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The major diagnostic antigens of Histoplasma capsulatum are the H and M antigens, pluripotent glycopro-
teins that elicit both humoral and T-cell-mediated immune responses. These antigens may play a role in the
pathogenesis of histoplasmosis. M antigen is considered immunodominant because antibodies against it are
the first precipitins to arise in acute histoplasmosis and are commonly present during all phases of infection.
The biological activity of monomolecular M antigen and its ability to elicit a protective immune response to
H. capsulatum are largely unknown. A molecular approach was used to identify the biological nature of M anti-
gen, including its purification from histoplasmin, partial digestion with proteinases, and reverse-phase high-
performance liquid chromatography to separate the released peptides. The amino acid sequences of the puri-
fied peptides were obtained by Edman degradation, and using degenerate oligonucleotide primers for PCR, a
321-bp fragment of the gene encoding the M antigen was amplified from genomic H. capsulatum DNA. This frag-
ment was used to screen an H. capsulatum genomic DNA library, leading to the isolation, cloning, and sequenc-
ing of the full-length gene. The M gene consists of 2,187-bp DNA encoding a protein of 80,719 Da, which has
significant homology to catalases from Aspergillus fumigatus, Aspergillus niger, and Eimericella nidulans. A cDNA
was generated by reverse transcription-PCR and cloned into the expression vector pQE40. The identity of the
cloned, expressed protein was confirmed by Western blotting. The recombinant fusion protein was immuno-
reactive with monoclonal antibodies raised against M antigen, with polyclonal mouse anti-M antiserum, and
with a serum sample from a patient with histoplasmosis. The gene encoding the major immunodominant M an-
tigen of H. capsulatum is a presumptive catalase, and the recombinant protein retains serodiagnostic activity.

Histoplasmosis is a systemic fungal disease caused by Histo-
plasma capsulatum var. capsulatum, a dimorphic fungus which
grows in the mycelial form at room temperature in the envi-
ronment and in the yeast form at 37°C on enriched medium or
in infected tissues. The significance of histoplasmosis results
from its worldwide distribution associated with bird or bat ex-
crement, its ability to mimic other serious diseases (23), and its
recognition as a common and serious opportunistic infection in
patients with AIDS (24).

The major diagnostic antigens of H. capsulatum are the H
and M antigens, pluripotent glycoproteins that elicit both hu-
moral and T-cell-mediated immune responses (9). These anti-
gens may also play a role in the pathogenesis of histoplasmosis.
M antigen is considered immunodominant because antibodies
against it are the first precipitins to arise in acute histoplasmo-
sis and are more commonly present during all phases of disease
(11, 22). The biological activity of monomolecular M antigen
and its ability to elicit a protective immune response to H. cap-
sulatum are largely unknown because of difficulties in obtain-
ing sufficient quantities of monomolecular M antigen by bio-
chemical purification procedures. M glycoprotein has been
proposed to be a catalase, with an activity that could protect
yeast forms from oxidative fungicidal mechanisms, but defini-
tive evidence to support this hypothesis awaits confirmation
(8). Immunochemical analysis of M antigen indicated it is a

glycoprotein with a molecular mass of ;70 to 94 kDa (8, 17, 25,
26) and an isoelectric point of 4.7 (7). M antigen contains
species-specific protein epitopes and glycosidic epitopes; the
latter are N linked to the peptide core and probably belong to
the high-mannose-type glycan (26). The peptide epitopes react
with human antibodies and are not affected by N deglycosyla-
tion (27). Biochemically purified M antigen has been shown to
evoke proliferation of T cells (9).

The diagnosis of histoplasmosis is based on the results of
careful clinical evaluation and associated laboratory tests. Iso-
lation of H. capsulatum from biological specimens provides
a definitive diagnosis, but this fungus frequently fails to grow
under artificial culture conditions. In such cases, serologic
tests, such as complement fixation and immunodiffusion, are
indicated for detection of antibodies against M antigen. Sero-
diagnosis has some limitations, including misleading positive
results for patients with other diseases caused by microbes that
cross-react with H. capsulatum. Much of this cross-reactivity is
due to carbohydrate determinants (1a, 7, 11, 12, 16, 27), and
they can be reduced after chromatographic purification of the
M antigen (25). Even purified M antigen evokes cross-reactiv-
ity in more-sensitive assays, such as enzyme immunoassay or
Western blotting, owing to covalent carbohydrate determi-
nants that are cross-reactive with similar determinants present
among genera of dimorphic fungal pathogens and in certain
bacteria (27). The detection of antibodies against peptide epi-
topes within native or recombinant M antigen could improve
the specificity and sensitivity of the serologic tests and provide
an earlier and more specific diagnosis of acute histoplasmosis.

In this study, our objective was to identify the biological
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nature of M antigen as a step in the eventual development of
a recombinant antigen. With monomolecular M antigen, it
would then be possible to conduct epitope mapping, improve
the immunodiagnosis of histoplasmosis, and evaluate the role
of M antigen in eliciting delayed-type hypersensitivity or its in
vitro correlates and in the pathogenesis of histoplasmosis.
Therefore, the gene encoding M glycoprotein was cloned, ex-
pressed, and sequenced.

MATERIALS AND METHODS

Strains, plasmids, and culture conditions. Yeast phase cells of H. capsulatum
6623 (ATCC 26320) were grown at 37°C in Pine’s liquid medium (15, 16) for 48 h
to late log phase. Escherichia coli q358 was used as the host for the bacteriophage
lGem11, and E. coli INV F9 (Invitrogen Co., Carlsbad, Calif.) was used as the
recipient for the subcloning vector pBluescript SK(2) (Stratagene, La Jolla,
Calif.).

Purification and amino acid sequence of M antigen. M antigen was purified
from histoplasmin by cation-exchange chromatography in columns of carboxy-
methyl-Sepharose CL-6B, as described previously (25). Samples of M antigen
were subjected to sodium dodecyl sulfate–10% polyacrylamide gel electrophore-
sis (SDS–10% PAGE) and electrotransferred for 1 h at 400 mA to polyvinylidene
difluoride membranes (Immobilon-P; Millipore Corp., Bedford, Mass.) in 25
mM Tris, 192 mM glycine, and methanol (20% [vol/vol]). The membrane was
washed several times with 1 mM dithiothreitol (DTT), stained with Ponceau S,
and destained with 10% aldehyde-free acetic acid–1 mM DTT. Several washings
with 1 mM DTT were made to remove the acetic acid. The band was identified
by its molecular mass, and its identity was confirmed by Western blotting. The
band in the membrane corresponding to M antigen (200 pmol/protein band) was
excised and submitted to Edman degradation without prior modification. To
obtain the internal amino acid sequences, the band was digested in situ with lysyl
endopeptidase (Boehringer Mannheim Corp., Indianapolis, Ind.), and peptides
were purified by microbore reverse-phase high-performance liquid chromatog-
raphy on reverse-phase C18 silica. All amino acid sequences were obtained with
a model 477A protein sequencer or Procise (Perkin-Elmer/Applied Biosystems,
Foster City, Calif.).

DNA isolation. Yeast form cells grown in 50 ml of Pine’s broth were harvested
by filtration on a 0.45-mm-pore-size membrane, washed three times with deion-
ized H2O, and blotted to remove excess moisture. Yeast form cells were placed
in a sterile mortar with 1 g of glass beads (0.5-mm diameter); liquid N2 was
added, and the mixture was ground to a fine powder in a biological safety cabinet.
Personal protective equipment was used, and other precautions were taken
according to established biosafety guidelines (20). The triturate was resuspended
in 20 ml of TE Buffer, pH 8.0 (10 mM Tris–1 mM EDTA), and DNA was
extracted with phenol, ethanol (EtOH) precipitated, and then dried and redis-
solved in 0.05 M TE. The RNA was removed after digestion with RNase (final
concentration, 10 mg/ml) (Boehringer Mannheim) at 37°C for 1 h, followed by
proteinase K treatment (50 mg/ml) (Sigma Chemical Co., St. Louis, Mo.) for an
additional 1 h at 37°C. The DNA was subjected again to phenol extraction, EtOH
precipitated, and redissolved in TE (18).

Generation of M DNA probe by PCR. H. capsulatum genomic DNA was used
as a template for PCR amplification of a DNA fragment encoding an internal
portion of the M protein. Degenerate oligonucleotide primers were designed
based on the amino acid sequences of the two internal peptides (V22 and V18)
of M antigen because of initial ambiguity in the NH2 terminal sequence (Table
1). The sense primer, M4F, 59-AA(AG)AA(CT)CC(AGC)GA(CT)TT(CT)-39,
was a 17-mer with 48-fold degeneracy, and the antisense primer, M8R, 59-TT(A
GCT)CC(AGT)AT(AGCT)GT(AG)AA-39, also was a 17-mer with 96-fold de-
generacy. PCR was conducted in a total volume of 100 ml containing 100 ng of
DNA as a template, 100 mM (each) deoxynucleoside triphosphate, 1 mM (each)
oligonucleotide primer, and 103 PCR buffer containing 500 mM KCl, 100 mM
Tris-HCl (pH 8.3), 25 mM MgCl2, and 2.5 U of Taq polymerase (Boehringer
Mannheim). The amplification conditions consisted of denaturation at 95°C for

5 min followed by 35 cycles of the succeeding steps: denaturation at 95°C for
5 min, annealing at 50°C for 1 min, and extension at 72°C for 1 min. A final
elongation step was done at 72°C for 5 min. A 321-bp PCR product was sub-
cloned into the pCRII vector with the TA cloning kit (Invitrogen, Inc., Carlsbad,
Calif.) by procedures recommended by the vendor and sequenced with a dye-
labeled terminator and automated sequencer (Perkin-Elmer/Applied Biosys-
tems).

Screening of a H. capsulatum genomic library. The 321-bp amplicon was
labeled with [a-32P]dCTP by High Prime DNA labeling mix (Boehringer Mann-
heim), purified by passage through a DEAE column (NACS Prepac Convertible,
Bio-Rad Laboratories Life Technologies, Inc., Gaithersburg, Md.), and used for
screening the genomic library, derived from DNA partially digested with Sau3AI
and cloned into lGem11 via the XhoI half-site, kindly provided by Glenmore
Shearer. An E. coli q358 bacterium infected with the genomic library was replica
plated onto nitrocellulose membranes. The plaques were lysed and then heat
fixed. The filters were hybridized with a 32P-labeled probe. Twelve positive
colonies were picked and rescreened as large plaques. Two strongly positive
plaques were purified and mapped by Southern analysis (18). These clones were
digested with BamHI, and one fragment of 4.0 kb was obtained.

Gene sequence analysis. The 4.0-kb fragment was subcloned into pBluescript
II KS and sequenced by the strategy of “primer walking” by the dideoxy chain
termination method. Oligonucleotides (22-mer) were synthesized on the basis of
DNA sequence and applied to initiate the sequencing reaction. The clone was
sequenced in both directions. To determine the sites of putative introns, 5 mg of
RNA was reverse transcribed, with oligo(dT) to initiate the cDNA reaction. The
first strand of cDNA was amplified with a sense primer located at the start site
of the mature protein: the sequence of this primer was 59-CGGAATTCTCCG
ACCCTACGGA-39. The antisense primer was 59-ACCAAGCTTCTATCCAA
CGGGAACCGA-39. A 59 EcoRI site (underlined) was added to the sense
primer, and a HindIII site (underlined) was added to the antisense primer to
facilitate cloning in pBluescript SK(2). PCR was performed for 35 cycles of 94°C
for 45 s, 50°C for 45 s, and 72°C for 2 min, with 5 U of Vent polymerase (New
England Biolabs, Beverly, Mass.). The PCR product was digested with EcoRI
and HindIII and cloned into pBluescript SK(2), restriction mapped, and se-
quenced in its entirety.

Southern hybridization. Standard conditions for electrophoresis and Southern
blotting were used (18). Hybridization was performed with digoxigenin (DIG)-
labeled 321-bp probe at 42°C overnight. All the prehybridization, hybridization,
and membrane-washing steps were performed with DIG Easy Hyb kit and DIG
Wash and Block buffer set (Boehringer Mannheim) according to the manufac-
turer’s recommendations (1).

Expression of M gene. cDNA was synthesized and used as a template for PCR.
The sense primer was 59-CGGAATTCAGATCTGACCCTACGGACCAG-39,
and the antisense primer was 59-ACCAAGCTTCTAGCTTCTATCCAACGGG
AA-39. The cDNA encoding M antigen was amplified by PCR with these primers
in the presence of 2 U of Vent polymerase (New England Biolabs). The condi-
tions were 94°C for 45 s, 55°C for 45 s, and 72°C for 1 min. Thirty-five cycles were
performed. The amplified cDNA was digested with BglII and HindIII (Gibco
BRL, Grand Island, N.Y.) and ligated into pQE40 (Qiagen, Valencia, Calif.) that
had been digested with the same enzymes. The ligation reaction product was
cloned into E. coli XL-1 Blue (Stratagene). Colonies of E. coli were examined
for the presence of the proper plasmid by restriction mapping. One clone,
pQE40M6, was randomly selected for expression. The recombinant protein was
purified by affinity chromatography on a nickel-Sepharose column as described
previously (4).

SDS-PAGE and Western blotting. Native and recombinant M antigens were
first dissociated at 100°C for 5 min in 0.125 M Tris-HCl buffer (pH 6.8) contain-
ing 2% SDS, 10% glycerol, 5% 2-mercaptoethanol, and 0.025% bromophenol
blue. SDS-PAGE was then conducted with 7.5% separatory and 4% stacking gels
in an electrophoresis cell (Mini-Protean II; Bio-Rad Laboratories, Richmond,
Calif.) operated at 10 mA of constant current for stacking and 20 mA for protein
separation. The gel contents were electrotransferred to nitrocellulose mem-
branes in a Mini Trans-Blot cell (Bio-Rad Laboratories) containing the transfer
buffer, 25 mM Tris-HCl, 192 mM glycine, and methanol (20% [vol/vol], pH 8.3)
operated at 400 mA for 1 h. Free binding sites in the membranes were blocked
by incubation for 30 min in 5% nonfat milk in phosphate-buffered saline (PBS)–
0.3% Tween 20 (pH 7.5) (PBS-T). The membrane was sliced vertically, and the
strips were incubated for 60 min at room temperature with (i) polyclonal mouse
anti-M serum and polyclonal mouse anti-H serum, a gift from Sandra L. Bragg,
Centers for Disease Control and Prevention; (ii) ascitic fluids containing murine
monoclonal antibodies (MAbs) EC2-EC7 and EC2-AH12, a pool of MAbs
specific for the M antigen, and MAb CA1-CB4, which binds C antigen (12, 17);
and (iii) a serum specimen from a patient with culture-confirmed histoplasmosis.
A preimmune mouse serum and a serum sample from a healthy individual were
used as negative controls. Both polyclonal antisera and the MAbs were diluted
1:100 to 1:1,000 in PBS-T containing 5% nonfat milk. After each strip was
washed in PBS-T four times for 20 min each time, horseradish peroxidase-
conjugated goat anti-mouse immunoglobulin G and goat anti-human immuno-
globulin G (Bio-Rad Laboratories), optimally diluted 1:1,000 in PBS-T, were
added and incubated as described above. The blot strips were washed again and
incubated with a substrate solution of 0.5 mg of 3,39-diaminobenzidine tetrahy-
drochloride (Bio-Rad Laboratories) per ml plus 5 ml of H2O2 (30% [vol/vol]) per

TABLE 1. Amino acid sequences of the NH2 terminus and lysyl
endopeptidase-digested fragments of M antigen

Origin Amino acid sequence

NH2 terminus...........................S D P T D Q F L
Internal sequences

2642-m1947/19 .....................D F I F R Q K I Q H F D H E R
5070-m1941/20 .....................T L Q G R A G L V
V22-m1947/20 ......................A Q A L G G K N P D F H R Q D L
V21-m1947/12 ......................S G R Y P E
V16-m1941/21 ......................F D F D L L D P T K
V18-m1941/23 ......................I I P E E L V P F T P I G K
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50 ml of PBS. After color development, the strips were rinsed exhaustively in
deionized water.

Nucleotide sequence accession number. The M gene sequence was deposited
in GenBank, and its accession number is AF026268.

RESULTS

Amino acid sequencing of M antigen. The amino acid se-
quences of the NH2 terminus and six internal peptides are
shown in Table 1. The amino acid sequences of two internal
peptides, V22 and V18, of the M protein (Table 1) showed
66 to 73% identity with sequences of catalases of Schizosac-
charomyces pombe (gpD55675 YSPC-1) and Aspergillus niger
(gpZ23138 ANCATRGNA-1).

Cloning and sequencing of the M gene. The significant de-
gree of homology of these two internal peptides to the cata-
lases suggested a certain arrangement in the protein (Fig. 1).
Considering their positions, two degenerate oligonucleotides
were designed to amplify a fragment from genomic H. capsu-
latum DNA. A 321-bp PCR product was achieved by using
HistoM4F and HistoM8R as primers and was confirmed by
Southern blotting to represent a unique gene of H. capsulatum.
Sequence analysis of this amplicon obtained by the dideoxy
chain terminator method enclosed the two native internal pep-
tides, confirming that the PCR product encoded a region of the
M gene.

The 321-bp PCR fragment was gel purified in 1% agarose
and used to screen an H. capsulatum genomic DNA library to
isolate the entire M gene. A BamHI genomic fragment of 4.0
kb carrying the M gene was isolated and characterized. This
fragment was subcloned into pBluescript II KS and was se-
quenced in its entirety in both directions. Figure 2 shows the
complete nucleotide sequence of the M gene and the deduced
amino acid sequence, consisting of 729 residues with an esti-
mated molecular mass of 80,719 Da.

The coding region of the M gene is interrupted by five
introns (Fig. 2), with the 59 and 39 extremities presenting the
GT/AG consensus (14). The coding region of the M gene
presented a 0.46 A/T ratio. The 59 565-bp flanking sequence of
this gene exhibited regions similar to the promoter regions of
other eukaryotic genes. A putative TATA element is at posi-
tion 318, and a T1C-rich pyrimidine block is found down-
stream at position 365. The CAA motif is found twice up-
stream of the T1C block at positions 34 and 341. The 39 region
downstream from the M gene open reading frame contains a
pentanucleotide (59-AAATA-39) at position 3138, 19 nucleo-
tides downstream from the termination codon, similar to the
polyadenylation consensus sequence described in other eu-
karyotes (14). This sequence is known to be involved in termi-

nation of transcription, processing, and addition of poly(A) at
the 39 terminus.

Protein structure. Sequencing of the N terminus of the na-
tive protein showed that the first residue of the mature protein
is a serine residue at position 614, giving a mature protein of
689 amino acids with a predicted mass of 76,491 Da. There-
fore, the expected M gene has a leader peptide composed of 40
amino acids. The initiator methionine is followed by an argi-
nine (R), a positively charged residue, and a core of 10 or more
hydrophobic residues following the positively charged amino
acid, features described as characteristics of signal peptides
(10). The sequence also has a purine (adenine) in the 23 po-
sition, a prerequisite for an initiation codon (13). Five potential
N glycosylation sites (NXT or NXS) were predicted (Fig. 2).

Comparison of the deduced amino acid sequence of M gene
with known sequences. The earlier database results showing
that two peptide sequences of M protein had 66 to 73% iden-
tity with sequences of catalases of S. pombe (gpD55675 YSPC-
1) and A. niger (gpZ23138 ANCATRGNA-1) suggested that M
antigen could be a catalase. Comparison of the complete de-
duced amino acid sequence of M with known fungal catalases
from Aspergillus fumigatus, A. niger, Eimericella nidulans, and
Saccharomyces cerevisiae demonstrated 61.2, 53.2, 60.4, and
21.7% similarity, respectively, at the amino acid level. Figure 3
shows the multiple alignment of the amino acid sequences
encoded by the M gene and those of fungal catalases. The M
sequence can be divided into parts with high and low homol-
ogy, suggesting functional domains.

Copy number of M gene. Southern blotting of H. capsulatum
genomic DNA digested with various restriction enzymes was
probed with the 320-bp PCR product in order to evaluate the
genomic organization of the M gene. A single hybridized band
of 4.0 kb was seen with the BamHI-digested genomic DNA,
which corresponded to the sizes of the lGem11-purified in-
serts. The hybridization profile obtained when genomic DNA
was digested with BamHI and with other restriction endo-
nucleases (data not shown) suggested that a single copy or very
few copies of the M gene occur(s) in the genome.

Immunologic reactivity of recombinant M protein. SDS-
PAGE of recombinant M protein revealed a band with a mo-
lecular mass of ;73 kDa. The identity of the cloned, expressed
protein was confirmed by Western blotting probed with MAbs
specific for M antigen (EC2-EC7 and EC2-AH12), with poly-
clonal mouse anti-M antiserum, and with a serum sample from
a patient with culture-confirmed histoplasmosis. The recombi-
nant fusion protein was immunoreactive with all anti-M anti-
gen MAbs and with polyclonal anti-M antiserum samples but
not with the MAbs and polyclonal serum samples used as
controls (Fig. 4).

DISCUSSION

Despite the accumulated evidence of its importance in hu-
moral immune responses, measured in clinical serologic tests
(1a, 16, 27), the biological function of M antigen remains
obscure, and its interaction with cells of the immune system is
largely uncharacterized. The lack of availability of monomo-
lecular M antigen has delayed efforts to determine whether it
can induce protective immunity. Recombinant DNA technol-
ogy was used to begin to address these issues by cloning, ex-
pressing, and characterizing the gene encoding M protein.
Amino acid sequences from the N-terminal and internal pep-
tides were determined, and the significant sequence similarity
of two internal peptides of M protein with sequences of cata-
lases of other fungi was observed. This sequence homology
facilitated the design of degenerate primers to isolate a gene

FIG. 1. M gene cloning strategy. The M antigen peptide sequences are shown
in their presumed positions, inferred from amino acid homology with fungal
catalases. Primers M4F (sense primer) and M8R (antisense primer) were de-
signed based on two internal peptides, V22-m1947/20 and V18-m1941/23, re-
spectively (Table 1), and were used in PCR amplification of a 321-bp fragment
of H. capsulatum genomic DNA.
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fragment by PCR, which then was used to screen an H. cap-
sulatum genomic library. Several lines of evidence confirmed
that the cloned cDNA and gene described in this research rep-
resent the authentic M antigen. The deduced amino acid se-
quence includes all the peptide sequences obtained from the
native protein. The deduced mature M open reading frame
encodes a polypeptide of 689 amino acids with a predicted

mass of 76,491 Da, which is concordant with the molecular
mass of the native glycoprotein described by immunochemical
analysis of M antigen (8, 12). In addition, the recombinant M
antigen, expressed as a fusion protein in E. coli, reacted strong-
ly with MAbs against M antigen as well as with polyclonal
mouse M antiserum and with an antiserum sample from a
patient with histoplasmosis. No reactivity was observed with

FIG. 2. Nucleotide sequence and deduced amino acid sequence of M antigen of H. capsulatum. The TATA element, the CAAG motifs, the T1C-rich block, and
the stop codon are in bold, italic, and shaded type. Base positions are shown on the left, and amino acid positions are shown on the right. Introns are indicated by
lowercase letters. The leader peptide (1 to 40) is bold and shaded. The potential N-glycosylation sites are in italics, and the 321-bp fragment is underlined.
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FIG. 3. Comparison of the deduced amino acid sequence of M gene with those of other catalases from eukaryotes: A. fumigatus (Af), E. nidulans (En), A. niger (An),
and S. cerevisiae (Sc). The GenBank accession numbers for the catalases are u87850, u80672, l15474, and x13028, respectively. Alignments were made with Genetics
Computer Group, Inc. (Madison, Wis.) software. Blank spaces indicate identity with the consensus; ;, gaps placed at the ends of sequences; dots indicate internal gaps;
and dashes indicate no consensus at a plurality of 3.
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the anti-C antigen MAb (CA1-CB4) and with serum samples
used as controls.

Sequence analysis of cDNA obtained by reverse transcrip-
tion-PCR demonstrated that the gene encoding M protein has
five introns, consistent with data already observed for genes
that encode other H. capsulatum proteins (4).

A comparison of the deduced M protein sequence to the
sequences of catalases from other fungi showed a high degree
of homology to catalases from A. fumigatus, A. niger, and E. ni-
dulans. Fungal catalases are very characteristic and are distin-
guished from those produced by other eukaryotic organisms.
They are larger molecules than those from the other eukary-
otes, being composed of four subunits with molecular masses
ranging from 80,000 to 97,000 Da (6, 21). M antigen was pre-
viously suggested to be a catalase, based on indirect evidence
obtained from an analysis by a panel of monoclonal anti-cata-
lases (8). The high degree of homology between M protein and
other fungal catalases, as well as the estimated molecular mass
of the M protein, 80,719 Da, which is within the size range of
fungal catalases, strongly implies that the biological nature of
M antigen is a catalase.

Catalases play a protective role for aerobic microbes, neu-
tralizing the toxic effects of hydrogen peroxide (H2O2) via its
hydrolysis to O2 and H2O. Calderon and Shennan (3) have
demonstrated that the resistance of Trichophyton quinckeanum
and Trichophyton rubrum to H2O2-mediated killing is due to
endogenous catalase. H. capsulatum is capable of replicating
within polymorphonuclear cells and macrophages despite the
generation of a respiratory burst (2, 5, 19). Therefore, M pro-
tein may aid in the intracellular survival of this fungus within
polymorphonuclear cells by conferring resistance to oxidative
fungicidal mechanisms.

The cloning and sequencing of the M gene and its expression
as a recombinant protein open the possibility of mapping in-
dividual peptide epitopes to permit an analysis of B- and T-cell
reactive sites within the protein. Additional knowledge gained
in this area would enhance the understanding of the fungus-
host interaction and would broach an exploration of the role of
M antigen in the protective immune response. Moreover, these
data may contribute to the development of antifungal therapy
directed against fungal catalases. Finally, the recombinant pro-
tein and/or its selected peptide epitopes will be useful in the
development of more sensitive and specific diagnostic tests.
Studies are already in progress in our laboratory to explore this
last possibility.
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