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Here we present the karyotype analysis and genome sizing of Paracoccidioides brasiliensis, a pathogen refrac-
tory to conventional genetic analysis. We have established pulsed-field gel electrophoresis (PFGE) conditions
to resolve the high-molecular-weight chromosomal bands of two clinical isolates of P. brasiliensis. Both isolates
showed four megabase-sized bands, ranging from 2.0 to 10.0 Mbp. Significant differences in chromosome sizes
and in the chromosomal location of genes for the gp43 antigen and chitin synthase were found. Different
technical approaches were employed to estimate the DNA content and to define the ploidy of P. brasiliensis. An
estimated genome size in the range of 45.7 to 60.9 Mbp was provided by the analysis of data generated by
measuring the amplitude of fluorescence intensity of DAPI (4*,6-diamidino-2-phenylindole)-stained nuclei (by
confocal microscopy). The nuclear genome size estimated by confocal microscopy is twice that estimated by the
average sum of the molecular weight of chromosome-sized DNA molecules by PFGE, suggesting that each
separated P. brasiliensis chromosomal band is diploid.

Paracoccidioides brasiliensis is the causative agent of para-
coccidioidomycosis (PCM), the most prevalent systemic myco-
sis in South America, with areas of endemicity in Brazil,
Colombia, and Venezuela (17). The disease presents multi-
ple manifestations, and two progressive clinical forms are rec-
ognized: acute (multifocal, disseminated) and chronic (unifo-
cal and/or multifocal) forms. The acute form (juvenile type) of
PCM is serious and, if not treated, frequently culminates with
the patient’s death (13).

This thermal dimorphic fungus grows in a mycelial phase at
room temperature (23 to 28°C) and in a yeast phase at 35 to
37°C. A teleomorphic (sexual) stage has not been determined,
greatly impairing classical genetic analysis. The hyphae are
multicellular and display multinucleate structures. Budding
yeasts—unicellular forms, however—were also found to be
multinucleate (5, 11, 12, 26). Fungal propagules or conidia are
thought to be the infective units of P. brasiliensis (27). When
studying the conidia-to-yeast transformation, McEwen et al.
(18) showed that .80% of conidia were uninucleate, becom-
ing, however, binucleate or multinucleate (four to five nuclei
per cell) during morphogenesis. There are few reports on the
isolation and characterization of mutants. Experiments em-
ploying in vitro mutagenesis led to the selection of very few
mutants with stable phenotypes, since the number of revertants
was high and the multinucleate nature of the pathogen may be
responsible for the instability of the in vitro-generated mutants
(15). Furthermore, the genetic composition of the fungus is
virtually unknown and information about the genome size and
chromosome organization is scarce (20).

The development of molecular biology techniques, such as

pulsed-field gel electrophoresis (PFGE), has allowed the ge-
nomic characterization, chromosomal mapping, and molecular
epidemiological biotyping of microorganisms refractory to
genetic analysis. Approaches applying recombinant DNA
technology to the study of P. brasiliensis have recently been
adopted (14, 31). The gene encoding the immunodominant
antigen of the fungus, gp43 (a 43,000-Da glycoprotein) (25),
which is also a laminin ligand potentially involved in the patho-
genesis of PCM (36), was the first to be cloned and character-
ized (7).

In this report, we describe optimized conditions using PFGE
for the separation of the chromosome-sized DNA molecules of
two P. brasiliensis clinical isolates. By this technique we were
able to separate chromosomes of up to 10 Mbp, providing evi-
dence of chromosomal polymorphism in P. brasiliensis. Homol-
ogous DNA probes derived from the whole genomic DNA of
P. brasiliensis, gp43 antigen and chitin synthase genes were
used in hybridization experiments to confirm the number and
polymorphism of the chromosomal bands. The genome size of
the fungus was estimated by measuring the fluorescence inten-
sity of DAPI (49,6-diamidino-2-phenylindole)-stained nuclei by
confocal microscopy and by the average sum of the molecular
weights of chromosome-sized DNA molecules separated by
PFGE. This study provides evidence for the diploid nature of
P. brasiliensis and represents a starting point for further inves-
tigations of the genome organization of this pathogen.

MATERIALS AND METHODS

Microorganisms. Two clinical isolates of P. brasiliensis, B-339 (ATCC 32069)
and 113, were selected for this study. P. brasiliensis B-339 was originally isolated
from Brazilian patients with chronic progressive PCM. Samples of isolate B-339
were kindly provided by the Mycology Division of Universidade Federal de São
Paulo, São Paulo, Brazil. P. brasiliensis 113 was isolated in 1971 by Fava-Netto
from a mucocutaneous lesion of a Brazilian patient. Samples of isolate 113 were
obtained from the culture collection of the Faculdade de Medicina da Univer-
sidade de São Paulo, São Paulo, Brazil. Both P. brasiliensis isolates have been
largely used as a source of diagnostic antigens in Brazilian laboratories (19, 25).
A Candida albicans sample was donated by the Mycology Division of Univer-
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sidade Federal de São Paulo. Epimastigotes from Trypanosoma cruzi (clone CL
Brener) were maintained in logarithmic growth phase at 28°C in liver infusion
tryptose medium. Fungal isolates were maintained by periodic subculturing in
slanted tubes of YPD medium (5 g of yeast extract liter21, 10 g of Bacto Peptone
liter21, 15 g of dextrose liter21, 15 g of agar liter21) at 35 to 37°C.

Preparation of DAPI-stained cells and confocal microscopy. Cells of 5-day-old
cultures grown in YPD broth medium were harvested three times with 0.5 ml of
sterile phosphate-buffered saline (PBS). The yeast pellet was resuspended in 0.5
ml of 0.01% (vol/vol) Tween 80 in PBS, and cell clusters were dispersed with a
hypodermic syringe with a 28-gauge needle. This procedure was repeated until
the suspension was completely homogenized. The cell suspension was then
washed three times with 0.5 ml of sterile PBS. Then, cells were fixed for 30 min
with 0.5 ml of 3.5% (vol/vol) formaldehyde in PBS and washed as before. The
pellets were resuspended in 0.1 ml of PBS, and 10 ml of each cell suspension was
applied to microwells of fluorescence slides. The slides were air dried at room
temperature and stored at 220°C. Ten millimolar DAPI (Molecular Probes,
Eugene, Oreg.) stock solution was diluted to 1:100 in PBS, and 0.02 ml was
deposited in each well. The slides were incubated for 1 h at room temperature,
washed twice with PBS, and left to dry at room temperature. The slides were
mounted with buffered glycerol containing 0.5% (vol/vol) p-phenylenediamine to
minimize bleaching (16). Images of DAPI-stained cells were observed on a
Bio-Rad 1024-UV confocal system attached to a Zeiss Axiovert 100 microscope,
using a 403 numerical aperture 1.2 Plan-Apochromatic differential interference
contrast (DIC) water immersion objective. All images were collected by Kalman
averaging at least 10 frames (512 by 512 pixels), using an aperture (pinhole) of
1.5 mm, a zoom set of 3.5, and a photomultiplier gain of 1200 (kept during all
image acquisitions). DAPI-stained nuclei that could be clearly distinguished in
different fields were then subjected to serial optical sectioning (0.14-mm steps),
and the fluorescence intensity of the volume of each nucleus was estimated by
using processing software (Lasersharp 1024 version 2.1A; Bio-Rad). The col-
lected DIC images were sharpened with a minimum setting by using the same
processing software. Fluorescence and DIC prints were generated by dye subli-
mation on a Codonics NP1600 printer.

Preparation of P. brasiliensis chromosome-sized DNA molecules. P. brasiliensis
yeast cells were subcultured three times in YPD medium, at 5-day intervals.
Erlenmeyer flasks containing 50 ml of YPD broth medium were inoculated with
the entire growth of two culture slants, placed in a reciprocating shaker at 120
rpm, and grown for 5 days at 35°C. Approximately 108 yeast cells of P. brasiliensis
B-339 and 113 were immobilized in 2% (wt/vol) low-melting-point agarose
blocks, and spheroplasts were obtained at 30°C by lysing the cell wall in PBS (pH
7.5) containing 10 U of chitinase (Sigma) ml21 and 30 U of lyticase (Sigma) ml21

for 1 to 2 h (22, 23, 30). The blocks were dialyzed three times against 250 mM
EDTA, pH 8.0, at 37°C to inactivate the enzymes. Spheroplasts were disrupted
for 24 h at 56°C by using lysis buffer (500 mM EDTA [pH 8.0], 10 mM Tris-Cl
[pH 8.0], 1% [wt/vol] Sarkosyl, 10 mg of proteinase K ml21). The blocks were
washed with 500 mM EDTA and stored at 4°C in the same solution. For
preparation of chromosome-sized DNA from the mycelial phase of the fungus,
100 mg (wet weight) of mycelia was also processed as described above. Whole
DNAs of strains 113 and B-339 were obtained from frozen yeast cells according
to the method of Cisalpino et al. (8).

PFGE separation of P. brasiliensis chromosomes. Electrophoretic separation
was performed under PFGE conditions in a Gene Navigator system (Pharmacia
Biotech) with a hexagonal electrode array. DNA from spheroplasts, correspond-
ing to approximately 107 yeast cells per well, was used, and the separations were
carried out in 0.6% (wt/vol) agarose in 1.03 TAE (40 mM Tris-acetate [pH 7.5],
2 mM EDTA [pH 8.0]) kept at a constant temperature (10°C). The best sepa-
rations were achieved by homogeneous pulses (north or south and east or west)
with interpolation for 96 h at 42 V: phase 1, pulse time, 900 s (run time, 12 h);
phase 2, pulse time, 1,800 s (run time, 12 h); phase 3, pulse time, 2,700 s (run
time, 24 h); phase 4, pulse time, 3,600 s (run time, 24 h); and phase 5, pulse time,
4,500 s (run time, 24 h). After electrophoresis, gels were stained with 0.5 mg of
ethidium bromide ml21 and photographed. Chromosome-sized DNA molecules
were subjected to acid depurination in the presence of 0.25 M HCl for 5 min and
transferred to nylon membranes (Hybond N; Amersham), with 0.5 M Tris, pH
7.0, and 0.4 N NaOH–1.5 M NaCl as neutralization and transfer solutions,
respectively (2). MegaBase IV (chromosomal DNA from Schizosaccharomyces
pombe; Gibco-BRL) and MegaBase III (chromosomal DNA from Hansenula
wingeii; Gibco-BRL) were used as chromosomal DNA size standards.

Digestion of P. brasiliensis chromosomes with restriction endonucleases. Aga-
rose blocks containing P. brasiliensis chromosomes were washed three times in 10
ml of TE (10 mM Tris-HCl [pH 7.6], 1 mM EDTA [pH 8.0]) at room temper-
ature (30 min each), followed by three washes (30 min each) with 200 ml of the
specific restriction enzyme reaction buffer at 4°C. The blocks were incubated for
2 h with 200 ml of the reaction buffer containing 50 U of either SfiI or PacI
restriction enzymes at 4°C, followed by incubation for 3 h at 37°C (SfiI) or 50°C
(PacI). Following incubation with restriction enzymes, the blocks were washed
twice in TE, loaded onto the gel, and subjected to electrophoresis. The resulting
megarestriction fragments were separated under conditions used for Saccharo-
myces cerevisiae PFGE, modified from the method of Chu et al. (6) (phase 1: 60 s,
12 h; phase 2: 120 s, 12 h [both at 120 V]). Following electrophoresis, the gels
were stained with 0.5 mg of ethidium bromide ml21 and photographed and the
DNA fragments were transferred onto nylon membranes (8). MegaBase I (chro-

mosomal DNA from S. cerevisiae; Gibco-BRL) was used as the DNA size stan-
dard.

DNA probes. A 630-bp BamHI/HindIII fragment which contained 70% of the
coding region of the gp43 antigen gene was isolated from plasmid pUCGPb16A
(7). A 600-bp fragment of the chitin synthase gene (9) was generated by PCR
amplification of P. brasiliensis genomic DNA with a set of generic primers for the
chitin synthase genes described by Bowen et al. (3), presenting identity with the
P. brasiliensis CHS2 gene sequence (GenBank accession no. YO9231 [nucleotide
1125 to 1727]). P. brasiliensis genomic DNA was totally digested with AluI,
extracted with phenol-CHCl3, and used as a probe.

Preparation of probes and Southern blot hybridization. The DNA fragments
cited above were radiolabeled by a random primer labeling system (Rad primer
labeling kit; Gibco-BRL) and used as probes. Hybridizations were carried out
overnight at 42°C in 50% formamide–53 SSC (13 SSC [sodium saline citrate] is
0.15 M NaCl plus 0.015 M sodium citrate)–53 Denhardt’s solution–50 mg of
yeast tRNA ml21–100 mg of sonicated hearing sperm DNA ml21–10 mg of
poly(A) ml21–0.1% (wt/vol) sodium dodecyl sulfate. The filters were washed
twice in 0.13 SSC–0.1% (wt/vol) sodium dodecyl sulfate at 56°C.

Densitometric scanning. Ethidium bromide-stained gels were scanned and
analyzed by densitometry (550 nm) performed with a Shimadzu Dual Wave-
length Flying-Spot Scanner (model C5-9000).

RESULTS

Spheroplast production from P. brasiliensis. The result of
digestion of yeast cell suspensions with a combination of glu-
canases (Novozym 234 or lyticase) and chitinase activities is
shown in Fig. 1. Spheroplasts together with yeast cells were

FIG. 1. Spheroplasts of P. brasiliensis yeast cells (isolate B-339) analyzed by
confocal fluorescence microscopy. (A) Spheroplasts of P. brasiliensis yeast cells
(Nomarski); (B) DAPI-stained spheroplasts of P. brasiliensis yeast cells analyzed
under UV light. The arrow indicates a cell where two DAPI-stained nuclei are
clearly seen. Bar, 10 mm.
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visible in the incubation mixture after 15 min. When stained
with DAPI, the yeast cells and/or spheroplasts were seen to be
multinucleate (Fig. 1).

In order to obtain intact chromosome-sized DNA molecules
for PFGE studies, yeast cells were embedded in low-melting-
point agarose blocks and spheroplasts were obtained at 30°C
by lysing the cell wall in PBS (pH 7.5) containing chitinase and
lyticase for 1 to 2 h (22, 23, 30). Chromosomal DNA prepared
by this method could be stored in EDTA at 4°C for several
months without apparent degradation, as assessed by conven-
tional electrophoresis and PFGE. In our experience, the use of
chitinase is critical for the efficient generation of yeast sphero-
plasts.

Separation of chromosome-sized DNA molecules by PFGE.
In our first attempts to establish the molecular karyotype of
P. brasiliensis, we used different separation programs and elec-
trophoretic systems. The electrophoresis performed in a con-
tour-clamped homogeneous electric field apparatus, using the
program for separation of S. cerevisiae chromosomes, showed
that P. brasiliensis chromosomes migrated as two 1.90-Mbp
compressed bands (data not shown). Separation of P. brasil-
iensis chromosomes in a Gene Navigator apparatus using the
PFGE conditions previously described for T. cruzi (4) also
showed two 3.3-Mbp compressed bands, corresponding to the
size of the largest chromosome of H. wingeii (data not shown).
These results indicated that P. brasiliensis chromosomes were
larger than those of S. cerevisiae and H. wingeii.

To achieve satisfactory separation of the largest chromo-
somes of P. brasiliensis, we tested different PFGE conditions,
selecting one which resolved molecules larger than 5.7 Mbp
and allowed the detection of chromosomal polymorphisms be-
tween the two isolates. The results of PFGE and respective
densitometric tracings for P. brasiliensis 113 and B-339 isolates
are shown in Fig. 2. The karyotype of isolate 113 shows four

chromosomal bands, with sizes of approximately 2.0, 3.0, 8.0,
and 10.0 Mbp. The sizes of chromosomal bands of isolate
B-339 are approximately 4.7, 5.7, 7.2, and 10.0 Mbp. Under the
conditions adopted, the electrophoretic karyotypes and stain-
ing intensity of the chromosomal bands were reproducible
from one preparation to another. The stability of the karyo-
types of isolates B-339 and 113 was confirmed by the fact that
no changes were detected after more than 10 electrophoretic
runnings in three independent chromosomal preparations ob-
tained from both fungal isolates subcultured for 2 years in
YPD medium.

For a better characterization of the distinct chromosomal
profiles observed among the isolates, Southern blots carrying
intact chromosomes were hybridized with radiolabeled AluI-
digested genomic DNA of P. brasiliensis. The probe hybridized
with all chromosomal bands of both isolates, confirming the
number of ethidium bromide-stained molecules separated by
PFGE (Fig. 3).

Our PFGE analysis shows that the fungus has a genome
comprising four large chromosome-sized DNA bands of ap-
proximately 2 to 10 Mbp, resulting in distinct karyotypes for
the two isolates studied. The genome size, calculated by the
addition of the average molecular weights of chromosomal
bands, was approximately 23.0 Mbp for isolate 113 and 27.6
Mbp for isolate B-339. The summation of the average molec-
ular sizes of these individual chromosomes demonstrates that
the genome sizes of isolates B-339 and 113 are very similar.

Chromosomal mapping of genes encoding gp43 and chitin
synthase. Southern blots carrying intact chromosomes were
hybridized with a fragment of the gene coding for the gp43
antigen (7) and with a chitin synthase amplimer (0.6-kb geno-
mic fragment) carrying sequences of the chitin synthase gene
(GenBank accession no. YO9231). The gene coding for the
gp43 antigen mapped onto the upper chromosomal band (10
Mbp) of isolate 113 and onto the 4.7-Mbp band of isolate
B-339. The chitin synthase probe hybridized with two chromo-

FIG. 2. Electrophoretic karyotype of P. brasiliensis. (A) Ethidium bromide-
stained 0.6% (wt/vol) agarose gel of chromosomal preparations of isolates B-339
and 113. The separation of chromosomal bands was carried out on a Gene
Navigator apparatus using the electrophoretic conditions described in Materials
and Methods. The sizes of P. brasiliensis and S. pombe chromosomal bands
(arrows) are indicated to the left and right of the gel. Chromosomal DNA size
standard: S. pombe (MegaBase IV; Gibco-BRL). (B) Densitometric-scanning
profiles of the ethidium bromide-stained chromosomal bands of isolates 113 and
B-339. Peaks corresponding to chromosomal bands (arrows) and their respective
sizes are indicated on the figure.

FIG. 3. Southern blot hybridization of P. brasiliensis chromosome-sized DNA
molecules with homologous probes. Chromosomal bands of isolates 113 and
B-339 were separated on a Gene Navigator apparatus using the electrophoretic
conditions described in Materials and Methods. Chromosomal DNA was trans-
ferred onto nylon filters and hybridized with the following radiolabeled probes:
total genomic DNA of P. brasiliensis digested with AluI (A), a 600-bp fragment
of the chitin synthase gene (GenBank accession no. YO9231) generated by PCR
amplification of P. brasiliensis genomic DNA (B), and a 630-bp BamHI/HindIII
fragment from the coding region of the gp43 antigen gene of P. brasiliensis
(GenBank accession no. U26160) (C).
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somal bands of 10.0 and 3.0 Mbp of isolate 113 and with two
chromosomal bands of 10 and 7.2 Mbp of isolate B-339 (Fig.
3).

Chromosome-sized DNA molecules from isolates B-339 and
113 were digested with enzymes that infrequently cleave DNA
(SfiI and PacI), separated by PFGE, and hybridized with the
fragment of the gene coding for gp43 and with the chitin
synthase probe. The hybridization profiles obtained with these
probes were very similar for isolates B-339 and 113. Figure 4
shows that the gp43 probe hybridized with two SfiI fragments
of approximately 440 and 300 kbp and with a single PacI
fragment of 50 kbp in both isolates. On the other hand, the
chitin synthase probe also hybridized with two SfiI fragments of
550 and 1,500 kbp in both isolates. The only difference was
observed with PacI digests. The chitin synthase probe hybrid-
ized with two 20-kbp PacI fragments in both isolates, whereas
a 150-kbp PacI fragment was only present in isolate B-339.

Estimation of P. brasiliensis genome size. In this study we
used two independent methods, i.e., PFGE and confocal fluo-
rescence microscopy, to estimate the genome size of P. brasil-
iensis. Using confocal microscopy of DAPI-stained nuclei, we
selected on different fields nuclei that could be clearly distin-
guished (Fig. 1). These were optically sectioned, and the flu-
orescence intensity of the volume of each nucleus was esti-
mated by using the processing software described in Materials
and Methods. After averaging the fluorescence intensity values
of at least 12 nuclei, we compared these values with those
obtained for C. albicans and T. cruzi, which have known ge-
nome sizes (1, 4).

The results summarized in Table 1 indicated that the ge-
nome sizes (excluding those of mitochondrial DNA) correlated
well with the measurements obtained by confocal microscopy
for C. albicans and T. cruzi. Also, the fluorescence intensity
measurements were precise and reliable and could be used to
accurately determine the size of the P. brasiliensis genome
(Table 1). A single P. brasiliensis nucleus contains approxi-
mately 45.7 to 60.9 Mbp. The microscopic observation of
DAPI-stained P. brasiliensis yeast cells confirmed the presence

of 4 to 8 nuclei per cell (Fig. 1) (26). However, it is not possible
to claim that each nucleus is an independent genomic entity or
that it might be considered part of the total genome of the
organism. On the other hand, if we base our calculations on the
summation of the average molecular sizes of individual chro-
mosome DNA molecules separated by PFGE, the nuclear ge-
nome sizes of P. brasiliensis B-339 and 113 are approximately
27.6 and 23 Mbp, respectively. Thus, by this approach the size
of the nuclear genome of the fungus is shown to be about half
of that estimated by fluorescence intensity measurements (45.7
to 60.9 Mbp). The present results suggest that the nuclei of
P. brasiliensis yeast forms are diploid.

DISCUSSION

Chromosome-sized DNA molecules of P. brasiliensis were
successfully prepared from yeast-derived, multinucleate sphe-
roplasts and resolved by PFGE. The electrophoretic conditions
established in this study permitted the clear separation of four
chromosomal bands in the range of 2.0 to 10.0 Mbp, and the
karyotypes obtained under these conditions were very repro-
ducible. Our results suggest that the chromosomes from P. bra-
siliensis are comparable in size and number to Coccidioides
immitis, Neurospora crassa, and Dictyostelium discoideum chro-
mosomes (10, 22, 23). We did not observe chromosomes
smaller than 2.0 Mbp under a variety of electrophoretic con-
ditions. Moreover, when chromoblots were hybridized with
P. brasiliensis DNA probe no additional band was detected.
Thus, it is unlikely that chromosomes went undetected because
they were too small to form visible bands under the electro-
phoretic conditions employed in this work.

The chromosome number of P. brasiliensis was estimated
from analysis of the number and intensity of the chromosomal
bands separated by PFGE. The results are consistent with
P. brasiliensis having a haploid number of 4 if each band rep-
resents one chromosome. The total DNA content derived from
addition of the average molecular weights of chromosome-
sized bands indicates that the haploid genome size of P. bra-
siliensis could be in the range of 23 to 27.6 Mbp.

To determine the DNA content and to examine the ploidy of
other fungi, optical and photometric methods (flow microflu-
orometry, fluorescence microscopy, photometry, and cytofluo-
rimetry) have been employed (21, 23, 28, 34, 35). Our results of
microfluorometry with P. brasiliensis DAPI-stained nuclei by
confocal fluorescence microscopy indicated a DNA content in
the range of 45.7 to 60.9 Mbp. The calculated value is twice
that estimated by the addition of the molecular weights of
chromosomal bands separated by PFGE. This means the DNA

FIG. 4. Hybridization patterns of P. brasiliensis chromosome-sized DNA
molecules after digestion with rare-cutting site restriction enzymes and separa-
tion by PFGE. The chromosomal DNA of isolates 113 and B-339 embedded in
agarose were digested with PacI or SfiI restriction endonucleases, subjected to
PFGE, and transferred onto nylon filters. Southern blots were hybridized with
the gp43 (A) and chitin synthase (B) probes described in the legend to Fig. 3.
Sizes of the genomic fragments are shown to the left of each panel.

TABLE 1. Relative amounts of nuclear and mitochondrial DNAs,
based on confocal fluorescence microscopy and PFGE

Organism
No. of
nuclei/

cell

No. of
chromo-
somes/
nucleus

Genome
sizea

(Mbp)

Fluores-
cence

amplitudeb

Genome
sizec

(Mbp)

Mito-
chondrial

DNA
(Mbp)

T. cruzi 1 64d 87d 1.944 3 104 61–86 25–30
P. brasiliensis 4–8 4–5 23–27.6 1.365 3 104 45.7–60.9 Primitive
C. albicans 1 8–12e 27–36e 0.806 3 104 24–34.8 0.04

a Based on the average sum of the chromosome-sized bands.
b Average sum of 12 DNA histograms. The fluorescence amplitude of each

nucleus was measured with a Bio-Rad model MCR 1000 confocal microscope
(zoom, 3.5; iris 1.5 mm; gain, 200).

c Based on fluorescence amplitude.
d Cano et al. (4).
e Altboum (1).
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content is almost equal to that of two genomes of C. albicans
(27 to 36 Mbp) or C. immitis (29 Mbp) (1, 21, 23). The genome
complexity of P. brasiliensis is equivalent to that reported for
N. crassa (45 to 47 Mbp) or D. discoideum (52 to 56 Mbp) (10,
22). Therefore, we suggest that each separated P. brasiliensis
chromosomal band may correspond to two comigrating chro-
mosome molecules of the same size, if the value estimated by
PFGE is compared with the more accurate measurements of
the fluorescence intensity following optical sectioning of indi-
vidual DAPI-stained nuclei by confocal microscopy.

Hybridization of selected gene probes (gp43 and chitin syn-
thase genes) on chromoblots was used to further characterize
the P. brasiliensis molecular karyotype. The lack of smearing
below the hybridization signals indicated that the chromo-
some-sized DNA molecules were intact and bands had under-
gone little or no degradation. It is interesting that the gp43
gene mapped onto chromosomal bands with different sizes of
each isolate (10.0 Mbp for isolate 113 and 4.7 Mbp for isolate
B-339). However, the profiles generated by Southern blot hy-
bridization of megarestriction fragments with the gp43 probe
were very similar for both isolates, showing two SfiI fragments
of approximately 440 and 300 kbp and a single PacI fragment
of 50 kbp. No restriction sites for SfiI or PacI exist on the
known sequence of the gene coding for the gp43 antigen, and
previous work showed that it is present in a few copies per
genome (7). Our results could be interpreted as indicative of
the existence of, at least, two copies of the gp43 gene on the
same chromosomal band or as evidence of the existence of two
allelic forms of the gene, mapping onto two closely comigrating
chromosomes.

The chitin synthase probe hybridized with two chromosomal
bands on each strain. The profiles obtained by Southern hy-
bridization of the chitin synthase probe with megarestriction
fragments could be explained by the existence of several copies
of the chitin synthase gene, as has been described for other
fungi. It is also noteworthy that in isolate 113, the gp43 and
chitin synthase sequences may constitute a genetic linkage
group.

Differences in the electrophoretic mobilities of bands of the
isolates of P. brasiliensis examined in the present study suggest
that chromosome polymorphisms exist and make it difficult to
correlate the banding patterns among strains and isolates. In a
preliminary report, Montoya et al. (20) presented the molec-
ular karyotype of five clinical P. brasiliensis Colombian isolates,
all of which exhibited five chromosome-sized molecules with
a unique banding pattern (three bands within the same size
range of the S. pombe chromosome and two other bands larger
than 5.7 Mbp). Although their results are slightly different
from ours, they suggest the existence of a third karyotype
which could be explained by the use of different fungal isolates
and/or technical approaches. Variation in band mobility and
chromosome number is a common feature among strains and
isolates of several other pathogenic fungi, including Histo-
plasma capsulatum (33), C. immitis (23), C. albicans (1), and
Cryptococcus neoformans (24). The results of the molecular
karyotypes of pathogenic fungi overwhelmingly demonstrate
the fluidity of chromosome organization among eukaryotes
with small genomes. The plasticity of these genomes could
have implications for the maintenance of genome functionality
and for the control of gene expression in these organisms (29,
32, 37).

In the present study, we have taken preliminary steps in
karyotyping and mapping of species-specific genes of P. brasil-
iensis and estimated fungus total genome size by two methods,
PFGE and confocal fluorescence microscopy of DAPI-stained
nuclei, providing strong evidence for the diploid nature of

P. brasiliensis. There is little or no genetic data on this fungus.
A molecular kayotype combined with physical mapping studies
should aid in the identification and isolation of genes of inter-
est, facilitating gene targeting and enabling the construction of
physical and genetic maps of this pathogen. The results pre-
sented in this work could provide the basis for future genetic,
taxonomic, and epidemiological research on P. brasiliensis.
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