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Specific mycobacterial antigens are an important
prerequisite in the serodiagnosis of tuberculosis. Many
studies have reported the use of both native and recom-
binant proteins. Even though recombinant proteins
can form standardized reagents with unlimited supply,
their diagnostic test characteristics were not satisfac-
tory in some cases. In this study we have purified the
38-, 30- (antigen 85B), and 16-kDa native antigens of
Mycobacterium tuberculosis by procedures with lim-
ited number of steps. Starting with the secreted anti-
gens of M. tuberculosis H37Rv, the 38-kDa form was
purified by preparative isoelectric focusing, followed
by preparative electrophoresis. Separation of antigen
85 components was achieved by anion-exchange chro-
matography, followed by hydrophobic interaction
chromatography. Gel-permeation chromatography
was employed for the isolation of the 16-kDa form, from
the cytosol fraction of M. tuberculosis H37Rv. By using
a minimal number of steps, considerable yields of these
proteins were obtained without loss of immunological
activity. The native proteins purified were character-
ized by analytical two-dimensional electrophoresis,
HPLC, and circular dichroism studies. Conformation
of the native 38-kDa form purified in our laboratory
was different from that of the recombinant 38-kDa form

from the WHO Bank. The identities of these native anti-
gens were established by immunoblotting with known
monoclonal antibodies from the WHO Bank. q 2002
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The global incidence of tuberculosis (TB) was esti-
mated to have been 8–10 million cases, causing approxi-
mately 3 million deaths per year, more than that from
any other single infectious disease (1). This contagious
disease has an increased incidence in recent years
mainly due to its association with HIV (2) and also due
to the occurrence of multi-drug-resistant strains (3). All
these point to the need for a rapid, simple, and effective
method of case finding.

Serodiagnosis of tuberculosis using enzyme-linked
immunosorbent assay (ELISA) has been attempted in
earlier days by using crude and semipurified antigens
and were found to give a varying range of sensitivity
and specificity (4, 5). The results underline the impor-
tance of identifying the species-specific antigens and
using them for diagnosis. Several studies have reported
using recombinant mycobacterial antigens in serodiag-
nosis, in order to avoid the tedious procedures of conven-
tional purification. However, recombinant proteins had
their own limitations, such as lack of glycosylation, less
satisfactory performance in diagnostic assays, etc.

In the present study, two actively secreted antigens
(38 and 30 kDa) and one cytosolic antigen (16 kDa) of
M. tuberculosis were isolated for evaluation in ELISA.
One of the secreted antigens, 38 kDa, has been reported
to be restricted in its distribution to the M. tuberculosis
complex and found to be specific in immunoassays. The
30-kDa antigen, which forms part of the antigen 85
complex, is an early and predominant antigen. Hence,

it is a suitable candidate for early diagnosis. In our
earlier immunoblots with tuberculous and normal sera,
an antigenic band of ,16–17 kDa was observed to spe-
cifically react with the tuberculous sera and not with
normal sera. Later, this antigen was found to be similar
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to the a -crystallin homologue of small heat shock pro-
teins, which is associated with stationary phase.

MATERIALS AND METHODS

Antigen

Preparation of H37Rv culture filtrate antigen (CFA)
M. tuberculosis H37Rv was grown in Sauton’s liquid
medium for 6 weeks as a surface pellicle. Bacilli were
removed by centrifugation and the culture supernatant
was filtered through a Seitz filter. Proteins in the cul-
ture filtrate were precipitated with 90% saturated am-
monium sulfate. The final precipitate was dissolved and
dialyzed extensively against phosphate-buffered saline
(PBS), 0.1 M, pH 7.2. The antigen was aliquoted and
stored at 2708C in the presence of sodium azide and
the protease inhibitor phenylmethylsulfonyl fluoride
(PMSF).

Preparation of cytosol antigen. The cytosol antigen
was prepared from M. tuberculosis H37Rv bacilli grown
for 6 weeks in Sauton’s liquid medium. One hundred
milliliters of the packed volume of the bacilli was
treated with twice the volume of breaking buffer con-
sisting of 20 mM Tris, 8.5% (w/v) NaCl along with prote-
ase inhibitors [leupeptin, pepstatin A, PMSF, ethylene-
diaminetetraacetic acid (EDTA), ethylene glycol-bis(b -
aminoethyl ether) tetraacetic acid (EGTA), N-tosyl-L-
phenylalanine chloromethyl ketone (TPCK) (1 mM
each), dithiothreitol (DTT), and N-a -p-tosyl-L-lysine
chloromethyl ketone (TLCK) (100 mM) (Sigma Chemi-
cal Co., U.S.A.)]. The final pH was adjusted to pH 7.4.
To the buffer, RNAse and DNAse were also added in
addition to sodium azide and Tween 80. The bacterial
cells in the breaking buffer were disrupted by subjecting
them to sonication for 30 cycles, each cycle lasting for
1 min with a cooling interval of 1 min.

The sonicate was then centrifuged at 10,000 rpm for
10 min at 48C. The pellet contained the cell wall mate-
rial while the supernatant had the cytosol proteins
along with the cell membrane. Ultracentrifugation of
the supernatant at 45,000 rpm for 1 h resulted in pel-
leting of the cell membrane and the cytosol remained
in the supernatant.

Purification of the 38-kDa antigen. The 38-kDa an-
tigen was purified by two-dimensional preparative
electrophoresis.

The Rotophor preparatory IEF cell (Bio-Rad Labora-
tories, U.S.A.) was used for the first-dimensional sepa-
ration of proteins based on the differences in their iso-
electric points (pI ). Whole M. tuberculosis H37Rv CFA
(100 mg) was first dialyzed overnight against distilled

water. Following dialysis, 4 M urea, 0.2% digitonin,
0.2% Chaps, 10% glycerol, and 1% carrier ampholytes
(pH range 4–6:3–10 5 4:1) (Bio-Rad Laboratories) were
added and the final volume was brought to 55 ml with
distilled water.
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The sample was loaded into the Rotophor cell and
focusing was carried out at 12 W constant power for
4–5 h, with cooling. The initial power conditions were
500 V and 20 mA. At equilibration, the conditions were
1200 V and 10 mA. Twenty fractions of 2.5 ml each were
collected, their pH was measured, and their polypeptide
composition was analyzed by a sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS–PAGE) gel.

Model 491 Prep Cell (Bio-Rad Laboratories) was used
for continuous-elution electrophoresis. Rotophor frac-
tions containing 38-kDa antigens were pooled and dia-
lyzed extensively against distilled water at 48C. The
proteins concentrated up to 2.5 ml were dissolved in
0.5 ml of 63 SDS sample buffer and applied to the
PrepCell. A 10% resolving gel (6.0 cm in height) and
4% stacking gel (1.5 cm in height) were used for the
run. Tris–glycine–SDS (25–192 mM, 0.1%) was used
as running buffer and PBS as elution buffer. The gel
was subjected to 12 W constant power. The run was
carried out for 8 h.

After elution of bromphenol blue tracking dye, frac-
tions were collected at a rate of 1.5 ml/min. The polypep-
tide composition of every 10th fraction was analyzed
by SDS–PAGE. When the region with the protein of
interest was identified, every fraction within that re-
gion was analyzed to determine the level of contamina-
tion. Fractions containing the purified 38-kDa antigen
were pooled and concentrated by lyophilization.

Purification of the Ag85 complex. CFA (25 mg) was
separated into multiple fractions by passage through
a prepacked anion-exchange column (10 3 11 cm) of
QAE–Sepharose. Tris–HCl, 0.05 M, pH 8.1 buffer was
used as the starting buffer. A gradient of 0–1 M NaCl
in the same buffer was used for elution. The run was
carried out in the high-performance liquid chromatog-
raphy (HPLC) system (Millenium v2.00, Waters,
U.S.A.). The eluted fractions were analyzed in SDS–
PAGE and the Ag85 complex-containing fractions
were pooled.

Further purification of the A, B, and C components
from the Ag85 complex was done by passing it through
the hydrophobic interaction chromatography (HIC) col-
umn, namely the phenyl-Sepharose HP column (3.5 3
1 cm) (Amersham–Pharmacia Biotech, Sweden). Three
different buffers were used during the run. They are as
follows: Buffer A, 0.01 M NaH2PO4, pH 6.8, for washing;
Buffer B, 0.01 M Tris–glycine, pH 8.9, for binding; and
Buffer C, 0.01 M Tris–glycine with 50% ethylene glycol,
pH 8.9, for gradient elution. The eluted proteins were
collected as 1-ml fractions and analyzed on SDS–PAGE

to identify the fractions containing antigens 85A, B,
and C.

Antigen 6 (old nomenclature for Ag85 B) and recombi-
nant 85C were kind gifts from Professor Thomas Daniel
(Cleveland, OH) and Professor Patrick Brennan (Fort
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0.2-nm intervals with three scans averaged for each.
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Collins, CO), respectively. These were used as reference
antigens for characterizing the protein isolated in our
laboratory.

Purification of the 16-kDa antigen. The cytosol frac-
tion of the sonicate antigen of M. tuberculosis H37Rv
(150 mg in 1.5 ml) was passed through a gel-filtration
chromatography column of Ultrogel ACA34 (75 3 5 cm)
(Pharmacia, Sweden). The cytosol fraction was loaded
into the gel-filtration column along with bromphenol
blue and blue dextran to serve as indicators for the
mobility of samples. Elution was carried out with 20
mM Tris–HCl buffer along with EDTA, 1 mM DTT, and
0.5 M NaCl, at pH 8.2. The cytosol antigens separated
by Ultrogel ACA34 were collected as 1-ml fractions at
a rate of 0.75 ml/min. A total of 350 fractions were
collected.

The protein concentrations of the CFA and fractions
were estimated by the BCA kit (Pierce, U.S.A.).

Analytical SDS–PAGE

CFA and fractions were analyzed by SDS–PAGE per-
formed in slab gels by the method of Laemmli (6). A
12.5% acrylamide–bisacrylamide gel with 0.4% SDS in
0.375 M Tris–HCl, pH 8.8, was used to separate the
antigens. The stacking gel was 4% acrylamide–
bisacrylamide with 0.4% SDS in 0.125 M Tris–HCl, pH
6.8. Gel thickness was 1.5 mm. The samples (usually
50 mg of Ag/cm length of the gel) were applied under
reducing conditions by heating the samples in sample
buffer for 5 min at 968C. Gels were run in a vertical
slab gel apparatus (Bio-Rad Laboratories).

After electrophoresis, the gels were stained with 0.2%
Coomassie brilliant blue for 1 h at room temperature
with shaking and destained by successive changes of
destainer consisting of 45% methanol and 10% acetic
acid until the background became clear.

Immunoblotting

Resolved antigens were electrophoretically trans-
ferred to NCP (0.45-mm pore size) by the method of
Towbin et al. (7), using a transblot apparatus (Bio-Rad
Laboratories). The gels were soaked in transfer buffer
(0.025 M Tris, pH 8.3, containing 0.192 M glycine and
20% methanol) for 30 min and transfer was carried out
at 0.65 A for 1 h. The strips were incubated overnight
at 48C with the appropriate dilutions of polyclonal and
monoclonal antibodies. After washing with PBST, the
strips were probed with anti-mouse/rabbit Ig peroxi-
dase conjugate for 1 h at 378C. The reaction was visual-
ized by incubating the strips with 3,38-diamino benzi-

dine (DAB) (Sigma Chemical Co., U.S.A.).

Analytical 2-D Electrophoresis

The method of O’Farrell, with modification, was fol-
lowed (8). For the first-dimension separation, isoelectric
I ET AL.

focusing was performed using a vertical mini-IEF sys-
tem (Hoeffer Scientific, U.S.A.) and the second-dimen-
sion separation was carried out using analytical SDS–
PAGE. One hundred micrograms of purified 38-kDa or
Ag85 protein was mixed with 30 ml of IEF sample buffer
[9 M urea, 2% Nonidet P-40, 5% b -mercaptoethanol, 3-
10 ampholyte (Pharmacia)] and denatured by incuba-
tion overnight at 48C. The sample was then filtered
using the Micropure filtration units (Amicon, U.S.A.).
It was applied to 1.5-mm-i.d. 3 7-cm-long capillary tube
gels after prefocusing the gels for 30 min at 250 V. The
protein was focused for 5 h at a constant voltage of 500
V, with 10 mM H3PO4 and 20 mM NaOH as anolyte
and catholyte, respectively. The gels were then extruded
out of the capillary tube, immersed in equilibration
buffer for 30 min with five changes, and placed on the
SDS–PAGE gel of 12.5% resolving gel and 4% stack
gel. Electrophoresis in the second dimension was car-
ried out at 120 V at constant power until the dye front
reached the bottom of the gel. The proteins were visual-
ized after silver staining (Bio-Rad Laboratories).

Reverse-Phase HPLC

The purified 16-kDa protein from the gel-filtration
column was analyzed by HPLC. The protein was dia-
lyzed in 50 mM Hepes buffer (Biofluids, U.S.A.) and
concentrated by lyophilization in a SpeedVac (Savant,
U.S.A.). Ten micrograms (250 ml) of the concentrated
sample was passed through a reverse-phase C18 col-
umn (22 3 0.5 cm) (Merck, Germany). Elution was car-
ried out with an isocratic flow of 30% acetonitrile, at a
flow rate of 0.2 ml/min, and the eluted fractions (0.2
ml/fraction) were analyzed by SDS–PAGE.

Circular Dichroism (CD) Studies

CD measurement was carried out on a spectro-
polarometer (JASCO-715, Japan) using a 0.1-cm cell at
CD spectra were recorded in the 200- to 250-nm range.
The mean residue ellipticity, [u ], is given in units of
deg.cm2.dmol21. CD spectra were recorded for purified
38- and 16-kDa proteins (1 3 1025 M) at pH 7.0.

RESULTS

Purification of the 38-kDa Antigen

The CFA proteins were separated into 20 fractions
based on their isoelectric points (pI ) (Fig. 1). It was
observed that the proteins had a limited spread in their

pI, namely from pH 4.0 to 6.0. Because of their close
pI values, proteins could not be separated very well in
the first dimension. Fractions rich in 38-kDa antigen
were pooled together and separated on preparative
SDS–PAGE. From 100 mg of the starting material
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FIG. 1. Fractionation of H37Rv CFA by preparatory IEF. Lanes 1–20
weight markers. The CFA and fractions were run on 12.5% SDS–PA
38 and 30 kDa have been marked.

(CFA), approximately 3 mg of purified 38-kDa antigen
was recovered.

To characterize the isolated protein, it was run on a
2-D gel, with ampholytes at a pH gradient of 4–6. The
single band of 38 kDa seen in 1-D resolved into three
spots of very close pI values in the range of pH 5.0. To
establish the identity of the antigen, it was immu-
noblotted with monoclonal antibody (MAb) IT-23 from
the WHO Bank and a polyclonal antiserum against
H37Rv CFA. Recognition of the purified antigen with
the reference MAb confirms its similarity to the 38-kDa
antigen reported earlier.

The circular dichroism spectrum of the 38-kDa form,
purified in this study, demonstrated a characteristic b -
sheet (peak absorption at 212 nm). Thus, the molecular
conformation (and hence the B-cell epitopes) differed
compared to the conformation of the r38-kDa form from
the WHO Bank [predominant a -helix, peaks at 208 and
222 nm (Fig. 2)].

Purification of the Ag85B (30 kDa) Antigen

The antigen 85 complex isolated by anion-exchange
chromatography was analyzed by 2-D gel electrophore-
sis, with ampholytes at a pH gradient of 4–6. Three
spots in the pI region of 4.0–4.5 were seen correspond-
ing to antigens 85A, 85B, and 85C (Fig. 3). Further
preparatory separation of the complex into individual
components, antigens 85A, 85B, and 85C, was made

possible by HIC. From 25 mg of the starting material
(CFA), approximately 360 mg of purified 30-kDa antigen
was recovered.

The purified 30-kDa antigen was blotted and probed
with MAbs from the WHO Bank. Three MAbs, IT-27,
fraction Nos. 1–20; CF, culture filtrate antigen; MW (kDa), molecular
E and stained with 0.2% Coomassie brilliant blue. The positions of

IT-44, and IT-49, that specifically react with the 30-/
31-kDa form, recognized the purified protein.

Purification of the 16-kDa Antigen

The SDS–PAGE analysis of the purified 16-kDa pro-
tein from the cytosol, along with the other two purified
antigens, is shown in Fig 4. From 150 mg of the starting
material (cytosol), approximately 3 mg of purified 16-
kDa protein was recovered.

The protein purified by gel-filtration chromatography
was subjected to reverse-phase HPLC in order to ascer-
tain the purity of the protein. The protein eluted at
retention times (RT) of 9 and 13 min. The individual
fractions obtained at the two time points were analyzed
on SDS–PAGE. The peak obtained at a RT of 9 min
showed a protein at the 16-kDa region while the peak
at 13 min was found to contain a band at the 16-kDa
region, as well as at the 32-kDa region (Fig. 5). Thus,
the 16-kDa form exists as monomer and multimer, as
reported in the literature.

Figure 5 also shows multiple small peaks, in addition
to the major peaks. All eluted fractions were concen-
trated and tested. Except for the peak at 9 min (and
the shoulder) and peak at 13 min, which are marked,
the other fractions did not show any bands.

The circular dichroism spectrum was determined for
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the purified protein and showed a maximum peak at
214 nm with a molar ellipticity of 265,780 deg.cm2.
dmol21, characteristic of a b -sheet structure (Fig. 6).

The identity of the purified 16-kDa antigen was
established by an immunoblot with MAbs IT-1 and IT-4
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FIG. 2. Circular dichroism spectrum of the 38-kDa protein. (a) Pur
concentration was adjusted to 1 3 1025 M at pH 7.0 and scanned at
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and polyclonal antibody against H37Rv as positive con-
trol. A positive reaction with the established MAbs sug-
gests the identity of this protein with the already re-
ported 16-kDa antigen.
FIG. 3. Two-dimensional separation of antigen 85 complex. CFA,
culture filtrate antigen. CFA was resolved first in a pH gradient of
4–6 (one-dimensional IEF) and then on a 12.5% gel (two-dimensional
SDS–PAGE). The gel was stained with silver stain. The three spots
corresponding with Ag85 (A, B, and C) have been marked.
fied native 38-kDa protein. (b) Recombinant 38-kDa protein. Protein
he 200- to 250-nm range.

DISCUSSION

Research for identification of a suitable antigen for
serodiagnosis of tuberculosis has come a long way and
yet there is much more to be explored. In this study,
three antigens have been isolated from the virulent

strain of M. tuberculosis to be evaluated in various cate-
gories of patients and normal sera.

The 38-kDa antigen was originally purified by affin-
ity chromatography using a polyclonal antibody (9) and
later using a MAb (10, 11). Espitia and colleagues (12)
FIG. 4. Purified proteins of M. tuberculosis. Lane 1, 16 kDa; lane
2, 30 kDa; lane 3, 38 kDa; MW, molecular weight markers. The gel
was stained with 0.2% Coomassie brilliant blue.
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FIG. 5. Reverse-phase HPLC of the purified 16-kDa protein. Ten m
reverse-phase C18 column. Each eluted fraction (0.2 ml/fraction) w
showing a band on SDS–PAGE.

eluted the protein with acetonitrile after transferring
CFA to the nitrocellulose membrane. Later, attempts at
cloning and sequencing the gene coding for this antigen
offered the potential for greater availability of this pro-
tein (13). In the present study, two-dimensional prepar-
ative electrophoresis, based on the combination of iso-
electric focusing and preparatory electrophoresis,
allowed the complete purification of the 38-kDa antigen
from whole bacterial culture filtrate in only two steps.

The isolated 38-kDa form shows three spots in 2-D,
with close pI values in the pH 5.0 region. These are
different isoforms of the same molecule. The 38-kDa
antigen has been shown to resolve to multiple spots.
Bassey et al. (14) have demonstrated that there are at
least three reactive antigens in 2-D blots of M. tubercu-
losis soluble extract (MTSE) in the 38-kDa region.

The 38-kDa form isolated by different methods has
been used in diagnostic tests, mainly ELISA, with vary-
ing outcomes. We have obtained preliminary data, us-
ing our 38-kDa form. The interesting finding is that
the 38-kDa form purified during this study was equally
sensitive in sputum smear-positive and smear-negative
cases (,60%) (data not shown). The difference between
these results and the lower sensitivity results reported
by others (15%) (15, 16) can be explained, perhaps, on
the basis of the mode of preparation of antigen. Folding
of proteins is very important in maintaining the confor-
mation of the molecule, which the antibodies recognize,
and it is influenced by the method of isolation of the

antigen. Our preparation perhaps differs from the affin-
ity-purified and recombinant antigens in its 3-D folding,
as evidenced by the CD spectrum.

Another antigen isolated and used in this study is
the 30-kDa antigen of the Ag85 complex. This complex
crograms (250 ml) of the concentrated sample was passed through a
s analyzed by SDS–PAGE. Arrows indicate the only two fractions

consists of at least three distinct, but related, proteins
as shown by cross-immunoelectrophoresis and are des-
ignated as 85A, 85B, and 85C with approximate molecu-
lar masses of 31, 30, and 31.5 kDa, respectively (17–19).
This antigen has been variably cited in the literature
as a2, a -antigen, fibronectin binding protein, antigen
6, Ag85 complex, etc. (19).

Various investigators have used different combina-
tions of column chromatography methods for the purifi-
cation of antigen 85 complex. Ion-exchange chromatog-
raphy provided substantial purification of a2 antigen
in the hands of Daniel and Ferguson (20). Since then,
DEAE–cellulose ion-exchange chromatography, either
alone or in combination with another chromatography
method, was used for the purification of 30- to 31-kDa
antigens by many investigators (19, 21). Separation of
individual components has been reported only on an
analytical scale (22).

In our study, the initial QAE–Sepharose-purified
fraction showed three spots in the pI region of 4.0–4.5,
corresponding to antigens 85A, 85B, and 85C, similar
to that demonstrated by others (17, 22, 23). The similar-
ity of our 30-/31-kDa form to the Ag85 components was
established by immunoblot recognition with reference
MAbs IT-27, IT-44, and IT-49. The three-member com-
plex was further separated by HIC on phenyl-Sepha-
rose. Our preliminary studies show that of the three
components, Ag85B (30 kDa) was the most useful for
diagnosis (data not shown).
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The 16-kDa protein belongs to the a -crystallin super-
family of small heat shock proteins and has been vari-
ably referred to as sHsp16, Hsp.16.3, Acr, and MPT63.
This is similar to the major membrane protein (24) and
Nox16 (25) referred to earlier.
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are grateful to the WHO Recombinant Antigen Bank for providing
r38kDa antigen for reference. The authors are also thankful to Dr.
FIG. 6. Circular dichroism spectrum of the purified 16-kDa protei
scanned at the 200- to 250-nm range.

Earlier investigators have used affinity purification
procedures for the purification of 16-kDa antigen (15),
while Verbon et al. (26) used the molecular sieving chro-
matography procedure. The antigen described in this
study, isolated from the cytosol fraction, has been as-
signed a mass of 16 kDa based on its movement in
SDS–PAGE. Further evidence for confirmation of the
identity of this protein with earlier reported Hsp.16.3
comes from study on the circular dichroism of this na-
tive protein. Our purified protein has been assigned a
predominantly b -sheet structure with a peak in the
210- to 215-nm region, which is in accordance with
the report of Berengian et al. (27). Further, a positive
reaction of this protein with IT-1 and IT-4 suggests
the similarity of this 16-kDa protein with the already
reported 16-kDa hsp antigen.

Hsp 16.3 has been found to occur as an oligomer
consisting of trimers (nine-subunit complex) and was
found to play a role as a chaperone based on its activity
in preventing thermal denaturation of alcohol dehydro-
genase (28) and aggregation of citrate synthase (29) in
vitro. In our study too, the antigen seems to exist in
two different molecular forms, as two peaks of different
retention times were obtained from the purified antigen
preparation when analyzed by HPLC through a C18
reverse-phase column. However, when the two peaks

were separately analyzed by SDS–PAGE, both con-
tained only the 16-kDa protein, which shows that the
protein exists in different oligomeric forms.

Thus, methods have been developed for purification
of three diagnostically relevant antigens, in sufficient
. Protein concentration was adjusted to 1 3 1025 M at pH 7.0 and
194 UMA DEVI ET AL.
quantity and purity. The three purified proteins individ-
ually and in combination will be evaluated for serodiag-
nosis of tuberculosis.
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