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We have amplified and sequenced the 5.8S and 28S ribosomal DNA genes and intergenic regions of
Paracoccidioides brasiliensis, strain Pb01. Using primers specifically designed for both ribosomal DNA regions,
we were able to discriminate between P. brasiliensis and other human pathogenic fungi by PCR. The use of this
molecular marker could be important for paracoccidiodomycosis diagnosis and ecological and molecular
epidemiological studies of P. brasiliensis in Latin America.

The thermal dimorphic fungus Paracoccidioides brasiliensis
is the causal agent of paracoccidiodomycosis (PCM), a com-
mon human mycosis in Latin America. Epidemiological data
show a broad geographic distribution in the Central and South
America, from Mexico to Argentina, occurring mainly in Co-
lombia, Venezuela, and Brazil. In areas where PCM is highly
endemic, the disease incidence is estimated to be approxi-
mately 1 to 3 clinical cases per 100,000 inhabitants per year
(15). The infection incidence shows high prevalence in the
South-Central Brazil.

The defense mechanism against P. brasiliensis is the conse-
quence of an efficient cellular immune response in the human
host. PCM reactivation is related to immune deficiency, which
occurs in AIDS patients (7, 11, 12), patients undergoing cancer
treatment (10, 20), and transplant patients (21, 22). The AIDS
infection has been disseminated in urban areas of South-Cen-
tral Brazil, where P. brasiliensis has high infection prevalence
(11).

The identification of P. brasiliensis is based on the morpho-
logical characteristics of fungus from lesions found on a pa-
tient. Depending on the histopathological pattern small forms
of P. brasiliensis may be mistaken for other fungal infections
(9). The serologic diagnosis has been extensively used, but
some patients present low levels or an absence of detectable
antibodies (3). The identification of a specific antigen for P.
brasiliensis has been a main goal in South America (2, 13, 14).
The antigenic serodiagnosis approach has been used, but the
most important P. brasiliensis antigen, gp43, disappears from
circulation during treatment (13). Antigenic diagnosis has also
been performed using urine samples (16).

Molecular markers in the 28S ribosomal DNA region have
been described for other pathogenic fungi (8, 18, 19). The
primer specificity described for P. brasiliensis (5, 6) must yet be
tested to evaluate the PCR diagnosis efficiency. The develop-
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ment of a specific molecular marker for P. brasiliensis PCR
identification would be useful for diagnosis and therapeutic or
epidemiological studies. In this paper we describe the cloning
and sequencing of a 5.8S ribosomal DNA fragment and the
molecular identification of P. brasiliensis by PCR.

A P. brasiliensis Pb01 isolate was used in this work (M.R.R.
Silva Collection Instituto de Patologia Tropical e Saide Pu-
blica, Universidade Federal de Goids, Goiania, Brazil). Yeast
cultures were grown at 36°C in semisolid Fava-Neto’s medium
(4) for 7 days under continuous subculturing. DNA was pre-
pared as described by Borges et al. (1). Briefly, frozen cells
were broken by mechanical maceration followed by the addi-
tion of Tris-spermidine buffer (40 mM Tris-HCI [pH 8.0], 4
mM spermidine, 10 mM EDTA, 0.1 M NaCl, 10 mM B-mer-
captoethanol, and 0.1% sodium dodecyl sulfate). Two phenol
extractions and one chloroform extraction were performed.
The DNA was precipitated with 2.5 volumes of a solution
containing ethanol and 0.3 M NaCl, centrifuged and resus-
pended in Tris-EDTA buffer (20 mM Tris-HCI [pH 8.0], 0.1
mM EDTA). The primers ITS1 (5’ - TCC GTA GGT GAA
CCT GCG G - 3'; melting point [7,,,] = 71.9°C) and ITS4 (5 -
TCC TCC GCT TAT TGA TAT GC - 3'; T,,, = 66.2°C) were
described by White et al. (23). The primers UNI-R (§' - GGT
CCG TGT TTC AAG ACG - 3'; T,, = 66.8°C) and UNI-F
(5'-GCA TAT CAA TAA GCG GAG GAA AAG -3 T, =
70.5°C) were described by Haynes et al. (8). The primers OLS5
(5" - TGT GAC GAA GCCCCATACG -3';T,, = 69.7°C)
and OL3 (5’ - CTC AGC GGG CACTT 3' T,, = 59,6°C) were
designed in this work. All primers were synthesized by DNA
Agency and analyzed by the Oligo 4.0 program to verify the
homodimer, secondary structure formation, and annealing
temperature for each. PCR was performed with a 50-pl reac-
tion mixture containing the following (per reaction): 25 ng of
genomic DNA; 1X Tagq buffer (50 mM KCl, 10 mM Tris-HCI
[pH 8.4], 1.5 mM MgCl,); a 0.25 mM (concentration of each
deoxynucleoside triphosphate); a 2 wM concentration of each
primer (ITS1, ITS4, OLS, UNI-R), except that OL3 was used
at 3.5 pM; 2 U of Tag polymerase (Cenbiot-RS; Biotechnology
Center, Rio Grande do Sul, Porto Alegre, Brazil). The reac-
tion mixture was overlaid with 25 pl of mineral oil. Amplifi-
cations were performed in an MJ Research Mini-Cycler, and
the PCR program was as follows: 95°C for 2 min and 35 cycles
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FIG. 1. PCR using primers ITS1 and ITS4. Lanes: 1, primers alone; 2, human
DNA; 3, A. fumigatus DNA; 4, C. albicans DNA; 5, C. immitis DNA; 6, S.
cerevisiae DNA; 7, H. capsulatum DNA; 8, P. brasiliensis Pb01 DNA; 9, 100-bp
molecular marker. The 649-bp P. brasiliensis fragment is indicated by an arrow.

of denaturation at 95°C for 1 min, annealing at 50°C for 1 min,
and extension at 72°C for 1 min 30 s followed by a 10-min final
extension at 72°C. The PCRs using primers OL3 and UNI-R
were performed under conditions the same as those described
above, except that the annealing temperature was 57.5°C. Ten
microliters of the mixture was analyzed by electrophoresis on
1.5% agarose gels and visualized by ethidium bromide (0.5 g
ml~'). DNA fragment cloning was carried out by using a PCR
Superscript kit (Stratagene). Plasmid DNA was extracted as
described by Sambrook et al. (17). The clones were analyzed by
digestion with the restriction enzymes Xhol and Notl. DNA
sequencing was performed on an automated DNA sequencer.
Analysis of the similarity between DNA of P. brasiliensis and
other fungi ribosomal DNA sequences from the GenBank da-
tabase was performed by a Genetics Computer Group pro-
gram. The sequences were from the following organisms (ac-
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cession numbers in parentheses): Aspergillus fumigatus
(m60301), Blastomyces dermatitidis (m55624), Candida albicans
(x71088), Coccidioides immitis (u18360), Histoplasma capsula-
tum 1 (y13997), Histoplasma capsulatum 2 (y13400), and Sac-
charomyces cerevisiae (k01048).

The primers ITS1 and ITS4, corresponding to intergenic
sequences flanking the 5.8S ribosomal DNA, were tested with
the P. brasiliensis genome and five other fungus genomes. Fig-
ure 1 shows the results of PCR with genomic DNA from A.
fumigatus, C. albicans, C. immitis, S. cerevisiae, H. capsulatum,
and P. brasiliensis amplified by primers ITS1 and ITS4. The
649-bp amplified fragment of P. brasiliensis is shown in Fig. 1,
lane 8. As can be seen there was no amplification without P.
brasiliensis DNA or with human DNA (Fig. 1, lanes 1 and 2,
respectively). All tested fungus DNA reacted positively with
primers ITS1 and ITS4, except the A. fumigatus DNA. The
PCRs showed amplified fragments of different sizes (Fig. 1,
lanes 4 to 8), which can be explained by the fact that the sizes
of the intergenic regions may change from one organism to
another. A. fumigatus DNA reaction showed no amplification
in these conditions; however, we were able to amplify the
ribosomal 5.8S region of this fungi when we used primer con-
centrations four times higher (data not shown). Also, the PCR
reaction using DNA from 20 different P. brasiliensis isolates
showed amplified fragments of sizes identical to those obtained
with Pb01 (data not shown).

Figure 2A shows the 649-bp sequenced region correspond-
ing to the complete sequence of 5.8S ribosomal DNA plus
partial sequences of 28S and 18S ribosomal DNA and inter-
genic sequences. A similarity analysis was performed compar-
ing this sequence with other 5.8S ribosomal DNA sequences
obtained from the GenBank database. The least-related region
was chosen to design a specific reverse primer named OLS
(Fig. 2B).

1 TCCGTAGGTGAACCTGCGGAAGGATCATTAACGCGCCGTGGGGEGACGGGGCCCGATCGGGTTCCCCGACCCTCTCACCTGGCCACCCTTGTCTATCCTA
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GATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

GACGTCTGAGACCCATCATAATCAGTGARAACTTTCAACAACGGATCTCTTGGTTCCGACATCGATGARGAACGCAGCGARATGCGATAAGTAATGTGAA
TTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCAAGCGC
GGCTTGTGTGTTGGGCCCGCGTCCCCCCATGGACGTGCCCGARAAGCAGCGGCGGCGTCGCGTTCCGGTGCCCGAGCGTATGGGGCTTCGTCACACGCTC

TCAGAGGCCCGGCCGGCCCCGGCCCCCACTCATCGACCCCGGCGGGGGGGARAGTAAGTCTTCTCTCGACATCTTCCCCTCTTCCGACAGGTTGACCTCG

TGAGTGTATG GGAAATCACT TCATCGCTCA AACCCTTCAA
GAGCGTATGG GGCTTCGTCA CACGCTCTCA GAGGCCCGGC
TAGGTCTAAC CAAAAACATT GCTTGCGGCG GTAACGTCTA
.dermatitidis TAGAGGGACT ATCGGCTCAA GCCGATGGAA GTTTGAGGCA
TAGGGGGACT ATCGGCTCAA GCCGATGGAA GTGCGCGGCA

FIG. 2. (A) Complete sequence of 5.8S, including intergenic regions and partial sequences of 18S and 28S regions of P. brasiliensis; (B) Analysis of similarity to
sequences from other fungi. Primers ITS1 and ITS4 are bolded and the P. brasiliensis-specific primer OLS5 is underlined.
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FIG. 3. PCR amplification using primers ITS1 and OLS5. Lanes: 1, human
DNA; 2, A. fumigatus DNA; 3, C. albicans DNA; 4, C. immitis DNA; 5, S.
cerevisiae DNA; 6, H. capsulatum DNA; 7, P. brasiliensis Pb01 DNA; 8, 50 bp
molecular marker. The P. brasiliensis 496-bp fragment is indicated by an arrow.

In order to verify whether OLS was really a P. brasiliensis-
specific primer, PCR analysis was performed. As shown in Fig.
3, there was no amplification when human DNA was used as
the template (Fig. 3, lane 1). All the other fungus DNA reacted
negatively with primers OLS5 and ITS1, except that P. brasil-
iensis generated a 496-bp fragment (Fig. 3, lane 7) and H.
capsulatum gave a cross-reaction-amplified fragment of ap-
proximately 500 bp (Fig. 3, lane 6). All reactions using DNA of
different isolates of P. brasiliensis generated fragments of the
same size (data not shown).

We also used fungal universal primers UNI-F and UNI-R,
which amplify a region corresponding to the 28S ribosomal
DNA. The PCR result showed an amplified fragment of 617 bp
for P. brasiliensis (data not shown). This fragment was cloned,
and the complete sequence was the same as that described by
Sandhu et al. (GenBank accession number U81263) (19). We
performed an analysis for similarity with other fungal se-
quences available from GenBank and designed a P. brasiliensis-
specific primer in this region, designated OL3. PCR using OL3
and UNI-R generated a 203-bp fragment only when P. brasil-
iensis DNA was used as the template. These primers were able
to discriminate between P. brasiliensis and H. capsulatum as
can be seen in Fig. 4, lanes 2 and 3.

PCR has been effective for the detection of a great variety of
microorganisms and it may be useful in PCM diagnosis. The
analysis of these ribosomal fragments for similarity to six other
sequences from human pathogenic fungi allowed us to design
the molecular markers for PCR identification of P. brasiliensis,
OLS for the 5.8S ribosomal region and OL3 for the 28S ribo-
somal region. In this work, the results showed that the primers

FIG. 4. PCR discrimination between P. brasiliensis and H. capsulatum using
primers OL3 and UNI-R. Lanes: 1, 100-bp molecular marker; 2, P. brasiliensis
Pb01 DNA; 3, H. capsulatum DNA; 4, human DNA; 5, primers alone. The P.
brasiliensis-specific 203-bp fragment is indicated by an arrow.
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ITS1 and OLS were able to identify P. brasiliensis, including
different isolates. There was no PCR cross-reaction with four
other pathogenic fungi or with human DNA, but there was a
cross-reaction with H. capsulatum. To discriminate between P.
brasiliensis and H. capsulatum we used the primers OL3 and
UNI-R. Thus, we propose double PCR using primer pairs
ITS1-OL5 and OL3-UNI-R for the specific identification of
the pathogenic fungus P. brasiliensis. Although morphological
and serological P. brasiliensis diagnosis has been performed,
PCR would be an important tool to detect the fungus in pa-
tients with negative serologic reactions, where the antibody
and/or antigen concentration are low, making it difficult to
determine the best course of therapy for the patient. The
primer pairs ITS1-OLS and OL3-UNI-R could be used for
PCM diagnosis and for molecular, epidemiological, and eco-
logical P. brasiliensis studies, since PCR is a sensitive, specific,
and rapid method.

Nucleotide sequence accession number. The nucleotide se-
quence determined in this study has been submitted to Gen-
Bank under accession number AF092903.
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