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Ten major antigens from Mycobacterium bovis culture filtrate of 39, 32, 30, 25, 24, 22 (a and b forms), 19,
15, and 12 kDa have been purified and characterized by classical physicochemical methods. With monoclonal
antibodies and/or N-terminal amino acid sequencing data, it was found that the antigens of 32, 30, 24, 22 (a),
19, and 12 kDa are related to M. bovis or M. tuberculosis antigens P32, MPB59, MPB64, MPB70, 19 kDa, and
12 kDa, respectively. The 39-, 25-, 22 (b)-, and 19-kDa antigens showed concanavalin A-binding properties and
were positive in a glycan detection test, suggesting that they are glycoproteins. The 25- and 22 (b)-kDa proteins
were found to be glycosylated forms of MPB70.

The tuberculin purified protein derivatives currently used
for the diagnosis of tuberculosis in cattle and humans contain
a complex mixture of proteins present in culture filtrate
material from Mycobacterium bovis and M. tuberculosis,
respectively (8). Some of these proteins are largely specific
for the organism of choice, but others share a variety of
antigenic determinants common to many species of myco-
bacteria. This antigenic cross-reactivity leads to false-posi-
tive results in intradermal skin tests and serological assays
and is a major problem for disease diagnosis.
M. bovis and M. tuberculosis are very closely related

organisms and are now referred to as members of the M.
tuberculosis complex of organisms, which also includes
bacillus Calmette-Guerin (BCG), M. microti, and M. africa-
num. There have been many efforts to purify the dominant
antigenic proteins from purified protein derivative prepara-
tions, as reviewed by Daniel (8). In recent years, with the
advent of monoclonal antibodies, protein sequencing, and
DNA cloning techniques, a more detailed analysis of the
antigens has been possible (36).
Here we describe the purification and characterization of

10 major antigens from M. bovis culture filtrate (CF). These
were isolated and characterized as potential diagnostic re-
agents.

MATERIALS AND METHODS
Mycobacterial cultures. Bulk M. bovis AN-5 was grown in

a synthetic medium as reported previously (16). The culture
supernatant was harvested by aspiration, clarified on a gauze
filter, and then sterilized by membrane filtration (0.22-,um
pore size). The sterilized supernatant was concentrated
20-fold on a UM10 ultrafiltration membrane (Amicon DC 30)
and then washed at constant volume with 10 volumes of
phosphate-buffered saline (pH 7.2). Thiomersal (0.01%) was
included in all stages of the supernatant processing. To this
CF material, phenylmethylsulfonyl fluoride was added to 1.0
mM final concentration, and it was kept frozen at -80°C in
appropriate aliquots until further use.

Antigen fractionation. Antigens were precipitated by 75%
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ammonium sulfate and subjected to either chromatofocusing
or anion-exchange chromatography. Chromatofocusing was
performed on a PBE-94 column (1.5 by 40 cm; Pharmacia)
essentially by a scaled-up version of the procedure described
for the purification of the M. bovis protein antigen MPB70
(16). Anion-exchange chromatography was performed on a
DEAE-Sepharose CL-6B column (2.5 by 30 cm; Pharmacia)
equilibrated with 30 mM Tris-HCl (pH 8.8) containing 2%
butanol and eluted with a 0 to 200 mM NaCl gradient as
described by Harboe et al. (17). In both procedures, the
column was linked to a fast protein liquid chromatography
system (Pharmacia) to maintain the flow rate at 0.5 ml/min
and to generate the gradients. For each run, fractions
enriched for particular antigens were pooled, concentrated,
and processed as described below.
Columns and buffers. Two gel filtration columns were

used, a Biogel P-60 (1.6 by 100 cm) and a Biogel P-100 (0.9 by
50 cm); these were equilibrated with 1% NH4HCO3, pH 8.2.
A Pharmacia Mono Q HR 5/5 anion-exchange column was
equilibrated with 30 mM Tris-HCl (pH 7.8). The proteins,
unless otherwise indicated, were eluted with a 0 to 300 mM
NaCl gradient in the equilibration buffer. The Pharmacia
Mono P 5/20 chromatofocusing column was equilibrated
with 0.025 M piperazine (pH 5.5) adjusted with iminodiacetic
acid (IMDDA). The proteins were applied to the column in a
1/10 dilution of Polybuffer PB-74 (Pharmacia) adjusted to pH
4.0 with IMDDA and eluted from the column with a pH
gradient from 5.5 to 4.0 generated by washing the column
with a 1/10 dilution of PB-74-IMDDA at pH 4.0. A Pharma-
cia concanavalin A (ConA)-Sepharose column was equili-
brated with 20 mM Tris-HCl-0.5 M NaCl-1 mM Mn2+-1
mM Ca2+ at pH 7.4. The proteins were eluted with 1%
a-D-methylglucoside in the equilibration buffer.

Purification of the 39-kDa antigen. Fractions off the
DEAE-Sepharose column enriched for the 39-kDa protein
were pooled, concentrated, and further fractionated on the
P-60 gel filtration column. Fractions containing the antigen
were freeze dried and applied to the ConA-Sepharose col-
umn. The bound material was eluted with 1% CX-D-methyl-
glucoside, dialyzed, freeze dried, and then put on the Mono
Q column. The fractions containing the 39-kDa protein were
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pooled and concentrated, and any remaining impurities were
removed by gel filtration on the P-100 column.

Purification of the 32-kDa antigen. This antigen was ob-
tained virtually pure from the flowthrough part of the chro-
matofocusing run. The protein was rather unstable and often
precipitated out or denatured in subsequent steps. A more
stable form of this antigen was obtained when DEAE-
Sepharose fractions containing the 32-kDa protein were
concentrated and further purified by gel filtration on the P-60
column. This was followed by anion-exchange chromatogra-
phy on the Mono Q column as described above. The antigen
was purified to homogeneity by gel filtration chromatogra-
phy on the P-100 column.

Purification of 30-kDa antigen. Fractions from the chro-
matofocusing run enriched in the 30-kDa protein were com-
bined, concentrated, and further purified by gel filtration on
the P-60 column. This was followed by an additional chro-
matofocusing step on the Mono P column with the same
buffers as for the initial chromatofocusing step. Minor con-
taminants were removed by gel filtration chromatography on
the P-100 column.

Purification of the 25- and 24-kDa antigens. Fractions from
the chromatofocusing or the DEAE-Sepharose columns en-
riched in the 25- and 24-kDa proteins were pooled, concen-
trated, dialyzed, and applied to the ConA-Sepharose col-
umn. This procedure separated the 25-kDa protein, which
bound to the column, from the 24-kDa antigen, which was
found in the flowthrough pool. The bound antigens were
eluted with 1% a-D-methylglucoside. Both pools were proc-
essed in a similar way, first by gel filtration chromatography
on the P-60 column and then by chromatofocusing on the
Mono P column. Any remaining impurities were removed by
gel filtration chromatography on the P-100 column.

Purification of the 22-kDa antigens. Fractions containing
the 22-kDa antigens from the chromatofocusing or the
DEAE-Sepharose runs were further purified on the ConA-
Sepharose column. The majority of the 22-kDa protein (a
form) was recovered in the flowthrough pool; however,
about 10% of the total 22-kDa protein (b form) bound to the
column and was eluted with 1% a-D-methylglucoside. The
respective pools were further purified of contaminants by gel
filtration on the P-60 and/or P-100 columns.

Purification of the 19-kDa antigen. The first peak obtained
from the DEAE-Sepharose column contained mainly the
19-kDa protein with minor contaminants of 22 and 24 kDa.
These fractions were combined and applied to the ConA-
Sepharose column. The bound antigens, which contained
mainly the 19-kDa polypeptide, were eluted with 1% a-D-
methylglucoside. The pure 19-kDa antigen was obtained by
gel filtration chromatography on the P-100 column.

Purification of the 15-kDa antigen. Fractions from the
DEAE run containing the 15-kDa antigen were pooled,
concentrated, and further fractionated on the P-60 gel filtra-
tion column. The appropriate fractions were then pooled,
freeze dried, and subjected to a further anion-exchange step
on the Mono Q column. A final gel filtration step on the P-100
column yielded pure 15-kDa protein.

Purification of the 12-kDa antigen. The purification steps
were the same as for the 15-kDa antigen. The 12-kDa antigen
binds strongly on the Mono Q column and was eluted with a
gradient of 200 to 500 mM NaCl.
SDS-PAGE. By using sodium dodecyl sulfate-polyacryla-

mide gel electrophoresis (SDS-PAGE), reduced antigens
were characterized by their electrophoretic mobility on 15%
polyacrylamide-SDS gels with a Bio-Rad Protean II mini-gel

apparatus as reported previously (16). The molecular mass
and purity of each antigen were estimated in this way.

Immunoblotting. Antigens from SDS gels were electro-
transferred onto nitrocellulose membranes (0.45-p,m pore
size; Bio-Rad) with the Bio-Rad Trans Blot SD semi-dry
transfer cell. The transfer buffer was that of Towbin et al.
(28). The gels were soaked in transfer buffer for a few
minutes prior to transfer, with two changes of the buffer.
Electrophoresis was carried out at 12 V for 20 min. After
transfer, the antigens were immunodetected with the appro-
priate monoclonal antibodies and developed as described
previously (16).

Monoclonal antibodies. Monoclonal antibodies against var-
ious M. tuberculosis and M. bovis antigens were kindly
provided by various colleagues. The Wellcome monoclonals
TB 78, TB 72, TB 68, and TB 23 (18) were provided by J.
Ivanyi (MRC Tuberculosis and Related Infections Unit,
Royal Postgraduate Medical School, Hammersmith Hospi-
tal, London). HYT 28, HYT 27, and HYT 6 (1, 24) were
provided by A. Andersen (Tuberculosis Department, Stat-
ens Seruminstitut, Copenhagen, Denmark). The SB 10
monoclonal was raised by Agen Australia and characterized
by Wood et al. (32).

Protein estimation. The concentration of proteins was
determined by the bicinchoninic acid method (25), with
bovine serum albumin as the reference standard. The A280
value was also used for pure proteins of known extinction
coefficients.

Carbohydrate detection. A glycan detection kit (Boehr-
inger Mannheim) was used for the detection of carbohy-
drate-containing proteins on nitrocellulose membranes. The
hydroxyl groups of the carbohydrates were oxidized to
aldehydes with sodium metaperiodate, 10 mM in 100 mM
sodium acetate buffer (pH 5.5), for 20 min at room temper-
ature. The membranes were then washed in phosphate-
buffered saline and incubated in acetate buffer containing
succinyl-e-amidocaproic acid hydrazine linked to steroid
hapten spacer digoxigenin for 1 h. During the incubation, the
digoxigenin spacer becomes covalently linked to the alde-
hydes on the carbohydrate via a hydrazine group. After the
incubation, the membranes were washed in Tris-buffered
saline (pH 6.5), blocked for 30 min in blocking solution
provided in the kit, washed, and incubated with an anti-
digoxigenin alkaline phosphatase-conjugated antibody for 1
h. The membranes were then washed and incubated with
substrate (5-bromo-4-chloro-3-indolyl-phosphate) until grey-
black bands developed.

Monosaccharide composition. Monosaccharides were iden-
tified and quantified by gas chromatography-mass spectrom-
etry (GC-MS) as their per-o-trimethylsilymethyl glycosides
following methanolysis in 1 M methanolic HCl at 80°C for 16
h (7, 21). To detect phosphorylated sugars in the native
glycoproteins, the trimethylsilylated methylglucosides were
treated with diazomethane, retrimethylsilylated, and reana-
lyzed with GC-MS (15). Prior to analysis, samples were
spiked with myo-inositol to determine the amounts of car-
bohydrate.
Amino acid sequence. The sequence of the first 15 to 20

amino-terminal amino acids was determined for some of the
antigens by automated Edman degradation with the Applied
Biosystems 470 A upgraded liquid phase sequenator.

RESULTS

Protein antigens were concentrated from the M. bovis CF
material by Amicon ultrafiltration, followed by ammonium
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FIG. 1. Separation of M. bovis CF antigens by chromatofocusing on a PBE-94 column. Piperazine dialysate (20 ml, 750 A280 units) was

loaded on a column (1.5 by 40 cm) which was previously equilibrated with dialysis buffer (25 mM piperazine, IMDDA [pH 5.5]). A pH gradient
(5.5 to 4.0 pH units) was generated by eluting the column with 800 ml of a 1/10 dilution of Polybuffer PB-74-IMDDA (pH 4.0). Fractions (5
ml) were collected and analyzed for antigen content on SDS gels. Based on this analysis, fractions were pooled as follows: 15 to 25 for 32-kDa
antigen and small amounts of the 24-kDa antigen; 26 to 32 for almost pure 32-kDa antigen, 75 to 84 for almost pure 30-kDa antigen; 85 to 100
for 25-, 30-, and 19-kDa antigens and traces of other antigens; 103 to 110 for almost pure 22-kDa antigen; 111 to 115 for 25-, 24-, and 22-kDa
antigens; 116 to 120 for 25- and 24-kDa antigens; and 121 to 145 for the 22-kDa and traces of other antigens.

sulfate precipitation. Initially they were fractionated by
chromatofocusing or DEAE anion-exchange chromatogra-
phy. Elution profiles of these steps are depicted in Fig. 1 and
2. Recovery of some antigens was better from the chromato-
focusing step, whereas for other proteins the DEAE-Sepha-
rose chromatography step gave better yields. Proteins with
molecular masses of 32, 30, and 22 kDa were recovered in an
almost pure state from the chromatofocusing column. The
32-kDa protein was recovered in the flowthrough fraction,
indicating that it did not bind to the column; however, it
often precipitated or denatured in subsequent steps. The
recovery of the 39-, 19-, 15-, and 12-kDa proteins was better
from the DEAE column, while the 25- and 24-kDa antigens
were recovered equally well from both columns. In all cases
additional steps were needed for purification.

Fractions enriched for particular antigens from the chro-
matofocusing or the DEAE runs were pooled. Most antigens
occurred in more than one of the pools (Fig. 1 and 2). The
pools were concentrated and processed further as described
in Materials and Methods for the various antigens. Ten
components were purified in this manner, and their molecu-
lar masses, as deduced from SDS-PAGE gels (Fig. 3), were

39, 32, 30, 25, 24, 22 (a and b forms), 19, 15, and 12 kDa.
Four of these antigens [39, 25, 22(b), and 19 kDa] bound to
a ConA-Sepharose column and were eluted with 1% at-D-
methylglucoside, indicating that these antigens contain a

carbohydrate moiety. The presence of carbohydrate was
confirmed when these antigens gave positive reactions with
a glycan detection system (Fig. 4). The carbohydrate mono-
mer composition of these antigens is shown in Table 1.
Chromatofocusing was used in an earlier study to purify

an M. bovis 22-kDa antigen which was shown to be MPB70
(16). The 25-kDa glycoprotein antigen was recognized by a
number of monoclonal antibodies which bind to separate
epitopes on MPB70 (16), suggesting that the difference in

size between the two antigens is due to the associated
carbohydrate (Fig. Sb). In the present study it was found that
about 10% of the 22-kDa protein (MPB70) has ConA-binding
properties. Both the fraction of 22-kDa recovered in the
ConA flowthrough (the a form) and the fraction that bound to
Con A (the b form) were recognized equally by the same
monoclonal antibodies (Fig. 5b). This suggests that a smaller
amount of carbohydrate is associated with the 22-kDa
MPB70 molecule than with the 25-kDa molecule.

Purified antigens were subjected to SDS gel electrophore-
sis and transferred onto nitrocellulose membranes, which
were then probed with monoclonal antibodies raised against
a number of different M. tuberculosis antigens. The 19-kDa
antigen showed strong reaction with the TB 23 monoclonal
(Fig. Sc) and the HYT 6 monoclonal (Fig. Sd). Both of these
monoclonals recognize a 19-kDa M. tuberculosis antigen (18,
24). In addition, HYT 6 has been shown to react with
antigens from a variety of mycobacterial species (1). There-
fore, the M. bovis 19-kDa protein shares antigenic determi-
nants with antigens from a variety of mycobacterial species.
The 32- and the 30-kDa antigens reacted with monoclonal
antibody HYT 27 (Fig. Sa). This monoclonal recognized a

doublet of 31 to 32 kDa among the M. tuberculosis antigens
and has also been shown to be widely cross-reactive (1). The
30-kDa protein showed a strong reaction, while the 32-kDa
protein reacted only very faintly. When the 15- and the
12-kDa antigens were probed with the TB 68 monoclonal,
which reacts with a 14-kDa M. tuberculosisiM. bovis antigen
(18), no reaction was observed with either of them. The
39-kDa antigen was probed with TB 71 and HYT 28 mono-
clonals, both of which recognize a 38-kDa M. tuberculo-
sisIM. bovis antigen (18, 24), but neither of them recognized
this M. bovis antigen.
The amino acid sequence was determined for the first 15 to

20 residues for a number of these antigens (Table 2). Com-
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FIG. 2. Separation of M. bovis CF antigens by DEAE anion-exchange chromatography. CF antigen dialysate (200 ml, 1,400 A280 units) in
Tris-HCl (pH 8.8) was applied to a DEAE-Sepharose CL column (2.5 by 30 cm) which was equilibrated with dialysis buffer. The antigens were
eluted with 1,600 ml of 30 mM Tris-HCl (pH 8.8) containing 2% butanol and a linear gradient of 0 to 0.2 M NaCl. Fractions (8 ml) were
collected and analyzed on SDS gels (result not shown). Based on the gel results, pools were made which were enriched for particular antigens
but also contained other antigens as listed in decreasing abundance: fractions 40 to 47 for 19-kDa and traces of 22- and 25-kDa antigens; 78
to 87 for 22-kDa and smaller amounts of 25-, 24-, 32-, and 39-kDa antigens; 88 to 100 for 22-, 24-, 25-, and 30-kDa antigens; 101 to 108 for 25-,
24-, 30-, 19-, and 22-kDa antigens; 109 to 131 for 30-, 24-, 22-, 25-, 15-, and 19-kDa antigens; 132 to 138 for 32-, 30-, 15-, 12-, 25-, and 39-kDa
antigens; and 139 to 180 for 12-, 30-, 32-, 25-, 19-, and 39-kDa antigens.

pared with the published sequence for M. bovis antigens, the
12-kDa protein had a sequence identical to that of antigen
BCG-a described by Minden et al. (22). The 24-kDa protein
is almost identical to MPB64 (17). The 30-kDa and the
32-kDa proteins have the same sequence for the first 19
amino acids and correspond to the MPB59 amino-terminal
sequence (31).
The amount of these proteins present in CF varied with

the age of the cultures. The 30- and 32-kDa antigens were

a

very prominent in young cultures (Fig. 6a), but MPB70 was
the most abundant in older cultures (Fig. 6b). Certain
proteins, especially the 30- and 32-kDa proteins, appeared to
degrade during storage of the CF even in the presence of
protease inhibitors. These two proteins are also very unsta-
ble when purified and freeze dried.

DISCUSSION

We here describe the purification from CF of 10 M. bovis
antigens with molecular masses of 39, 32, 30, 25, 24, 22 (a

b
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FIG. 3. SDS-PAGE of M. bovis CF antigens. From 5 to 10 ,ug of
each antigen was applied. All gels were stained with Coomassie
brilliant blue. Lanes b3 and b4 were restained with sil'ver stain (Bio-
Rad). Lanes al, all, b2, and b4 contain Bio-Rad low-molecular-
weight markers (phosphorylase b [92,500], bovine serum albumin
[66,200], ovalbumin [45,000], carbonic anhydrase [31,000], soybean
trypsin inhibitor [21,500], and lysozyme [14,400]). Antigens in lanes:
a2, 39 kDa; a3, 32 kDa; a4, 30 kDa; a5, 24 kDa; a6, 25 kDa; a7, 22
(b) kDa; a8, 22 (a) kDa; a9, 19 kDa; alO and b3, 15 kDa; bl, 12 kDa.

FIG. 4. Detection of carbohydrate on M. bovis CF antigens.
Antigens (10 ,ug per slot) were electrophoresed on SDS-PAGE and
transferred to nitrocellulose membranes. A glycan detection system
(Boehringer Mannheim) was used to probe for carbohydrate (see
text). Antigens with carbohydrate showed as dark grey-black bands.
Antigens in lanes: 1, 39 kDa; 2, 32 kDa; 3, 30 kDa; 4, 24 kDa; 5, 25
kDa; 6, 22a kDa; 7, 22a kDa; 8, 19 kDa. The 15- and 12-kDa antigens
were also probed but did not show any reaction (not shown).
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TABLE 1. Monosaccharide composition ot
M. bovis glycoproteins

% (wt/wt) of total' in antigen:
Monosaccharide 39 25 22 (b) 19

kDa kDa kDa kDa

Arabinose 12 32 Tr 55
Xylose 1 Tr 9 1
Mannose 87 68 90 42
Galactose Tr Tr Tr 2
N-Acetylglucosamine Tr b

a Average of duplicate analyses. The carbohydrate content (percent of
glycoprotein mass) determined by adding a known amount of the internal
standard myo-inositol was 15, 4, and 0.2% for the 39-, 25-, and 22 (b)-kDa
antigens, respectively (not determined for the 19-kDa antigen).
b-, None detected.

and b forms), 19, 15, and 12 kDa. Their molecular charac-
teristics, yield, and relationship to previously studied anti-
gens are summarized in Table 3. For the initial fractionation,
chromatofocusing and DEAE anion-exchange were used.
The 32-, 30-, and 22-kDa proteins were obtained virtually
pure by chromatofocusing, while almost pure 19-kDa protein
was recovered from the DEAE chromatography. In most
cases additional steps were required for the final purification
of the antigens. Most antigens occur in more than one peak,
which indicates that they exist in several isoelectric point
(pI) forms. The existence of mycobacterial proteins in more
than a single pl form was reported previously for MPB70 (16,
17) and other antigens (6).
Four of the antigens, namely those of 39, 25, 22 (b form),

and 19 kDa, were found to contain a carbohydrate moiety,
suggesting that they are glycoproteins. The association of
carbohydrates with mycobacterial proteins has also been
reported previously (9, 14, 35). The carbohydrate composi-
tion of three of the four antigens consists largely of the
monosaccharides mannose and arabinose. These two mono-
saccharides are also the main units of mycobacterial
polysaccharides (8). The monosaccharide composition of the
two glycosylated MPB70 species of 25 and 22 (b) kDa is quite
different (Table 1). The presence of xylose in the 22(b)-kDa
antigen indicates that different carbohydrate moieties are
associated with each species.
Many studies have been done on mycobacterial antigens

and their use as diagnostic reagents and/or vaccines for
human tuberculosis. Cross-referencing of antigens reported
in such studies in the past was rather difficult due to
variations in the characterization techniques used by various
groups. With the advent of monoclonal antibody technology
and the greater ease of DNA and protein sequencing, com-
parisons are more feasible. Monoclonal antibodies have
been produced that react with M. tuberculosisIM. bovis
proteins of 70, 65, 38, 23, 22, 19, 14, and 12 kDa (1, 5, 18, 19,
24, 32, 37), and genes coding for a number of these proteins

{v Cl

FIG. 5. Immunoblotting of M. bovis CF antigens with monoclo-
nal antibodies. The 32-kDa (lane al) and 30-kDa (lane a2) antigens
were probed with monoclonal HYT 27. The 25-, 22 (b)-, and 22
(a)-kDa antigens (lanes bl, b2, and b3, respectively) were probed
with monoclonal SB 10. The 19-kDa antigen was probed with
monoclonal TB 23 (lane c) and monoclonal HYT 6 (lane d).

have been sequenced (2-4, 20, 23, 26, 27, 33, 34). In
addition, some of these antigens have been purified, mainly
by affinity chromatography on monoclonal antibody columns
or by recombinant gene expression (4-6, 9, 19, 20, 22, 26, 33,
37) but also with conventional physicochemical methods (12,
13, 16, 17, 30, 31). In this study a thorough attempt was made
to cross-reference our antigens with those described in other
studies by using monoclonal antibodies where available and
sequence data if known.
From the amino acid sequence data (Table 2), we estab-

lished that the 12-kDa antigen is the same as the antigen
BCG-a described by Minden et al. (22) and recently se-

quenced form BCG and M. tuberculosis DNA libraries (3,
34). The 24-kDa protein had an identical amino-terminal
sequence, with the exception of residue 6, to that of MPB64
(17). The 30- and 32-kDa antigens had almost identical
amino-terminal sequences that corresponded to the MPB59
amino-terminal sequence (31). Antigens MPB59 and P32
were reported to have an identical amino-terminal sequence
(12). The 32-kDa protein, characterized in this study, is
probably the same as the P32 antigen, whereas the 30-kDa
protein is the same as the MPB59 antigen. The P32 and
MPB59 antigens are also referred to as antigens 85A and
85B, respectively, in Harboe's crossed immunoelectro-
phoresis system (30).
Monoclonal antibody HYT 27 has previously been shown

to bind to a doublet in the 30- to 32-kDa region (24), which
are thought to be the MPB59 and P32 antigens (29). A strong
reaction was obtained with the purified 30-kDa and a rather
weak reaction with the 32-kDa antigen when probed with the
HYT 27 monoclonal. This indicates that there is a difference
in the specificity for the antigenic determinant on the two
proteins. This difference could be the result of some se-

quence difference in the region of the antigenic determinant
or of the 32-kDa antigen, which is very unstable, becoming
denatured, which may have altered the antigenic determi-

TABLE 2. N-terminal amino acid sequences of M. bovis antigens

Amino acid no.
Antigen

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

32 kDa Phe Ser Arg/Pro Pro Gly/Leu Leu Pro Val Glu Tyr Leu Gln Val Pro Ser Pro Ser Met Gly
30 kDa Phe Ser Arg Pro Gly Leu Pro Val Glu Tyr Leu Gln Val Pro Ser Pro Ser Met Gly
24 kDa Ala Pro Lys Thr Tyr Lys/Leu Glu Glu Leu Lys Gly Thr Asp Thr Gly Gln
12 kDa Ala Lys Val Asn lie Lys Pro Leu Glu Asp Lys lie Leu Val Glu Ala Asn Glu Ala

INFECT. IMMUN.
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FIG. 6. SDS-PAGE and gel scan of unfractionated M. bovis CF antigens. A 40-,ug amount of CF was loaded in each well. The gels were

stained with Coomassie brilliant blue and scanned on a Quick Scan R&D (Helena Laboratories Aust. P/L). Antigens: 1, 12 kDa; 2, 15 kDa;
3, 19 kDa; 4, 22 kDa (MPB70); 5, 24 kDa (MPB64); 6, 25 kDa; 7, 30 kDa; 8, 32 kDa; 9, 39 kDa. (a) CF antigens isolated from 6-week-old
cultures. Among the most abundant antigens are the 30- and 32-kDa proteins (bands 7 and 8). (b) CF antigens isolated from 12-week-old
cultures. MPB70 is the most abundant antigen (band 4).

nant. The genes for both the MPB59 and P32 antigens have
now been cloned and fully sequenced and show 72.8%
homology in amino acid sequence (4). Thus, although the
two proteins are largely homologous, there is enough se-

quence difference for antigenic variation between the two.
Monoclonal antibodies TB 23 and HYT 6 gave a strong

reaction with the 19-kDa protein (Fig. 5). These monoclonal
antibodies were raised to an M. tuberculosis 19-kDa antigen
and cross-reacted with antigens from a variety of species
outside the M. tuberculosis complex (1, 18); therefore, the
M. bovis 19-kDa antigen must contain a cross-reactive
determinant. We found that the 19-kDa antigen is associated
with carbohydrate. Andersen et al. (1) also found that the M.
tuberculosis 19-kDa protein has ConA-binding affinity.
The 39-kDa antigen did not react with the TB 71, TB 72,

and HYT 28 monoclonal antibodies, and therefore this
antigen is different from the reported 38-kDa protein of the
M. tuberculosis complex (1, 18). It has been shown that
these monoclonals recognize a minor component in M. bovis
CF (18). We also observed this reaction in unfractionated
CFs. However, this component was not purified by us and is
most likely present only in very small amounts. The 39-kDa

protein we purified has ConA-binding properties and gives
positive results with the glycan detection system (Fig. 4). In
that respect, the 39-kDa antigen is similar to antigen 5
reported in various publications by Daniel et al. (9-11).
Recently, Daniel (8a) explained the carbohydrate association
of antigen 5 as nondescript carbohydrate contamination
rather than glycosylation. Apart from antigen 5, glycosylated
mycobacterial proteins have been reported in other studies
(14, 35).
The existence of glycoproteins in bacteria is a controver-

sial topic (14). We strongly favor the view that the carbohy-
drates are covalently linked to the proteins because they
were found to be associated with the protein throughout
several different purification steps and they did not dissoci-
ate even in the presence of SDS and dissociating agents such
as guanidine and urea (result with dissociating agents not
shown). Furthermore, the carbohydrate monomer composi-
tion is different for each antigen and constant from prepara-
tion to preparation. The percent carbohydrate content in
each of the glycosylated MPB70 species [22(b) and 25 kDa]
approximately accounts for the molecular size difference
observed between them and the nonglycosylated form

TABLE 3. Summary of antigens purified in this study and their relationship to previously published mycobacterial antigens

Mol mass Yielda Carbohydrate Reaction with Sequence Identity with
(kDa) (mg) association monoclonal homology published antigens Reference(s)(kDa)(mg) association ~antibodies

39 1.8 Yes Antigen 5? 9-11, 29
32 22.3 No HYT 27 (weak) P32, MPB59 P32, 85A 1, 4, 24, 30, 31
30 25.0 No HYT 27 (strong) MPB59, P32 MPB59, 85B 1, 24, 30, 31
25 6.7 Yes SB 10 MPB70 16
24 3.9 No MPB64 MPB64 17, 33
22 (a) 38.5 No SB 10 MPB70 MPB70 16, 17, 23, 26, 32
22 (b) 3.3 Yes SB 10 MPB70
19 2.1 Yes TB 23, HYT 6 19-kDa antigen 1, 2, 18, 24
15 0.8 No
12 22.8 No 12-kDa antigen BCG-a, 12-kDa antigen, MPB57 3, 22, 34

a Yield = milligrams per gram of protein in the 75% ammonium sulfate cut of CF.
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[22(a)]. It is possible that the linkage of the sugar to the
protein is not the conventional glycoprotein linkage as found
in eukaryotes. The carbohydrate moiety could be part of a
heteropolysaccharide such as liposaccharide linked on the
protein by acylation on cysteine residues. Only chemical
analysis of the carbohydrate-protein association will resolve
this question.

Species distribution (10, 18) and crossed immunoelectro-
phoresis results (29) suggest that antigen 5 and the 38-kDa
protein might be the same or closely related antigens. It is
possible that antigen 5 shows some degree of heterogeneity,
with only a small fraction containing the antigenic determi-
nants recognized by the TB 71, TB 72, and HYT 28 mono-
clonal antibodies, and it could also show heterogeneity in
glycosylation. In this study the 39-kDa antigen was purified
mainly as one main band, but two minor bands with slight
size differences were copurified. In addition, a minor band of
the same size that did not bind to ConA was recovered.
None of these bands, however, reacted with any of the
monoclonal antibodies that recognize the M. tuberculosis
38-kDa protein.
Monoclonal antibody TB 68 was used to probe the 15-kDa

antigen, but no reaction was observed with purified antigen;
however, when CF was probed with the monoclonal, a
reaction was observed at about the same position as the
15-kDa antigen. The M. tuberculosis 14-kDa antigen that is
recognized by TB 68 has been cloned (19), but its sequence
is not yet known. It appears that the antigen we purified is a
different protein migrating in approximately the same posi-
tion as the 14-kDa antigen.
Most of the purified antigens were quite unstable during

storage. They were normally stored freeze-dried in a desic-
cator below 0°C. The most unstable antigens were the 30- to
32-kDa group, followed by the 15- and 19-kDa proteins. The
most stable antigens were the 22 (a)-kDa (nonglycosylated
MPB70) and the 25- and 22 (b)-kDa (glycosylated MPB70
molecules) proteins, followed by the 12-kDa protein. Per-
haps the fragility of these antigens also affects their occur-
rence in the culture media both during cell growth and after
the cultures were harvested. This would explain the higher
amounts of these proteins in young cultures and the predom-
inance of MPB70 in older cultures.

In this report we describe the purification and characteri-
zation of the main antigens of M. bovis CF. Their use in
serological and cellular response studies could provide the
basis for improved diagnosis and/or further vaccine devel-
opment for either the bovine or human disease.
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