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Recombinant phage clones, TB1 and TB2, were selected from a Mycobacterium tuberculosis Agtll DNA
expression library by screening with a polyclonal antiserum raised against the antigen 85 complex of
Mycobacterium bovis BCG. Analysis of recombinant DNA inserts and expressed fusion proteins showed that
two new genes had been isolated. The product of clone TB2 was identified as a member of the 30/31-kDa antigen
85 complex. Restriction enzyme analysis showed that this gene differs from previously cloned members of this
antigen complex, with detailed serological analysis indicating that it may encode the 85C component. Antisera
raised against the expressed product of clone TBl recognized a 55-kDa protein in M. tuberculosis extracts. The
55-kDa protein also has fibronectin-binding activity and, like the 30/31-kDa family, is a prominent target of the
antibody response in patients with mycobacterial disease. Although the clones were selected by using the same
antiserum, detailed analysis by serology and by DNA hybridization showed that they represent two quite
distinct types of fibronectin-binding activities expressed by M. tuberculosis. Further analysis of the fibronectin-
binding antigens of M. tuberculosis may provide important insights into their role in mediating the interaction
with the host immune system.

Mycobacterium tuberculosis remains a major and complex
pathogen to humans because of its ability to survive the host
response within phagocytic cells and to evoke tissue-dam-
aging immunopathology. Elucidation of the mechanisms
involved at a molecular level could lead to novel vaccines
and drugs. An important research effort has been made over
the last 5 years to identify components of mycobacteria
which are involved in interaction with the host immune
system. By using monoclonal antibodies and oligonucleotide
probes based on peptide sequences derived from isolated
proteins, many genes encoding protein antigens have been
cloned from M. tuberculosis, Mycobacterium leprae, and
Mycobacterium bovis BCG (for a review, see reference 33).
Several of the major antigens have been found to belong to
highly conserved stress protein families, and their role has
been extensively discussed.
We have been interested in antigens secreted by live M.

tuberculosis. Proteins which are secreted by mycobacteria
during growth may become available for immune recognition
at an early stage of infection and may therefore be relevant
for protective immunity. Thus, we have identified radiola-
beled proteins in short-term culture supernatants (2), which
indicates that these proteins are being released by actively
metabolizing organisms rather than leaking from dead ones.
One group of proteins, constituting 20 to 30% of all proteins
in supernatants of short-term cultures, are seen as a promi-
nent doublet of 30 and 31 kDa on Western blots (la) and
correspond to the antigen complex termed BCG 85 in the
crossed immunoelectrophoresis (CIE) reference system de-
scribed by Closs et al. (6). This complex comprises at least
three closely related components, namely, 85A, 85B, and
85C, which have extensive overlap in antibody recognition
and N-terminal amino acid sequence but distinct structural
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differences (20, 32). Nagai et al. (20) have recently found that
a 27-kDa protein isolated from the culture supernatant of M.
tuberculosis is related to the antigen 85 complex. Genes
encoding the 85A component have been cloned from M.
tuberculosis (5) and M. bovis BCG (9), while genes for 85B
(also referred to as the ox antigen) have been cloned from M.
bovis BCG (19) and from Mycobacterium kansasii (18).
Sequence analysis shows the presence of a signal peptide in
each of the genes which is absent from the mature protein,
and the 85B component of M. kansasii has been exploited in
the development of a secretion system for expression of
foreign genes in mycobacteria (18). Sequence data also
indicated that there is 77.5% homology between the 85A and
85B components but almost complete identity among the
85A components of M. tuberculosis and M. bovis BCG.

Current interest in this antigen complex was markedly
enhanced by the demonstration of fibronectin (FN) binding
to the 30/31-kDa proteins (la). In a cell-associated form, this
family of proteins can mediate attachment of whole bacteria
to FN-coated surfaces (la, 22). Moreover, we also identified
a group of FN-binding proteins with a larger molecular mass
of around 55 kDa (la), although its relationship to the BCG
85 complex was unclear. FN is a glycoprotein found in
plasma, in the extracellular matrix, and on many cell sur-
faces and bears binding sites for collagen, gelatin, fibrin,
heparin, and cells (for a review, see Ruoslahti [24]). The
ability of several pathogens, including Staphylococcus au-
reus, Streptococcus pyogenes, and some Treponema spe-
cies, to bind to FN has been suggested to play a role in their
virulence by promoting adherence to mucosal surfaces (4,
10, 27, 29), and FN-binding bacterial constituents may alter
the functions of macrophages and the interactions of many
cell types with the extracellular matrix.
To carry out detailed molecular analysis of the regulation

and role of FN-binding proteins in mycobacterial pathogen-
esis, we have used a polyclonal antiserum raised against the
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TABLE 1. Bacterial strains, phages, and plasmids

Bacteria, phage, Characteristics Source'
or plasmid

Bacteria
M. tuberculosis H37Rv Clinical isolate Department of Microbiology,

UCMSM, London
M. bovis BCG Vaccine strain Glaxo Pharmaceuticals
E. coli Y1090 Propagation of Xgtll
E. coli Y1089 Expression of Xgtll recombinants as lysogens 14
E. coli BNN97 Xgtll lysogen
E. coli JM105 Transformation recipient for plasmids Pharmacia

Phage
M. tuberculosis Xgtll library Genomic DNA library 34
XTB1 Agtll clone expressing M. tuberculosis 55-kDa FN-binding protein This study
XTB2 Xgtll clone expressing M. tuberculosis 30-kDa FN-binding protein (85C) This study

Plasmid
pGEX-1 Expression vector 26
pGEXTB1 pGEX construct containing EcoRI insert from XTB1 This study
pGEXTB2 pGEX construct containing EcoRI insert from XTB2 This study

a UCMSM, University College and Middlesex School of Medicine.

BCG 85 complex to select relevant genes from a Xgtll
expression library. In this article, we report the cloning,
expression, and characterization of a gene encoding a new
member of the antigen 85 complex and also of a gene
encoding a 55-kDa FN-binding antigen of M. tuberculosis.

MATERIALS AND METHODS

Bacterial strains, phages, and plasmids. The bacteria,
phages, and plasmids used in this study, as well as their
properties, are outlined in Table 1.

Mycobacterial antigens. M. tuberculosis H37Rv and M.
bovis BCG were grown for 21 days as surface pellicles on
Sauton medium, and bacteria were then removed by filtra-
tion and sonicated as described previously (la). Both culture
supernatants and sonicates were passed through membrane
filters (Millipore Corp.; pore size, 0.2 ,Lm).

Production of antisera and monoclonal antibodies. Poly-
clonal rabbit antiserum against the antigen 85 complex of M.
bovis BCG and rabbit antisera to the purified A, B, and C
components were produced as described previously (31).
For the production of antibodies to glutathione S-transferase
(GST)/TB1 and GST/TB2 fusion proteins, 50 jig of purified
antigens emulsified in 0.2 ml of incomplete Freund adjuvant
was injected intramuscularly into BALB/c mice. Mice were
boosted twice at 20-day intervals and bled 2 weeks after-
wards. Sera were absorbed with a crude extract of an
Escherichia coli strain which overexpressed an unrelated
GST fusion protein in order to remove antibodies to GST
and possible contaminating E. coli proteins. Mtnoclonal
antibody HYT27 (3) was a generous gift from Ase Andersen
and Jorgen Bennedsen, Statens Seruminstitut, Copenhagen,
Denmark.
FN. Affinity-purified human plasma FN was purchased

from the New York Blood Center, New York, N.Y.
Screening of Agtll M. tuberculosis recombinant DNA li-

brary with anti-BCG 85 antiserum. A library prepared from
randomly sheared genomic DNA of M. tuberculosis (Erd-
man strain) in the Xgtll expression vectof (34) was provided
by R. A. Young, Whitehead Institute for Biomedical Re-
search, Cambridge, Mass. The library was screened by using
the rabbit anti-BCG 85 antiserum preabsorbed with E. coli

lysate as described previously (14, 34), with some minor
modifications. Filters were blocked with 1% bovine serum
albumin in phosphate-buffered saline (pH 7.2) with 0.05%
Tween 20, incubated with the antibody at a 1:100 dilution
overnight at 4°C, and probed with peroxidase-conjugated
swine anti-rabbit immunoglobulins (DAKO P217) at a
1:1,000 dilution for 2 h at room temperature. Finally, the
filters were developed with 4-chloro-1-naphthol. Recombi-
nant phages producing positive signals were cloned by
plaque purification with two cycles of isolation from single
plaques.

Preparation of crude E. coli lysates. Lysogenic strains were
obtained by infecting E. coli Y1089 with Xgtll recombinant
phages as described previously (14). Lysogens were grown
in Luria-Bertani (LB) medium at 30°C to an A600 of 0.5.
Cultures were then induced by incubation at 45°C for 20 min
followed by the addition of isopropyl-p-D-thiogalactopyran-
oside (Sigma Chemical Co., St. Louis, Mo.) to 10 mM and
further incubation at 37°C for 2 h. Harvested bacteria were
resuspended in 1/20 of the original culture volume in phos-
phate-buffered saline, lysed, and stored at -20°C until used.
Control lysate was prepared from strain BNN97, a lysogen
prepared from Xgtll phage without insert DNA.
Recombinant DNA analysis. Phage DNA was liberated

from plate lysates amplified in E. coli Y1090 and purified by
cesium chloride density gradient centrifugation (8). Plasmid
DNA was prepared by using standard procedures (17).
Mycobacterial DNA inserts were characterized from phage
and plasmid preparations by digestion with restriction en-
zymes and analysis of fragments by electrophoresis on 0.7 or
1% agarose gels (17). Sizes of insert fragments were deter-
mined by running HindIll-digested X DNA as size standards.
Insert DNA was recovered after EcoRI digestion and gel
electrophoresis by excision of bands from the gel and
purification by using a Geneclean kit (Bio 101 Inc., La Jolla,
Calif.).

Southern blot analysis. DNA probes for hybridization were
labeled with [a-32P]dATP (Amersham) by use of a random
primed labeling kit (Boehringer Mannheim GmbH), and
nonincorporated label was removed by passing the probes
through a Nick column (Pharmacia). Southern blot and
hybridization analyses were performed by using nylon mem-
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branes (Hybond-N; Amersham) under conditions of high
stringency as described previously (17).

Overexpression of TB1 and TB2 gene products. Vector
pGEX-1 (26) was used to express the products of TB1 and
TB2 at a high level in the form of GST fusion proteins. EcoRI
DNA inserts from XTB1 and XTB2 were subcloned into the
EcoRI site of vector pGEX-1, resulting in the construction of
plasmids pGEXTB1 and pGEXTB2. After plasmid transfor-
mation of E. coli JM105 (11) and plating of the cells on LB
medium containing 50 ,ug of ampicillin per ml, single colonies
were picked and inoculated in 1 ml of LB medium-ampicillin
to select positive clones. Cultures were incubated overnight
at 37°C, diluted 1:100 in 2 ml of fresh medium, and grown for
3 h at 37°C before isopropyl-3-D-thiogalactopyranoside was
added to a concentration of 0.1 mM. After an additional 2 to
3 h of growth, cells were pelleted and resuspended in 1/100
culture volume in distilled water.
GST fusion proteins were purified from 500 ml of induced

cultures of E. coli JM105 transformed with pGEXTB1 and
pGEXTB2 by use of the protocol described by Smith and
Johnson (26). Briefly, Triton X-100 (BDH Chemicals) was
added to 1% to lysed cells, and supernatants were passed
through a glutathione-agarose column (Sigma). After the
column was washed with phosphate-buffered saline (pH 7.3),
fusion proteins were eluted by competition with free gluta-
thione. GST was also prepared for use as a control and was
purified from cells transformed with pGEX-1 without insert
DNA.
SDS-PAGE and Western blotting. Protein antigen samples

were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) in a discontinuous buffer
system (16) on slab gels of 12 or 6% acrylamide. A mixture
of standard protein markers (MW-SDS-200; Sigma) was used
for the determination of molecular mass.

For immunoblotting analysis, proteins were transferred
from polyacrylamide gels onto nitrocellulose membranes as
described previously (28). Localization of proteins was
achieved by staining molecular weight markers and refer-
ence lanes with India ink (1 ,ul/ml) in phosphate-buffered
saline containing 0.3% Tween 20 (12). Processing of nitro-
cellulose blots with polyclonal or monoclonal antibodies was
carried out as described above for immunoscreening of the
Xgtll library. FN-binding proteins were identified by incu-
bating blots with FN (100 ,ug/ml) for 2 h at 37°C and probed
with peroxidase-conjugated rabbit anti-FN immunoglobulin
(DAKO P246) at a dilution of 1:1,000 for 2 h at room
temperature. To test the immune responses of patients and
healthy controls to recombinant proteins, blots of E. coli
lysates were screened with serum samples diluted between
1:100 and 1:500. Bound antibody was revealed by incubation
with peroxidase-conjugated rabbit anti-human immunoglob-
ulin G (DAKO P214).
CIE. CIE was performed on glass plates (5 by 7 cm) as

described in detail previously (6). A new method (30) was
adapted to demonstrate the specificity of antiserum to GST/
TB2 fusion protein. In some plates, mouse antibody to
GST/TB2 was added to the antigen well containing BCG
culture fluid. The intermediate gel contained rabbit anti-
mouse immunoglobulin, and, to the top gel, rabbit antibody
anti-BCG 85A, anti-BCG 85B, or anti-BCG 85C was added.
The first-dimension electrophoretic mobility corresponded
to the horizontal bar measured as the distance from the
center of the antigen well to the top of the precipitate line
after projection of the stained pattern.

1 2 3
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FIG. 1. Immunoblot analysis of fusion proteins expressed by
recombinant clones. Anti-BCG 85 antibody was used to stain blots
of extracts of E. coli lysogens prepared with XTB1 (lane 1), XTB2
(lane 2), and Xgtll with no insert (lane 3). 1-Galactosidase fusion
proteins with molecular weights of -145 kDa were expressed by
each of the recombinant clones.

RESULTS
Selection and characterization of recombinant clones.

Recombinant clones were selected from an M. tuberculosis
Agtll library screened by using a polyclonal antiserum raised
against the antigen 85 complex from M. bovis BCG. Two
clones which produced a clear signal with the antibody and
which had retained EcoRI sites at each end of their recom-
binant DNA inserts were selected for detailed study. There
was a difference in the intensity of antibody reactivity
between the two clones, with XTB2 being recognized more
strongly than XTB1. Western blot analysis of extracts pre-
pared from lysogens of the two clones showed that each
expressed a seroreactive P-galactosidase fusion protein with
a molecular mass of around 145 kDa (Fig. 1). XTB2 again
produced a stronger signal than XTB1, even though the latter
clone expressed a higher level of fusion protein, visualized
by ink staining (data not shown).

Analysis of DNA from the two phage clones by gel
electrophoresis demonstrated the presence of 3- and 3.5-kb
EcoRI recombinant inserts in XTB1 and XTB2, respectively,
but detailed restriction enzyme mapping failed to show any
overlapping fragments shared by XTB1 and XTB2 (Fig. 2). In
Southern blotting experiments in which the EcoRI fragment
from XTB2 was used as the labeled probe, we were unable to
demonstrate any hybridization between the two clones,
indicating that TB1 and TB2 are quite distinct genes. Align-
ment of the restriction maps of XTB1 and XTB2 with those
previously published for genes encoding members of the
antigen 85 complex also failed to show any overlapping
fragments (Fig. 2), indicating that both clones differed from
the M. tuberculosis P32 gene and also from the a antigen
gene of M. bovis BCG, although a relationship to the latter
cannot be excluded solely on the basis of restriction map
comparison.
To characterize the protein products of the two genes,

insert DNA from XTB1 and XTB2 was subcloned into the
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FIG. 2. Restriction maps of the EcoRI DNA inserts from XTB1
and XTB2. Regions encoding the putative structural genes are
indicated by a box, as suggested by the apparent molecular weight of
the fusion proteins from Xgtll and pGEX-1 expression vectors.
Orientation of lambda: L, left; R, right. Physical maps of recombi-
nant clones encoding the a antigen of M. bovis BCG (antigen 85B)
and P32 ofM. tuberculosis (85A) are those reported by Matsuo et al.
(19) and Borremans et al. (5). Restriction enzymes: E, EcoRI; H,
HindIll; K, KpnI; P, PstI; S, Sall; Sm, SmaI; Sp, SphI; X, XhoI.

_ -_. 145 kD
pGEX-1 vector, generating pGEXTB1 and pGEXTB2 ex-

pressing large amounts of GST fusion proteins. Soluble
fusion proteins were obtained in each case, and these were

readily purified by glutathione-agarose affinity chromatogra-
phy, with yields of up to 20 mg/liter of culture. Purification of
the TB1 fusion protein is illustrated in Fig. 3, with fractions
monitored by ink staining for total protein (Fig. 3A) and by
Western blot reactivity (Fig. 3B). The purified GST fusion
protein is seen as a prominent 52-kDa band in lane 1.
Monospecific antisera generated by using the purified GST/
TB1 and GST/TB2 fusion proteins were used to help identify
the original gene products as described below.
XTB2 encodes a new member of the antigen 85 complex.

Western blot analysis with antisera raised to the GST/TB2
fusion protein revealed reactivity with a 30/31-kDa protein
doublet in culture filtrates of M. tuberculosis (Fig. 4).
Monoclonal antibody HYT27, previously shown to be spe-
cific for the antigen 85 complex (la), reacted with GST/TB2
but showed no recognition of free GST or of the GST/TB1
fusion protein (Fig. 4). Moreover, the GST/TB2 fusion
protein was recognized by FN (data not shown). Taken
together, these observations strongly suggest that XTB2
encodes a member of the FN-binding antigen 85 complex.
The specificity of the antiserum to the GST/TB2 fusion
protein was further analyzed by CIE, with the mouse anti-
serum incorporated in the antigen well in first-dimension gels
as described previously (30). The first-dimension electropho-
retic mobilities of antigen components 85A, 85B, and 85C in
CIE without or with anti-GST/TB2 antiserum were mea-

sured and were the following: 16 and 15 mm for the A
component, 19 mm for the B component, and 24 and 19 mm
for the C component. Incorporation of the antiserum had a

significant effect only on the mobility of the C component.
This finding is illustrated in Fig. 5, showing that the distinct
precipitate line given by antigen 85C in reference plate A was

weaker and had a different position after incorporation of the
antiserum in the antigen well (plate B). These results suggest
that the TB2 antigen is more closely related to component C
of the antigen 85 complex of M. bovis BCG than to compo-
nent A or B.
ATB1 encodes a 55-kDa FN-binding antigen. Western blot

analysis with antisera raised against the GST/TB1 fusion
protein showed recognition of a 55-kDa protein band in sonic
extracts of M. tuberculosis (Fig. 4). Together with the lack of

FIG. 3. Purification and serological activity of TB1 fusion pro-
teins. (A and B) A GST fusion protein expressed by E. coli
transformed with pGEXTB1 was purified by glutathione-agarose
affinity chromatography, and fractions were analyzed by SDS-
PAGE. Lane 1 shows the purified protein, with the material which
passed through the column and the original bacterial extract shown
in lanes 2 and 3, respectively. Panel A shows a blot stained with ink
to visualize total protein, and panel B shows the same samples
stained for serological activity by using a serum pool from leprosy
patients. (C and D) Western blots of crude lysates of E. coli
lysogenized with Agtll containing no insert DNA (lanes 1) and XTB1
(lanes 2) were immunoblotted with representative sera from patients
with tuberculosis (C) and with lepromatous leprosy (D).

recognition of GST/TB1 by monoclonal antibodies to the
antigen 85 complex, these immunological data support the
inference from genetic analysis that XTB1 is not closely
related to XTB2. In a previous report we have shown that FN
bound to proteins in the molecular weight range of 55,000 in
sonicates of M. tuberculosis and M. bovis BCG (la), and it
was of interest to look for a possible relationship between
the protein recognized by the anti-GST/TB1 antiserum and
this second group of FN-binding proteins. Probing of blots
with FN showed a specific interaction with the ,B-galactosi-
dase fusion protein expressed by XTB1, with no reactivity
being seen in control extracts prepared from a Xgtll lysogen
(Fig. 6A), indicating that the cloned DNA fragment does
indeed encode a polypeptide with FN-binding activity. The
protein recognized by anti-GST/TB1 antiserum migrated at
the same position as the major FN-binding activity in M.
tuberculosis extracts, and pretreatment of blots with the
antiserum inhibited binding of FN to the 55-kDa band (Fig.
6B). In contrast, pretreatment of immunoblots with hyper-
immune mouse sera to free GST had no inhibitory effect on
FN binding, again indicating identity between the 55-kDa
FN-binding protein and the product of TB1.

Recognition of TB1 by human sera. To monitor involve-
ment of the TB1 protein in the human antibody response to
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FIG. 4. Reactivity of antisera raised to purified GST/TB1 and
GST/TB2 fusion proteins. (A) Ink-stained protein profiles of molec-
ular weight markers (lane 1), sonicate (lane 2), and culture filtrate
(lane 3) of M. tuberculosis are shown. (B) Immunoblot analysis of
M. tuberculosis sonicate by using monospecific antiserum to GST/
TB1 shows reactivity with a 55-kDa protein band. (C) Immunoblot
analysis of M. tuberculosis culture filtrate by using monospecific
antiserum to GST/TB2 shows reactivity with 30/31-kDa protein
doublet. (D) Monoclonal antibody HYT27 binds to the GST/TB2
fusion protein (lane 3) but shows no reactivity with free GST (lane 1)
or with the GST/TB1 fusion protein (lane 2).

mycobacterial infection, Western blot analysis was carried
out with extracts from XTB1 lysogens or from cells trans-
formed with pGEXTB1. No reactivity was observed with a
pool of sera from 20 healthy donors, while sera from 8 of 14
patients with pulmonary tuberculosis showed a distinct
reaction with T131 constructs but not with the free 3-galac-
tosidase or GST fusion partners. Positive antibody re-
sponses were also detected in sera from patients with
lepromatous leprosy. Figure 3B illustrates the reactivity of a
leprosy serum pool with lysates of pGEXTB1, and Fig. 3C
and D show blots prepared from a XTB1 lysogen probed with
representative sera from tuberculosis and leprosy patients.
These preliminary studies indicate that the TB1 FN-binding
antigen is a prominent target of the humoral immune re-
sponse to pathogenic mycobacteria.

DISCUSSION

Some antigens of M. tuberculosis and M. bovis BCG have
the interesting property of high-affinity binding to FN, a
major component of the eukaryotic extracellular matrix.
These antigens have been previously shown to be the
secreted 30/31-kDa proteins (corresponding to the BCG 85
complex) and a group of proteins of larger molecular mass
(55 to 60 kDa) found in sonicates (la). The antigen 85
complex contains at least three components, which have
been designated 85A, 85B, and 85C (32), and FN bound to all
three purified antigens (1, la). We have used a polyclonal
antiserum to the antigen 85 complex of M. bovis BCG to
screen a DNA expression library of M. tuberculosis and
have identified two novel genes encoding FN-binding anti-
gens of M. tuberculosis.
As expected from the screening procedure used, clone

XTB2 encodes a member of the antigen 85 complex identified
by monoclonal antibody reactivity and by the specificity of
an antiserum raised against the purified recombinant prod-
uct. Restriction enzyme mapping of XTB2 shows that it
differs from the two antigen 85 component genes previously
described (85A and 85B) (5, 19), with evidence from CIE
analysis indicating a relationship to the 85C component
purified from M. bovis BCG. The apparent molecular masses

19
- - ,ag85C

RaM

BCG cf - Anti-TB2

FIG. 5. Immunoelectrophoretic analysis by indirect precipitation
of the antiserum to GST/TB2. (A) Reference pattern of antigen
component 85C in BCG culture fluid-anti-85C antibody system. (B)
Incorporation of the antiserum to GST/TB2 in the antigen well
reduced the first-dimension electrophoretic mobility of the antigen.

of the ,-galactosidase (-145 kDa) and GST (-52 kDa) fusion
proteins generated from the TB2 insert suggest that most of
the structural gene for the -30-kDa mature protein product
is contained within the cloned fragment. Further analysis at
the nucleotide sequence level will be necessary to confirm
this and to substantiate the proposed relationship to the BCG
85C component.

Unexpectedly, the second clone analyzed in detail, XTB1,
showed little or no relationship to the antigen 85 complex at
the DNA or protein level. The TB1 antigen was identified as
a 55-kDa FN-binding protein on the basis of the specificity of
antisera raised against the purified recombinant fusion pro-
tein. Apart from the FN-binding activity and recognition of
the TB1 ,-galactosidase fusion protein by the anti-BCG 85
antiserum, no obvious relationship is apparent between the
55-kDa antigen and the 30/31-kDa protein family. Neither the
polyclonal anti-BCG 85 antiserum nor monoclonal antibody
HYT27 showed significant recognition of the 55- to 60-kDa
FN-binding proteins in M. tuberculosis extracts in Western
blots (la), and XTB1 and XTB2 were unrelated as assessed
by Southern blotting. It is possible that some contaminating
proteins were present in the antigen 85 complex used for
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zoan parasite Trypanosoma cruzi by human phagocytes (7).
M. leprae is found inside numerous cell types in vivo, in-
cluding neurons, endothelial cells, fibroblasts, and Schwann
cells, while Shepard (25) showed that several other myco-
bacterial species will enter HeLa, human amnion, and mon-
key kidney cells in vitro. In the treatment of superficial
bladder tumors with intravesical M. bovis BCG, the intralu-
menal attachment ofBCG appears to be mediated by FN and
is necessary for the induction of antitumor activity (15).
Molecular analysis of the FN-binding proteins described
here may ultimately contribute, therefore, to our under-
standing of cancer therapy as well as of processes associated
with mycobacterial infection and immunity.

FIG. 6. Immunological relationship between the 55-kDa FN-
binding protein and the antigen expressed by the recombinant phage
XTB1. (A) Specific binding of FN to antigen expressed by TB1.
Western blots prepared from lysogens of Xgtll containing no insert
(lane 1) and XTB1 (lane 2) were probed with FN. A single major
band corresponding to the TB1/p-galactosidase fusion protein bound
FN under these conditions. (B and C) Overlap in the recognition
pattern of FN and anti-GST/TB1 antiserum. Immunoblots of culture
filtrate (lanes 1) and sonicate (lanes 2) of M. tuberculosis were

incubated with FN (B) or with mouse antiserum against GST/TB1
(C). Both reagents bound to a 55-kDa band in the sonicate, with FN
also recognizing a 30/31-kDa doublet in the culture filtrate. (D and E)
Specificity of inhibition of FN binding by anti-GST/TB1 antiserum.
Immunoblots were reacted with FN as in panel B except that
pretreatment was carried out with anti-GST/TB1 antiserum (D) or

with anti-GST antiserum (E). Inhibition of FN binding to the 55-kDa
protein was observed only in panel D.

immunization or, more probably, that the 55-kDa protein
possesses an FN-binding epitope or some other epitope
shared with components of the antigen 85 complex. How-
ever, the antibody to the GST/TB1 fusion protein was not
sufficiently effective to prevent adhesion of FN to the
30/31-kDa antigens. Again, nucleotide sequence analysis will
be required to address this question. From the apparent
molecular weight of the fusion protein expressed by TB1
constructs, it is estimated that just over half of the structural
gene is present, and the entire gene has now been isolated
after screening a genomic M. tuberculosis EMBL3 library.
The antigen 85 complex has been identified as a major

target of humoral and cell-mediated immune responses to
mycobacteria (13, 21, 23), and it will be of interest to
determine whether the new component represented by TB2
has any unique antigenic features distinct from those of the
other family members. As judged by immunoblot analysis
with TB1 fusion constructs, the 55-kDa FN-binding protein
is also prominent in the immune response. Detection of a
cross-reactive response to the M. tuberculosis antigen in
sera from lepromatous leprosy patients suggests that a

homologous protein may be present in M. leprae.
The role of FN-binding activity in the pathogenesis of

mycobacterial infection remains to be elucidated. The fact
that mycobacteria have multiple genes involved in the
expression of large amounts of closely related 30/31-kDa
proteins suggests that this family of molecules probably
fulfills some essential function with regard to mycobacterial
survival. Identification of the original function of these
proteins, and its relation to their FN-binding affinity, may
provide insights concerning their role in the host-parasite
interaction. Binding to FN may be of relevance to the entry
of pathogenic mycobacteria into nonprofessional phagocytic
cells. FN is thought to be involved in uptake of the proto-
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