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ABSTRACT
Background: Candida Berkh. (1923) occurs naturally in the body. But it becomes
opportunistic fungi, meaning that it infects humans when there is any weakening of the
immune system, such as exposure to chemotherapy, diabetes, or organ transplantation.
Most species of Candida grow at a temperature between 20-40 °C and have a pH of 3-8.
Human pathogens of Candida species include C. albicans, C. glabrata, C. lusitaniae, C.
parapsilosis, C. tropicalis and C. utili. C. albicans has many virulence factors that facilitate
injury process. Virulence factors are considered as a measure of pathogenicity, and it is
in the form of fungal toxins, enzymes, or cell structures that facilitate infection, as well as
pathogen resistance in different conditions. This study aimed to investigate the
frequency of some secreted aspartyl proteinases (SAP) genes from some Candida species
isolated from diabetic patients
Methods: Candida spp. were identified on CHROMagar medium by color of each species
after incubation at 37 °C for 48 hours such as: C. krusei, C. albicans, C. glabrata, and
C. tropicalis. Germ tube formation test was used to distinguish between germ tubeforming species, such as C. albicans and C. dubliniensis , from those that do not produce
germ tube. A portion of the isolation was taken and placed in a test tube containing 0.5
ml of serum, and then incubated at 37 °C for 2-4 hours. A drop of serum was taken out
and examined under a microscope for the presence of the germ tube. Growth at 45 °C,
has the advantage of distinguishing between C. albicans and C. dubliniensis by culturing
Candida spp. on SDA medium and, incubation for 48-72 hours at 45 °C.
Results: The results of isolation and diagnosis showed that Candida species grew at 37
°C for 48 hours on SDA medium, the shape of the colonies was round or oval-convex, and
creamy white, shiny and smooth color. The results of the microscopic examination of the
cells were spherical or oval, C. albicans was distinguished by its ability to grow at 45 °C
and its ability to form the germ tube. The surface growth test showed the ability of C.
tropicalis to grow surface on SDB medium. The medium of CHROMagar showed that C.
albicans were light green in color. C. glabrata showed a pale pink color, while C.
tropecalis showed a blue color and C. dublineiensis was dark green. DNA extracted
samples, including 20 isolates, were used for four species of Candida, 1-9 C. albicans, 10286 | P a g e
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16 C. glabrata, 17-18 C. dubliniensis and 19-20 C. tropicalis. Parts of the body (mouth,
vagina, Urine) detect SAP1 and SAP7 genes by PCR, and after electrophoresis of the PCR
product, the results were positive for all Candida species studied as all isolates that
contained SAP1 (578bp) and SAP7 (466bp).
Conclusion: The SAP genes are among the main virulence factors for the occurrence of
candidiasis. SAP1 and SAP7 genes are responsible for digesting and breaking down
protein to penetrate the host's tissues.
Key words: Diabetic patients, Candida spp., Polymerase chain reaction, SAP1, 7 genes.
1. Introduction
Diabetes is known as an endocrine
disorder that reduces or stops insulin
production [1], which causes an increase
in the amount of sugar in the blood for a
long time and is one of the main diseases
that afflict a large number of the world's
population [2]. The symptoms associated
with diabetes cause various body
dysfunctions and organ failure, especially
the heart, kidneys, blood vessels, and
nerves [3]. Candida Berkh. (1923) occurs
naturally in the body [4]. But it becomes
opportunistic fungi, meaning that it
infects humans when there is any
weakening of the immune system, such
as exposure to chemotherapy, diabetes,
or organ transplantation [5]. Most
species of Candida grow at a temperature
between 20-40 °C and have a pH of 3-8
[6].
Human pathogens of Candida species
consist of C. albicans, C. glabrata, C.
lusitaniae, C. parapsilosis, C. tropicalis and
C. utili. C. albicans has many virulence
factors that facilitate injury process.
Virulence factors are considered a
measure of pathogenicity, and it is in the
form of fungal toxins, enzymes, or cell
structures that facilitate infection, as well
as pathogen resistance in different
conditions [7-9]. Aspartyl proteinase
(SAP) has a major role in the infection
through the degradation of the host
surface proteins and thus the success of
its operation. These enzymes are a family
of ten genes (SAP1-SAP10), and this
family has an important role in the

adaptive response to Candida species.
These enzymes work on tissue damage
by decomposing their components and
spreading them into the host and
facilitating their adhesion and then
invading [10].
Experiments that disrupted the gene
encoding phospholipase demonstrated a
decrease in virulence and a decrease in
the ability of C. albicans to penetrate into
host cells [11]. C. albicans and C.
tropicalis have higher cell lysing capacity
compared with other species such as C.
glabrata and C. parapsilosis. The secreted
proteins of aspartyl consist of a family
with 10 species. According to their
difference in pH activity, SAP1-SAP3 has
the highest activity and SAP 4-6 has a low
pH activity, and this property helps C.
albicans to exist as an opportunistic
pathogen in a variety of different
environments [12]. The enzymes can also
counteract the host's immune response
by resisting phagocytosis [13]. Therefore,
this study aimed to investigate the
frequency of some secreted aspartyl
proteinases (SAP) genes from some
Candida species isolated from diabetic
patients
2. Material and Methods
2.1. Collections of samples
Twenty isolates of the Candida spp.
were isolated from the oral, urine and
vaginal mucosa. The clinical samples
were collected from women and men
seen at health-care units in the National
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Center for Diabetes, Mustansiriyah
University, and Baghdad, Iraq.

SDA medium, then incubation for 48-72
hours at 45 °C [18] .

2.2. Morphological and microscopic
examination

2.5. Molecular diagnosis of SAP1 and
SAP7 gene by PCR technique

Sabourand Dextrase Agar was used to
detect Candida spp. It was incubated at
73 °C for 48 hours, after which the
isolates were examined for color and size
where they appeared creamy white with
round and oval shapes [14].

2.5.1. DNA methylation

2.3. Diagnosis of Candida spp. on
CHROMagar
Candida spp. were identified on
CHROMagar medium by color of each
species after incubation at 37 °C for 48
hours such as C. krusei, C. albicans, C.
glabrata, and C. tropicalis [15].
2.4. Biochemical tests
2.4.1. Germ tube formation test
This test is used to distinguish
between germ tube-forming species, such
as C. albicans and C. dubliniensis, from
those that do not produce germ tube. A
portion of the isolation was taken and
placed in a test tube containing 0.5 ml of
serum, then incubated at 37 °C for 2-4
hours. A drop of serum was taken out
and examined under a microscope for the
presence of the germ tube [16].
2.4.2. Surface growth capability
Sterile tubes were prepared, the
Candida spp. were inoculated onto SDB
medium and mixed and then incubated
for 48 hours to follow the surface growth
of the Candida [17].
2.4.3. Growth at 45 °C
This test has the advantage of
distinguishing between C. albicans and C.
dubliniensis by culturing Candida spp. on

The extraction process was carried
out according to the directions of the
manufacturer, Transgenbiotech–China.
2.5.2. Measuring the concentration
and purity of the extracted DNA
A Nanodrop spectrophotometer was
used to measure the concentration and
purity of DNA extracted from samples, by
reading the absorbance with a
wavelength ranging between 260-280
nm. The extracted DNA purity was
measured by the equation: DNA purity =
OD260 / OD280
OD = optical density.
2.5.3. Gene selection
With regard to the PCR reaction,
special primers were designed in our
study to detect each gene.
2.5.4. Prepare the PCR master mix
The PCR reaction mixture was
prepared using the TransgenbiotechChina kit according to the company's
instructions.
The components of the reaction
mixture mentioned for each sample were
placed in tubes of the PCR kit, placed in a
centrifuge at 12,000 rpm for 1 minute
and then transferred to a PCR technology
machine.
2.5.5. PCR thermocycler program
The polymerase chain reaction was
carried out using a PCR technique after
adjusting the thermocycler according to
the program as mentioned in Table1.
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Table1. Temperature program used to amplify the SAP genes in Candida species.
Cycle
1
03
1

Time
3m
30 S
30 S
1 min
5 min

Temperature
94ºC
94ºC
59ºC
72ºC
72ºC

2.5.6. Gel electrophoresis
The gel migration method was
adopted to ensure the quality of the
extracted DNA and to detect the
polymerase chain reaction products by
comparison with standard DNA volumes.
2.5.7. Amplification
SAP7genes

of

SAP1

Step
Denaturation
Denaturation
annealing
Extension
Extension

Stage number
Stage 1
Stage 2
Stage 3

A set of primer (Table 2) was used for
amplification of SAP1 and SAP7genes by
using a single reaction mixture with final
volume of (25 µL); the resulting PCR
products were electrophoresis in 2%
agarose gel to yield amplicon of 578bp
for SAP1 gene and 644bp for SAP7gene.

and

Table2. Primer sets used for amplification of SAP1 and SAP7 genes in Candida spp.
Genes
SAP1
SAP7

Primer
Forward
Reverse
Forward
Reverse

Sequence (5ʹ→3ʹ direction)
AGATCCCCAGGTTTTGTCACT
GCAGCATTGGGAGAGTTGAG
TCGTGATGCTGTCCAAGGTT
CGATAGGAACAACGGCATGG

3. Results
3.1. The Morphology and Diagnosis
Characteristics of the isolated Candida
spp.
The results of Table3 indicate that the
species of Candida grew at 37 °C for 48
hours on SDA medium. The shape of the
colonies was round or oval-convex, with
a creamy white, shiny and smooth color.
The results of the microscopic
examination
after
staining
with
lactophenol showed that the cells were
spherical or oval with greenish-blue
borders, as a result of accumulation of
the dye on the gram-positive wall. The
growth test at 45 °C was used to
distinguish between C. albicans and C.
dubliniensis in particular for the great
similarity
in
color
and
other

Product bp.
578
644

characteristics. The test was also used to
differentiate with other species in
general. It was observed that only C.
albicans among all species had the ability
to grow at 45 °C. Formation gram tube
distinguished C. albicans from other
species, C. albicans form the germ tube
when grown in serum for 2-3 hours. The
result was positive when examined
under a microscope. The surface growth
test was used to distinguish the C.
tropicalis from the other species due to
its ability to grow surface on an SDB
medium. The growth of Candida spp. on
CHROMagar medium showed that C.
albicans had a light green color, and C.
glabrata was a pale pink color, while C.
tropicalis showed a blue color and C.
dubliniensis
was
dark
green.
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Table 3. Morphology and diagnosis characters of the isolated Candida spp.
Candida spp.

Colored on
SDA

Growth at
45 °C

Formatio
n gram
tube

C. albicans
C. glabrata

Creamy Whit
Creamy White

Positive
Negative

Positive
Negative

Surface
growth
formatio
n
Negative
Negative

C. tropicalis

Creamy White

Negative

Negative

Positive

Metallic Blue

C. dubliniensis

Creamy White

Negative

Positive

Negative

Dark Green

3.2. Molecular diagnostics
3.2.1. DNA extraction
The DNA was extracted by freezing
and heating method. Figure 1 shows the
electrophoresis process after DNA
extraction using 1% agarose gel for 10
minutes at a voltage of 100 volts, then

Colony
color on
CHROMagar
Light Green
Light Pink

reduced to 70 volts for 60 minutes. The
result of the DNA concentration, after
measuring it in the Specteophotometer
Nanodrop at the wavelengths 260 and
280
nanometers,
was
in
ideal
concentration to complete the PCR
process (Table 4).

Figure 1. Extraction by freezing and heating from Candida spp.
Table 4. Concentration and purity of DNA of Candida spp. using the Nanodrop
specteophotometer system.
No.

Candida spp.

The degree
of purity

Concentrate DNA
after freezing
nanogram

The
degree of
purity

Samples
sources

1
2
3
4
5
6
7
8
9
10
11

C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. glabrata
C. glabrata

1.62
1.70
1.70
1.68
1.63
1.69
1.75
1.73
1.72
1.72
1.53

12.09
14.10
20.60
12.24
16.41
33.79
32.52
13.10
13.20
21.48
22.90

1.68
1.67
1.86
1.58
1.63
1.62
1.72
1.66
1.79
1.68
1.69

Vagina
Mouth
Vagina
urine
Mouth
urine
urine
Mouth
Vagina
Mouth
Mouth
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12
13
14
15
16
17
18
19
20

C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. dubliniensis
C. dubliniensis
C. tropicalis
C. tropicalis

1.84
1.69
1.74
1.58
1.56
1.42
1.62
1.62
1.66

3.3. Polymerase chain reaction (PCR)
The extracted DNA samples used
included 20 isolates for four species of
Candida, 1-9 C. albicans, 10-16 C.
galabrata, 17-18 C. dubliniensis and 1920 C. tropicals, which were isolated from
three different parts of the body (Mouth,

23.85
250.79
82.08
5.77
2.49
17.33
18.13
6.45
6.45

1.80
1.71
1.84
1.70
1.79
1.82
1.77
1.78
1.70

urine
Mouth
Mouth
Mouth
Mouth
Mouth
Mouth
Vagina
Urine

vagina, urine) within PCR to detect SAP1
and
SAP7
genes,
and
after
electrophoresis of the PCR product, the
results were positive as all isolates
contained SAP1 (578bp) and SAP7
(466bp) (Figures 2, 3, 4, 5, 6, 7)

Figure 2. Process of electrophoresis of the PCR product of the SAP1 gene of C. albicans
isolates aquarose gel at a concentration of 2% for 45 minutes under 100 volts at a
temperature of 57 °C and photographed under ultraviolet irradiation after staining it
with the standard DNA dye ethidium bromide (100-1500bp).

Figure 3. Process of electrophoresis of the PCR product of the SAP1 gene of C. glabrata
isolates aquarose gel at a concentration of 2% for 45 minutes under 100 volts at a
temperature of 57 °C and photographed under ultraviolet irradiation after staining it
with the standard DNA dye ethidium bromide (100-1500bp).
291 | P a g e
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Figure 4. Process of electrophoresis of the PCR product of the SAP1 gene of C.
dubliniensis and C. tropicalis isolates aquarose gel at a concentration of 2% for 45
minutes under 100 volts at a temperature of 57 °C and photographed under ultraviolet
irradiation after staining it with the standard DNA dye ethidium bromide (100-1500bp).

Figure 5. Process of electrophoresis of the PCR product of the SAP7 gene of C. albicans
isolates aquarose gel at a concentration of 2% for 45 minutes under 100 volts at a
temperature of 57 °C and photographed under ultraviolet irradiation after staining it
with the standard DNA dye ethidium bromide (100-1500bp).

Figure 6. Process of electrophoresis of the PCR product of the SAP7gene of C. glabrata
isolates aquarose gel at a concentration of 2% for 45 minutes under 100 volts at a
temperature of 57 °C and photographed under ultraviolet irradiation after staining it
with the standard DNA dye ethidium bromide (100-1500bp).
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Figure 7. Process of electrophoresis of the PCR product of the SAP7 gene of C.
dubliniensis and C. tropicalis isolates aquarose gel at a concentration of 2% for 45
minutes under 100 volts at a temperature of 57 °C and photographed under ultraviolet
irradiation after staining it with the standard DNA dye ethidium bromide (100-1500bp).
4. Discussion
Growth results on SDA are in
agreement with [19], who confirmed that
Candida spp. Colonies are white with a
creamy, shiny and smooth color. As for
the results of microscopy, they are in
agreement with [20], indicating that the
same characteristics were observed
under a microscope. Growth test results
at 45 °C agree with [21] noting that C.
albicans is the only species that can grow
at 45 °C. Our results on germ tube
formation in C. albicans are also in
agreement with [22, 23], observing that
C. albicans is the only one capable of
forming germ tube that is activated by
the presence of a serum that has a role in
causing pathogenicity. The surface
growth test agreed with [24] who
observed that Candida tropicals has the
ability to grow surface differently from
the other species. Diagnostic results on
CHROMagar medium agree with [25, 26],
showing that Candida spp. differ in their
colors when grown on the medium that is
considered a differential medium, and
the mechanism of action depends on the
chromogenic material that contains
special enzymes that interact with
different species of Candida and show
different colors.

The SAP genes are one of the main
virulence factors for the occurrence of
candidiasis, and the results of our study
are in agreement with [27], who
mentioned that Candida spp. isolated
from the mouth has several genes, the
most important of which are SAP1 and
SAP7, which produce secreted aspartyl
proteinases. They are responsible for
digesting and breaking down protein to
penetrate the host's tissues. Also they
have shown [28] that the presence of
these genes in epithelial cells is a
stimulus to produce the enzymes
necessary for Candida pathology. After
the adhesion process the activity of the
Candida spp. increases and it needs to
secrete enzymes to penetrate and break
down the host's tissues, including SAP
enzymes encoded by the SAP family
genes that help penetrate and invade
different parts of the body[29].
Our study also agreed with [30, 31]
who confirmed that SAP7 is found in
mucosal surfaces and it can also be found
in other places, but its genetic expression
is clear in oral and vaginal candidiasis.
This was confirmed by our study, that the
presence of the SAP7 gene in Candida
isolated from mouth, vagina, and urine
and expression of candida albicans
aspartyl proteinase genes SAP7, SAP8,
SAP9, and SAP10 in human serum. Our
293 | P a g e
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study also agrees with [32] who
mentioned that the SAP genes are
produced during infection, and this is
what was observed from the results of
the study, where it was found that only
pathogenic isolates produce SAP genes
through the experiment of forming a
germ tube that is associated with the
presence of these genes.
5. Conclusions
The SAP genes are one of the main
virulence factors for the occurrence of
candidiasis. Isolated from the mouth, it
has several genes, the most important of
which are SAP1 and SAP7, to produce
secreted aspartyl proteinases, which are
responsible for digesting and breaking
down protein to penetrate the host's
tissues.
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