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ABSTRACT

The aim of the present research was to evaluate the protein polymorphism degrees among forty-eight C.
albicans isolates from fourteen anatomical sites of clinical patients by polyacrylamide gel electrophoresis
(SDS-PAGE) and numerical analyzes, in order to identify subspecies and their similarities in some infectious
niches. Cell cultures were grown in YEPD medium, collected by centrifugation, and washed in cold saline
solution. The whole-cell proteins were extracted by cell disruption using glass beads and submitted to SDS-
PAGE technique. After electrophoresis, the protein bands were stained with coomassie-blue and analyzed by
statistics package NTSYS-pc version 1.70 software. Similarity matrixes and dendrograms were generated by
application of similarity coefficient of simple matching and UPGMA algorithm, respectively. The results
obtained showed several C. albicans subtypes and their similarity degrees (80% to 100%). Such data showed
that same patients may be infected by two or more C. albicans subtypes in certain anatomical sites (i.e. only
in oral cavity of immunocompromised patients, blood, or tracheal secretion), or yet, two or more patients can
be infected in identical anatomical sites (i.e. bronchial washing, urine, oral cavity, tracheal secretion, vaginal
secretion, and healthy saliva) with a same C. albicans subtype. However, two or more patients also can show
infections in corresponding sites (i.e. oral cavity of immunocompromised patients, blood, oropharyngeal
secretion, oral cavity, tracheal secretion, vaginal secretion, and healthy saliva) by different C. albicans
subtypes. Besides, two or more patients also can be infected with identical or different C. albicans subtypes
in different anatomical sites (i.e.1. identical subtypes in vaginal secretion, tracheal secretion, and urine;
abdominal secretion and spittle; drainage and oral cavity; catheter and healthy saliva – i.e.2. subtypes
different in bronchial washing, oropharyngeal secretion, pulmonary secretion, oral cavity of
immunocompromised patients, and blood). Complementary studies involving C. albicans sample isolated
from several anatomical sites of immunocompetent or immunocompromised patients (before, during and after
specifics therapies) and their families or hospital workers must be done in order to establish the sources of C.
albicans colonization. The whole-cell proteins profile performed by SDS-PAGE associated with computer-
assisted numerical analysis may provide preliminary criteria for taxonomic and epidemiological studies of
such microorganisms.
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INTRODUCTION

Human beings carry the yeast Candida albicans
and other Candida species as part of their commensal
microbiota. However, in hosts predisposed to
candidiasis, such as AIDS, diabetes, organ transplant,
tumors and others, these yeasts may act as pathogens
(24,36). Commensal Candida species inhabiting the
oral cavity, vaginal canal, and gastrointestinal tract of
host may begin the infectious process (15,20,29,32).
Different types of electrophoretic techniques have been
used for the characterization or typing of Candida
species including separation of chromosomes, DNA
fragments, isoenzymes, cell-wall glycoproteins and
whole-cell proteins (5,8,9,28,30,34, 45,47,50). In regard
to whole-cell proteins, their separation has been
employed satisfactorily in the characterization of
bacteria and yeast (13,22,26,55,56,57,58). Many
investigators employed electrophoretic analysis of
whole-cell proteins in the fungi taxonomy (19,21,49,58).
The polyacrylamide gel electrophoresis also has been
used in the identification of oral yeasts. This technique
showed high specificity in addition to the significant
data for classification (30). In several cases,
unidimensional electropherograms of whole-cell proteins
and DNA-DNA hybridization data were equalized as
their discriminatory capacities (10,23,25,26,37). Besides,
the comparison of electrophoretic proteins patterns has
been considered a technique with satisfactory taxonomic
resolution, which can be applicable to the level of
species, subspecies and biotypes (25). Based on the
findings of the available literature, the aim of the present
investigation was to analyze the similarity degrees of
protein profiles among C. albicans isolates from some
anatomical sites of clinical patients by polyacrylamide
gel electrophoresis (SDS-PAGE) and numerical
analyzes, in order to identify subspecies and their
similarities in the infectious niches.

MATERIALS AND METHODS

Yeast isolation, cell cultivation and whole-cell
protein extraction

A total of forty-eight C. albicans isolates from
fourteen anatomical sites of forty-two clinical patients
(immunocompetent and immunocompromised) were
analyzed (Table 1). All strains were grown in 50mL of
YEPD medium (2% dextrose, 2% peptone, 1% yeast
extract) in a shaker table under 150 rpm, at 30ºC, overnight
(late log phase – approx 108 cells/mL) (5,9). After growth,
cells were harvested by centrifugation at 3,000g for 5
min and the pellets were washed three times in cold

Table 1. Samples of C. albicans collected from several anatomical sites.

Origin Anatomical site Sample Patients
Code

Prevlab laboratory Urine P1 1
of Piracicaba Oropharyngeal secretion IB2 2
Clinical Laboratory of Spittle IB3 3
São Paulo State UNESP Pulmonary secretion IB4 4
(Botucatu campus) Catheter IB5 5

Adolfo Lutz Institute Oral cavity (HIV) AL1.2 6
of São Paulo State Oral cavity (HIV) AL2.1 7

Oral cavity (HIV) AL2.2 7
Oral cavity (HIV) AL3.1 8
Oral cavity (HIV) AL3.2 8
Urine AL4 9
Urine AL5 10
Urine AL6 11
Urine AL7 12
Bronchial washing AL8.1 13
Bronchial washing AL8.2 13
Blood AL9.1 14
Blood AL9.2 14
Abdominal secretion AL10 15
Drainage AL11 16
Oropharyngeal secretion AL12 17
Tracheal secretion AL13.1 18
Tracheal secretion AL13.2 18
Tracheal secretion AL13.3 18
Tracheal secretion AL14 19
Vaginal secretion AL15 20
Vaginal secretion AL16 21
Vaginal secretion AL17 22
Vaginal secretion AL18 23
Vaginal secretion AL20 24
Vaginal secretion AL22 25
Vaginal secretion AL23 26
Vaginal secretion AL24 27

Clinical Laboratory of Urine LC1 28
São Paulo State Urine LC2 29
University Blood LC3 30
(Botucatu campus) Tracheal secretion LC4 31

São José dos Campos Oral cavity F72 32
State University/UNESP Oral cavity 97A 33

Oral cavity E37 34

School of Dentistry / Saliva (healthy) A19 35
UNICAMP (Piracicaba Saliva (healthy) A116 36
campus) Saliva (healthy) B44 37

Saliva (healthy) C46 38
Saliva (healthy) C75 39
Saliva (healthy) D47 40
Saliva (healthy) D68 41
Saliva (healthy) E5 42
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sterile 0.9% NaCl in order to remove either culture medium traces
or extra-cellular metabolites (59,60). The last washed pellets were
transferred to micro-centrifuge tubes (2mL) and glass beads (v/v)
plus 500mL of cold sterile water were added (3,41). Cells were
lysed using a Mini-Bead Beater cell disrupter (Biospec Products,
Inc.) at 4,200 rpm, repeating four times of  30 sec at 5min intervals,
and placed in an ice bath (3,41). After cell disruption, were
centrifuged at 10,000g for 5min, and the supernatant protein
concentration were determined according to Bradford (6,16) and
adjusted to 0.8mg.mL-1 (2). Equal volumes of supernatant and
loading buffer (5 mM Tris, 2.5% 2-mercaptoethanol, 1.5% SDS,
0.025% bromophenol blue, 15% glycerol) were combined and
heated in a boiling water bath for 10 min (8).

Polyacrylamide gel electrophoresis (PAGE)
SDS-PAGE protein profiles were obtained after

electrophoresis of 25mL of denatured protein solution in
polyacrylamide slab gel (55) with SDS (sodioum dodecylsufate)
in a discontinuous buffer system (27) with 4.5% stacking gel
and 12.5% running gel. The electrophoresis was performed at
125 volts in a cold chamber and the protein bands present in
gels were fixed in solution of 12.5% sulfosalicylic acid for 20
min and stained with 0.025% Coomassie Blue G-250 for 12h.
The gels were destained by successive washing in acetic
acid:methanol:water (1:2.5:6.5) solution (1).

Numerical Analysis
The images of the gels were captured using an HP 4C scanner

(Hewlett Packard Co.) and the relative mobility (Rm values and/
or molecular weights) of each protein band was determined by
Kodak Digital Science softwareTM. Matches and mismatches
among the bands (originated from presence/absence of protein
bands) received the representations 1 and 0, respectively. These
data allowed to build binary values matrixes that were analyzed
using the statistics package NTSYS-pc version 1.70 (Applied
Biostatistics, Inc.). The similarity coefficient of Simple Matching,
SSM = (a+d).(a+b+c+d)-1, was used to obtain the matrixes of
similarity (SSM). Dendrograms, represented by non-rooted trees,
based on SSM values were generated by the unweighted pair-
group arithmetic average (UPGMA) clustering method
(17,51,52). The type-strain of C. albicans CBS562 and molecular
weight markers (Bovine Serum Albumin 66,000Da, Bovine
Pancreas Trypsinogen 24,000Da, Bovine Milk b-Lactoglobulin
18,400Da – Sigma-Aldrich Co.) were included in this experiment
in order to establish the degree of similarity among the C.
albicans samples and to determinate reproducibility (8,13,14,58).

RESULTS

Reproducibility
The strains protein profiles on different gels were

reproducible after three repetitions of each electrophoretic

running. Protein extracts of C. albicans CBS562 and molecular
weight markers were applied in all gels providing mean value
SSM = 0.921.

Strain clustering
The electrophoretic whole-cell protein patterns of C. albicans

showed 20 major bands per lane, within a range molecular weight
varying between 18,400Da and 66,000Da (Fig. 1). The application
of UPGMA clustering method allowed to build ten similarity
dendrograms (Fig. 2) with 0.880% ≤ SSM ≤ 1.0100%. Such dendrograms
showed one or several C. albicans subtypes, which were
determined according to the electrophoretic whole-cell protein
patterns and their similarity degrees:

Dendrogram I (Oral cavity - HIV): presence of 5 C. albicans
subtypes isolated from patients 6 (AL1.2), 7 (AL2.1, AL2.2),
and 8 (AL3.1, AL3.2), with 0.8 < SSM < 1.0.
Dendrogram II (Bronchial washing): presence of only 1 C.
albicans subtype isolated from patient 13 (AL8.1, AL8.2),
with SSM = 1.0.
Dendrogram III (Blood): presence of 3 C. albicans subtypes
isolated from patients 14 (AL9.1, AL9.2) and 30 (LC3), with
0.8 < SSM < 1.0.
Dendrogram IV (Oropharyngeal secretion): presence of 2
C. albicans subtypes isolated from patients 2 (IB2) and 17
(AL12), with 0.8 < SSM < 1.0.
Dendrogram V (Urine): presence of only 1 C. albicans
subtype isolated from patients 1 (P1), 9 (AL4), 10 (AL5), 11
(AL6), 12 (AL7), 28 (LC1), and 29 (LC2), with SSM = 1.0.

Figure 1.  Electrophoregram of whole-cell protein profiles of C.
albicans sample isolated from urine. MM: Molecular weight
rkers (Bovine Serum Albumin 66,000Da, Bovine Pancreas
Trypsinogen 24,000Da, Bovine Milk b-Lactoglobulin 18,400Da
– Sigma-Aldrich Co.). TS: C. albicans CBS562 (type-strain).
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Figure 2. UPGMA dendrograms. Relationship among C. albicans subtypes isolated from several human anatomical sites, based
on their protein profiles by SDS-PAGE.
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Dendrogram VI (Cavity oral): presence of 2 C. albicans
subtypes isolated from patients 32 (F72), 33 (97A), and 34
(E37), with 0.8 < SSM ≤ 1.0.
Dendrogram VII (Tracheal secretion): presence of 2 C.
albicans subtypes isolated from patients 18 (AL13.1, AL13.2,
AL13.3), 19 (AL14), and 31 (LC4), with 0.8 < SSM ≤ 1.0.
Dendrogram VIII (Vaginal secretion): presence of 4 C.
albicans subtypes isolated from patients 20 (AL15), 21
(AL16), 22 (AL17), 23 (AL18), 24 (AL20), 25 (AL22), 26
(AL23), and 27 (AL24), with 0.8 < SSM ≤ 1.0.
Dendrogram IX (Saliva - healthy): presence of 5 C. albicans
subtypes isolated from patients 35 (A19), 36 (A116), 37
(B44), 38 (C46), 39 (C75), 40 (D47), 41 (D68), and 42 (E5),
with 0.8 < SSM ≤ 1.0.
Dendrogram X (one isolate representative of each
anatomical site chosen casually): presence of 9 C. albicans
subtypes isolated from 14 anatomical sites [vaginal secretion
(AL16), tracheal secretion (LC4), urine (P1), abdominal
secretion (AL10), spittle (IB3), drainage (AL11), oral cavity
(E37), bronchial washing (AL8.1), oropharyngeal secretion
(AL12), pulmonary secretion (IB4), oral cavity – HIV (AL1.2),
catheter (IB5), saliva – healthy (C75), and blood (LC3)] of 14
patients, with 0.8 < SSM ≤ 1.0.

DISCUSSION

In the present investigation forty-eight C. albicans samples
from several anatomical sites of different patients were analyzed
by SDS-PAGE and numerical analysis. The reproducibility of the
electrophoretic protein profiles on different slab gels, evaluated
by the inclusion of molecular weight markers and protein extracts
of C. albicans CBS562, gave mean value SSM = 0.921. This value
is in agreement with the minimum acceptable value obtained in
previous studies (51). The similarity of the electrophoretic whole-
cell protein patterns among C. albicans samples observed in
UPGMA dendrograms showed values among 80% and 100% (0.8
≤ SSM ≤ 1.0). These values also are in agreement with the minimal
classification value (0.8) proposed by Sneath and Johnson (51).
Common and frequent mechanisms involved in the diversity of
Candida species could explain this similarity. These include
chromosomal rearrangements, chromosomal alteration, and
complex and unknown gene regulations (42,43). Moreover
tandemly repetitive sequences and telomeric and subtelomeric
sequences have been described previously, and it has been
postulated that such sequences may be involved in chromosome
organization and rearrangements (12,44). Further, these C.
albicans samples could derive from a unique strain as
consequence of the loss of one allele by recombination or a
chromosomal rearrangements sensu lato (40).

The UPGMA dendrograms analyses showed several C.
albicans subtypes and their similarity degrees (80% to 100%).
Certain patients may be infected with two or more C. albicans

subtypes in identical anatomical sites, such as in oral cavity
of immunocompromised patients, blood, and tracheal secretion
(dendrograms I, III, and VII), or yet, two or more patients can
be infected with a same C. albicans subtype in identical
anatomical sites, such as in bronchial washing, urine, oral
cavity, tracheal secretion, vaginal secretion, and healthy saliva
(dendrograms II, V, VI, VII, VIII, and IX). However, two or more
patients also may be infected with different C. albicans subtypes
in corresponding sites, such as in oral cavity of
immunocompromised patients, blood, oropharyngeal secretion,
oral cavity, tracheal secretion, vaginal secretion, and healthy
saliva (dendrograms I, III, IV, VI, VII, VIII, and IX). Two or more
patients may also be infected with identical or different C.
albicans subtypes, however, in different anatomical sites as
shown in dendrogram X (i.e.1. identical subtypes in vaginal
secretion, tracheal secretion, and urine; abdominal secretion
and spittle; drainage and oral cavity; catheter and healthy
saliva; i.e.2. different subtypes in bronchial washing,
oropharyngeal secretion, pulmonary secretion, oral cavity of
immunocompromised patients, and blood).

Candida species can be carried as commensal organisms,
and it has been showed that at least two-thirds of healthy
individuals carry these microorganisms in their natural microflora.
In a significant number of cases such individuals harbor this
yeasts in at least two anatomical niches, most notably in the
vaginal canal and oral cavity (53). Serotyping, electrophoretic
karyotyping, and DNA restriction fragment length polymorphism
studies have shown that isolates recovered from one or several
clinical sites of the same patients are usually identical (4,7,18,54).
DNA fingerprinting with the complex probe Ca3 was used to
analyze the relatedness of C. albicans collected from individuals
with nosocomial bloodstream infections (BSIs) and hospital care
workers in the surgical and neonatal intensive care units (ICU).
Such research revealed that for the majority of patients, isolates
from commensal sites (stool, urine, and others body locations)
before and after collection of a BSI isolates were highly similar or
identical BSIs. Although has been demonstrate that single,
dominant endemic strains are not responsible for nosocomial
BSIs in neonatal and surgical ICUs, multiple endemic strains may
be responsible for a significant number of cases. These results
also suggest that cross-contamination occurs between patients
and hospital care workers in the same or different ICUs (31). By
similar analyses, clinical samples isolated from patients of different
cities showed genetic similarity, despite of the geographic regions
(46,61). The genetic dissimilarities among commensal strains of
Candida species present in different anatomical locations of the
same healthy women were investigated (53). Also the infecting
strains of recurrent Candida vaginitis have been reported to be
genetically unstable (48), however, a single strain usually
predominate in different body site of the patients and in their
partners, which it is maintained throughout sequential infections
(29). Further, the genetic similarity between C. albicans strains
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isolated from women with vulvovaginitis and their male partners
(47,54), or those isolated from family members showing same
activities also has been reported (33). The isoenzyme and DNA
fingerprinting analyses from C. albicans samples showed that
clinical isolates strictly related were highly similar (39). Recently,
multilocus enzyme electrophoresis analysis showed that healthy
children may harbor just one or more C. albicans genetic subtypes
(32), and similarly in immunocompromised patients with
predominance of a single strain, which could to result from
intraspecies competition (40). Such behave may explain the
prevalence of C. albicans subtypes highly similar in several
anatomical sites. Identical and different C. albicans subtypes
colonizing intra and inter patients clinically non-
immunocompromised in several anatomical sites (pharynx,
bronchia, urine, skin, drainage, and cicatrix) also was reported by
electrophoretic enzymatic patterns analysis (4). Similar C.
albicans subtypes are shown in the oral cavity of HIV-positive
individuals in initial and advanced immunosuppression stages,
although most patients are infected with a unique strain (38). In
other study, identical and different C. albicans subtypes were
responsible to induce oropharyngeal candidiasis in several HIV-
positive patients (35). Finally, no association between clinical
site and subtypes C. albicans isolated of several anatomical sites
(blood, wound, lung, urine, oropharynx, pleural fluid, bile, mouth,
groin, and feces) in a same or different bone marrow transplant
patients was observed. Thus, in some patients, subtypes may
persist over time and strains of the same subtype may colonize
multiple anatomic sites (11).

The similarity among C. albicans subtypes isolated from
several anatomical sites in distinct clinical patients was
observed. Nevertheless, complementary studies involving
anatomical sites from immunocompetent or immunocompromised
patients (before, during and after specifics therapies) and their
families or hospital workers must be done in order to establish
the sources of C. albicans colonization. Finally, differentiation
and numerical analysis of Candida species based on SDS-PAGE
may provide preliminary criteria for taxonomic and
epidemiological studies of such microorganisms.
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RESUMO

Eletroforese de proteínas totais e análise numérica de
Candida albicans isolada da cavidade oral e outros

sítios anatômicos de humanos

O objetivo da presente pesquisa foi analisar os graus de
polimorfismos protéicos entre isolados de C. albicans
provenientes de diversos sítios anatômicos de quarenta e dois

pacientes clínicos, através do emprego da eletroforese em gel de
poliacrilamida (SDS-PAGE) e análise numérica, a fim de se
identificar subespécies e suas similaridades nos diversos nichos
infecciosos. Culturas celulares foram desenvolvidas em meio
YEPD, coletadas por centrifugação e lavadas com solução salina
gelada. As proteínas celulares totais, foram extraídas por
rompimento celular, usando pérolas de vidro e submetidas à
técnica de SDS-PAGE. Após a eletroforese, as bandas de proteínas
foram coradas com coomassie-blue e analisadas pelo conjunto
de programas estatístico NTSYS-pc versão 1,70. Matrizes de
similaridade e dendrogramas foram gerados pela aplicação do
coeficiente de similaridade simple-matching e do algoritmo
UPGMA, respectivamente. Os resultados obtidos revelaram
vários subtipos de C. albicans e seus graus de similaridade (80%
a 100%). Tais dados permitiram demonstrar que, certos pacientes
podem estar infectados com dois ou mais subtipos de C. albicans
em determinados sítios anatômicos (i.e. apenas na cavidade oral
de pacientes imunocomprometidos, sangue ou secreção traqueal),
ou ainda, dois ou mais pacientes podem estar infectados em
sítios anatômicos idênticos (i.e. apenas em lavagem brônquica,
urina, cavidade oral, secreção traqueal, secreção vaginal ou saliva
saudável) com um mesmo subtipo de C. albicans. No entanto,
dois ou mais pacientes também podem apresentar infecções em
sítios correspondentes (i.e. apenas na cavidade oral de pacientes
imunocomprometidos, sangue, secreção orofaríngea, cavidade
oral, secreção traqueal, secreção vaginal e saliva saudável) por
diferentes subtipos de C. albicans. Além disso, dois ou mais
pacientes também podem estar infectados com subtipos idênticos
ou não de C. albicans em diferentes sítios anatômicos (i.e.1.
idênticos subtipos na secreção vaginal, secreção traqueal e urina;
secreção abdominal e escarro; drenagem e cavidade oral; cateter
e saliva saudável – i.e.2. diferentes subtipos em lavagem
brônquica, secreção orofaríngea, secreção pulmonar, cavidade
oral de pacientes imunocomprometidos e sangue). Dados
complementares envolvendo amostras de C. albicans isoladas
de vários sítios anatômicos de pacientes imunocompetentes ou
imunocomprometidos (antes, durante e após terapias específicas)
e seus familiares ou trabalhadores hospitalares, deverão ser
obtidos a fim de se estabelecer as possíveis fontes de colonização
por esses microrganismos. De modo geral, os perfis de proteínas
totais obtidos por SDS-PAGE associados com análise numérica
computadorizada, permitem a obtenção de critérios adicionais
para os estudos epidemiológicos e taxonômicos de C. albicans.

Palavras-chave: análise numérica, SDS-PAGE; C. albicans;
sítios anatômicos
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