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Considerable effort has focused on the identification of proteins secreted from Mycobacterium spp. that
contribute to the development of protective immunity. Little is known, however, about the release of myco-
bacterial proteins from the bacterial phagosome and the potential role of these molecules in chronically
infected macrophages. In the present study, the release of mycobacterial surface proteins from the bacterial
phagosome into subcellular compartments of infected macrophages was analyzed. Mycobacterium bovis BCG
was surface labeled with fluorescein-tagged succinimidyl ester, an amine-reactive probe. The fluorescein tag
was then used as a marker for the release of bacterial proteins in infected macrophages. Fractionation studies
revealed bacterial proteins within subcellular compartments distinct from mycobacteria and mycobacterial
phagosomes. To identify these proteins, subcellular fractions free of bacteria were probed with mycobacterium-
specific antibodies. The fibronectin attachment protein and proteins of the antigen 85-kDa complex were
identified among the mycobacterial proteins released from the bacterial phagosome.

Mycobacterium spp. are the causative agents of a spectrum of
diseases. The success of these pathogens lies in their ability to
effectively exploit mononuclear phagocytes, where they invade,
replicate, and persist within their mammalian hosts. Within
these professional antigen-presenting cells, mycobacteria pre-
vent the normal maturation of their phagosome and remain
sequestered from the degradative compartments of the endo-
some/lysosome continuum (2, 4, 11, 28, 35). The mycobacterial
phagosome is nonfusigenic with lysosomes (2, 4, 11, 28, 35) and
fails to acidify due to lack of accumulation of proton ATPase
complexes (30). This is a deviation from the normal maturation
process, in which phagosomes of macrophages differentiate
into acidic compartments containing proteases, as well as mol-
ecules promoting antigen presentation (see reference 21 for a
recent review).

Numerous proteins that are secreted from Mycobacterium
have been described, and many of these have been postulated
to contribute to the development of protective immunity (7, 8,
10, 15, 16, 33, 34). Surface proteins and proteins secreted by
mycobacteria are likely preferential targets for the immune
system early in infection. However, during chronic infection, in
the absence of cell lysis and dispersal of killed bacteria, it is not
clear what antigens, if any, are processed and presented for
recognition by T cells. Limited acidification of the mycobacte-
rial phagosome and its anomalous distribution of lysosomal
markers indicate that it is not an optimal compartment for
antigen processing (5, 31). It has previously been shown that
mycobacterial lipids are actively released from the mycobacte-
rial phagosome and traffic within the endocytic network of the
host macrophage (3, 35). Mycobacterial proteins may have the
same fate, providing an alternate mechanism by which bacte-
rial proteins may intersect the antigen-processing pathway of
the macrophage. In addition, released bacterial proteins may

incorporate into the phagosomal membrane and contribute to
modulation of phagosome maturation.

The present study was initiated to identify mycobacterial
proteins released from the bacterial phagosome into host sub-
cellular compartments in the context of the infected mac-
rophage. These proteins will be candidate molecules for
phagosome biogenesis, antigen presentation, and vaccine de-
velopment.

MATERIALS AND METHODS

Reagents. Fluorescein succinimidyl ester and rabbit polyclonal anti-fluorescein
were purchased from Molecular Probes (Junction City, Oreg.). Mouse anti-
fluorescein antibody was purchased from Boehringer Mannheim (Indianapolis,
Ind.). The rabbit polyclonal antibodies to mycobacteria, anti-antigen 85-kDa
complex (CS-90) and anti-H37Rv culture filtrate proteins (CFP) (C-193), were
obtained through the TB Research Materials and Testing Contract at Colorado
State University. Rabbit polyclonal anti-fibronectin attachment protein (FAP)
antibody (11516) was kindly provided by Jeffrey Schorey (University of Notre
Dame, South Bend, Ind.). The rat hybridoma 9C12.4 that produces monoclonal
antibody to FAP was provided by Eric Brown (University of California, San
Francisco). 1D4B, a rat monoclonal antibody against Lamp 1, was obtained from
the Developmental Hybridoma Bank, National Institute of Child Health and
Human Development, National Institutes of Health (Bethesda, Md.). The hy-
bridoma KL295, producing monoclonal antibody recognizing the b subunit of
major histocompatibility complex (MHC) class II (I-Ad and I-Ed), was obtained
from the American Type Culture Collection (ATCC, Manassas, Va.). Horserad-
ish peroxidase (HRP)- and colloidal gold-conjugated secondary antibodies were
purchased from Jackson ImmunoResearch Laboratories (West Grove, Pa.). Pro-
tein G-coated agarose beads were purchased from Sigma (St. Louis, Mo.).

Cells and bacterial cultures. Bone marrow-derived macrophages (BMMf)
were isolated from the femurs and tibias of BALB/c mice. The cells were cul-
tured on bacterial-grade petri dishes at 37°C with 5% CO2 in Dulbecco’s mod-
ified Eagle’s medium (DMEM) supplemented with 10% fetal calf serum, 5%
horse serum, and 20% L cell-conditioned medium. Macrophages were used
between 6 and 10 days in culture.

Mycobacterium bovis BCG (Pasteur), obtained from Barry Bloom (Albert
Einstein College of Medicine, New York, N.Y.), was cultured in Middlebrook
7H9 medium (Difco Laboratories, Detroit, Mich.) with OADC supplements
(oleic acid, albumin, dextrose, NaCl) (Difco). Macrophages were infected with
mid-log-phase mycobacteria at a bacterium-to-macrophage ratio of 10:1. Two
hours following the addition of mycobacteria, cells were washed extensively to
remove extracellular bacteria and incubated with fresh BMMf medium for the
remaining time indicated in individual experiments.

Succinimidyl ester labeling of mycobacteria. Surface proteins of Mycobacte-
rium were labeled with fluorescein-tagged succinimidyl ester. Briefly, bacteria
were washed twice with phosphate-buffered saline (PBS)–0.5% Tween 80–0.2 M
sodium bicarbonate (pH 8.8) and resuspended in the same buffer containing 1
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mM fluorescein succinimidyl ester (Molecular Probes). Following a 1-h incuba-
tion at 37°C, bacteria were washed three times with PBS-Tween and syringe
dispersed prior to infection of macrophages. Bacterial viability following succin-
imidyl ester labeling was typically .95% as assessed by CFU on Middlebrook
7H10 agar plates (Difco). Macrophages infected with fluorescein succinimidyl
ester-labeled mycobacteria were visualized directly using a Zeiss Axioskop 20
fluorescence microscope.

Subcellular fractionation and density gradient electrophoresis (DGE). Sub-
cellular organelles free of bacteria were isolated as previously described (3).
Briefly, macrophages infected with fluorescein succinimidyl ester-labeled myco-
bacteria were washed and scraped into cold homogenization buffer (0.5 mM
EDTA, 0.5 mM EGTA, 20 mM HEPES, and 0.05% gelatin), pH 7, containing
250 mM sucrose and protease inhibitors (50 mg of pepstatin A/ml, 50 mg of
leupeptin/ml, 25 mg of E64/ml [Sigma]). Cells were disrupted by multiple passage
through a tuberculin syringe with a 25-gauge needle. Following centrifugation at
300 3 g for 10 min to remove nuclei, the supernatant was subjected to two
postnuclear spins at 100 3 g. The resulting supernatant was then carefully
layered onto a linear gradient of 30 to 12% sucrose and centrifuged at 800 3 g
for 1 h at 4°C. Macrophage organelles remained in the upper region of the
gradient, distinct from bacteria and bacterial phagosomes, which resolved lower
in the gradient. The macrophage subcellular fraction was isolated and ultrami-
crofuged at 100,000 3 g for 45 min.

For analysis of late endosomal/lysosomal compartments, the subcellular pellet
was carefully resuspended in DGE buffer (250 mM sucrose, 1 mM EDTA, 0.5
mM EGTA, 10 mM triethanolamine [pH 7.4]) containing 10% Ficoll 70,000 and
loaded onto 12% Ficoll in a DGE device resembling that previously described
(32). The samples were then separated into a 8 to 0% linear Ficoll gradient at a
10-mA constant current for 2 h. Distinct subcellular fractions were separated
according to charge and buoyant density as previously described (3). The late
endosomal/lysosomal fraction was isolated and ultramicrofuged at 100,000 3 g
for 45 min. The resulting subcellular or DGE pellets, free of bacteria, were
analyzed directly by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting or subjected to immunoprecipitation as
described below.

SDS-PAGE and Western blotting. For analysis by SDS-PAGE, samples were
solubilized by boiling in Laemmli sample buffer and separated by SDS–10%
PAGE. Following electrophoretic transfer to nitrocellulose, proteins were
probed with the indicated antibodies, followed by the appropriate HRP-conju-
gated secondary antibody, and detected by enhanced chemiluminescence analy-
sis (Super Signal; Pierce, Rockford, Ill.).

For immunoprecipitation, subcellular organelles were resuspended in
PBS–1% Triton X-100 for 1 h at 4°C. Samples were precleared with protein
G-coated agarose beads for 30 min, followed by incubation with a mouse anti-
fluorescein antibody at 4°C overnight. Protein G beads were added for 2 h at 4°C.
The protein G beads were washed extensively and resuspended in 23 Laemmli
sample buffer and analyzed by SDS-PAGE.

2-D gel electrophoresis. For 2-dimensional (2-D) analysis, proteins of subcel-
lular fractions isolated from infected BMMf were separated according to their
isoelectric point (pI) by isoelectric focusing as described previously by Sturgill-
Koszycki et al. (29). Ampholytes of pH 5 to 8 were used in combination with
broad-range ampholytes of pH 3 to 10. Samples were separated in the 1st-
dimension cylindrical gels consisting of 4% acrylamide for 18 h at 400 V and an
additional 2 h at 800 V. Gels were extruded from glass tubes and layered on SDS
slab gels for electrophoresis in the 2nd dimension (as described above). Follow-
ing electrophoretic transfer to nitrocellulose and polyvinylidene difluoride
(PVDF) membranes, the proteins recognized by the anti-fluorescein were ex-
cised from a Coomassie-stained PVDF membrane, and N-terminal amino acid
sequences were determined by Midwest Analytical (St. Louis, Mo.).

Immunoelectron microscopy. Infected macrophages were processed for im-
munoelectron microscopy as previously described with slight modifications (26).
Cells were fixed with 4% paraformaldehyde in 200 mM piperazine-N,N9-bis(2-
ethanesulfonic acid) (PIPES)–0.5 mM MgCl2 (pH 7.1) for 30 min on ice and then
scraped and pelleted. Pellets were washed once with PIPES-MgCl2, embedded in
gelatin, and infiltrated with 2.3 M sucrose–20% polyvinyl pyrrolidone in PIPES-
MgCl2. The samples were trimmed, frozen, and sectioned with an RMC MT7/
CR21 cryoultramicrotome. Cryosections of infected macrophages and subcellu-
lar compartments were probed with the indicated antibodies followed by the
appropriate gold-conjugated secondary antibody.

RESULTS AND DISCUSSION

To facilitate the analysis of bacterial proteins released from
the mycobacterium-containing phagosome, surface proteins of
Mycobacterium were labeled with fluorescein-tagged succinimi-
dyl ester prior to infection of macrophages. Succinimidyl ester
is an amine-reactive probe which will conjugate with aliphatic
nonprotonated amines (lysine residues and free amines at the
N terminus) and has low reactivity with aromatic amines (ty-
rosine and histidine) of proteins and other molecules. The

fluorescent tag was used for direct analysis of the fate of la-
beled bacterial amine-reactive surface molecules by fluores-
cence microscopy and indirect biochemical analysis using an-
tibodies specific to fluorescein. Visualization of live infected
macrophages by fluorescence microscopy revealed a striking
release of fluorescent label from the bacterial phagosome
which penetrated host subcellular compartments (Fig. 1). The
release of labeled bacterial constituents was evident as early as
1 h postinfection and continued for several days in culture.
Fluorescent labeling was not present in control macrophages
or macrophages infected with unlabeled bacteria (data not
shown). Visualization of bacteria labeled with fluorescein suc-
cinimidyl ester by electron microscopy, using anti-fluorescein
and colloidal gold-conjugated secondary antibodies, revealed
that the succinimidyl ester label was restricted to the surfaces
of mycobacteria (data not shown).

To clearly distinguish bacterial proteins released from the
phagosome, subcellular organelles distinct from bacterial pha-
gosomes were isolated and analyzed by SDS-PAGE. BMMf
infected with fluorescein succinimidyl ester-labeled BCG for
24 h were homogenized and subjected to centrifugation in a
continuous sucrose gradient to separate bacteria and bacterial
phagosomes from macrophage subcellular organelles as previ-
ously described (3). The resulting crude organellar fraction,
free of bacteria, was isolated. Western blot analysis of fluores-
cein succinimidyl ester-labeled BCG probed with anti-fluores-
cein antibodies revealed a profile of fluorochrome-tagged bac-
terial proteins (Fig. 2, lane 1). Comparison of this profile to
that of the bacterium-free macrophage organelle fraction re-
vealed that a subset of fluorescein-labeled bacterial surface
proteins were released from the mycobacterial phagosome, the
most prominent being approximately 45 kDa (Fig. 2, lane 2).
When a mouse anti-fluorescein antibody was used to immuno-
precipitate fluorescein-tagged bacterial proteins, a profile of
approximately seven proteins was identified in macrophage
subcellular compartments (Fig. 2, lane 3). Immunoprecipita-
tion of uninfected control macrophages confirmed that the
anti-fluorescein antibodies did not recognize host cellular pro-
teins (data not shown). Mouse anti-fluorescein immunoglobu-
lin G (IgG) used for immunoprecipitation was not recognized
by the anti-rabbit secondary antibody (data not shown). This

FIG. 1. Release of labeled mycobacterial proteins from the phagosome in
infected macrophages. Live BMMf infected for 24 h with fluorescein succinimi-
dyl ester-labeled BCG were analyzed by fluorescence microscopy. Labeled bac-
terial proteins were released from the mycobacterial phagosome into subcellular
compartments of the infected macrophage (small arrowheads). The labeled
bacteria are intensely fluorescent and are indicated by the large arrows.
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confirmed that the 1-dimensional profile of immunoprecipi-
tated proteins (Fig. 2, lane 3) did not include mouse IgG heavy
and light chains.

To elucidate the time frame involved in the release of bac-
terial proteins from the mycobacterial phagosome, subcellular
fractions free of bacteria were isolated from BMMf infected
with fluorescein succinimidyl ester-labeled BCG. As shown in
Fig. 3, the release of bacterial constituents into host cell or-
ganelles was a time-dependent process. At 30 min postinfec-
tion, released bacterial constituents could be detected in sub-
cellular organelles immunoprecipitated with anti-fluorescein
antibody. The levels and number of bacterial proteins in-
creased with time, revealing differential release of bacterial
proteins.

To identify the released bacterial proteins, anti-fluorescein-
precipitated subcellular fractions were probed with mycobac-
terium-specific antibodies. Of those obtained from colleagues
and through the TB Research Materials and Testing Contract
at Colorado State University, two antibodies with specificity to
the released mycobacterial proteins were identified. The rabbit
polyclonal anti-antigen 85-kDa complex identified a doublet of
32 kDa (Fig. 4A, lane 2). Rabbit polyclonal anti-FAP antibody
identified a band at approximately 45 kDa (Fig. 4A, lane 3).
Anti-H37Rv CFP were used to confirm that the bacterial pro-
teins identified in the subcellular organelles were not a result
of contamination of this fraction with whole bacteria. Anti-
H37Rv CFP recognized only a subset of the bacterial proteins
in the subcellular fraction (Fig. 4A, lane 4) compared to the
protein profile when probed against BCG itself (Fig. 4A, lane
5).

To further confirm the identities of these released fluores-
cein-labeled bacterial proteins, anti-fluorescein immunopre-
cipitations of subcellular fractions isolated from infected
BMMf membrane preparations were subjected to 2-D gel
electrophoresis. Samples were electrophoretically transferred
to nitrocellulose and probed with a rabbit anti-fluorescein an-
tibody. Proteins recognized by this antibody were excised from
a Coomassie-stained PVDF membrane, and N-terminal amino
acid sequences were determined. Due to the small quantity of
protein, an N-terminal sequence was obtained for only one

protein of 45 kDa. The sequence TPNAQAGDPN matched
that of M. bovis FAP (GenBank accession number AAB71842)
with 90% identity.

The release of FAP and the antigen 85-kDa complex from
the bacterial phagosome in infected macrophages was con-
firmed by immunoelectron microscopy. Cryosections of in-
fected macrophages were probed with rat anti-FAP and rabbit
polyclonal anti-antigen 85-kDa complex followed by the ap-
propriate gold-conjugated secondary antibody. This approach
confirmed that mycobacterial proteins of the antigen 85-kDa
complex, as well as FAP, were released into the mycobacterial
phagosome and could be identified associated with the phago-
some membrane and within subcellular compartments distinct
from mycobacteria (Fig. 4B).

Previous studies have shown that mycobacterial lipids are
released from the bacterial phagosome and accumulate in late
endosomal/lysosomal compartments (3). Analysis of these
compartments by electron microscopy revealed an abundance
of multilamellar vesicles morphologically reminiscent of MHC
class II-enriched compartments (MIIC) (3). Although MHC
class II is not exclusive to the late endosomal/lysosomal frac-
tion, these compartments are enriched for class II molecules
(9). To identify an association between released mycobacterial
proteins and class II molecules, bacterium-free subcellular or-
ganelles isolated from macrophages infected with fluorescein
succinimidyl ester-labeled BCG were subject to DGE for iso-
lation of late endocytic compartments. Anti-fluorescein immu-
noprecipitation revealed that fluorescein-labeled bacterial pro-
teins traffic to the late endocytic/lysosomal compartments (Fig.
5A, lane 1). When these fractions were probed with mycobac-
terium-specific antibodies, the antigen 85-kDa complex and
FAP were identified in this fraction (Fig. 5A, lanes 2 and 3).
Western blot analysis also revealed the presence of MHC class
II in this fraction (Fig. 5A, lane 5). To determine if class II
molecules and bacterial proteins were present in the same
compartments, the late endosomal/lysosomal fraction was an-
alyzed by electron microscopy. Both antigens of the 85-kDa
complex and FAP localized to vesicles containing MHC class II
(Fig. 5B and C). This fraction included multilamellar MIIC-

FIG. 3. Temporal release of bacterial proteins from the mycobacterial
phagosome. Bacterium-free subcellular organelles isolated from uninfected mac-
rophages (lane 1) and from macrophages infected with fluorescein succinimidyl
ester-labeled BCG for 30 min (lane 2), 1 h (lane 3), 4) 2 h (lane 4), 4 h (lane 5),
and 12 h (lane 6) were immunoprecipitated with a mouse anti-fluorescein anti-
body. The resulting material was analyzed by probing a Western blot with a
rabbit anti-fluorescein antibody (A) or anti-Lamp 1 (B). Lamp 1 served as an
internal control for the total amount of protein present in each sample. Arrow-
heads indicate bacterial proteins immunoprecipitated from macrophage subcel-
lular organelles.

FIG. 2. Labeled mycobacterial proteins are present in subcellular compart-
ments of infected macrophages. BMMf were infected with fluorescein succin-
imidyl ester-labeled M. bovis BCG for 24 h. The infected cell lysates were then
subjected to fractionation on sucrose gradients to isolate a macrophage subcel-
lular membrane fraction free of bacteria. The bacterium-free subcellular com-
partments were then analyzed for the presence of released fluorescein-labeled
bacterial proteins by probing with HRP-conjugated rabbit anti-fluorescein anti-
body. Lane 1, fluorescein succinimidyl ester-labeled BCG; lane 2, a bacterium-
free subcellular fraction isolated from fluorescein succinimidyl ester-labeled
mycobacterium-infected macrophages; lane 3, mouse anti-fluorescein immuno-
precipitation of a bacterium-free macrophage subcellular fraction. Arrowheads
indicate bacterial proteins immunoprecipitated from macrophage subcellular
organelles.

VOL. 68, 2000 RELEASE OF MYCOBACTERIAL PROTEINS IN MACROPHAGES 6999



like compartments containing both mycobacterial proteins and
MHC class II molecules.

FAP belongs to a family of highly homologous proteins of
mycobacteria (27). The attachment and internalization of sev-
eral mycobacterial species to their host cell is dependent on
bacterial attachment to fibronectin (24), and FAP has been
proposed as the bacterial mediator of this process (23). Inter-
estingly, an immune response to this protein, originally desig-
nated the 45/47-kDa complex of M. bovis BCG, was observed
in guinea pigs inoculated with live BCG but not heat-killed
BCG (25). This protein is a prime candidate for release within
the context of the infected macrophage because it induces a
strong T-cell response in mice (14) and is secreted in culture
fluids (23).

The antigen 85-kDa complex consists of three highly related
proteins of approximately 30 kDa, often referred to as the

30/31-kDa doublet (34). These proteins are associated with the
bacterial surface (22) and are major secretory products in
Mycobacterium tuberculosis and M. bovis BCG culture fluids (1,
6, 12). In addition, the 30-kDa protein of this complex, referred
to as antigen 85B, has been found to be among the most
abundant proteins produced intracellularly in human mononu-
clear phagocytes (18) and has been demonstrated to be immu-
noprotective in a guinea pig model of pulmonary tuberculosis
(15). Immunocytochemical analysis by Harth et al. localized
the antigen 85-kDa complex to the bacterial cell wall and the
phagosomal space in infected macrophages (13). In addition,
the proteins were found in cytoplasmic vacuoles distinct from
the mycobacterium-containing phagosome. This complements
the present study, further confirming the identification of the
antigen 85-kDa complex among mycobacterial proteins that

FIG. 4. Identification of mycobacterial proteins released from the phagosome. (A) Bacterium-free subcellular organelles of macrophages infected for 24 h with
fluorescein succinimidyl ester-labeled BCG were immunoprecipitated with a mouse anti-fluorescein antibody. The resulting material was analyzed by Western blot
probing with rabbit antibodies specific to fluorescein (lane 1), the antigen 85-kDa complex of mycobacteria (lane 2), mycobacterial FAP (lane 3), and M. tuberculosis
H37Rv CFP (lane 4). (Lane 5) BCG was probed with anti-H37Rv CFP to illustrate the mycobacterial protein profile recognized by this antibody. (B) Cryosections of
BMMf infected for 24 h with BCG and probed with rat anti-FAP (anti-rat 18-nm colloidal gold) (solid arrows) and rabbit anti-antigen 85-kDa complex (anti-rabbit
12-nm colloidal gold) (shaded arrowheads) revealed the release of these proteins into the bacterial phagosome and compartments of the host macrophage. Bar, 0.5
mm.

FIG. 5. Mycobacterial proteins traffic to late endocytic compartments. (A) Subcellular organelles of macrophages infected for 24 h with fluorescein succinimidyl
ester-labeled BCG were further fractionated by DGE to isolate late endosomal/lysosomal compartments free of bacteria. Following immunoprecipitation with mouse
anti-fluorescein antibody, the resulting material was analyzed by Western blot probing with rabbit antibodies specific to fluorescein (lane 1), the antigen 85-kDa complex
of mycobacteria (lane 2), mycobacterial FAP (lane 3), and M. tuberculosis H37Rv CFP (lane 4). (Lane 5) The late endosomal/lysosomal fraction was probed with an
antibody recognizing the b subunit of MHC class II (KL295). (B and C) Cryosections of DGE-isolated late endosome/lysosome compartments from BMMf infected
for 24 h with BCG were probed with rabbit anti-antigen 85-kDa complex (anti-rabbit 18-nm colloidal gold) (shaded arrowheads) (B) and rabbit anti-FAP (anti-rabbit
18-nm colloidal gold) (solid arrows) (C). These compartments were also probed with mouse anti-MHC class II (KL295) (anti-mouse 12-nm colloidal gold) (solid
arrowheads) and an antibody to the lysosomal marker Lamp 1 (rat anti-Lamp 1; anti-rat 6-nm colloidal gold) as shown in both panels B and C. Bar, 0.1 mm.
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are released from the phagosome and traffic within the host
macrophage.

Immunoregulation of mycobacterial infections is mediated
primarily by CD41 T cells in response to antigen in association
with MHC class II molecules (17). The release of bacterial
moieties from the phagosome and subsequent trafficking
within macrophages provides a mechanism by which mycobac-
terial proteins may intersect antigen-processing compartments.
Our previous studies demonstrated the presence of bacterial
lipid-containing surface components in multilamellar compart-
ments morphologically reminiscent of MIIC, suggesting the
intersection of bacterial constituents with the MHC class II
transport pathway (3). The intersection of specific mycobacte-
rial peptide antigens with MHC class II molecules in the con-
text of the infected macrophage has not been analyzed. The
present study confirms that a subset of mycobacterial proteins
are released differentially from the mycobacterial phagosome
and intersect compartments containing class II molecules,
making these proteins prime candidates for processing and
presentation by MHC class II molecules.

Among the highest priorities of tuberculosis research is the
identification of immunoprotective determinants for use in the
production of more-effective vaccines. Numerous studies have
described Mycobacterium proteins found predominantly in cul-
ture supernatants that induce strong humoral and cellular im-
mune responses (7, 8, 16, 33, 34). However, evidence suggests
that immunizations with live bacteria evoke much better pro-
tection than immunizations with dead bacteria or bacterial
extracts (19, 20, 25). The chronic nature of mycobacterial in-
fections emphasizes the importance of the identification of
mycobacterial antigens released from the phagosome that are
relevant to the chronic stage of the host-pathogen interaction.
These would include both secreted proteins and proteins re-
leased from the bacterial surface upon contact with the intra-
cellular environment of the macrophage. Further elucidation
of released bacterial proteins in the context of an intracellular
infection, and their association with specific subcellular com-
partments, is currently under investigation. These studies will
contribute to the understanding of fundamental interactions
between mycobacteria and their host cells, as well as providing
relevant antigens for inclusion in a subunit vaccine.
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