
Jundishapur J Microbiol. 2020 September; 13(9):e105200.

Published online 2020 November 29.

doi: 10.5812/jjm.105200.

Research Article

Aspartyl Proteinase and Phospholipase Activities of Candida albicans

Isolated From Oropharyngeal Candidiasis in Head and Neck Cancer

Patients

Mohsen Ilkhanizadeh-Qomi 1, Sepideh Nejatbakhsh 1, Zahra Jahanshiri 1, * and Mehdi
Razzaghi-Abyaneh 1

1Department of Mycology, Pasteur Institute of Iran, Tehran, Iran

*Corresponding author: Department of Mycology, Pasteur Institute of Iran, Tehran, Iran. Email: zjahanshiri@yahoo.com

Received 2020 May 18; Revised 2020 September 22; Accepted 2020 November 06.

Abstract

Background: Candida albicans is one of the most important members of the human normal flora that can cause opportunistic
fungal infections. Hydrolytic enzymes are one of the main virulence factors in the pathogenesis of Candida species.
Objectives: This study was carried out to determine proteolytic activities, and their related gene expressions in C. albicans isolates
obtained from oropharyngeal candidiasis in head and neck cancer patients.
Methods: Thirty-two C. albicans clinical isolates were included in this study. Secreted aspartyl protease and phospholipase activities
were analyzed by appropriate agar media and precipitation zones. The expression levels of SAP1, 3 and PLB1, 2 genes were evaluated
by real-time PCR.
Results: All the 32 isolates exhibited proteinase activity while 28 of them showed phospholipase activity. All the strains possessed
all SAPs genes; however, PLBs genes were not expressed in four isolates.
Conclusions: Our findings demonstrated that the clinical strains of C. albicans had strong proteolytic activity and high expression
levels of the pertaining genes.
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1. Background

Candida is a pathogenic fungal genus in humans whose
members are responsible for 34% of the opportunistic fun-
gal infections (1). Candida albicans is one of the most impor-
tant known human pathogens that can take various clini-
cal forms (2-4). Numerous virulence factors have been re-
vealed in C. albicans, among which, secreted aspartyl pro-
teinases (Saps) and phospholipases are known as extracel-
lular hydrolytic enzymes in Candida species (5). Saps are
considered as the most significant factors in the virulence
of C. albicans encoded by 10 SAPs (6, 7). It has been demon-
strated that SAP1 - 8 gene products are released into the
extracellular spaces while the products of SAP9 and SAP10
genes are attached to the cell membrane (8). Moreover, re-
search has revealed that SAP gene expressions are related
to environmental conditions (9).

It has been found that SAP1 and SAP3 are critical for mu-
cosal infections. Moreover, they are involved in yeast stick-

ing, cell harm, and escape from the host immune system
(9). The SAP1 and SAP3 genes are known to have signifi-
cant functions in oral candidiasis and contribute to tissue
damage in C. albicans infections at mucosal surfaces and
SAP2 is highly expressed in oral candidiasis (10, 11). Alto-
gether, the Sap enzymes have important roles in the colo-
nization and invasion of Candida species (10). Among four
reported types of phospholipases in C. albicans, phospho-
lipase Plb1 and Plb2 are produced extracellularly (9) while
Plb1 has been demonstrated to be a major virulence factor
(12). Most phospholipase B activities in C. albicans belong
to Plb1, whereas Plb2 has a slight activity; hence, the strains
without the PLB1 gene only have a little phospholipase B ac-
tivity (13).

Oropharyngeal candidiasis is a common oral compli-
cation that occurs after radiotherapy in head and neck
cancer patients. The infection may cause critical and sys-
temic infections (14). The literature shows that C. albicans
is one of the significant species involved in more than 80%
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of oropharyngeal candidiasis cases (15). In our previous
study, we examined SAP2 gene expression in C. albicans
strains, isolated from oropharyngeal candidiasis patients
with head and neck cancer in Iran (16). Due to the impor-
tance of extracellular Candida proteinases for the improve-
ment of current therapeutic strategies and their consid-
erable potential as fungal drug targets (17), here we eval-
uated the activities of these enzymes and expressions of
SAP1, SAP3, PLB1, and PLB2 genes in C. albicans strains. To the
best of our knowledge, this is the first report on the expres-
sion of the above-mentioned genes concerning this mu-
cosal infection in Iran, which may improve our knowledge
of the virulence factors of C. albicans in oropharyngeal can-
didiasis of head and neck cancer patients.

2. Objectives

In this study, we surveyed the proteolytic activity of
clinical isolates of C. albicans with an emphasis on the ex-
pression of the related genes.

3. Methods

3.1. Clinical Isolates

Thirty-two clinical C. albicans isolates, as the causative
agents of oropharyngeal candidiasis (typed by MLST), were
obtained from patients in six geographical regions of
Iran and used in this study (16). Five C. albicans isolates
from head and neck cancer patients who did not have
oropharyngeal candidiasis were considered as the control.
The isolates were recognized using culture on CHROMa-
gar Candida, germ tube production test, chlamydoconi-
dia production, and carbohydrate assimilation test us-
ing the API kit (BioMerieux, France). The final identi-
fication was done by the ITS sequencing method. The
primers of internal transcribed spacer regions (ITS 1
and ITS 4) were 5’- TCCGTAGGTGAACCTGCGG-3’ (forward)
and 5’-TCCTCCGCTTATTGATATGC-3’ (reverse). The new se-
quences were submitted to the GenBank database and
gave MW009706-MW009737 accession numbers for 32 se-
quences.

3.2. Chemicals and Instruments

Sabouraud dextrose agar (SDA), CHROMagar medium,
and bovine serum albumin (BSA) agar medium were ob-
tained from Merck (E. Merck, Germany). Guanidium isoth-
iocyanate (GITC) reagent, RNase-free DNase, random hex-
amer primers, Revert Aid M-MuLV reverse transcriptase,
and SYBR Green master mix were obtained from Thermo

Fisher Scientific (USA). The API kit was obtained from
BioMerieux (France). Agarose powder was obtained from
Yekta Tajhiz Azma (YTA, Iran). An EPOCH2 microplate
reader was purchased from BioTek instruments (BioTek,
USA). Corbett Rotor-Gene 6000 was purchased from QIA-
GEN (USA).

3.3. Proteolytic Activity

The proteolytic activity of Candida isolates was inves-
tigated by bovine serum albumin (BSA) agar medium as
previously specified by Ruchel et al. (18). Candida isolates
were cultured as spots and were incubated at 37°C for five
days. Each isolate was cultured three times. After incuba-
tion, the enzymatic activity was estimated as the diameter
of the whitening halo surrounding each colony resulting
from protein degradation. The ratio of the diameter of a
colony to the diameter of that colony plus the precipita-
tion zone (i.e. the total diameter) indicated the proteinase
zone (Prz). The Prz values were categorized as follows: Prz
value =1 (no activity), Prz value = 0.64 to 1 (moderate activ-
ity), and Prz value < 0.64 (high activity) (19).

3.4. Phospholipase Activity

For the determination of phospholipase activity of the
strains, culturing on egg yolk agar medium was done (19).
The culture medium consisted of SDA in which 57.3 g NaCl,
0.55 g CaCl2, and 8% sterile egg yolk emulsion were added.
The effects of extracellular phospholipase enzymes on the
egg yolk were characterized as phospholipase zone (Pz).
Candida isolates were inoculated in triplicate. After incu-
bation at 37°C, the diameters of the colonies and the di-
ameters of the colonies plus precipitation zone around the
colonies were measured, as well as the Pz, were calculated
after 3 - 8 days. The average Pz was measured for all the
isolates and phospholipase activity was measured using Pz
values as mentioned above.

3.5. RNA Extraction

After culturing, the isolates on the SDA medium were
incubated at 28°C for 48 h. Fungal cells were homoge-
nized by glass beads. Total RNA was extracted using GITC
reagent from fresh yeast cells (16, 20). Total RNA was treated
by RNase-free DNase (Thermo Fisher Scientific, USA) ac-
cording to the manufacturer’s protocol. Agarose gel elec-
trophoresis was performed to confirm the absence of DNA.
The concentration of RNA was measured by an EPOCH2 mi-
croplate reader (Bio Tek, USA). A total of 1000 ng RNA was
used for preparing single-stranded cDNA (Thermo Fisher
Scientific, USA) according to the manufacturer’s instruc-
tions.
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3.6. SAPs and PLBs Gene Expression by Real-Time PCR (RT-PCR)

Genes expressions were evaluated by RT-PCR (Rotor
gene 6000, Corbett) using the SYBR green master mix kit
(Applied Biosystems). Each reaction was prepared in a final
volume of 25µL using the specific primers set, as shown in
Table 1 (9). The optimized program of PCR was as follows:
95°C for 10 min, 40 cycles of 95°C for 15 s, and 60°C for 1
min (9). Each reaction was repeated three times. The re-
sults were analyzed by relative quantification, using ACT1
expression as the reference gene. Then, ∆CT was deter-
mined by the following formula: [∆CT = CT(target) - CT (ref-
erence)]. The gene expression level was calculated by the
2-∆CT method. Fold increases (FI) were determined using
the relative threshold method (2-∆∆CT) (16).

3.7. Statistical Analysis

The data were analyzed using GraphPad PRISM 6 by
One-Way ANOVA. A P-value of less than 0.05 (P < 0.05) was
considered significant.

4. Results

4.1. Proteinase and Phospholipase Activity of Candida Isolates

All the strains exhibited proteinase activity. Twenty-
eight strains (87.5%) showed a potent proteinase activity
(++) and four strains (12.5%) had a moderate activity (+).
Out of 32 isolates of C. albicans, 17 (53.1%) isolates revealed
a strong phospholipase activity, 11 (34.3%) isolates showed a
moderate phospholipase activity, and four (12.5 %) isolates
had no phospholipase activity (Table 2).

4.2. SAPs and PLBs Gene Expression by RT- PCR

The expressions of SAP1, SAP3, PLB1, and PLB2 genes in
all Candida isolates were studied by RT-PCR and compared
to C. albicans SC5314 as a standard isolate (21). Candida albi-
cans SC5314 is a pathogenic strain widely used for genomic
and experimental studies. Invasive hyphal forms are ob-
served in this strain, and its genome is available at the Can-
dida genome database (CGD) (22, 23). The SAP1 and SAP3
genes were expressed by most C. albicans strains isolated
from head and neck cancer patients with oropharyngeal
candidiasis. The SAP1 gene was expressed in 28 isolates,
while SAP3 was expressed in 20 isolates (Figure 1). The PLB1
gene was expressed in most isolates (Figure 2). The RT-PCR
amplifications revealed that all the isolates expressed the
SAP genes; however, the PLB genes were expressed in none
of them.

As shown in Table 2, 17 (53.12%) isolates expressed the
SAP1 and SAP3 genes, 11 (34.37%) isolates SAP1, three (9.37%)

isolates SAP3, and one (2.86%) isolate did not express the
SAP genes. The expression of PLBs genes in the isolates had
variations. Twenty-four (75%) isolates showed the expres-
sions of PLB1 and PLB2 while four (12.5%) isolates had no
PLBs gene expression (Table 2). According to Figure 3, gene
expressions were different in three major clades of MLST
(16). Candida albicans strains of two major MLST clades ex-
pressed the SAP1 gene while the strains of the first clade
showed a higher expression. Among C. albicans strains of
these clades, only one strain did not express SAP1. In the
second clade, SAP3 had the highest expression. Meanwhile,
PLB1 and PLB2 were highly expressed in the two first clades;
therefore, many strains did not have PLB2 expression.

5. Discussion

Candida albicans is a frequent cause of Candida in-
fections in patients with cancer and oropharyngeal can-
didiasis and is also one of the most frequent causes of
oral problems in head and neck cancer patients. It has
been demonstrated that there is a significant relation-
ship between pathogenicity and proteinase activity in Can-
dida spp. Moreover, the duration of C. albicans infection
is related to the total number of virulence factors (24,
25). The present study investigated the secreted aspartyl
proteinase and phospholipase activities of 32 C. albicans
strains obtained from oropharyngeal candidiasis lesions
of head and neck cancer patients, as well as the expression
of SAP1, SAP3, PLB1, and PLB2 genes in the isolates.

We had previously shown by RT-PCR analysis that the
same 32 C. albicans isolates had high expression levels of
the SAP2 gene (16). Our present results showed that the SAP1
and SAP3 genes were expressed in more than half of the
C. albicans isolates. Although SAP2 is most commonly ex-
pressed during oral C. albicans infections, it has been found
that the SAP1 and SAP3 genes are preferentially expressed
and have principle roles in oral candidiasis (10, 11). In the
present study, we also showed that SAP1 had a higher level
of expression than SAP3, as SAP1 was expressed in 87.5% (n
= 28) and SAP3 was expressed in 62.5% (n = 20) of the oral
clinical isolates of C. albicans. As shown in Figure 1, the ex-
pression of SAP genes was much lower in the control group
than in the test group. When the isolates were categorized
into four groups based on their SAP1 and SAP3 expressions
(Table 2), most of them belonged to the group in which
both SAP genes were expressed (53.12%, n = 17).

It has been demonstrated that C. albicans strains with
increased SAP2 expression appear to be contributing to se-
vere infections such as HIV (26). Studies have also indicated
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Table 1. The Primers set Used in Real-Time PCR, SAPs: Secreted Aspartyl Proteinase, PLBs: Phospholipase B, Act 1: β-Actin

Gene Primers Sequences (5’-3’) Size of Amplified Product, bp

SAP1
SAP1F TCAATCAATTTACTCTTCCATTTCTAACA

161
SAP1R CCAGTAGCATTAACAGGAGTTTTAATGACA

SAP3
SAP3F CCTTCTCTAAAATTATGGATTGGAAC

231
SAP3R TTGATTTCACCTTGGGGACCAGTAACATTT

PLB1
PLB1F CCTATTGCCAAACAAGCATTGTC

181
PLB1R CCAAGCTACTGATTTCACCTGCTCC

PLB2
PLB2F GTGGGATCTTGCAGAGTTCAAGC

179
PLB2R CTCAAAGCTCTCCCATAGACATCTG

ACT1
ACT1F GACCGAAGCTCCAATGAATC

270
ACT1R AATTGGGACAACGTGGGTAA
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Figure 1. The expression of SAP1 and SAP3 genes in 32 Candida albicans isolates and five isolates from non-oropharyngeal candidiasis patients as controls (C1 to C5). β-actin was
considered as a reference gene. The mean ± SD values are shown on each bar.

that SAP2 gene expression is higher than other SAP gene ex-
pressions in samples isolated from oral infections (7). San-
tosh et al. observed significant differences in the ability
of aspartyl proteinase enzyme production between non-
albicans strains (0.17 - 0.61 µg/mL) and C. albicans strains
(0.56 to 0.82 µg/mL); thus, C. albicans strains were more
potent secretors of aspartyl proteinase enzymes than non-
albicans strains (27). It has been demonstrated that phos-
pholipase and proteinase activities of C. albicans are con-
sidered essential virulence factors and lack of them or their
decreased activities may contribute to the reduced viru-
lence of some Candida species (28). Studies have shown

that during the course of candidiasis, all the SAP genes
would be expressed by C. albicans isolates in vivo; however,
there are differential expressions of specific hydrolytic en-
zymes during oral infections (9). These findings are well in
agreement with our data.

It has also been found that SAP1 and SAP3 expressions
are closely coupled and are related to phenotypic switch-
ing (29, 30); and they are expressed during oral and vaginal
candidiasis; however, their expressions are more common
during oral infections (9). Although the expression of the
SAP3 gene is higher in active mucosal infections, it is not ex-
pressed in all kinds of mucosal infections. The SAP3 expres-
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Figure 2. The expression of PLB1 and PLB2 genes in 32 Candida albicans isolates and five isolates from non-oropharyngeal candidiasis patients as controls (C1 to C5). β-actin was
considered as a reference gene. The mean ± SD values are shown on each bar.

Table 2. The Expression of SAPs and PLBs Genes in 32 Candida albicans Isolates

Gene Expression

Genotypes No. (%)

SAPs

SAP1/SAP3 17 (53.12)

SAP1 11 (34.37)

SAP3 3 (9.37)

- 1 (3.12)

PLBs

PLB1/PLB2 24 (75)

PLB1 3 (9.37)

PLB2 1 (3.125)

- 4 (12.5)

sion is more common in patients with vaginal infections or
carriers (9). It has been demonstrated that individual SAP
and PLB genes are more commonly expressed during ac-
tive infections of C. albicans (9). Studies have revealed that
PLB1 regulates the gene expression of the hyphal phase (31)
and is expressed during human oral infections. Moreover,
it has been reported that PLB1 is expressed more than PLB2
during oral and vaginal infections (13). Here, we showed
that all the isolates, except four of them, had phospholi-
pase activity.

The results of RT-PCR confirmed four isolates with no
PLB (PLB1 and PLB2) gene expression. We also found that

PLB1 expression was more than PLB2 expression in C. al-
bicans isolates and similar to previous studies, no corre-
lation was found between the expression of SAP and PLB
genes (9, 13). Our results also revealed that 22 (75%) iso-
lates expressed both PLB1 and PLB2 genes while the mean
mRNA level of PLB1 was higher than that of PLB2. The con-
trol group expressed lower levels of PLBs genes than the
test group (Figure 2). We had previously evaluated the pro-
duction of secretory enzymes, i.e. Saps and phospholipase,
and their encoding genes in C. albicans strains obtained
from oropharyngeal candidiasis in head and neck cancer
patients and had compared the three major clades derived
from the MLST typing method (16). It has been demon-
strated that Candida strains from oral or systemic infec-
tions can be used to determine the genetic factors influenc-
ing the Candida virulence ability (32). Here, all C. albicans
isolates of the three major clades represented different lev-
els of the studied virulence factors, although we could not
find a significant relationship between the virulence fac-
tors and MLST clades.

It has been found that small modifications in the se-
quence of specific genes can change phenotypic specifica-
tions of C. albicans over a long period (33). Tavanti et al.
(34) have reported that the utility of MLST for determin-
ing clade assignments of clinical isolates provides a ba-
sis for the rational selection of more extensive diversity
of the strains for future studies on C. albicans virulence
factors. It seems that the fungal species and the host im-
munity have important roles in the determination of the
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Figure 3. Gene expression pattern of 32 Candida albicans strains on UPGMA dendrogram of seven MLST loci of C. albicans strains

fungal infection severity and extension of clinical appear-
ance (34). It was reported that the relationship between
the virulence factors and MLST clades in C. albicans was
significant when samples with different infectious sources
and various geological regions were used in the study (35).
Here, some isolates had no expression of a specific gene al-
though we could not find important correlations between
the expressed genes and MLST genotype clades in C. albi-
cans strains.

5.1. Conclusions

In conclusion, we showed the importance of aspartyl
proteinase and phospholipase activities and their contri-
butions to the virulence and pathogenesis of C. albicans
with an emphasis on their gene expressions in oral infec-
tion of head and neck cancer patients. Our results revealed
that most C. albicans isolates could produce protease and
phospholipase, which are crucial enzymes in the infection
process of C. albicans. We also found considerable strain-
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to-strain variations concerning the produced enzymes in
these patients. The expression of SAPs and PLBs genes may
be correlated with the severity of the infection. Further in-
vestigations are needed to elucidate the role of proteolytic
enzymes and their protease activity in C. albicans.
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