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ABSTRACT

Dermatophytes, capable to use keratin of the host for nutrition, belong to one of the major groups of
pathogenic fungi. Since dermatophytes are a closely related group they share various common features, and
the morphology of isolates of a given species can be atypical, making species identification and differentiation
even more difficult. Many methods have been explored in attempts to distinguish dermatophytes, but the
combined use of different approaches for the investigation of the intraspecific and interspecific variability of
Trichophyton continues to be scarce. Some studies have shown that amplified fragments of the small ribosomal
DNA subunit 18S contains variable regions which can be used to discriminate between medically relevant
yeast species, indicating that these regions could also be used for differentiation between dermatophytes. In
our study, sequence analysis of the 18S-rDNA gene was combined with morphological and biochemical
criteria in order to detect genetic differences between seven Trichophyton isolates and estimate their
phylogenetic relationships. The results show that the isolates investigated belong to the Trichophyton

group, which potentially contains the Trichophyton rubrum cluster.
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INTRODUCTION

With the significant increase in the incidence of mycoses,
especially in immunosuppressed patients, information about
the variability of dermatophyte species and the evolutionary
relationship between them is becoming increasingly more
important for the understanding of the mechanisms of
pathogenicity. Such knowledge is also fundamental for the
refinement of techniques for the detection and control of
pathogens (7).

Although morphological appearance is essential for fungal
taxonomy in general, it alone is insufficient for species
identification or differentiation (3) because in addition to sharing
a series of morphological characteristics, some species may
also present atypical variations resulting from sensitivity to
culture conditions. Thus, a combination of morphology and
genetic and pathogenicity testing has been used to establish
the taxonomy of fungal groups such as Alternaria (1) and

Metarhizium (9), and secondary metabolites patterns have been
of help in differentiating between Penicillium species (15).

DNA sequence data can also be extremely useful for
differentiating between fungal species. Molecular analyses of
ribosomal DNA sequences has permitted inferences to be made
on the relationship between different levels of divergence and
is being increasingly explored as a taxonomic tool (4). Analysis
of ribosomal nucleotide sequences is well suited for use as
taxonomic tool because they are universally present and their
function in protein synthesis is highly conserved both in
prokaryotes and eukaryotes (31).

Despite their medical importance, few studies are available
on the intraspecific and interspecific variability of Trichophyton
and other dermatophytes and for the clarification of aspects of
their phylogeny. The present study investigated the enzymatic
patterns, morphological features and nucleotide sequences of
18S-rDNA in 7 Trichophyton isolates. The results obtained were
pooled and analyzed from a phylogenetic viewpoint.
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MATERIALS AND METHODS

Fungal isolates and growth conditions

The clinical Trichophyton isolates used in the present study
were denoted as H,, H,, H, (14,24) 58,07, 75 and 110, and were
obtained from patients admitted to the University Hospital of
Ribeirdo Preto, Sdo Paulo state, Brazil. For microscopic
examination the isolates were cultured on Sabouraud-agar for 5
days at 28°C by the slide culture method (26). For DNA extraction
the isolates were cultured in Sabouraud broth at 28°C for 72
hours. Punch biopsies (10 mm diameter) made from thalli grown
in minimum medium (12) supplemented with 1% casamino acid
solution were used as inoculum. Sabouraud broth was also
used to evaluate enzyme production of the different
Trichophyton isolates, duplicate cultures being incubated at
28°C for 2 or 4 weeks.

Enzymatic extract and quantification

The aqueous phase of the broth culture was centrifuged at
3x10%g for 10 min at 4°C and the level of extracellular alkaline
phosphatase activity in the supernatant (free from mycelia and
conidia) detected using polyacrylamide gel electrophoresis
(PAGE). Other enzymes were detected with the Api-Zym®
enzymatic quantification test (Api system, Montalieu Vercieu,
France), using 50 uL of broth in each well incubated at 37°C for 4
hours. The Api-Zym® is a semi-quantitative micromethod
designed for the research of enzymatic activities applicable to all
specimens, including tissues, cells, biological fluids,
microorganisms, etc (details at: http://biomerieux. com). The Api-
Zym® test can detect 19 different enzymes and score their
concentrations on a rating scale of 0-5, scoring being done using
the Api-Zym® colour scale, on which 0 =no enzyme, 1 =5 nmol,
2=10nmol, 3=20nmol, 4 =30 nmol and 5 =40 nmol or more. To
detect intracellular alkaline phosphatase activity about 1 g of dry
mycelium (from filtration of the broth culture) was macerated in
10 mL of 0.3 M Tris-HCI extration buffer (pH 8.0) and the
homogenate centrifuged at 2 x 10* g for 10 min at 4°C. The activity
of the released intracellular alkaline phosphatase in the
supernatant was detected on a polyacrylamide gel gradient.

Polyacrylamide Gel Gradient Electrophoresis

Aliquots of 35 pL of centrifuged broth culture (containing
about 3 enzyme mU) were mixed with 15 pL of diluting buffer
(0.5 M Tris, pH 6.7, 30% glycerol, and bromophenol blue)
and applied to a polyacrylamide gel gradient (6-15%).
Electrophoresis was performed with a continuous current of
25 mA at4°C for 9 hours in Tris-glycine buffer [2.8% Tris-HC1
(m/v) and 0.6% glycine buffer (m/v), pH 8.3]. After
electrophoresis, the gels were submerged in 0.1M Tris buffer,
pH 8.4, containing 5 mM a-naphthylsulfate and incubated for
about 30 min at 37°C, the reaction being stopped by the addition
of 10% trichloroacetic acid (18).
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PCR amplification and sequencing

The genomic DNA was extracted by the method of
Andrade-Monteiro ef al. (2). The 18S rDNA sequences were
amplified by PCR using the NS1a and NS4 primers designed
using 18S ribosomal gene sequences obtained from the
GenBank data bank, whose accession numbers are given in
Table 1. Primers NS1a (5’-GGTCTTGTAATTGGAATGAG-3’)
and NS4 (5’-CTTCCGTCAATTCCTTTAAG-3") were
synthesized by DNAgency, Pennsylvania, USA. Amplification
was performed in a 20 pL volume containing 10 mM Tris-HCl
(pH 9.0), 0.2 mM of each dNTP (Pharmacia Biotech, Uppsala,
Sweden), 2 pmol of each primer, 0.5 U of AmpliTaq® DNA
polymerase (Perkin-Elmer, CT, USA), and about 10 ng DNA.
PCR amplification was carried out under the following
conditions: an initial incubation of 5 min at 94°C followed by 3
cycles of 20 s at 94°C (denaturation), 20 s at 59°C (annealing)
and 50 s at 72°C (extension) followed by 30 cycles of 20 s at
94°C, 20 s at 56°C and 50 s at 72°C. The amplification products
were resolved by electrophoresis on 1% low-melting point
agarose gel (United States Biochemical, Ohio, USA) in TA
buffer (0.1 M Tris-HCl and 12.5 mM NaAc, pH 8.0) to verify the
fragment sizes, before being used as template in reamplification
reactions. The reamplification reactions were made by
transferring 2uL of the original reaction to a fresh PCR reaction
mix and reamplified under the same PCR conditions as above.
Bands corresponding to the fragments of interest (~700 bp)
were cut out from the agarose gel and the DNA was recovered
by passive elution (27) for subsequent use in sequencing
reactions. Sequencing of the 18S rDNA region was performed
by the enzymatic method of Sanger ef al. (28) on double-

Table 1. 18S-rDNA sequences of isolates used for the
construction of primers for genomic amplification of
Trichophyton isolates.

. GenBank/EMBL
Species .

accession number
Schizosaccharomyces pombe X58056
Heterogastridium pycnidioideum U41567
Gymnoconia nitens U41565
Aspergillus flavus D63696
Aspergillus nidulans X78539
Blastomyces dermatiditis X59420
Epidermophyton floccosum 734923
Microsporum audouinii 734924
Microsporum canis 734925
Trichophyton mentagrophytes 734927
Trichophyton mentagrophytes 734926
Trichophyton rubrum X58570
Trichophyton schoenleinii 734954
Trichophyton tonsurans 734929
Trichophyton violaceum 734930




stranded molecules using the CircumVent Thermal Cycle
DideoxyDNA Sequencing kit (New England - BioLabs) and
dATP radioactively labeled with a [**S] for 25 cycles of 20 s at
94°C, 20 s at 48°C and 40s at 70°C, two sequencing reactions
being performed for each strain from two different PCR products.
The DNA fragments produced by the sequencing reactions
were separated by electrophoresis on a 0.4-mm thick denaturing
gel consisting of 5% (m/v) LongRanger polyacrylamide (FMB
- Bioproducts) and 7 M urea in 1.2 X TBE buffer (89 mM Tris-
borate and 0.2 mM EDTA, pH 8.0) for 5 hours (short run) and
10 hours (long run) at 55 Watts.

Sequence Analysis

The sequences were aligned using as reference the 18S-
rDNA sequence of T. rubrum (6). The character matrix
consisted of the 18S rDNA sequences of 13 isolates of
dermatophyte fungi, with the sequences of the species
Epidermophyton floccosum and Blastomyces dermatiditis
being used as external groups. The resulting matrix was
analyzed by the parsimony technique using the branch-and-
bound option of the PAUP software (30) on the basis of 604
characters and 8 phylogenetically informative positions. The
events of character transformation were estimated using the
MacClade software (19).

RESULTS

Morphology

All isolates investigated had white colonies that varied in
consistency and texture, with isolates H,, Hg, 58, 75 and 07
having a cotton-like appearance and isolates H, and 110 a velvety
appearance. Pigmentation on the reverse side was practically
imperceptible in the young colonies, but on about the 9" day of
culture isolates H,, H,, 58 and 75 started to show a reddish color
on the base of their colonies, which did not occur with isolates
110, Hyor 07. Microscopic examination of all isolates revealed
the morphological pattern expected for the species Trichophyton
rubrum (11,17).

Enzyme Polymorphism

Fig. 1 A shows the intracellular, and Fig. 1B the extracellular,
electrophoretic patterns of the enzyme alkaline phosphatase
from the different isolates cultured in Sabouraud broth for 2
weeks. Only 1 band was detected for this enzyme in all isolates,
although the electrophoretic mobility of the alkaline phosphatase
produced and secreted by isolate 07 differed from that of the
other isolates, producing 2 distinct isoenzyme patterns.

Enzyme quantification

The profiles and quantification of extracellular enzymes
obtained from Trichophyton isolates are shown in Table 2.
Alkaline phosphatase, esterase (C4), esterase lipase (C8),
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Figure 1. Polyacrylamide gel gradient electrophoresis (6-15%) for
the detection of isoforms of the enzyme alkaline phosphatase in
Trichophyton isolates. A) Intracellular phosphatase pattern. B)
Extracellular phosphatase pattern. Stain = a-naphthylphosphate
atpH 8.4.

leucine arylamidase, acid phosphatase, naphthol-AS-BI-
phosphohydrolase, 3-glucosidase, N-acetyl-3-glucosaminidase,
and 0-mannosidase were present in cultures of all isolates. Under
the culture conditions used, no isolate produced detectable
levels of trypsin, chymotrypsin, o-galactosidase, B-
galactosidase, [B-glucuronidase or a-fucosidase. Valine
arylamidase and cystine arylamidase were present only in
cultures of isolate 58 at an estimated concentration of 5 to 10
nmol. Lipase (C,,) was detected in isolate Hg, also at about 5 to
10 nmol, and a-glucosidase was detected in isolate 07 at about
Snmol.

Alkaline phosphatase was the enzyme most abundantly
released by all isolates at a level of about 40 nmol. Quantitative
differences in enzyme release occurred between the isolates
tested, with scores ranging from 0 to 5 for 3-glucosidase and
o-mannosidase, from 1 to 5 for leucine arylamidase, acid
phosphatase and naphthol-AS-BI-phosphohydrolase, from 1
to 4 for esterase lipase (Cy), from 2 to 3 for esterase (C,), and
from 2 to 5 for N-acetyl-f3-glucosaminidase.

For most isolates the release of esterase (C,), esterase lipase
(Cy), acid phosphatase, B-glucosidase and a-mannosidase
appeared to increase as a function of culture time, in contrast to
leucine arylamidase and N-acetyl-f-glucosaminidase, whose
activities or release appeared to decrease in some isolates after
prolonged growth.
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Table 2. Enzymes released by different Trichophyton isolates cultured on Sabouraud medium at 28°C for 2 and 4 weeks and

detected by the Api-Z® system.

Isolates
Enzymes H: Ha He 58 75 07 110
2w 4w 2w 4w 2w 4w 2w 4w 2w 4w 2w 4w 2w 4w

Alkaline phosphatase 5 5 5 5 5 5 5 5 5 5 4 5 5 5
Esterase 2 3 2 3 2 3 2 3 2 3 2 3 2 3
Esterase lipase (Cs) 2 3 2 3 3 4 2 3 2 3 1 1 2 3
Lipase (C14) 0 0 0 0 2 1 0 0 0 0 0 0 0 0
Leucine arylamidase 5 4 3 1 3 1 5 5 5 2 3 4 5 5
Valine arylamidase 0 0 0 0 0 0 2 2 0 0 0 0 0 0
Cystine arylamidase 0 0 0 0 0 0 2 1 0 0 0 0 0 0
Trypsin 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[-Chymotrypsin 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acid phosphatase 5 5 4 5 1 2 5 5 4 5 2 3 5 5
Naphthol AS-BI-

5 5 4 5 1 1 4 5 5 5 1 1 5 5

phosphohydrolase

[Fgalactosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Fgalactosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chglucuronidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[-glucosidase 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Chglucosidase 1 5 0 4 0 3 4 4 2 5 1 5 4 5
N-acetyl-B -glucosaminidase 3 4 3 2 5 2 4 3 3 4 3 4 4 4
[(-mannosidase 0 5 0 3 1 4 2 4 1 4 1 5 3 5
[Lfucosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The scale of the Api-Z® test was used for enzyme quantification, with 1 corresponding to 5 nmol substrate metabolized, 2 to 10 nmol,

3to 20 nmol and 5 to 40 nmol; w: weeks.

Phylogenetic Analysis

Partial sequences of approximately 604 bp, corresponding
to the smaller subunit of gene 18S rDNA of each isolate, were
obtained and aligned with sequences deposited in the
GenBank data bank using 7" rubrum (6) as an alignment model
(Fig. 2). A high degree of homology was observed between
the sequences described in the literature and those
determined in the present study. Table 3 shows the distance
between taxa according to the absolute number of different
bases (absolute distances) and the percentage of divergent
bases in relation to the total number of bases sequenced
(mean distances).

A dendrogram (Fig. 3) was obtained based on the maximum
parsimony principle using the branch-and-bound option of
the PAUP 3.1.1 software as the method to estimate the
phylogenetic relationship between taxa. The most
parsimonious tree consisted of 13 taxa and presented a length
of 23 (on the basis of 8 phylogenetically informative
positions), a consistency index of 0.913, and a homoplasy
index of 0.087.
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The partial sequences corresponding to the smaller subunit
of gene 18S rDNA ofisolates H,, H,, Hy, 58, 07, 75 and 110 have
been deposited in GenBank under the accession numbers
AF338187, AF338188, AF338189, AF338185, AF338183,
AF338186, AF338184, respectively.

DISCUSSION

Few studies are available about the intraspecific and
interspecific variability of Trichophyton and other dermatophytes
or on the evolutionary relationship between them. This
information is essential for the development and refinement of
systems for pathogen identification using DNA probes or
amplification with species-specific primers. Primers which are
specific for fungi and do not hybridize to DNA of other eukaryotes
or prokaryotes have been developed and allow specific
amplification of fungal DNA from human tissue samples
containing fungi (5, 13,21, 25).

It has been reported that, despite a high degree of
conservation, amplified fragments of the 18S-rDNA gene contain



regions which are known for their variability and discriminating
capacity within medically relevant yeast species (20,22) and there
seem to be differences in the 18S-rRNA sequences even within
the species Cryptococcus neoformans (5,10). This evidence
supports the potential use of these ribosomal DNA regions for
differentiation between dermatophytes.

Characterization of Trichophyton isolates

However, the amplified 18S-rDNA sequences proved to
be quite conserved among the different isolates analyzed,
offering a relatively low resolution of the Trichophyton
group. The sequences of isolates H,, H,, 58 and 75 were
indistinguishable from the sequence of the homologous region
of T. rubrum (6), indicating that this region is highly conserved
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Figure 2. Alignment of 18S-rDNA of Trichophyton isolates H,, H,, H, 58, 75, 07, 110 with the species T. mentagrophytes, M.
audouinii, M. canis, E. floccosum and B. dermatiditis. T. rubrum is used as the leading strand. Dots indicate nucleotides identical
to those cited by Bowman et al. (6). Alignment was manually performed using the PAUP software (version 3.1.1) of Swofford (30).

Table 3. Distance matrix between the 18S-rDNA sequences of 13 pathogens. Below the diagonal are the absolute distances
corresponding to the number of divergent bases. Above the diagonal are the percentages of different bases in relation to the total
number of bases sequenced.

1 - T rubrum
2-H;

3-Ha

4 - Hs

5-58

6-75

7-07

8-110

9 - T. mentagrophytes
10 - B. dermatiditis
11 - M. audouinii
12 - M. canis

13 - E. floccosum

1 2 3 4 5 6 7 8 9 10 11 12 13

- 0.000 0.000 0.005 0.000 0.000 0.008 0.005 0.003 0.030 0.010 0.010 0.012
0 - 0.000 0.005 0.000 0.000 0.008 0.005 0.003 0.030 0.010 0.010 0.012
0 0 - 0.005 0.000 0.000 0.008 0.005 0.003 0.030 0.010 0.010 0.012
3 3 3 - 0.005 0.005 0.007 0.003 0.002 0.028 0.008 0.008 0.007
0 0 0 3 - 0.000 0.008 0.005 0.003 0.030 0.010 0.010 0.012
0 0 0 3 0 - 0.008 0.005 0.003 0.030 0.010 0.010 0.012
5 5 5 4 5 5 - 0.003 0.005 0.025 0.002 0.002 0.003
3 3 3 2 3 3 2 - 0.002 0.028 0.005 0.005 0.007
2 2 2 1 2 2 3 1 - 0.026 0.007 0.007 0.008
18 18 18 17 18 18 15 17 16 - 0.025 0.025 0.025
6 6 6 5 6 6 1 3 4 15 - 0.000 0.005
6 6 6 5 6 6 1 3 4 15 0 - 0.005
7 7 7 4 7 7 2 4 5 15 3 3 -
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Figure 3. Dendrogram showing the evolutionary relationship
between Trichophyton isolates using E. floccosum and B.
dermatiditis as outgroup. The tree topology was constructed
on the basis of 604 unambiguously aligned bases of 18S-rDNA
(corresponding to Trichophyton rubrum) by parsimony analysis.
The software used was PAUP (version 3.1.1) (30).

in these organisms and that the latter probably belong to a
phylogenetically homogeneous group. The sequence of
isolate H; was very similar to that of 7. mentagrophytes,
and differed in only 3 nucleotides from the homologous
sequence of 7. rubrum described by Bowman et al. (6).
Isolate Hy produced lipase like 7. mentagrophytes, but
production was low and there is no evidence that the ability
to produce this enzyme is an exclusive characteristic of T.
mentagrophytes, so it is not possible to state that isolate H is
T. mentagrophytes.

Isolates 110 and 07 proved to be more closely related to
each other than the remaining isolates belonging to the genus
Trichophyton. Although isolate 07 was also similar to the
species M. canis and M. audouinii, it cannot be excluded
from the Trichophyton group since it was assigned to one of
the terminal branches of this group (based on 18S sequence
analysis).

Lipase secretion (C,,) detected only in isolate Hg, secretion
of valine arylamidase and cystine arylamidase by isolate 58 and
the alkaline phosphatase polymorphism (Fig. 1A and B)
presented by isolate 07 are features which indicate the variability
occurring among these dermatophytes and may represent

Characterization of Trichophyton isolates

properties that permit the differentiation between species and
subspecies.

The isolates investigated were also able to secrete a variety
of extracellular enzymes with different patterns. The secretion
of N-acetyl--glucosaminidase and alkaline phosphatase,
detected at high levels in all isolates, seems to be essential for
the growth of these fungi. These enzymes may also be involved
in the process of tinea development since they can metabolize
a series of substrates including different human skin
components. Similar results were obtained for T_ rubrum (8), M.
canis (23) and Candida albicans (29).

As was the case with morphological criteria, the exclusive
use of biochemical characteristics was not sufficient to
differentiate between isolates. However, when combined, the
enzymatic patterns and the results of 18S sequences analysis
were coherent, showing that the isolates investigated probably
belong to the Trichophyton group, which seems to contain the
T. rubrum subgroup formed by exclusion of isolates 07, 110 and
H. This relationship, illustrated in Fig. 3, is supported by
morphological evidence since the isolates belonging to the
supposed 7. rubrum group exhibited red pigmentation on the
base of the colonies while the remaining isolates exhibited a
yellowish, or no pigmentation. However, the lack of red
pigmentation can also be observed in some isolates of this
species, especially those obtained from patients who had been
treated with griseofulvin for some time (17).

Morphological examination revealed variations, especially
with respect to colony texture, but the general macroscopic
appearance and microscopic morphology of the isolates
investigated were consistent with the patterns reported in
the literature for 7. rubrum, the variations detected may have
been the result of random mutations in these isolates. Gréser
et al. (16) reported that 96 T. rubrum strains displaying
different colony morphologies did not reveal any DNA
polymorphism when analyzed using molecular markers,
suggesting a strictly clonal mode of reproduction and a strong
adaptation to human skin.

The present results show that the Trichophyton group is
heterogeneous and that new isolates and other genome regions
need to be analyzed to elucidate the taxonomic relationships of
a group that shows differences in phenotype but are very similar
in their ecology.
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RESUMO

Seqiienciamento do DNA ribossomal 18S,
padrées enzimaticos e caracterizacio
morfolégica de isolados de Trichophyton

Os dermatofitos formam um dos principais grupos de fungos
patogénicos, caracterizados pela utilizagdo da queratina do
hospedeiro para sua nutrigdo. Por se constituirem um grupo de
fungos intimamente relacionados, compartilham uma série de
caracteristicas comuns. Além disto, a morfologia de isolados de
determinadas espécies pode ser atipica, tornando a identificagdo
das espécies ainda mais dificil. Muitos métodos vém sendo
explorados na tentativa de distinguir dermatofitos, porém a
associacdo de diferentes abordagens para a investigagdo da
variabilidade intra e interespecifica de Trichophyton permanece
escassa. Alguns trabalhos tém demonstrado que apesar de
conservados, os fragmentos amplificados da seqiiéncia
correspondente a subunidade ribossomal menor 18S, contém
regides conhecidas por sua variabilidade e capacidade de
distingdo entre espécies de levedura de importancia médica,
indicando que esta regido também pode ser util na diferenciag@o
dos dermatofitos. Nesse estudo, a analise da seqiiéncia do DNA
ribossomal 18S foi combinada com critérios morfologicos e
bioquimicos com o objetivo de se detectar possiveis diferencas
genéticas entre sete isolados e estimar suas relagdes filogenéticas.
Os resultados mostram que os isolados investigados pertencem
ao grupo Trichophyton, o qual pode potencialmente conter o
cluster Trichophyton rubrum.

Palavras-chave: Trichophyton, seqiienciamento do DNA
ribossomal 18S, enzimas extracelulares, dermatofito.
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