DS, a protein of 5 kDa present
in CF of a limited number of mycobacteria. This
antigen is most likely to be a secretory protein, being
found only in CF and not in other fractions. Its
identity with a recently described antigen, ESAT-6,
a 6-kDa secretory protein, can be excluded because
the latter is absent in BCG [22]. Current work is
aimed at amino-terminal sequencing of the L8DS
antigen.

MAb WBSAII recognized a sugar epitope of a
protein of 82 kDa, which was highly represented in
the cell wall of mycobacteria belonging to the M.
tuberculosis complex and also in M. avium. Because
it is not recognized by two mADs reacting with prod-
ucts of a similar MW, further investigation is re-
quired to assess whether this antigen is new. Ami-
no-terminal sequencing of the latter protein will
provide such information.

MAb 2H2 reacted with a 23-kDa antigen: at
present, it can only be excluded that this is the
BCG homologue of the M. tuberculosis superoxide
dismutase, a 23-kDa secretion antigen which has
been characterized in detail, since the purified anti-
gen does not react with a mAb against superoxide
dismutase [21].

One of the mAbs, AO3A4, showed the most lim-
ited spectficity, being specific only for mycobacteria
belonging to the M. tuberculosis complex. This mAb
reacts with the previously described antigen, recog-
nized by mAb HBT 11.

To conclude, at least two mAbs, L8D8 and
WBEAI1I, are likely to describe novel mycobacterial
antigens. The aim of future work is to assess the
identity of these antigens, in order to produce the
proteins in a recombinant form. This will allow to
study the antigens as to their immunogenicity in an-
imal models.
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