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Abstract: In order to evaluate the pathogenicity of yeasts isolated from vaginal secretion of pregnant and
non-pregnant women – stored in mineral oil at the URM Mycology Collection, Department of Mycology,
Federal University of Pernambuco – 30 samples belonging to the genera Candida, Rhodotorula, Trichosporon,
and Kloeckera, were studied regarding their pathogenic characteristics, ability to grow at room temperature
(28°C ± 1°C), 37°C, and 42°C for 72 hours, and production of both phospholipase and proteinase. Results
showed that all 30 isolates (100%) were able to grow at room temperature and 37°C, and that 17 samples
(57%) were able to grow at 42°C. Evaluation of enzymatic activity showed protease activity in only two
isolates (7%), namely C. maritima and C. obtusa. Phospholipase activity was detected in 20 isolates (67%)
using soy lecithin as substrate at different temperatures. The characterization of yeasts isolated from
vaginal secretion and determination of their enzymatic activity may contribute to understanding the
epidemiology of vulvovaginitis and assist in the treatment of patients.
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INTRODUCTION
Yeasts are unicellular fungi that primarily
reproduce by budding or fission. They are widely
distributed in nature and have been isolated from
humans and other animals, food, plants, air, soil,
and water (1). Vulvovaginal infection by yeasts
presents as an inflammation of genital mucosa,
mainly affecting the vulva and vagina, and is
developed as a result of yeast infection which
may be part of the microbiota (2, 3). However,
the factors responsible and mechanisms resulting
in pathological effects are poorly understood in
vulvovaginal infection by yeast (3, 4).
The main etiological agent of candidiasis is
Candida albicans. Studies show that this species
constitutes at least 60% of all Candida isolated
from clinical samples. Since this yeast is a part
of the normal human microbiota, candidiasis

can be considered an opportunistic infection (1).
However, other Candida species have also been
frequently reported in the literature as etiological
agents for candidiasis, including: C. tropicalis,
C. parapsilosis, C. krusei, C. guilliermondii, C.
glabrata, C. kefyr, C. lusitaniae, C. viswanathii and
C. famata. All these have already been isolated
from clinical samples (5).
Studies reinforce the need to evaluate the
vulvovaginal infection by yeasts as a major cause
of health impairment in women (4). The ability
of some fungi to grow at up to 37°C, and also to
produce enzymes such as phospholipases and
proteinases permit establishment of a relationship
with pathogenicity (5).
Several substances produced by yeasts have
been associated with infection, or regarded as
virulence factors. Infections caused by these
microorganisms are directly related to the
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production of exoenzymes. Currently, these
enzymes have been considered one of the most
important virulence factors for yeasts (6-11). It has
been reported that enzymes like phospholipase
and proteinases are involved in the virulence of
C. albicans. Nevertheless, little is known about the
role these exoenzymes play in the pathogenesis of
vulvovaginal candidiasis (7, 12, 13).
The pathogenesis of vulvovaginal infection
by yeasts is still not completely understood,
but consensus is that it is currently a significant
problem in women’s health. Professionals
working in this area have a need to understand
current issues addressed on its pathogenesis and
to characterize host influences and virulence
factors of causative agents to identify their
importance in this pathology (14-16).
In the diagnostic laboratory, C. albicans is the
species most frequently isolated from the female
genital tract, since 20 to 25% of asymptomatic
women have a positive vaginal culture. About
75% of adult women have at least one episode of
vulvovaginal candidiasis in their lifetime, with
a prevalence of C. albicans in 70 to 90% (17).
Some of these patients, about 5%, are likely to
have new episodes and suffer recurrences (18,
19).
The ability to produce hydrolytic enzymes is
considered an important pathogenic factor that
interferes with fungus invasion in the host cell,
causes the destruction of cellular components,
contributes to tissue damage and causes partial
or total cell dysfunction. Moreover, proteinases
hydrolyze peptide bonds whereas phospholipases
hydrolyze phosphoglycerides (20-22).
Another factor also considered characteristic
of pathogenicity is the ability of some fungi to
grow at 37°C; however, growth at 37°C and 42°C
allow species delimitation (23).
Determinants of pathogenicity to specific
yeasts have been raised with the aim of producing
new antifungal drugs, including growth at 37°C
and enzymatic activities of phospholipase and
protease (24, 25).
Protease production has been associated with
the pathogenicity of yeasts (26). According to
some authors, these enzymes are responsible for
the persistence and colonization of the yeasts in
the vaginal tract (7). They also facilitate tissue
penetration and immunoglobulin A (IgA)
cleavage, an important factor in vaginal immunity
(26, 27).
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The aim of this work was to detect extracellular
enzymes, proteases and phospholipases produced
by yeast species isolated from vaginal secretions
as a biotechnological technique to establish the
identity and relationship of yeast species.
MATERIALS AND METHODS
Yeasts
Thirty yeasts strains isolated from vaginal
secretion samples were selected from stocks
stored in mineral oil at the URM Mycology
Collection of the Department of Mycology,
Center of Biological Sciences, Federal University
of Pernambuco, Brazil. The project was approved
by the Ethics Research Committee of the Health
Science Center, Pernambuco Federal University.
The following pathogenic characteristics were
studied: the ability to grow at room temperature
(RT = 28°C ± 1°C), 37°C and 42°C for 72 hours,
and the production of both phospholipase and
proteinase. All cultures were from the URM
Mycology Collection and were subjected to
taxonomic confirmation according to traditional
criteria which are based on morphological and
physiological evidence (28-30).
Sample Reactivation
The stock samples preserved in mineral
oil were reactivated by growing in glycoside
broth and then transferred to slants containing
Sabouraud agar plus yeast extract (SAB+YE).
Detection of Pathogenic Characteristics
Growth temperature
Yeast growth was analyzed at room temperature
(RT = 28°C ± 1°C), 37°C, and 42°C for 72 hours.
For each temperature, each yeast isolate was
streaked in quadruplicate on Sabouraud agar in
test tubes.
Detection of enzymes
Tests were performed in triplicate for detection
of protease enzymes and phospholipases. Seeding
was performed by moving fragments of 72-hour
growth culture onto medium surface at the center
of culture plates. The three plates were incubated
at room temperature (RT = 28°C ± 1°C) and
37°C. Protease and phospholipase production
was detected by the formation of halos around
the culture (31).
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Detection of Protease
Protease activity was verified using milk
casein (plate) and gelatin (in tubes) as substrates
(1). Protease activity on agar plates was observed
by casein hydrolysis in a medium containing
skimmed milk; then seeding samples were
observed for growth and enzyme activity by halo
formation over a 10- to 15-day period. Protease
was detected by the formation of transparent
halos around the colonies. Production of this
enzyme was confirmed with acidified mercuric
chloride solution (HgCl2, 12 g; concentrated HCl,
16 mL; distilled water, 80 mL). Enzyme activity
was estimated by the difference between circle and
colony diameter. The absence of a halo indicated
the absence of protease activity. Protease activity
was verified by gelatin liquefaction using a gelatin
substrate kept in tubes stored at room temperature
(RT = 28°C ± 1°C).
Detection of Phospholipase
A modified method was adopted to verify
phospholipase presence, in which seeding was
performed by placing culture samples on the
center of Petri dishes containing Sabouraud
agar supplemented with 1 M sodium chloride,
calcium chloride 0.005 M and two egg yolks (the
modification consisted of replacing the egg yolk
with a emulsion from Difco Laboratories, USA)
and kept at room temperature (RT = 28°C ± 1°C)
and 37°C (32). Concurrently, phospholipase
activity was investigated by the same method
but replacing egg yolks with soy lecithin (31).
Observations were made on the 5th, 10th, and
15th day to check and measure the formation of
an opaque halo around the colony. Activity zone
(ZA) was calculated by dividing colony diameter
by the sum of the colony diameter and size of
precipitation zone.
Interpretation: ZA equal to or greater than
1.0 detects no phospholipase activity, ZA lower
than 1.0 detects phospholipase activity. Statistical
analysis consisted of presenting events in absolute
numbers, percentages, and averages, and used the
Fisher’s exact test for association of variables with
significance set at p < 0.05.
RESULTS
Stocked yeasts strains from the URM Mycology
Collection were viable regardless of preservation
time, presenting growth when transferred from
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glycoside broth to SAB+YE (30). Confirmation
of strain identification: all studied yeasts strains
displayed sugar assimilation and fermentation
patterns that corresponded to previously
identified species (15).
All 30 isolates showed growth at room
temperature (RT = 28°C ± 1°C) and 37°C,
and 17 (57%) grew at 42°C (Table 1). To detect
enzyme activity, protease activity was observed
in two isolates (7%) C. maritima and C. obtusa.
C. maritima URM 4976 presented proteolytic
activity both in medium containing gelatin (RT =
28°C ± 1°C) and medium containing casein (RT
= 28°C ± 1°C and 37°C) as substrate. C. maritima
URM 4976 also grew at all temperatures tested
(RT = 28°C ± 1°C, 37°C and 42°C). The yeasts were
isolated from vaginal secretions of non-pregnant
women without vulvovaginal yeast infection
symptoms. At room temperature only, C. obtusa
URM4982 also showed proteolytic activity on
gelatin and casein. Growth was observed at two
temperatures (RT = 28°C ± 1°C and 37° C).
The phospholipase activity was detected in 20
isolates (67%) using soy lecithin as substrate at
different temperatures:
• C. albicans URM4987 showed phospholipase
activity in egg yolk (Table 1).
• C.
albicans
(URM4987,
URM4990,
URM4986), C. tropicalis (URM6089,
URM4989), and C. guilliermondii URM4975
showed phospholipase activity in soy lecithin
substrate at room temperature and 37°C.
• C. parapsilosis 4984URM, C. tropicalis
URM6090, C. salmanticensis URM6088, C.
tsuchiyae URM4981, C. shehatae URM4978,
C. versatilis URM4980, C. membranaefaciens
URM 4983, C. azyma URM4979, R. minuta
(URM6085, URM6086, URM6087) R. graminis
URM4971, R. pallida URM 4988, R. rubra
URM6083 showed phospholipase activity in
lecithin substrate at room temperature (Table
1).
• Phospholipase activity was not observed
in C. parapsilosis 4970URM, C. tropicalis
URM6084, C. maritima URM4976, C.
geochares URM4985, C. obtusa URM4982,
C. robusta URM4972, C. sake URM4974, K.
apiculata URM5002, R. glutinis URM5092 and
T. cutaneum URM4973.
In relation to pregnancy C. albicans
URM4987 was isolated from vaginal secretions
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Table 1. Phospholipase and proteinase activity in yeasts isolated from vaginal secretion preserved in the
URM Culture Collection
Enzyme Activity

Temperature Growth

Registered
URM
Culture
Collection

Species

4987

*RT

37ºC

42ºC

Candida albicans

+

+

4990

C. albicans

+

4986

C. albicans

4979

Proteinase
Gelatin

Phospholipase

Casein

Egg yolk

Soy lecithin

*RT

*RT

37ºC

*RT

37ºC

*RT

37ºC

+

–

–

–

+

–

+

+

+

+

–

–

–

–

–

+

+

+

+

+

–

–

–

–

–

+

+

C. azyma

+

+

+

–

–

–

–

–

+

–

4985

C. geochares

+

+

+

–

–

–

–

–

–

–

4975

C. guilliermondii

+

+

+

–

–

–

–

–

+

+

4976

C. maritima

+

+

+

+

+

+

–

–

–

–

4983

C.
membranaefaciens

+

+

–

–

–

–

–

–

+

–

4982

C. obtusa

+

+

–

+

+

–

–

–

–

–

4984

C. parapsilosis

+

+

+

–

–

–

–

–

+

–

4970

C. parapsilosis

+

+

–

–

–

–

–

–

–

–

4972

C. robusta

+

+

–

–

–

–

–

–

–

–

4974

C. sake

+

+

–

–

–

–

–

–

–

–

6088

C. salmanticensis

+

+

–

–

–

–

–

–

+

–

4978

C. shehatae

+

+

+

–

–

–

–

–

+

–

6084

C. tropicalis

+

+

+

–

–

–

–

–

–

–

6090

C. tropicalis

+

+

+

–

–

–

–

–

+

–

6089

C. tropicalis

+

+

+

–

–

–

–

–

+

+

4989

C. tropicalis

+

+

+

–

–

–

–

–

+

+

4981

C. tsuchiyae

+

+

+

–

–

–

–

–

+

–

4980

C.versatilis

+

+

+

–

–

–

–

–

+

–

5002

Kloeckera apiculata

+

+

–

–

–

–

–

–

–

–

5092

Rhodotorula
glutinis

+

+

–

–

–

–

–

–

–

–

6085

R. minuta

+

+

+

–

–

–

–

–

+

–

6086

R. minuta

+

+

+

–

–

–

–

–

+

–

6087

R. minuta

+

+

–

–

–

–

–

–

+

–

4971

R. graminis

+

+

–

–

–

–

–

–

+

–

4988

R. pallida

+

+

–

–

–

–

–

–

+

–

6083

R. rubra

+

+

–

–

–

–

–

–

+

–

4973

Trichosporon
cutaneum

+

+

–

–

–

–

–

–

–

–

*Room temperature (RT = 28°C ± 1°C)
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of pregnant women with symptoms, and showed
phospholipase activity at the two temperatures
studied, while C. robusta URM4972, also isolated
from pregnant women with symptoms, was
inactive. The other yeast isolated from vaginal
secretions of pregnant women, but without
symptoms, was R. minuta URM6086. This one
only showed phospholipase activity at ambient
temperature.
Of the 30 samples analyzed, 19 were isolated
from vaginal secretions of pregnant women
without symptoms. Phospholipase activity (at
37°C) was detected in C. albicans URM4990,
C. tropicalis URM6089, and C. guilliermondii
URM4975. In C.
albicans URM4986 and
C. tropicalis URM4989 the activity was also
observed; however, the yeasts were isolated
from vaginal secretions of non-pregnant women
without symptoms.
DISCUSSION
Host predisposing factors have been well
studied and are therefore known, at least in part,
by professionals working in women’s health.
Nevertheless, aspects related to pathogens, which
are yeasts, are little known. Thus, updating and
knowledge of basic concepts and clinical trials
related to this pathology are very important in
helping professionals monitor the infection (14).
The importance of understanding the process of
virulence, particularly at the bacterial level has
been recognized in recent years, and that further
studies are required on yeasts, especially those
isolated from vaginal secretion (17).
Agar diffusion techniques using solid media
are commonly employed to verify the activity of
different enzymes. Then, results are expressed
by the formation of halos resulting from the
hydrolysis of specific substrates or indicator color
change in culture medium (32).
Detection of protease activity in just two
of a large number of studied samples has been
frequently reported by some authors. Some
studies have found no protease activity in any of
the isolates (33). Several authors have reported
detecting phospholipase in yeast species, which
are mentioned as being able to express this
enzyme (34).
In our results we observed phospholipase in C.
parapsilosis in soy lecithin substrate. This finding
differs from other authors and corroborates the
J Venom Anim Toxins incl Trop Dis | 2011 | volume 17 | issue 4

results of other studies in which phospholipase
activity was detected in C. albicans, C. parapsilosis,
C. tropicalis, and C. guilliermondii (35, 36).
Enzymatic activity has been detected in yeasts
isolated from biological samples from different
anatomical origins (anus, vagina, and mouth) in 17
patients (37, 38). The detection of phospholipase
and proteinase enzymes on solid media has been
described, especially in C. albicans samples.
Some studies also found that certain species of
yeasts can produce proteases whereas others
cannot, which may contribute to the increased
virulence.However, in numerous cases of vaginal
infection caused by yeasts proteinase activity is
not detected. This may indicate that the secretion
of protease is not the only factor involved in the
ability of causing vulvovaginitis (35, 36).
Regarding the fact that we detected
phospholipase production in 67% of samples
among 14 different species, our results differ
from those found in isolates from the oral cavity,
in which it was found only in C. albicans samples
(35).
Previous studies have shown that 30 to 100%
of C. albicans isolates are phospholipase secretory
(36). In our study we observed phospholipase
activity in C. tropicalis and C. parapsilosis, which
differs from another research that using 41
Candida strains, detected it only in C. albicans
(39). However, a different study found that, in
addition to C. albicans and C. parapsilosis strains,
C. tropicalis and C. guilliermondii also showed
phospholipase activity, which confirms our
results (36).
In Brazil, studies found that 51.1% of analyzed
C. albicans samples showed phospholipase activity
(40, 41). Percentages are variable in relation to
activity detection, with values of 73.3, 96.6, and
even 100% of samples (36, 39, 42). Regarding C.
albicans, the present findings showed varying
degrees of phospholipase activity, within the
parameters found by other authors (32, 39).
For enzyme activity in C. albicans, the three
strains tested were positive for phospholipase
production (100%), but none was positive for
protease. Our results differ from other authors
that observed 84.61% of the samples producing
phospholipase and 61.83%, proteinase (35). It also
differs from findings from a study that showed a
71.9% frequency of phospholipase production
and 68.7% of proteinase in C. albicans samples
(43).
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Unlike our results, the latter study did not
detect any protease activity in other yeast species,
except for C. tropicalis (43). Enzyme production
by yeasts isolated from any anatomical site is of
great epidemiological importance. In Candido
et al. (35), 35.3% of isolates tested demonstrated
both types of enzymatic activity, indicating the
importance of performing correlation between the
production of these enzymes and pathogenicity,
especially if isolated from clinically healthy
individuals, so that more accurate preventive
methods can be adopted (35).
The proteinase-producing capacity was found
in C. tropicalis, C. parapsilosis and C. glabrata
isolates of samples from anal mucous secretion,
sputum, oropharyngeal secretions and urine.
According to some authors, the test is important
for defining the microorganism as etiological
agent or colonizer in sites where they are part
of the normal microbiota. This explains the
importance of collection even in the absence of
symptoms (44).
Thus the characterization of yeasts isolated
from vaginal secretion, and the determination
of their enzymatic activity may contribute to the
understanding of vulvovaginitis epidemiology
and assist in patient treatment.
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