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ABSTRACT

Introduction: In recent years, increasing infections due to fungi have drawn attention. Especially, Candida albicans is the most frequent 
infectious agent with its virulence factors. Furthermore, because C. albicans is a nosocomial infection agent, it can lead an increase in 
mortality and morbidity. In this study, it was aimed to genotype C. albicans strains that caused candidemia by molecular methods and 
to investigate one of the most important virulence factors, Secreted Aspartyl Proteinase 4 (SAP4).

Materials and Methods: Our study included 50 C. albicans strains isolated from blood cultures. The isolates were identified both 
phenotypically and genotypically. Arbitrarily-Primed Polymerase Chain Reaction (AP-PCR) and Pulsed Field Gel Electrophoresis-
Electrophoretic Karyotype Analysis (PFGE-EK) methods were used for molecular genotyping of the strains. Furthermore, the presence of 
SAP4 a virulence factor for C. albicans was investigated by polymerase chain reaction (PCR).

Results: The 50 C. albicans isolates included in our study were separated to 26 genotypes by AP-PCR, 41 genotypes by PFGE-EK, and 
SAP4 was detected in 49 of the 50 isolates.

Conclusion: In conclusion, dominant genotypes among the C. albicans isolates were not detected. Results of both molecular typing 
methods revealed that C. albicans isolates were generally endogenous. Furthermore, SAP4 gene was detected in 98% of the isolates. A 
considerable presence of this gene in blood sample isolates suggests that it contributes to systemic infections. More elaborative studies 
on the function of SAP4 gene in endogenous infections of C. albicans may contribute to the prevention of these infections in the future.
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INTRODUCTION

Candida spp. are frequent causes of invasive 
fungal infections in immunocompromised hosts 
and are commonly present as normal flora of 
the mucosa, skin, vagina, and digestive tract[1,2]. 

Most of the human infections are caused by 
Candida albicans[1,3,4]. Patients, who have human 
immunodeficiency virus (HIV) infection, neutrope-
nia, prolonged antimicrobial therapy or therapy 
with other chemotherapeutic agents, possess a 
risk for developing disseminated Candida infecti-
ons[1,2]. 

In addition, Candida spp. can cause hospital 
infections. Molecular epidemiology is important 
for tracking and controlling the infection[5].

C. albicans is an opportunist pathogen which 
causes various diseases associated with several 
organs. Not only disruption of the host immune 
reaction, but also virulence factors have an im-

pact on pathogenicity. It is required to analyze 
the role of each virulence factor at each stage 
in order to improve the treatment of candidia-
sis[6]. It is widely accepted that members of the 
Secreted aspartyl proteinases (SAP) gene family 
show different expressions at different phases and 
infection areas[7]. In addition, it is declared that 
C. albicans isolated from the patients with clinical 
findings has a higher proteolytic activity compa-
red to those obtained from healthy individuals[6].

SAP, one of the most important virulence 
factors of C. albicans, are encoded by 10 SAP 
genes. Hydrolytic enzymes produced by SAP4, 
one of the secreted aspartyl proteinases, are ef-
fective in systemic infections[8-10].

The aim of this study was to type C. albicans 
strains using molecular methods and to investigate 
the SAP4 gene, which has an important role in 
the virulence of these microorganisms.

ÖZ
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Giriş: Son yıllarda mantarlara bağlı infeksiyonlarda ciddi artış dikkati çekmektedir. Özellikle Candida albicans sahip olduğu virülans 
faktörleri sayesinde en sık karşılaştığımız infeksiyon etkenlerindendir. Ayrıca, C. albicans önemli bir hastane infeksiyonu etkeni olarak, 
morbidite ve mortalite artışına neden olabilmektedir. Bu çalışmada; kandidemi etkeni C. albicans suşlarının moleküler yöntemler kul-
lanılarak tiplendirilmesi ve bu mikroorganizmaların virülansında önemli bir rolü olan Salgısal Aspartil Proteinaz 4 (SAP4) gen bölgesi 
varlığının araştırılması amaçlanmıştır.

Materyal ve Metod: Çalışmaya kan kültürlerinden izole edilen 50 C. albicans suşu dahil edildi. İzolatlar fenotipik ve genotipik olarak 
tanımlandı. Suşların moleküler tiplendirilebilmesi için “Arbitrarily Primed” Polimeraz Zincir Reaksiyonu (AP-PCR) ve “Pulsed Field Gel” 
Elektroforezi–Elektroforetik Karyotip Analizi (PFGE-EK) yöntemleri kullanıldı. Ayrıca C. albicans için bir virülans faktörü olan SAP4 gen 
varlığı polimeraz zincir reaksiyonu (PCR) yöntemi ile araştırıldı.

Bulgular: Çalışmaya alınan 50 C. albicans izolatı, AP-PCR yöntemi ile 26, PFGE-EK yöntemi ile 41 genotipe ayrılmıştır ve 50 izolatın 
49’unda SAP4 geni varlığı tespit edilmiştir. 

Sonuç: Sonuç olarak, çalışılan C. albicans izolatlarında baskın bir genotip saptanmamıştır. Her iki moleküler tiplendirme yöntemi 
sonucunda, C. albicans izolatlarının genellikle endojen kaynaklı olduğu düşünülmektedir. Ayrıca izolatların %98’inde SAP4 geni tespit 
edilmiştir. Kan örneği izolatlarında önemli oranda bulunması sistemik infeksiyonlarda bu genin katkısı olduğunu düşündürmektedir. C. 
albicans’ın endojen infeksiyonlarındaki SAP4 geninin işlevi üzerine daha ayrıntılı çalışmalar gelecekte bu infeksiyonların önlenmesine 
katkı sağlayabilecektir.

Anahtar Kelimeler: Candida albicans; Pulsed field jel elektroforezi; Virülans faktör
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MATERIALS and METHODS

Isolates  

The study included 50 C. albicans strains iso-
lated in routine microbiology laboratory from the 
blood samples of patients hospitalized at various 
departments. C. albicans strains grown in blood 
cultures after 48 hours of hospitalization or 10 
days after discharge of the patient were included 
into the study. The isolates were collected by 
re-sampling, and information on service and date 
of isolation were recorded.

Isolates from pure cultures were transferred 
into Eppendorf tubes containing sterile physio-
logical saline solution and stored at room tem-
perature. Before testing, strains in storage were 
sub-cultured onto Sabouraud dextrose agar (SDA) 
(Acumedia, Michigan) twice to ensure purity, then 
included into the study. 

Phenotypic identification of isolates 

The phenotypic identification of the isolates 
was performed using the germ tube test, Rice 
Extract-Tween 80 Agar and MAST ID-CHROM 
agar Candida (Mast Group).

Genotypic identification of the isolates 

The strains identified as C. albicans by phe-
notypic methods were included in the study after 
being confirmed by species specific Polymerase 
Chain Reaction (PCR). Using the primers desc-
ribed by Miyakawa et al. for this purpose, the 
species-specific EO3 gene (125bp) isolated from 
C. albicans was detected (Table 1)[11]. The PCR 
mixture used for the determination of the EO3 
gene and the amplification program were carried 
out in accordance with the protocols described 
by Otlu[12].

Typing of C. albicans by Arbitrarily Pri-
med-PCR (AP-PCR) method

For molecular typing of C. albicans strains by 
AP-PCR, the DNA extraction method described 
by Otlu was used for DNA isolations[12]. 

The reaction mixture used to perform typing 
by AP-PCR was prepared in accordance with the 
protocol defined by Durmaz et al. with modifica-
tions in the amplification program[13]. The primer 
sequence of M13 used in AP-PCR is given in 
Table 1[14].

The amplification products were subjected to 
gel electrophoresis process by applying 100V ele-
ctric current for 1 hour followed by 50V for 8 
hours in 2% gel (Biomax) in 1xTBE buffer, then 
stained with distilled water containing 0.5 µg/mL 
of ethidium bromide for 20 minutes, afterwards 
the band profile was examined in an imaging 
device (Biorad, Italy). 

The band profile analysis of AP-PCR was per-
formed using the BioNumerics software system. 
The dendrograms were drawn using UPGMA 
method (Unweighted pair group method with 
mathematical averaging) and analyzed by Dice 
similarity coefficient. For the determination of 
genotypes, isolates with a similarity coefficient of 
96-100% were defined as same genotype, isola-
tes with a similarity coefficient of 90-95% were 
defined as similar strain (subtype), and isolates 
with a similarity coefficient of < 90% were defi-
ned as different genotype[15].

Typing of C. albicans by Pulsed Field 
Gel Electrophoresis-Electrophoretic Karyo-
type Analysis (PFGE-EK) method

The karyotyping of C. albicans by PFGE was 
studied by modifying the protocol described by 

Table 1. Sequences of primers used in EO3 PCR, AP-PCR and SAP4 PCR

Primer Sequence

EO3 Primer1 5’--CAC CAA CTC GAC CAG TAG GC--3’

EO3 Primer2 5’--CGG GTG GTC TAT ATT GAG AT--3’

Primer M13 5’--GAG GGT GGC GGT TCT --3’ 

SAP4 Primer1 5’--CATTCATTCCTTTAATACCGACTATC--3’

SAP4 Primer2 5’--GGTAACAAACCCTGTAGATCTTTTAA--3
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Ben Abdeljelil et al[16]. The yeasts prepared were 
stored in 0.5 M EDTA (pH 9.0) at +4°C until 
electrophoresis.

An agarose gel (1%) (Biorad) was prepared in 
100 mL 0.5xTBE (44.5 mM Trisma base, 44.5 
mM Boric acid, 1 mM EDTA) buffer for electrop-
horesis. The stored yeasts were cut at a ratio of 
½ and placed in agarose gel. The electrophoresis 
was performed under following conditions: 14°C 
temperature, 4 V/cm voltage, 120° angle, initial 
pulse time of 90 seconds, final pulse time of 
325 seconds, total run time of 48 hours. 

After electrophoresis was completed, the gel 
was stained with distilled water containing 0.5 
µg/mL of ethidium bromide for 20 minutes, and 
the band profile was examined in an imaging 
device (Biorad, Italy). 

The band profile analysis of PFGE-EK was 
performed using the BioNumerics software system. 
The isolates with one or more band differences 
were evaluated as different karyotypes[12,16,17]. 

Detection of SAP4 gene by PCR 

The reaction mixture for SAP4 PCR was 
prepared by modifying the protocol of Costa et 
al. using 0.5 U of Taq DNA polymerase (Fer-
mentas), 200 μmol/L of dNTP, 10 pmol (from 
each primer), 2.5 mmol/L of MgCl2, 2.5 μl of 
10xPCR buffer and 2.5 μl of DNA[10].

Primer sequences that amplify the 156 bp re-
gion were used[9,10]. The primer sequences were 
given in Table 1. 

The amplification program for the SAP4 gene 
region was carried out by modifying the protocol 
of Costa et al.: initial denaturation at 94°C for 
3 minutes, 1 cycle; denaturation at 94°C for 
30 seconds, annealing at 62°C for 50 seconds, 
extension at 72°C for 1 minute, 30 cycles; final 
extension at 72°C for 5 minutes, 1 cycle[10].

The amplification products were subjected to 
gel electrophoresis process by applying 100V 
electric current for 1 hour followed by 50V for 
8 hours in 2% gel (Biomax) and 1xTBE buffer, 
then stained with distilled water containing 0.5 
µg/mL of ethidium bromide for 20 minutes, 
afterwards the band profile was examined in an 
imaging device (Biorad, Italy). 

RESULTS

The isolates were collected within a period of 
18 months. The distribution of the services to 
which the isolates included in the study were sent 
is shown in Table 2.

All isolates included into the study were iden-
tified as C. albicans by phenotypic methods and 
the identification was confirmed by EO3 PCR.

AP-PCR Results

The isolates were divided into 26 different 
genotypes by the AP-PCR method. The strains 
with the same genotype (a similarity coefficient 
of 96-100%) were as follows: genotype R8A 
(isolates 18 and 20), genotype R6A (isolates 39 
and 8), genotype R10C (isolates 16 and 34), 
genotype R20A (isolates 35 and 45), genoty-
pe R16A (isolates 40 and 41), genotype R1A 
(isolates 1 and 3), genotype R12A (isolates 21 
and 49), genotype R25A (isolates 46 and 47), 
genotype R5A (isolates 10, 6 and 7). The strains 
with the same genotype (a similarity coefficient of 
90-95%) were as follows: genotype R8 (isolates 
18, 20, 19 and 12), genotype R6 (isolates 39, 8 
and 31), genotype R10 (isolates 42, 44, 16 and 
34), genotype R16 (isolates 40, 41, 29 and 28), 
genotype R2 (isolates 15 and 2), genotype R7 
(isolates 14 and 9), genotype R4 (isolates 27 and 

Table 2. Service distribution of isolates

Service Number (%)

Chest diseases 8 (16%)

General pediatrics  6 (12%)

Internal diseases 6 (12%)

Neurosurgery 5 (10%)

Newborn 5 (10%)

Cardiology  3 (6%)

Pediatric infection 3 (6%)

General surgery 3 (6%)

Emergency 2 (4%)

Pediatric intensive care 2 (4%)

Otorhinolaryngology  2 (4%)

Infant  2 (4%)

Gynecology and obstetrics 1 (2%)

Neurology 1 (2%)

Infectious diseases 1 (2%)
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5), genotype R12 (isolates 21, 49, 22 and 23), 
genotype R26 (isolates 48 and 50), genotype R5 
(isolates 10, 6, 7 and 11). 

The strains found to be genotypically identical 
by the AP-PCR method are shown in Table 3 
collectively. 

PFGE-EK Results 

The isolates included into the study were divi-
ded into 41 different genotypes by the PFGE-EK 

method. The strains with the same genotype 
were as follows: genotype P5 (isolates 6 and 7), 
genotype P33 (isolates 39 and 40), genotype 
P26 (isolates 32 and 42), genotype P10 (isolates 
12 and 21), genotype P19 (isolates 24 and 28), 
genotype P1 (isolates 1, 17, 18 and 3), genoty-
pe P14 (isolates 16 and 44). 

The strains which were genotypically identical 
by PFGE-EK method are shown in Table 4. 

Table 3. The strains found to be genotypically identical by AP-PCR method

Genotype Isolate No Service 96-100% Similarity 90-95% Similarity

R1Aa
R1Ab

1
3

Chest diseases
Neurosurgery

+
+

R2A
R2B

15
2

General pediatrics
General pediatrics

+
+

R4A
R4B

27
5

Chest diseases
Pediatric infection

+
+

R5Aa
R5Ab
R5Ac
R5B

10
6
7
11

Pediatric infection
Internal diseases
Internal diseases

Newborn

+
+
+

+

R6Aa
R6Ab
R6B

39
8
31

Newborn
Gynecology and obstetrics

Cardiology

+
+

+

R7A
R7B

14
9

Pediatric intensive care
Neurosurgery

+
+

R8Aa
R8Ab
R8B
R8C

18
20
19
12

Newborn
Otorhinolaryngology

Chest diseases
Neurosurgery

+
+

+
+

R10A
R10B
R10Ca
R10Cb

42
44
16
34

Infant
Newborn

Cardiology  
Newborn

+
+

+
+

R12Aa
R12Ab
R12B
R12C

21
49
22
23

General surgery
Internal diseases

General pediatrics
Internal diseases

+
+

+
+

R16Aa
R16Ab
R16B
R16C

40
41
29
28

Infant
Cardiology  

Infectious diseases
Pediatric intensive care

+
+

+
+

R20Aa
R20Ab

35
45

Internal diseases
Chest diseases

+
+

R25Aa
R25Ab

46
47

Pediatric infection
Neurosurgery

+
+

R26A
R26B

48
50

General pediatrics
Neurology

+
+
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SAP4 PCR Results 

SAP4 gene was detected in 49 of the 50 
tested isolates by PCR. 

DISCUSSION

Although C. albicans, the most common cau-
sative agent of Candida related bloodstream infe-
ctions, is generally considered to be an endoge-
nous pathogen, it has also been reported that it 
may be exogenous[5]. 

Kuzucu et al. have investigated the distributi-
on, antifungal susceptibility and clonal relationship 
of Candida species isolated from neonatal and 
pediatric intensive care units of a medical center. 
At the end of the one-year follow-up, they ob-
tained 28 Candida isolates (15 C. albicans) and 
used electrophoretic karyotyping and AP-PCR to 
determine the clonal relationship of these isolates. 
The M13 primer used in AP-PCR, enabled to 
obtain a sufficient number of bands (≥ 10) for 
typing each isolate. They identified 11 genotypes 
from 15 C. albicans isolates[15]. 

In our study, M13 primer used in many 
studies was preferred[12,15,18]. In AP-PCR perfor-
med using M13, the isolates formed 8-14 band 
profiles and this is considered to be sufficient for 
genotyping. 

Fifty C. albicans isolates were divided into 26 
genotypes by the AP-PCR method. The largest 
group among these genotypes includes R8, R10, 
R16, R12, R5 with four microorganisms. It is 
remarkable that genotype R8 (isolates 18, 20, 19 
and 12) was isolated from different departments 
but partially isolated on close dates. Three of the 
four isolates that formed genotype R10 (isolates 
42, 44, 16 and 34) were isolated from the 
infancy and neonatal departments where there 
are pediatric patients, and one from the cardio-
logy department, which has nothing in common 
with these. Two of the isolates with genotype 
R16 (isolates 40, 41, 29 and 28) were isolated 
from the pediatric patients at the intensive care 
units, while the other two were isolated from 
the patients hospitalized at infectious diseases and 
cardiology departments. Two of the genotype 
R12 (isolates 21, 49, 22 and 23) isolates were 
isolated from the patients hospitalized in the in-
ternal medicine department. The four isolates that 
formed genotype R5 (isolates 10, 6, 7 and 11) 
were isolated on close dates; two were isolated 
from the patients hospitalized in the internal me-
dicine department, and two were isolated from 
the pediatric patients hospitalized in the pediatric 
infectious diseases and neonatal departments. 

The only group with three microorganisms 
was genotype R6 (isolates 39, 8 and 31). The 
microorganisms with this genotype were isolated 
from the patients hospitalized in different depart-
ments and on different dates. 

The genotypes consisting of two microorganis-
ms were R20, R2, R7, R4, R1, R26 and R25. 
Among these groups, genotype R2 (isolates 15 
and 2) was isolated from the patients hospitalized 
at the general pediatric department, while the mic-
roorganisms with genotype R20 (isolates 35 and 
45), R7 (isolates 14 and 9), R4 (isolates 27 and 
5), R1 (isolates 1 and 3), R26 (isolates 48 and 50) 
and R25 (isolates 46 and 47) were isolated from 
the patients of completely different departments. 

Several studies have shown that PFGE genot-
yping of Candida spp. can be performed in the 
form of restriction enzyme digestion or electrop-
horetic karyotyping[17,19]. PFGE-EK method is 
used to separate chromosomal DNA in agarose 
gel according to their sizes[20]. 

Table 4. The strains found to be genotypically 
identical by PFGE-EK method

Genotype Isolate No Service

P1 1
3
17
18

Chest diseases
Neurosurgery

General pediatrics
Newborn

P5 6
7

Internal diseases
Internal diseases

P10 12
21

Neurosurgery
General surgery

P14 16
44

Cardiology
Newborn

P19 24
28

General surgery
Pediatric intensive 

care

P26 32
42

Chest diseases
Infant

P33 39
40

Newborn
Infant
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Several previous studies obtained 5-8 ban-
ds for C. albicans by electrophoretic karyoty-
ping[16,19]. Our study, also revealed 5-8 bands 
by electrophoretic karyotyping. R chromosome 
containing rDNA genes, which can be seen as 
a highly variable band, exhibits different elect-
rophoretic mobility, but generally moves equally 
or faster than the 1st chromosome, and rarely 
slower than the 1st chromosome. As in other 
studies, the results were interpreted by excluding 
the band formed by R chromosome from the 
evaluation in our study[19].

Although C. albicans is generally considered 
as an endogenous pathogen, various studies have 
shown that it may also be an exogenous conta-
mination from the patient to the patient or by 
the hands of the healthcare staff. A study by 
Ben Abdeljelil et al. has aimed to reveal the cor-
relation between systemic C. albicans infections 
in neonates and healthcare staff using electrop-
horetic karyotyping. The study included 38 C. 
albicans strains isolated from patients and nurses. 
As a result, 38 isolates were divided into three 
main groups, and that there were isolates isolated 
from both patients and nurses in the first group. 
In this way, they emphasized the importance of 
hospital staff in nosocomial infection[16]. 

Fifty C. albicans isolates were divided into 41 
genotypes in our study by PFGE-EK method. P1 
was the largest group among these genotypes 
with four microorganisms. Although four isolates 
forming Genotype P1 (isolates 1, 17, 18 and 
3) were isolated from different departments, it is 
remarkable that the strains no. 1 and 3, 17 and 
18 were isolated on close dates.

Genotypes consisting of two microorganisms 
were P5, P33, P26, P10, P19 and P14. Ge-
notype P5 (isolates 6 and 7) was isolated from 
the patients hospitalized in the internal medicine 
department on close dates. Genotype P33 (isolates 
39 and 40) was isolated from the patients hos-
pitalized at the neonatal and infancy departments 
where there may be pediatric patients at almost 
close intervals. It was seen that the microorganisms 
forming genotype P26 (isolates 32 and 42), P10 
(isolates 12 and 21), P19 (isolates 24 and 28), 
P14 (isolates 16 and 44) groups were isolated from 
the patients of completely different departments.

While PFGE-EK is a non-amplification met-
hod, AP-PCR is an amplification based met-
hod[21]. Our study aims to enhance reliability 
by using these two methods, each of which has 
different working principles. Both epidemiological 
typing methods used in the study did not detect 
a dominant epidemiological group with a large 
number of microorganisms. Three groups of iso-
lates (6 and 7, 1 and 3, 16 and 44) had the 
same genotype with both methods, while other 
strains were included in different genotypes. 

Candida species are usually found in the 
normal microflora of individuals as commensal 
organisms. However, if the balance of the normal 
flora is impaired or in case of immune suppres-
sion, they often become pathogenic. This trans-
formation from commensal to pathogen draws 
attention to the potential pathogenicity of C. 
albicans, which especially has extensive virulen-
ce factors. Secreted aspartic proteases form an 
important virulence factor for C. albicans, which 
enables to avoid host resistant mechanisms and 
degradation of host barriers during adhesion and 
invasion[8].

Despite its high incidence rate and the signi-
ficant insight into host response mechanisms that 
contribute to disease pathogenesis, still relatively 
little is understood about the fungal virulence 
factors that govern symptomatic immunopatho-
logy[22].

SAP4-6 genes from secreted aspartic proteases 
encoded by a gene family consisting of 10 SAP 
genes are effective in systemic infections[9,23]. 
Kalkancı et al. have investigated the distribution 
of SAP in different C. albicans isolates. In the 
study, SAP4 was found in 38 (95%) of the 40 
isolates isolated from blood culture, while it was 
detected in 3 (7.5%) of the 40 isolates isolated 
from vaginal cultures. According to these results, 
researchers commented that SAP4 was associated 
with systemic infections[23].

Ardehali et al. have examined the prevalen-
ce of some virulence genes in various Candida 
species in their studies. The researchers detected 
that SAP4 gene exists in 57 (88%) of C. albi-
cans isolate in the study which includes strains 
isolated from different materials[24]. 
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In our study, SAP4 gene was present in 49 
(98%) of the 50 C. albicans isolates isolated from 
the blood cultures. SAP4 gene negative isolate (No. 
50) was among genotype R26 by AP-PCR and 
was similar with isolate no. 48 with a correlation 
of 94.7%. By PFGE-EK, it did not share any simi-
larities with any of the other isolates. Isolate num-
bered 48 was isolated from pediatrics and isolate 
numbered 50 was isolated from neurology services. 
PFGE is stil considered a gold standard method 
for the characterization of many pathogenic mic-
roorganisms[21,25]. Therefore, it is considered that 
AP-PCR method defines isolates numbered 48 and 
50 in the same genotype mistakenly due to both 
PFGE-EK difference and SAP4 difference. 

In conclusion, both molecular typing methods 
revealed that C. albicans isolated from blood cul-
tures of the patients hospitalized in various depart-
ments of our hospital were generally endogenous, 
and may rarely be exogenous. In this context, it is 
necessary to attempt to eliminate the factors that 
may result in the formation of the infection caused 
by the patient’s own conditions without ignoring 
the environmental measures in order to minimize 
hematogenous C. albicans infections in our hospital.

The detection of SAP4 gene in all of our 
isolates other than one draws attention to the im-
portance of this gene in pathogenesis. Examination 
of the existence of SAP4 gene without invasive-no-
ninvasive isolate comparison may be considered a 
missing part of our study. Comprehensive studies 
in which invasive and noninvasive isolates can be 
compared and a number of strains included may 
help researchers understand virulence mechanisms 
of C. albicans. 
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