
Vol. 23, No. 3JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 1986, p. 446-451
0095-1137/86/030446-06$02.00/0
Copyright © 1986, American Society for Microbiology

Interspecies Reactivity of Five Monoclonal Antibodies to
Mycobacterium tuberculosis as Examined by Immunoblotting and

Enzyme-Linked Immunosorbent Assay
ASE B. ANDERSEN,' ZENG-LIN YUAN,2 KAARE HASL0V,3 BODIL VERGMANN,'

AND J0RGEN BENNEDSENl*

Tuberculosis' and Tuberculin3 Departments, Statens Seruiminstitut, DK-2300 Copenhagen S, Denmark, and National
Institute for the Control of Pharmaceultical and Biological Prodlucts, Ministry of Health, Temple of Heaven, Peking,

People's Republic of China2

Received 23 July 1985/Accepted 5 December 1985

Five different murine monoclonal antibodies (MAbs) to Mycobacterium tuberculosis were examined for
degree of cross-reactivity with other mycobacterial species by enzyme-linked immunosorbent assay and
immunoblotting. One MAb reacted solely with M. tuberculosis and M. bovis BCG. Two of the MAbs reacted
with all mycobacterial species examined, whereas two MAbs demonstrated a limited reactivity pattern. The
epitopes are located on molecules susceptible to protease treatment, and two of these molecules possess
concanavalin A-binding moieties. Two of the antigens defined by these five MAbs are present in tuberculin
purified protein derivative.

Numerous approaches have been made to fractionate
antigens of Mycobacterium tuiberculosis to isolate and define
biologically active components (3). So far, it has not been
possible by classical physical-chemical methods to isolate
species-specific antigens. Hybridoma technology has made it
possible to identify single antigenic determinants, which
permitted a powerful new approach to the characterization
of antigens. In the past 5 years, several monoclonal antibod-
ies (MAbs) have been reported (1, 2, 4, 6, 9, 10).
MAbs to mycobacterial antigens may prove useful in

several lines of work. Knowledge of the immunological role
of single antigens is a prerequisite to the inclusion of the
antigen(s) in potential synthetic vaccines. Using MAbs for
immunosorbent chromatography has made it possible to
purify quantitative amounts of antigen. In one report, anti-
gen so purified was tested for T-cell-stimulating activity (8).
Detection of mycobacterial antigen in clinical specimens is
another object of interest. Selected MAbs may be valuable
tools in taxonomic analyses.
A sensitive, reliable interspecies analysis is an important

part of the characterization of a MAb and is necessary for
the evaluation of its possible usefulness. In this report, the
degree of cross-reactivity to other mycobacteria of five
different MAbs to M. tuberculosis were examined in a direct
enzyme-linked immunosorbent assay (ELISA) and by immu-
noblotting analysis.

MATERIALS AND METHODS
Antigen production. The mycobacterial species used in this

study were part of a series submitted by the International
Working Group on Mycobacterial Taxonomy 1966. The
series included M. tuiberciulosis H37Rv, M. bovis BCG, M.
avium, M. intracellulare, M. kansasii, M. marinurm, and M.
fortuitum. The bacteria were kept lyophilized until this work
was undertaken. M. tuberculosis 195 was isolated from a
Danish patient and selected as an intermediate type with
respect to morphology and biochemistry. The bacteria were
grown on Sauton medium and separated from the culture
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medium on a Buchner funnel. The bacteria were kept at
-20°C until further processing.
CCF. Concentrated culture filtrate (CCF) was prepared as

follows. Antigenic material in the culture medium was re-
covered by ammonium sulfate precipitation (80%). The
precipitates were collected by centrifugation and dissolved
in phosphate-buffered saline (PBS) (pH 7.4). Reprecipitation
was done twice, and the final precipitate was dissolved and
dialyzed in PBS. Insoluble material was removed by centrif-
ugation at 40,000 x g for 2 h. The supernatant was filtered
through 0.2-p.m (pore size) membranes, and the protein
concentration was adjusted to 5 mg/ml as measured by A280.
The protease inhibitor phenylmethylsulfonyl fluoride
(Boehringer GmbH, Mannheim, Federal Republic of Ger-
many) was added to a final concentration of 10 mM.
BPE. Bacterial press extract (BPE) was prepared as fol-

lows. The bacteria were ruptured in a French pressure cell
press at 14,000 lb/in.2 and suspended in PBS (8 ml/gram of
bacteria) containing 0.5% Tween 20. lodoacetamide (0.12 M)
and Trasylol (1%) (Boehringer) was added to prevent
proteolytic degradation. Insoluble material was removed by
centrifugation at 40,000 x g for 1 h. Protein concentration
was measured by a method described by Markwell et al. (7).
CCWE. Insoluble material from BPE preparations, be-

lieved to be rich in cell walls and membranes, was rinsed in
PBS and suspended in 20 mM Tris buffer (pH 6.8) containing
2% sodium dodecyl sulfate (SDS) and 5% ,B-mercaptoethanol
(3 ml of buffer per g of bacteria), boiled for 20 min, and
subjected to sonication. Insoluble remains were removed by
centrifugation, and the supernatant was referred to as crude
cell wall extract (CCWE).
Nocardia asteroides was grown on a Sabouraud dextrose

agar slant. Escherichia coli C600 was grown in tryptone
broth. Freeze-dried Rhodoccoccus erythropolis N41, origi-
nally grown on Long synthetic medium, was a generous gift
from S. D. Chaparas, U.S. Food and Drug Administration,
Bethesda, Md. The bacteria were suspended and sonicated
in 20 mM Tris buffer (pH 6.8). SDS and 3-mercaptoethanol
were added to final concentrations of 2 and 5%, respectively,
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FIG. 1. CCFs (panel a) and BPEs (panel b) from different mycobacterial strains separated in a 12.5% polyacrylamide gel and stained with
Coomassie brilliant blue. Lanes: A, M. tuberculosis H37Rv; B, M. tuberculosis 195; C, M. bovis BCG; D, M. avium; E, M. intracellulare;
F, M. kansasii; G, M. marinum; H, M. fortuitum. Molecular weight protein standards: lysozyme (14,400), soybean trypsin inhibitor (21,500)
carbonic anhydrase (31,000), ovalbumin (45,000) bovine serum albumin (66,200), phosphorylase B (92,500).

prior to polyacrylamide gel electrophoresis (PAGE) and
immunoblotting.

All antigen preparations were stored in small samples at
-20°C. Tuberculin purified protein derivative (PPD) RT40
lot 119 was supplied by the Tuberculin Department, Statens
Seruminstitut, Copenhagen, Denmark.
MAbs. The MAbs HYT 6, HYT 27, HYT 28, and HAT 1

were produced as described elsewhere (C. Schou, Z.-L.
Yuan, J. Bennedsen, and A. B. Andersen, Acta Pathol.
Microbiol. Immunol. Scand. Sect. C, in press). Briefly, HYT
6, HYT 27, and HAT 1 were developed from BALB/c mice
immunized with H37Rv BPE. HYT 28 was developed from
mice immunized with immunoprecipitates excised from
agarose gels after crossed immunoelectrophoresis of H37Rv
CCF into a second-dimension gel containing polyclonal
rabbit antiserum to M. tuberculosis. The HAT 3 antibody
was developed after immunizations with H37Rv CCF de-
pleted by immunosorbent chromatography of the antigens
corresponding to the HYT 6, HYT 27, and HYT 28 antibod-
ies. Small-scale affinity columns were made by coupling the
MAbs to CNBr-activated Sepharose 4B (Pharmacia, Upp-
sala, Sweden). H37Rv CCF was passed through the col-
umns, and the effluent was used for immunization.
BALB/c mice were immunized with 100 p.g of protein

intraperitoneally three times at intervals of 2 weeks and
boosted with the same amount of antigen 3 days before
removal of the spleen. Screening of supernatants from
growing clones was done by ELISA and immunoblotting
with H37Rv CCF as the antigen.

Fetal calf serum containing culture supernatants was
concentrated by ammonium sulfate precipitation (50%). The
precipitates were redissolved and dialyzed in PBS (pH 7.4).
Subclass determination was performed by Ouchterlony dou-
ble diffusion assay with subclass-specific rabbit antisera
(Miles Laboratories, Elkhart, Ind.).
SDS-PAGE. PAGE was done in a discontinuous system.

The separation gel consisted of 12.5% (wt/vol) acrylamide,
0.4% SDS in 3 M Tris hydrochloride (pH 8.6), and the
stacking gel consisted of 4% acrylamide, 0.4% SDS in 1 M
Tris hydrochloride (pH 6.8). The cross-linker was N,N'-
methylenebisacrylamide (2.6%). The samples (usually 50 ,ug
of protein per slot) were applied under reducing conditions.

The antigens separated in the polyacrylamide gels were
stained with Coomassie brilliant blue or transferred to sheets
of nitrocellulose. Protein molecular weight standards were
obtained from Bio-Rad Laboratories (Richmond, Calif.).

Immunoblotting. Transfer of antigens from polyacryl-
amide gels onto nitrocellulose sheets (BA85; 0.45 ,um [pore
size]; Schleicher & Schuell, Inc., Keene, N.H.) was per-
formed at 10 V/cm for 3 h in 25 mM Tris hydrochloride buffer
(pH 9.0) containing 192 mM glycine and 20% (vol/vol)
methanol. The nitrocellulose sheets were used immediately
or were stored in transfer buffer at 4°C. Before use, the
sheets were rinsed thoroughly in distilled water. Reactive
sites of the nitrocellulose were blocked by soaking the sheets
for 10 min in PBS containing 0.5% Tween 20. Antigens
immobilized on nitrocellulose were incubated for 2 h or
overnight with MAbs diluted (1:250 or 1:500) in PBS with 0.5
M NaCl and 0.05% Tween 20. Antibodies bound were
detected with horseradish peroxidase-conjugated rabbit anti-
mouse immunoglobulins (P 260; Dakopatts, Glostrup, Den-
mark) diluted 1:1,000. A substrate-dye solution was made of
3,5,3',5'-tetramethylbenzidine (2.4 mg/ml) dissolved in
ethanol-citric acid buffer (pH 5.0; 1:3) containing 0.2%
dioctyl sodium sulfosuccinate and 0.06% H202.
ELISA. ELISA was performed in 96-well polystyrene

microtiter plates (Nunc, Roskilde, Denmark) with CCF or
BPE as the antigen. CCF-BPE was diluted in sodium car-
bonate buffer (pH 9.6), and each well was coated with 5 p.g

TABLE 1. MAb subclasses and molecular weight estimates of
corresponding antigens

MAb Subclass' Mol wt (103) ofcorresponding antigenb

HYT 6 IgGl, K 17-19
HYT 27 IgGl, K 32-33
HYT 28 IgG1, K 38
HAT 1 lgM 71
HAT 3 IgGl, K (smear)

"IgGl, Immunoglobulin Gl.
Molecular weights were determined in a 5%115% gradient acrylamide gel

with H37Rv CCF as the antigen.
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TABLE 2. Interspecies reactivity of the MAbs characterized by immunoblotting

HYT 6" HYT 27"' HYT 28" HAT 1" HAT 3"
Species

CCF BPE CCWE WCS" CCF BPE CCWE WCSh CCF BPE CCWE WCS" CCF BPE CCWE WCSb CCF BPE CCWE WCSb

M. tuberculosis H37Rv + + + + + + + + + + + + + + +
M. tuberculosis 195 + + + + + + + + + + + + + + +
M. bovis BCG + + + + - + + + + + + + + + +
M.avium + + + + - + - - - + + + (+) + +
M. intracellulare ND" + + ND + + ND - - ND + + ND + +
M. kansasii + + + + + + - - - + + - + + +
M. marinum + + + + + + - - - + + - + + +
M. fortuitum - - - + + - - - - - - - (+)(+) +
N. asteroides - - + +
R. erythropolis +
E. coli

+, (+), and - indicate clear, weak, and no reaction, respectively.
WCS, Whole-cell sonic extract.

'ND, Not done.

of protein. The antigen was allowed to bind overnight at 4°C.
For blocking of additional reactive sites in the wells and for
dilution of the antibodies, PBS containing 1% bovine serum
albumin and 1% Triton X-100 was used. The MAbs were
allowed to bind for 2 h at room temperature. Horseradish
peroxidase-conjugated rabbit anti-mouse immunoglobulin
(1:1,000) was added for 1 hour. The substrate-dye solution
(O-phenylenediamine [0.4 mg/ml] and H202 [0.04%]) was
allowed to react for 10 min, and the reaction was stopped by
adding 2 N H2SO4. Optical density was measured at 492 nm.
As a negative control, fetal calf serum containing medium

concentrated in the same way and to the same extent as the
culture supernatants was used. Wells showing an optical
density exceeding or equal to twice the mean background
level were considered positive. The MAbs were titrated in an
ELISA with M. tuberculosis H37Rv CCF as the antigen. A
dilution (1:40 to 1:160) giving an optical density at the
maximum plateau of the titration curve was used as the
working dilution in the interspecies analysis. Because HYT
28 and HAT 1 did not exhibit a plateau and only reacted
weakly in ELISA, they were tested in dilutions of 1:2 to 1:8.

Lectin chromatography. CCF (7.5 mg) (M. tuberculosis
H37Rv, M. tuberculosis 195) was passed through a column
consisting of 20 ml of Sepharose-conjugated concanavalin A
(Pharmacia). Elution was done with 0.5 M at-methyl-D-
glucoside (Sigma Chemical Co., St. Louis, Mo.). The ef-

TABLE 3. Interspecies reactivity of the MAbs characterized
by ELISA"

HYT 6 HYT 28 HAT 1 HAT 3
Species

CCF BPE CCF BPE CCF BPE CCF BPE

M. tuberculosis + b + +/-( - + +i- + +
H37Rv

M. tuberculosis 195 + + +l- - + +l- + +
M. bovis BCG +/- +l- - - + +l- + +/-
M. avium +1- +1- - - /1-±1- +1- +
M. intracellulare NDd - ND - ND +/- ND +
M. kansasii + + - - + +I- + +
M. marinum + + - - + +1- + +
M. fortuitum - -

fluent and eluted fractions were tested in a dot blot assay by
applying 10 LI per dot. Incubation with MAbs and staining
were done as described for the immunoblotting procedure.
The eluate could be stained by the protein stain amido black.

Protease treatment. H37Rv CCF (100 p.g) was digested
with the enzyme pronase (Boehringer) for 45 min at 37°C.
The reaction was stopped by boiling the samples in the
presence of SDS and 3-mercaptoethanol. The digested ma-
terial was analyzed by immunoblotting (data not shown).

RESULTS
Three different preparations of mycobacterial antigens

were prepared: CCF, BPE, and CCWE. M. avium yielded
little and M. intracellulare no detectable antigens in CCF.
Protein components of the various preparations were re-
solved by PAGE, and the distinct patterns obtained by
staining the gels with Coomassie brilliant blue are shown in
Fig. 1. The PAGE patterns of the CCWEs appeared as
smears (data not shown).
The subclasses of the MAbs and the molecular weights of

antigens from M. tuberculosis CCF to which the MAbs bind
are shown in Table 1. CCF, BPE, and CCWE of each species

A B C D E F G H

FIG. 2. Immunoblotting analysis. HYT 28 incubated with
CCWEs from (lanes): A, M. tuberculosis H37Rv; B, M. tuberculosis
195; C, M. bovis BCG; D, M. avium; E, M. intracellulare; F. M.
kansasii; G, M. inar-inumn; and H, M. fortuituin. Molecular weight in
thousands is indicated on the left.

" Mean results from five experiments.
±+, Optical densities exceeding or equal to twice the mean background

level.
' +t-, Optical densities close to cutoff values, giving positive results in

some experiments and negative results in others.
" ND, Not done.
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FIG. 3. Immunoblotting analysis; HYT 6 incubated with BPEs

from (lanes): A, M. tuberculosis H37Rv; B, M. tuberculosis I95; C,
M. bovis BCG; D, M. avium; E, M. intracellulare; F, M. kansasii;
G, M. marinum; and H, M. fortuitum. Molecular weight in thou-
sands is indicated on the left.

were used as antigens in immunoblotting experiments, and
the results are summarized in Table 2. Qualitative differ-
ences in the reaction patterns, depending on which antigen
preparations they were tested with, were observed with the
MAbs HYT 27 and HAT 3 (see Fig. 4, 5, and 7). Only CCF
and BPE preparations were applied in the ELISA. ELISA
results are shown in Table 3. For the sake of clarity,
reactions were divided into three groups only (+, +/-, and
-). Reactions to CCF were generally stronger than reactions
to BPE.
MAb HYT 28 reacted with a 38-kilodalton (kDa) molecule

which was found solely in M. tuberculosis and M. bovis
BCG (Fig. 2). Only very weak reactions were seen by
ELISA.

a
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FIG. 5. Immunoblotting analysis; HYT 27 incubated with CCFs

from (lanes): A, M. tuberculosis H37Rv; B, M. tuberculosis 195; C,
M. bovis BCG; D, M. avium; F, M. kansasii; G, M. marinum; and
H, M. fortuitum. Molecular weight in thousands is indicated on the
left.

Immunoblotting with HYT 6 produced reactions with all
mycobacterial species examined except M. fortuitum (Fig.
3). ELISA reactions with HYT 6 were generally very strong
except with antigens of M. bovis BCG, M. avium, and M.
intracellulare. HYT 6-binding epitopes were, however,
clearly demonstrated also in these species by immunoblot-
ting (Fig. 3).
HYT 27 recognized an epitope present in all the

mycobacterial species examined (Fig. 4 and 5). No reactivity
to N. asteroides, R. erythropolis, or E. coli could be dem-
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FIG. 4. Immunoblotting analyses; HYT 27 incubated with CCWEs (panel a) and BPEs (panel b) from (lanes): A, M. tubercuilosis H37Rv;

B, M. tuberculosis 195; C, M. bovis BCG; D, M. avium; E, M. intracellulare; F, M. kansasii; G, M. marinum; and H, M. fortuitum. Molecular
weight in thousands is indicated on the left.
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acted with epitopes present on molecules sensitive to diges-
tion by pronase.
Only HYT 6 and HAT 3 showed detectable reactions with

tuberculin PPD RT40. This was tested by ELISA as well as
by immunoblotting. There are two main differences in the
production of PPD compared with CCF production. The
antigens of PPD were subjected to heat treatment (steaming
at 1.3 atm [1 atm = 101.29 kPa] for 1 h) and precipitated by
trichloroacetic acid instead of ammonium sulfate. Heat
treatment similar to the one used in the preparation of
tuberculin PPD RT40 caused the disappearance of the
epitopes recognized by HYT 27, HYT 28, and HAT 1 from
H37Rv CCF. Trichloroacetic acid precipitation of H37Rv
CCF did not affect the reactivity of the antigens recognized
by these antibodies.

A B C D E F G H

FIG. 6. Immunoblotting analysis; HAT 1 incubated with BPEs
from (lanes): A, M. tuberculosis H37Rv; B, M. tuberculosis 195; C,
M. bovis BCG; D, M. avium; E, M. intracellulare; F, M. kansasii;
G, M. marinum; and H, M. fortuitum. Molecular weight in thou-
sands is indicated on the left.

onstrated. HYT 27 appeared to cross-react with bovine
serum albumin and was therefore not tested by ELISA.
Immunoblots with HAT 1 showed reactions with an

epitope on a 71-kDa molecule present in all the mycobacte-
rial species tested except M. fortuitum (Fig. 6). HAT 1 also
bound to a molecule of similar molecular weight in N.
asteroides.
HAT 3 bound to an epitope present on a number of

molecules (amohg these a 71-kDa molecule) which were

found in all mycobacterial species tested (Fig. 7). HAT 3 also
reacted with a 71-kDa molecule present in N. asteroides as

well as R. erythropolis. Binding to E. coli could not be
demonstrated with any of the MAbs.
The antigens recognized by HYT 6 and HAT 1 were bound

by Sepharose-coupled concanavalin A and could be specif-
ically eluted with oa-methyl-D-glucoside. All the MAbs re-

a
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DISCUSSION

Five murine MAbs to M. tuberculosis were evaluated with
respect to their cross-reactivity with other mycobacterial
species by ELISA and immunoblotting. Each MAb demon-
strated a unique reactivity pattern, ranging from one MAb
(HYT 28), which reacted solely with M. tuberculosis and M.
bovis BCG, to another MAb (i.e., HAT 3), which reacted
with all the mycobacterial species examined, as well as N.
asteroides and R. erythropolis. None of the MAbs reacted
with E. coli. These characteristics may prove useful in the
identification and typing of mycobacteria. Quantitative prep-
aration of the antigens corresponding to these MAbs by
immunosorbent chromatography is now possible and is
being carried out in our laboratory. This will enable us to
examine the biological roles of the antigens. Our knowledge
of the chemical composition of these antigens is limited to
the finding that the epitopes recognized by the MAbs are

located on molecules sensitive to pronase. This indicates
that the antigens are, at least in part, polypeptides. Two of
the MAbs, HYT 6 and HAT 1, reacted with molecules
possessing concanavalin A-binding moieties, suggesting that
these antigens may be glycoproteins. Daniel et al. (2) have
previously described four MAbs reacting with M. tubercu-
losis antigen 5. This antigen has been characterized as a

b
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FIG. 7. Immunoblotting analyses; HAT 3 incubated with CCFs (panel a) and BPEs (panel b) from (lanes): A, M. tuberculosis H37Rv; B,
M. tuberculosis 195; C, M. bovis BCG; D, M. alvium; E, M. intracellulare; F, M. kansasii; G, M. inarinum; and H, M. fortuitum. Molecular
weight in thousands is indicated on the left.
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distinct precipitin arc by immunoelectrophoresis and is
known to have affinity for concanavalin A.

Considering the extensive use of tuberculin PPD, it was of
interest to determine whether it contained any of the anti-
gens defined by our MAbs. Only two of the five epitopes
could be demonstrated.
For interspecies analysis, and ELISA is a convenient

method. However, because of the arbitrarily chosen cutoff
values, the validity of the results may be questioned. Some
workers consider optical density values exceeding 0.1 to 0.2
positive (13); others rely on visual evaluation (6, 8). Coates
et al. (1) developed a modified radioimmunoassay in which
maximum binding capacity of the MAb was determined and
the interspecies analysis was performed as a competition
assay. In the present study, immunoblotting analyses gave
qualitative results, which facilitated evaluation of weak or
questionable ELISA reactions. Apart from the problem of
the cutoff level, the ELISA was complicated by the problem
that not all mycobacterial antigens bound equally well to
polystyrene. This was most clearly observed with HYT 28,
which reacted only weakly in the ELISA but was evidently
positive in the immunoblotting assay. This observation
might, however, also be explained by demasking of the
epitope subsequent to SDS treatment of the antigen.
From the World Health Organization workshop to com-

pare MAbs against M. tuberculosis and M. leprae (June
1985, Geneva, Switzerland), it has become evident that HYT
28 is similar to TB72, a MAb developed by Coates et al. (1).
Both MAbs are of the same subclass and react with a 38-kDa
molecule which we found only in M. tuberculosis and M.
bovis BCG. The use of TB72, initially reported to be specific
for M. tuberculosis (1), was evaluated by Ivanyi et al. (5) in
a serological competition assay as a possible diagnostic test
for tuberculosis. The present study shows that M. bovis
BCG also contains the antigen and that, therefore, the
specificity of the test in a BCG-vaccinated population must
be studied thoroughly. MAbs defining epitopes present ex-
clusively on M. tuberculosis have, so far, not been pro-
duced.
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