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Summary Twenty-eight Candida albicans strains obtained from women with vaginal candidiasis
were tested for phospholipase and proteinase production and clustered by multilocus
enzyme electrophoresis (MLEE). The proteolytic and phospholipidic activity were
considered moderate (0.56 £ 0.12 mm and 0.53 £ 0.09 mm, respectively) for all
isolates. The isoenzymes malate dehydrogenase (MDH) and sorbitol dehydrogenase
(SDH) showed strong intra-specific discriminatory power. The numerical and genetic
interpretation of the bands produced by the isoenzymes tested presented similar
discriminatory power. The genetic diversity of the isolates was measured by allelic and
genic frequency, perceptual index of polymorphic loci (P = 87.5%), average number of
alleles per locus, average number of alleles per polymorphic locus, average
heterozygosity observed and average heterozygosity expected. We verified that three
isoenzymatic loci (Adh, Gdh and Sdh-2) were not in Hardy—Weinberg equilibrium.
A dendrogram constructed based on the genetic distance matrix of Nei showed
seven clusters; 57.15% (16) of the isolates were considered highly related or
indistinguishable, and 42.85% were considered moderately related or unrelated. We
did not find a relationship between the clusters and the exoenzymes production.

Key words: Phospholipase, proteinase, multilocus enzyme electrophoresis, C. albicans.

visiting a gynaecologist.'> Among the species involved
in these infections, Candida albicans is responsible for the
majority of symptomatic episodes, about 90% of

Introduction

Candida species are opportunistic pathogens that can

cause a wide variety of infections. Vaginal candidiasis is
ranked as the second most common cause of gynaeco-
logical infections, and it is estimated that 75% of women
are affected during their child-bearing years; therefore it
is considered one of the most frequent reasons for
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cases.>* The severity of these infections is related to
virulence factors including phenotypic switching, adhe-
sins, dimorphism and the secretion of hydrolytic
enzymes, such as aspartyl proteinases and phospho-
lipases.!

For these reasons as well as to improve the response
to treatment and prevention of these infections, it
should be taken into account whether the infection is
caused by a single strain, or if there has been replace-
ment by new, perhaps more resistant, strains with
different genotypes. To answer these questions, strain
typing by conventional and molecular methods provides
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useful additional information.> For this reason, we
decided to study phospholipase and proteinase produc-
tion and molecular (isoenzymes expression) features in
this report.

For molecular analysis of strains of Candida involved
in cases of infection, many techniques have been
proposed, such as random amplified polymorphic DNA
(RAPD),%1° restriction fragment length polymorphism
(RFLP),>'! real-time PCR,'*'? microsatellite polymor-
phism (MSP)'*!> and multilocus enzyme electrophore-
sis (MLEE).>16-18

Multilocus enzyme electrophoresis evaluates the poly-
morphism of isoenzymes or allozymes from strain
isolates. Proteins from cell extracts are separated by
electrophoresis under native conditions, and the
enzymes are visualised by specific enzyme-staining
procedures. The main advantage of this method is its
high discriminatory power when a sufficient number of
enzymes are evaluated. The methodological drawback
of MLEE is that at least ten enzymes must be evaluated
to provide enough variability among isolates, and it is
therefore relatively time consuming.’

In this work, we characterised C. albicans strains
isolated from women with vaginal candidiasis according
to their aspartyl proteinases and phospholipase produc-
tion, and the genetic diversity among the isolates was
verified by MLEE. Information obtained in this report
can contribute to the understandings about the profile
of circulating strains of C. albicans involved in vaginal
candidiasis cases isolates from patients treated on
Centro Integral de Atencao a Saude da Mulher (CAISM)
in Aracaju city, Sergipe, Brazil.

Materials and methods

Isolation and identification of yeast

Fifty patients with vaginal candidiasis between the ages
of 17 and 40, treated in CAISM Aracaju city, Sergipe,
Brazil were involved in the study. These 28 patients
presented colonisation for C. albicans and 22 for other
species of Candida. This present work was approved
by the Ethic Committee of the University Hospital in
Aracaju, Sergipe, Brazil. Prospective women were
enrolled in the study after a written and verbal informed
consent was obtained.

In this study we consider only the strains of C.
albicans as being the most prevalent species involved in
cases of vaginal candidiasis. The phenotypic identifica-
tions were based on germinative tube and chlamydo-
spore production, growth on CHROMagar® Candida
(Oxoid, Sao Paulo, Brazil), thermal tolerance (42 °C),
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osmotic tolerance (6.5% NaCl) and assimilation of
carbon as well as nitrogen sources, as recommended
by Kurtzmam and Feel [19]. Molecular identification by
semi-nested PCR (snPCR) as described by Milde et al.
[20] and Ahmad et al. [21] was also performed.

The strains studied were deposited in the culture
collection of the Laboratory of Applied Microbiology at
Sergipe Federal University, in register numbers 4.2, 8.1,
38.4, 40.1, 74vl, 8.3, 8.2, 10.4, 13.6, 74el, 71el,
73el, 39.3, 38.1, 18.2, 33.1, 73v1, 32.1, 73e2, 39.1,
39.2,47.1, 73v3, 74e2, 35.1, 38.2, 38.5 and 15.2. The
strains are maintained at —80 °C.

Phenotypic characterisation

Proteinase and phospholipase assays

Proteinase and phospholipase assays were performed
according to Price et al. [22] and Samaranayake et al.
[23] using the semiquantitative egg-yolk plate method.
The inoculated egg-yolk plates were incubated at 37 °C,
and daily readings were taken from day 7 to day 12.
The formation of zones of precipitation around the
colony was considered indicative of enzyme production.
The zones of precipitation (as reported using the
coefficient, Pz) were measured, and from these, the
proteinase and phospholipase activities were determined
according to the protocol of Price et al. [22]. Each strain
was tested in triplicate, and the average of the three Pz
values was reported. A Pz value of 1 indicated that no
activity of the investigated enzyme was detected in the
strain. A low Pz value indicated high production of the
enzyme>*,

Multilocus enzyme electrophoresis analysis

Enzyme extraction and electrophoresis in polyacrylamide gel
The isoenzymes were extracted according to the proto-
col of Alfenas [25]. After extraction, the material was
electrophoresed on polyacrylamide gels and selectively
stained for the following metabolic enzyme activities:
Alcohol dehydrogenase (ADH — E.C. 1.1.1.1), glucose
dehydrogenase (GDH - E.C. 1.1.1.47), aspartate
dehydrogenase (ASD — E.C. 1.4.3.x), sorbitol dehydro-
genase (SDH — E.C. 1.1.1.14.), malate dehydrogenase
(MDH - E.C. 1.1.1.37) and peroxidase (PO - E.C.
1.11.1.7). Electrophoresis was performed in a vertical,
continuous system at 130 V and 4-8 °C for 3 h.

Interpretation of numerical and genetic patterns

Numerical pattern interpretation was based on relative
mobility values (Rf), using the equation Rf= d/D
(where d represents the enzymatic molecule running
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distance and D represents the stain running distance).
The Rf values were converted to binary values (1 and 0)
(data not shown) that represent the presence and
absence of bands, respectively. A numerical pattern
was obtained from the combinations of bands for all
enzymatic activities. Then, the distinct combinations of
the polymorphic bands were designated as electropho-
retic types (ETs).'®

Genetic interpretation pattern was performed follow-
ing commonly accepted rules for the deduction of the
allelic composition and genotype for diploid organisms
(Alfenas) [25]. The allelic combination of eight loci
showed distinct allelic combinations of polymorphic loci;
these combinations were called electrophoretic types
(ETs), as in Boriollo et al. [18]. The observed allelic
frequency and the observed and expected genotypic
frequencies (Hardy—Weinberg equilibrium test — EHW)
from the C. albicans strains were calculated for eight loci
(Adh, Gdh, Asd, Sdh-1, Sdh-2, Mdh-1, Mdh-2 and Mdh-3).
Heterozygosity was determined from the equation
H=1-3i (pi?), where pi represents the average
frequency of allele ‘i’ in the population.

Cluster analysis

The set of data furnished by genetic interpretation of
the MLEE patterns was submitted to cluster analysis
based on the Nei index (d;) of genetic distance [26]
for all of the isolates using NTSYS-pc (version 2.1).
Dendrograms, based on the matrix (d;), were generated
by the SAHN method (sequential, agglomerative, hier-
archic and non-overlapping clustering) and the UPGMA
algorithm (unweighted pair-group method using an
arithmetic average). In addition, we used criteria
proposed by Tenover et al. [27] for the determination
of genetically related and unrelated strains.

Results

Identification and phenotypic characterisation

We did not observe differences in identification by the
phenotypic vs. the molecular (snPCR) parameters (data
not shown).

Phospholipase and proteinase activity were verified in
75.7% and 42.4%, respectively, of the C. albicans isolates
obtained from vaginal secretions. The average values of
Pz were 0.56 £ 0.12 mm and 0.53 £ 0.09 mm, respec-
tively. The average values of Pz were low, based on the
criteria we chose, showing high production of the tested
enzymes by the studied isolates.
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Numerical and genetic interpretation of the enzymatic
patterns

Tables 1 and 2 present, respectively, the numerical and
genetic interpretations of the isoenzymatic pattern in
the C. albicans population. These results allowed the
identification of polymorphisms in 87.5% (7 of 8
isoenzymatic loci) of the studied isoenzymatic loci with
2.14 alleles per locus. Polymorphic loci (P) are defined
as structural gene loci in which the frequency of the
most common allele is lower than 0.99 (99%). In the
present study, the frequency of the more common alleles
at the polymorphic loci ranged from 0.53 to 0.90. The
number of fragments (bands) shown by each isoenzy-
matic system in the C. albicans strains ranged from 5 to
12.

The isoenzymatic system that presented the most
diversity was MDH, followed by SDH. The ADH, GDH
and ASD systems presented minor quantity of distinct
band (two bands each). Among the enzymatic systems
investigated, peroxidase was the only one that did not
present activity in any strain analysed.

The band combinations available in the five enzy-
matic systems revealed 27 electrophoretic types (ET-1 to
ET-27) in the 28 isolates of C. albicans analysed
(Table 1). ET-5 was the unique electrophoretic type for
two isolates (10.4 and 13.6) that were indistinguish-
able.

The genetic interpretation of the MLEE pattern
(Table 2) in this population demonstrated that the loci
were polymorphic for two or three alleles (two alleles for
Adh, Gdh, Asd, Sdh-1, Sdh-2 and Mdh-3, and three alleles
for Mdh-1). Only one enzymatic locus (Mdh-2) was
monomorphic. The combination of the alleles at the
eight isoenzymatic loci yielded 27 ETs (96.42% of the
isolates). Isolates 10.4 and 13.6 presented the same
pattern of alleles. These results confirm the findings by
the numerical interpretation of the MLEE patterns.

Generally, heterozygotes produced two or three
enzymatic bands (two bands for Adh, Gdh, Asd, Sdh-1
and Sdh-2, and three bands for Mdh-1). In the
homozygotes, we observed one allele at the Sdh-1,
Mdh-2 and Mdh-3 loci and two alleles at the Gdh, Asd
and Mdh-1 loci. A Hardy—Weinberg test showed signif-
icant differences (P < 0.01) between the observed and
expected genotypic frequencies at three of the eight
enzymatic loci analysed (Adh, Gdh and Sdh-2), which
may indicate that these loci are not in Hardy—Weinberg
equilibrium. The average heterozygosity observed
(0.195) was lower than the average heterozygosity
expected (0.344); this result may be related to high
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Table 1 Numerical interpretation of
electromorphic profiles of Candida albicans

Electromorphs of five enzymes

isolated from women with vaginal candi-
diasis.
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1 and O correspond to the presence and absence of bands (electromorphs), respectively.

Adh, alcohol dehydrogenase; Gdh, glucose dehydrogenase; Asd, aspartate dehydrogenase;
Sdh, sorbitol dehydrogenase; Mdh, malate dehydrogenase; ET, electrophoretic type.

frequency of null alleles encountered at the Sdh-1, Sdh-
2, Mdh-1, Mdh-2 and Mdh-3 loci.

The genetic diversity of the C. albicans isolates was
determined based on the values in the genetic distance
matrix, d,-j.% From this, seven groups were distinguished
(Fig. 1). Figure 1 summarises graphically the relation-
ship between strains determined by the UPGMA method
for matrix generation; 57.15% (16) of the isolates were
considered highly related (0.19 > d; > 0) or indistin-
guishable (d; = 0). The average relatedness of individ-
uals in each cluster was 2.28; 12 isolates (42.85%)
were considered moderately related or unrelated (iso-
lates 4.2, 40.1, 8.3, 32.1, 73V3, 74e2, 39.3, 38.1,
47.1, 73e2, 35.1 and 15.2.) The cluster with the
highest number of isolates was cluster IV, with six
strains. Two isolates (10.4 and 13.6 from group III)
were considered indistinguishable.

Analysis using the criteria described by Tenover et al.
[27] led to similar results: 25 individuals were highly
related (two or three different bands), and two individ-
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uals were indistinguishable (equal numbers and sizes of
bands) and can be considered, epidemiologically, as
representatives of the same strain. Finally, just one
strain was considered possibly related to the others; it
presented between four and six bands that were different
from the other samples.

Discussion

Yeast identification and extracellular enzyme
production

Our results show that the use of phenotypic and
molecular (snPCR) parameters yielded similar identifi-
cations. The use of various identification methods is
important for minimising the possibility of confusion
between C. albicans and the closely related species
Candida dubliniensis.

The production ofhydrolytic enzymes by Candida species
is frequently studied with the intention of comparing

67



P. O. Santos et al.

Alleles of eight enzyme loci*

Table 2 Genetic interpretation: allelic
profiles of 27 electrophoretic types of
Candida albicans isolated from women with

ET No. isolates  Adh Gdh  Asd  Sdh-1 Sdh-2 Mdh-1 Mdh-2  Mdh-3 . e
vaginal candidiasis.
1 1 bb ab aa - bb aa - -
2 1 aa aa aa aa - ab - -
3 1 aa aa aa - ab aa - -
4 1 aa aa aa - bb bb - -
5 2 aa aa aa - ab aa - aa
6 1 ab aa bb - bb - - ac
7 1 aa aa bb - bb ac - -
8 1 bb aa ab - bb ac - -
9 1 aa aa ab - aa ac - -
10 1 aa bb aa aa - aa aa -
11 1 ab aa aa - aa - aa -
12 1 aa aa bb aa - - aa -
13 1 aa ab aa - bb ac - -
14 1 aa ab bb aa - aa aa -
15 1 aa aa aa aa - ac - -
16 1 aa aa aa aa - cc - -
17 1 aa bb aa - aa aa - aa
18 1 aa aa aa - bb aa aa -
19 1 bb aa aa ab - ac - -
20 1 aa aa aa - aa ac - -
21 1 aa aa aa - aa aa - -
22 1 bb bb ab - aa ac - -
23 1 aa aa aa - aa ac - -
24 1 ab aa ab aa - aa - -
25 1 aa aa aa - aa aa - aa
26 1 ab ab ab ab bb ab - aa
27 1 aa aa ab - bb ac - -

Adh, alcohol dehydrogenase; Gdh, glucose dehydrogenase; Asd, aspartate dehydrogenase;
Sdh, sorbitol dehydrogenase; Mdh, malate dehydrogenase; ET, electrophoretic type.

*Heterozygotes are shown as ab and ac. [--] null allele.

the activity of these enzymes in isolates from symptom-
atic or asymptomatic patients or in isolates from different
anatomical sites or with the intention of biotyping, as
suggested by Williamson et al. [28]. According to these
authors, only the presence or absence of enzymatic activity
is a precise criterion for the biotyping of C. albicans. In this
work, we considerthe proposal by Williamsonet al.[28].In
the present study, the frequency of phospholipase-positive
isolates (75.7%) was more significant than proteinase-
positiveisolates (42.4% ofisolates). However, the averages
of the coefficients (Pz) of phospholipase and proteinase
production were similarly high for both enzymes.
Phospholipase and proteinase activities are consid-
ered to play important roles in the pathogenesis of
opportunistic fungi. The roles of these two hydrolytic
enzymes in C. albicans and other yeast appear to be
associated with the invasion of the host mucosal
epithelia.*° However, researchers have already
mentioned that enzyme production determines the
potential not only for pathogenesis but also for com-
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mensal colonisation by yeast.?? Oksuz et al. [30] verified
a high production of these enzymes in different Candida
species isolated from anatomically distinct sites of
healthy adults.

In contrast with our results (a higher frequency of
phospholipase-positive isolates), previous investigation
with Candida strains from vaginitis cases showed prote-
olytic activity in a majority of strains.' This difference
may be associated with factors such as the great
phenotypic variability.

Numerical and genetic interpretation of the enzymatic
patterns

It is known that the band patterns revealed by
enzymatic activity can establish the genetic intra-
specific relationship of clinically important organisms
isolated from the same or different sites.!®1831733 Thus,
many works in medical mycology have utilised MLEE
patterns to support the understanding of Candida spp.
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Figure 1 Genetic diversity among 28 samples of Candida albicans isolated from women with vaginal candidiasis. Dendrogram of genetic
distances obtained by analysis of unweighted pair-group method using an arithmetic average (UPGMA) starting from the d;; coefficient (Nei,
1972).2° The genetic diversity of the C. albicans isolates was determined based on the values in the genetic distance matrix, d;. The
perpendicular line represents the average genetic distance, Xg;. Isolates from groups that are formed to the right of this line are considered
moderately related or unrelated, whereas isolates from groups formed to the left of this line are considered closely related.

epidemiology and ecology. However, according to Rosa
et al. [34] MLEE patterns are only efficient for intra-
specific characterisations for systematic or epidemiolog-
ical purposes. Vanhee et al. [35] concluded that MLEE
patterns are equivalent to RAPD, SSDP (sequence-
specific  DNA  polymorphism), MSP (microsatellite
polymorphism) and STR (short tandem repeat) in a
comparative study.

The MLEE patterns can be used to measure the intra-
specific genetic diversity, by allelic and genic frequency,
polymorphic loci perceptual index, heterozygosity, aver-
age number of alleles and average number of alleles per
polymorphic locus.

In our study, the percentage of polymorphic loci
(structural genic loci at which the frequency of the most
common allele was lower than 0.99) found was 87.5%
(7 of 8 isoenzymatic loci). This result indicates that the
number of analysed loci was sufficient to discriminate
between the isolates in the studied population. Accord-
ing to the criteria of Botstein et al. [36], the polymorphic
loci analysed in this study can be considered very
informative because the percentage of the more com-
mon allele was above 50%.

The numbers of loci related to MDH and SDH (3 and
2) verified herein are in accordance with the findings of
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other authors.'”'®237  Numerical interpretation

allows the detection of isoenzymatic diversity by the
presence or absence of bands for that enzyme. The
number of ETs identified by genetic (allelic frequency)
and numerical interpretation was the same, presenting
a concordance of 100%. These results support and
validate the numerical interpretation and agree with
Boriolo et al. [17], who said that discriminatory power
of the numerical interpretation of enzymatic profiles is
around 97%.

Discordance between observed and expected geno-
typic frequencies of the Adh, Gdh and Sdh-2 loci may be
related to high frequencies of the null alleles.

In general, the observed heterozygosity average
observed in the total population of C. albicans (0.195)
was less than the expected frequency (0.344). This
result indicates an excess of homozygotes that, in the
population structure of some organisms, can be inter-
preted as a group of interconnected strains.>® The H
values revealing a low degree of heterozygosity (<50%)
were similar to those found by Caugant et al. [31]
(H = 0.13) and Boriollo [39] (0.19). Some authors say
that the electrophoresis conditions used, the fact that all
isolates were from the same site and the number of
isoenzymatic systems studied*® can explain the low
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values of H. We do not think these facts interfere with
our results because, as mentioned, the number of
isoenzymatic systems used allowed the distinction of
three alleles and five genotypes. Moreover, of the 28
isolates analysed, it was possible to differentiate 27
strains.

However, the low heterozygosity values can be
attributed to the high frequency of null alleles. Accord-
ing to Alfenas [25], null alleles are defined as alleles that
control the alloenzymes, and these alleles do not express
activity during the gel colouration process. The null
alleles can, however, represent either a defective enzyme
or one that is unstable during the extraction, storage
and electrophoresis processes. Null alleles that persist in
the genome are those that are balanced either by
alternative alleles in heterozygotes or by isoenzymes
controlled by another locus. These types of balancing
may explain the high frequency of null alleles in this
study.

The genetic diversity shown in the dendrograms
based on Nei’s coefficient confirmed that the ADH, GDH
and ASD loci present minor discriminatory power,
producing few clusters with higher numbers of isolates
per cluster (data not shown). This information supports
our idea that the high discrimination produced by the
combination of all of the enzymes occurs because of the
SDH and MDH band profiles, and these are mostly
responsible for the distinction between isolates. This
information also supports the individual, system-by-
system interpretation of results and does not support the
conclusion of Lehmann et al. [40] that the variability
pattern of SDH is relevant only to C. albicans strain
distinction. According to our results, it is possible to
make an intra-specific distinction.

Analyses of highly related, moderately related and
unrelated individuals by the criteria of Nei [26] and
Tenover et al. [27] showed that they have a similar
discriminatory power and can be used for this kind of
analysis. The clusters identified in the dendrogram show
the existence of highly and moderately related isolates of
C. albicans; however, we did not observe a correlation
with the results of phenotypic tests (phospholipase and
proteinase activity). Similarly, Boerlin et al. [32], Guen-
nec et al. [41] and Pujol et al. [7], using MLEE and
cluster analysis in isolates of C. albicans from healthy
and immunocompromised patients (in Montpellier,
France; Lausanne, Switzerland and Abidjan, Costa do
Marfim), found highly related clusters without any
correlation with clinical or phenotypic characteristics.
In other studies the use of different methods of typing for
C. albicans also did not find a relationship between
phospholipase activity and genotypes.**~** This could
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be related to different ecosystems with their specific
characteristics and many factors that influence the
expression of these enzymes, and having as a conse-
quence, various degrees of enzymatic activity.*>

The analysis by MLEE patterns revealed that C.
albicans isolates could be classified into seven groups
by the criteria of Nei [26] and Tenover et al. [27].
Furthermore, the allelic frequency and heterozygosity
analysis point to high genetic diversity.

In summary, we can conclude that our results
revealed distinct C. albicans genotypes, isolated from
the same anatomic site and involved in the same kind of
infection, without correlation with phospholipases and
proteinase production. This can be used to demonstrate
the importance of the knowledge of the prevalent strains
characteristics from a determined place and to valorise
molecular and phenotypic characterisation as a pre-
cious tool for understanding the medical importance of
microorganisms.
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