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A B S T R A C T   

Gene expression of SAP 4–6 based on the detection of mRNA was observed in Candida albicans isolates from HIV- 
positive patients with oral candidiasis and commensal from healthy individuals. The species of C. albicans strains 
were selectively isolated from both sources using CHROMagar Chromogenic Media. The obtained isolates were 
then induced to express SAP 4–6 using SAP 4–6 gene inducer media. Analysis of gene expression was performed 
on a molecular basis using the RT-PCR method. Molecular analysis of gene expression showed that the isolates 
CH3 from HIV-positive patients with oral candidiasis could express SAP 4–6 gene, while commensal isolates from 
healthy people could not. Based on the results of this study, it could be concluded that, in terms of molecular 
detection, only isolates from HIV-positive patients (CH3) could express their SAP 4–6 gene.   

1. Introduction 

Oral candidiasis is mostly reported to attack people with immune 
system disorders, especially HIV-positive patients [1,2]. However, 
several cases also show that HIV-positive patients are not attacked by 
oral candidiasis [3]. Oral candidiasis is an infection caused by strains of 
the genus Candida [4], especially Candida albicans [5]. C. albicans is a 
normal microbiota in the human body and is not dangerous [6]. How-
ever, it possesses opportunistic nature so that it can cause infection in 
immunocompromised conditions [5,6]. This opportunistic nature 
cannot be separated from the support of its virulence factor, namely the 
Secreted Aspartyl Proteinase (SAP) enzyme [7] in addition to morpho-
logical changes (dimorphism) and adhesion [8]. This SAP enzyme en-
codes the multigene family sequentially from 1 to 10 (SAP 1–10) and has 
different levels of expression [8]. As a result, the infection process 
caused by C. albicans cannot be separated from the role of this enzyme, 
which encodes the SAP 1–10 gene. 

SAP 4–6 gene is known to play an important role in oral candidiasis 
and hyphal formation during infection [7]. This is because the SAP 4–6 
gene is expressed during hyphal formation in oral candidiasis [9]. In 

addition, the activation of the SAP 4–6 gene increases at the time of 
infection compared to SAP 1–3 gene based on the recombination-based 
in vivo expression technology (RIVET) technique [7]. Another study on 
gene expression using samples of oral candidiasis sufferers and Can-
dida’s carrier with the RT-PCR test showed that SAP 2 and SAP 4–6 
genes were more predominantly expressed than SAP 1–3 [10]. For that 
reason, hyphae formation at the time of C. albicans infection is presumed 
to be closely related to SAP 4–6 gene expression. 

Based on the explanation above, it is known that C. albicans is a 
normal microbiota of the human body. However, because of its oppor-
tunistic nature, it can turn into a pathogenic fungus. The pathogenicity 
can be seen in oral candidiasis infection in HIV-positive and non-HIV 
patients. C. albicans infection in oral candidiasis is influenced by the 
SAP enzyme encoded by the SAP 4–6 gene. Therefore, it is necessary to 
conduct further research on differences in SAP 4–6 gene expression and 
hyphal morphology during infection in HIV-positive patients with oral 
candidiasis and commensals in healthy individuals. 

This study aimed to analyze SAP 4–6 gene expression of C. albicans 
isolates from HIV-positive patients with oral candidiasis and commen-
sals in healthy individuals on the molecular and morphological basis by 
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analyzing the length of hyphae and the speed of hyphal formation of 
C. albicans isolates formed in HIV-positive patients with oral candidiasis 
and commensals in healthy individuals. 

2. Materials and methods 

2.1. Subjects and specimen collection 

The isolates of C. albicans were collected using a cotton swab which 
was rubbed on the oral cavity of healthy people (having no signs of 
inflammation or mouth diseases, such as stomatitis. The ethical approval 
for conducting this study had been obtained from the Medical and 
Health Ethics Research Committee, Faculty of Medicine, Universitas 
Gadjah Mada/RSUP Dr. Sardjito on December 11, 2012. The samples 
were inoculated on Saburoud Dextrose Agar (SDA) media, then sub- 
cultured on CHROMagar (Oxoid) media.). The others source is archive 
candida from HIV patients who have been given a unique code and 
cannot be traced to their patients. 

2.2. Candida albicans identification 

Isolates that had been taken through a swab from the oral cavity of 
healthy people were then smeared on the SDA media. The results were 
then incubated at 35 - 37 ◦C for 48 h. The growing isolates were then 
identified based on their cell morphology using the Gram’s stain 
method. The identification results that were suspected to be members of 
the genus Candida were then sub-cultured on CHROMagar media, in 
which the isolates were rubbed using the ose stick that had previously 
been glowing on a Bunsen burner. After that, they were incubated at 
37 ◦C. 

Detection and identification of C. albicans on CHROMagar media 
were carried out by observing the color of the colonies formed on 
CHROMagar media. This is because the color of the colonies formed by 
each species of the genus Candida members is different from one 
another. In other words, each species causes different colors, such as 
C. albicans produces green color, C. krusei has a reddish color, and 
C. tropicalis generates purple or dark blue color. 

2.3. Hyphae formation and elongation 

Hyphae morphology of C. albicans isolates can be observed by taking 
100 μl of fetal bovine serum with pH 5.5 and added with 20 μl of 
cultured Rowell Park Memorial Institute 1640 (RPMI 1640), then incu-
bating them at 37 ◦C for 1 h [11]. After that, the produced isolates were 
dropped on a slide microscope and closed using a cover glass. Subse-
quently, the morphology of the hyphae formed under a microscope was 
observed using a 400× magnification so that it was clear before being 
given a Gram’s stain treatment. 

Measurement of hypha elongation in each isolate was conducted 
using the method proposed by Gruber et al. [11] with slight 

modifications. A total of 2 × 105 cells/ml on RPMI 1640 media was 
inoculated into a microwell plate and then incubated at 37 ◦C. The 
morphology of C. albicans was determined microscopically after 6-h-in-
cubation using a micrometer to measure its length. Each sample was 
measured by 3 replications per sample. 

To test the ability of the yeasts to produce hypha, researchers applied 
Kusumawardani’s method [12] with a slight modification. At first, re-
searchers prepared fetal bovine serum with pH 5.5 added with 20 μl of 
cultured RPMI 1640 and then incubated at 37 ◦C for 1 h. The observation 
and the counting process for the number of hyphae formed and the total 
number of cells formed were carried out using a hemocytometer with a 
400× magnification microscope. Counting the number of hyphae was 
carried out serially, which was conducted at incubation times of 1, 3, 
and 6 h. 

2.4. SAP 4–6 genes expression 

The initial step in the analysis of SAP 4–6 gene expression and the 
18S rRNA housekeeping gene of C. albicans was to calculate the cell 
density, which was more than 105 cells/ml. After that, it was continued 
with the mRNA isolation stage. The mRNA isolation was carried out 
using TRIzol (Invitrogen) reagent. The results of mRNA isolation on the 
SAP 4–6 and 18S rRNA gene were then amplified using the RT-PCR 
method. The amplification results were then electrophoresed using 
agarose gel at a volume of 100 V. The DNA bands formed on the agarose 
gel were viewed over UV light using a UV transilluminator. After that, 
the results were analyzed further. The statistical analyses used in this 
study were the Mann-Whitney and Kruskal-Wallis tests (by SPSS 
application). 

3. Results and discussion 

3.1. Selective isolation of C. albicans yeast 

In total, 98 people were willing to be involved as samples in this 
study for screening the C. albicans in the oral cavity. Isolates from 
healthy individuals were then selected morphologically using selective 
isolation techniques, resulting in 23 isolates that were members of the 
genus Candida with cell morphology as shown in Fig. 1. 

Fig. 1 shows that there are differences in cell shape between 
C. albicans and other members of the genus Candida, including 
C. tropicalis. C. albicans has special characteristics, among others. Its 
shape can be round, oval, or oval-round with a size of 2–5 μm x 3–6 μm 
to 2–5.5 μm x 5–28 μm (Tyasrini, 2006). This is because C. albicans is a 
dimorphic fungus that is influenced by external factors so that its cell 
shape can change, in which it may produce yeast cells, pseudo-hyphae, 
or hyphae [1]. However, sometimes members of the genus Candida are 
morphologically indistinguishable. Therefore, further detection and 
identification of C. albicans strains is highly needed. 

(a) (b)
Fig. 1. Cell morphology of members of the genus Candida originating from healthy people; (a) C. albicans has round, oval, or oval-round cells, (b) C. tropicalis has 
round cells. 
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3.2. Detection and identification of C. albicans 

C. albicans isolates can be identified clearly, namely having a smooth 
surface and green color surrounded by a greenish halo, as illustrated in 
Fig. 2. Isolates identified as C. albicans from healthy individuals can be 
seen in Table 1. 

Fig. 2 is the result of detection and identification of C. albicans on 
CHROMagar media, which shows that the colony of C. albicans isolates 
appears greenish on CHROMagar media, while the colony of C. tropicalis 
appears dark blue. This identification traces the study conducted by 
Odds & Bernaerts [13]. 

Table 1 shows that, out of 23 isolates from healthy people and 
identified as members of the genus Candida, 15 of them were C. albicans. 
These results indicate that C. albicans can be found in ±60% of a sample 
population that supports its existence as a normal microbiota [6,14]. 

3.3. Frequency of C. albicans in the sample population 

The percentage of identification results of members of the genus 
Candida in healthy people shows that more than 60% of them (23 
samples) carried C. albicans and the rest carried C. tropicalis, C. glabrata, 
C. parapsilosis, and C. krusei (see Table 2). 

Table 2 shows that members of the genus Candida are normal 
microbiota of the human body, which are found mainly in the mucosal 
area [6], including the oral cavity [15]. According to the results of a 
study, members of the genus Candida that are found in the oral cavity are 
C. albicans (64.29%), C. tropicalis (17.86%), C. glabrata (10.71%), 
C. parapsilosis, and C. krusei (3.57%). This is in line with the results of a 
study conducted by Molero et al. [16] that C. albicans is a dimorphic 
fungus that is found in the oral cavity, vagina, and digestive tract. 

The identified C. albicans strains come from the sample population 
which can be grouped by sex (see Table 3), occupation, and age. 
Grouping the samples according to sex shows a not too far comparison 
between men and women. However, the isolation results from all sam-
ples carrying C. albicans showed that 67% of the growing isolates were 
from the female samples and the remaining 33% were from the male 
samples (see Table 4). 

Table 4 shows that commensal C. albicans is more common in 
women. However, there is no statistically significant difference of 
C. albicans found between the two samples (men and women). Another 
characteristic that can be identified is based on the type of occupation 
which can be seen in Table 5. 

The grouping of isolates obtained in the samples according to the 
type of occupation shows that 46.67% of the isolates that grew are from 
samples who have a work background as a student. Table 5 indicates 
that there is no relationship between the level of education and the 
tendency for a culture of clean life so that people who have a better work 
background do not necessarily have a better level of cleanliness. This is 
in line with a study conducted by Sariningrum & Irdawati [17] that 

C. albicans

C. tropicalis

Fig. 2. Detection and Identification of C. albicans on CHROMagar media.  

Table 1 
The isolates of commensal C. albicans found in healthy individuals.  

No. Sources of Isolates Isolate Code 

1. Female Sample CK 29 
2. Female Sample CK 32 
3. Female Sample CK 34 
4. Female Sample CK 37 
5. Male Sample CK 49 
6. Male Sample CK 55 
7. Female Sample CK 68 
8. Female Sample CK 69 
9. Male Sample CK 71 
10. Male Sample CK 74 
11. Male Sample CK 77 
12. Female Sample CK 89 
13. Female Sample CK 95 
14. Female Sample CK 96 
15. Female Sample CK 97 
Total 15 Isolates  

Table 2 
Distribution of isolates of members of the genus Candida in the oral cavity of 
healthy people.  

No. Names of Spesies Total (n) Percentage 

1. C. albicans 15 people 64.29% 
2. C. tropicalis 4 people 17.86% 
3. C. glabrata 2 people 10.71% 
4. C. parapsilosis 1 people 3.57% 
5. C. krusei 1 people 3.57% 
Total 23 people 100%  

Table 3 
Percentage of samples carrying commensal C. albicans on healthy individuals.  

Sex Total Samples Carrying 
C. albicans 

Percentage (%) ofC. albicans 

Male 40 people 5 12.50 
Female 58 people 10 17.24  

Table 4 
Distribution of commensal C. albicans on healthy individuals by sex.  

Sex Carrying C. albicans in the oral cavity Percentage (%) 

Male 5 people 33.00 
Female 10 people 67.00  

Table 5 
Percentage of samples carrying C. albicans by occupation.  

Occupations Total Percentage 
(%) 

Carrying C. albicans in the oral 
cavity 

Labors 23 
people 

23.47 2 people 

Farmers 5 people 5.10 2 people 
Housewives 21 

people 
21.43 4 people 

Students 44 
people 

44.90 7 people 

Civil servants/ 
teachers 

5 people 5.10 –  

Table 6 
Percentage of samples carrying C. albicans by age.  

Age Total Carrying C. albicans in the oral cavity Percentage (%) 

20–29 49 people 8 people 50.00 
30–39 24 people 2 people 24.49 
40–49 14 people 3 people 14.29 
50–59 9 people – 9.18 
60–69 2 people 2 people 2.04  
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there is no significant relationship between the level of parental edu-
cation and the incidence of caries in children under five in Jatipurno 
Kindergarten. Meanwhile, if being viewed based on the age of the 
samples, the results can be seen in Table 6. 

Table 5 shows that the grown C. albicans isolates are found 53% from 
samples aged 20–29, 13.33% from samples aged 30–39, 20% from 
samples aged 40–49, and 13.33% from samples aged 60–69. This shows 
that oral hygiene is not related to a person’s age. Therefore, it can be 
assumed that the higher the age of a person is, the less maintained the 
condition of the oral cavity of the person will be. This is supported by the 
opinion of Anonymous [18] that, at an advanced age, a person no longer 
pays attention to and takes good care of their teeth because their 
physical health is disturbed. For that reason, it can be stated that the 
older a person is, the more susceptible the person to all diseases will be. 
It is including diseases in the oral cavity. 

3.4. Analysis of secreted aspartyl proteinase 4–6 gene expression and 18S 
rRNA housekeeping gene 

The detection of SAP 4–6 gene expression morphologically showed 
that isolates from both sources (HIV-positive patients and healthy in-
dividuals) could be expressed. However, isolates from the two sources 
had slightly different morphological forms (see Fig. 3). 

Fig. 3 shows that the hyphae formed in isolates from oral candidiasis 
patients with HIV-positive had a fairly complex shape because they had 
not only one hypha and there was already a pseudo-hyphae form found. 
Meanwhile, isolates from healthy people had a fairly simple shape 
because, during incubation time, only one short hypha was formed. 
Therefore, it was presumed to be closely related to the speed of hypha 
morphogenesis in the two sources of isolates. 

The size of C. albicans hyphae can be observed by growing them on 
RPMI 1640 media. In this study, the results of observation showed that 

the size of C. albicans hyphae originating from healthy people was 
shorter than those from oral candidiasis patients with HIV-positive (see 
Fig. 4). 

Fig. 4 is supported by the results of statistical analysis tests which 
show that there is a significant difference between the length of hyphae 
in C. albicans isolates from oral candidiasis patients with HIV-positive 
and commensals in healthy people. These results are also supported by 
a study conducted by Gruber et al. [11] that the hyphae size of 
C. albicans isolates originating from HIV-1 patients is larger than com-
mensals in normal people. In other words, the length of hyphae origi-
nating from HIV patients differed significantly from those of healthy 
individuals. 

Hyphae is a change in the morphological form of C. albicans as a 
marker of invasion [19]. This change in shape is strongly influenced by 
the environment of host cells detected by C. albicans during the invasion 
process [20]. However, these morphological changes can be observed in 
vitro using the addition of serum to the media [21]. The results of ob-
servations carried out on two different isolate sources (oral candidiasis 
patients with HIV-positive and commensals in healthy people) with 
different incubation periods (1, 3, and 6 h) showed differences in cell 
numbers (see Fig. 5), shape, and morphological changes (see Fig. 6, 
Fig. 7, and Fig. 8). 

Fig. 5 shows that the average of the total of C. albicans cells derived 
from oral candidiasis patients with HIV-positive was higher than that 
from commensals in healthy people with an incubation period of 1, 3, 
and 6 h. These results are supported by statistical analysis tests which 
show that there are significant differences between the two sources. In 
addition, the results are also supported by a study conducted by Gruber 
et al. [11] on HIV-1 patients and normal people, which indicates that the 
number of cells in isolates from HIV-1 patients was higher than that from 
normal people. 

By referring to the results shown in Figs. 6–8, in addition to different 
cell numbers, the two sources of isolates also showed differences in the 

Fig. 3. Observation of C. albicans morphology from 1-h incubation; (a) isolates originating from oral candidiasis patients with HIV-positive (CH3), (b) isolates 
originating from commensals in healthy people (CK68). 

Fig. 4. Mean length of hyphae isolates of C. albicans originating from oral 
candidiasis patients with HIV-positive and commensals in healthy people with 
an incubation time of 1, 3, and 6 h. 

Fig. 5. The mean density of C. albicans cells from oral candidiasis patients with 
HIV-positive and commensals in healthy people with an incubation period of 1, 
3, and 6 h. 
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Blastospore

               (a)                                                 (b)
Fig. 6. The shape of the hyphae of C. albicans at 1-h incubation time. (a) Isolates originating from oral candidiasis patients with HIV-positive (CH3) (b) Isolates 
originating from commensals in healthy people (CK68). 

Fig. 7. The shape of the hyphae of C. albicans at 3-h incubation time. (a) Isolates originating from oral candidiasis patients with HIV-positive (CH3) (b) Isolates 
originating from commensals in healthy people (CK68). 

Hyphae

                                                 (a)                                                          (b)
Fig. 8. The shape of the hyphae of C. albicans at 6-h incubation time. (a) Isolates originating from oral candidiasis patients with HIV-positive (CH3) (b) Isolates 
originating from commensals in healthy people (CK68). 

Fig. 9. Electropherogram visualization of SAP 4–6 gene isolates of C. albicans using the RT-PCR method (a) C. albicans isolates of CH3 and CK80 that express SAP 4–6 
gene (b) C. albicans isolates of CH3 and CK80 that do not express SAP 4–6 gene. 
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shape and speed of changes based on the morphology of C. albicans cells 
from one cell to pseudo-hyphae and hyphae at different incubation 
times. 

Observations on the two sources of isolates during the first 1-h in-
cubation showed that the cells or germ tubes formed in isolates from oral 
candidiasis patients with HIV-positive were round in shape with very 
close cell spacing and having several oval cells. However, the charac-
teristics of CH3 isolates in the middle of the cell looked like a dot or 
circle, indicating that the cell will immediately divide to form new cells. 
Meanwhile, the shape of isolates from commensals in healthy people 
(CK68) was round, having a not too close spacing between cells, and 
rarely having oval cells. In CK68 isolate, only a few cells looked like they 
were going to divide. 

Further observations were conducted after the cells were incubated 
for 3 h. The results showed that many CH3 isolates had divided into two 
cells and even three cells. Meanwhile, in CK68 isolates, only a small 
proportion had split (see Fig. 7). 

The results above showed that isolates from oral candidiasis patients 
with HIV-positive (CH3) divided faster (had formed pseudo-hyphae) 
than those from commensals in healthy people (CK68). This is because 
the isolates from oral candidiasis patients with HIV-positive (CH3) had 
experienced an increase in pathogenicity, which caused these isolates to 
be more aggressive in dividing [21]. 

The results of hyphae observations after incubation for 6 h showed 
that isolates from oral candidiasis patients with HIV-positive (CH3) had 
formed hyphae, while isolates from commensals in healthy people 
(CK68) were still in the form of pseudo-hyphae. It can be assumed that 
isolates originating from oral candidiasis patients with HIV-positive 
undergo morphogenesis faster than those from commensals in healthy 
people. In relation to this, Gruber et al. [11] stated that the morpho-
genesis that occurred in isolates from HIV-1 patients was faster than 
isolates from normal people so that the size of the hyphae formed was 
also longer than that from normal people. 

The results of the RT-PCR method on 30 C. albicans isolates showed 
that only one isolate expressed SAP 4–6, namely CH3 isolates (see 
Fig. 8). These results indicated that molecularly only one isolate (CH3) 
from oral candidiasis patients with HIV-positive can express SAP 4–6 
genes. This is in contrast to the results of the morphological analysis 
which showed that all genes were expressed (see Fig. 8). Therefore, 
these results (see Fig. 9) are not in line with a study conducted by Taylor 
et al. [22]; that the induction of host cells on SAP 4 and SAP 5 gene 
expression causes morphological changes of C. albicans from the yeast to 
the hyphae and SAP 4, SAP 5, and SAP 6 simultaneously are responsible 
for virulence [19]. In addition, this indicates that Secreted Aspartyl 
Proteinase (SAP) is not possessed by all strains of the species member, 
whereas according to Naglik et al. [7]; SAP is owned by all strains of 
members of C. albicans which act as a virulence factor [5]. Several 

factors are considered to influence the final RT-PCR results, including (i) 
the composition of the induction medium is not appropriate to induce 
the samples of the SAP 4–6 gene in C. albicans isolates [11,23,24], and 
(ii) it is possible that not all SAP 4–6 genes can be expressed [24,25]. 

To ensure that the RNA isolated had a good quantity and quality and 
the RT-PCR procedure was carried out correctly, the PCR of the 18S 
rRNA gene was performed as a loading control. The results can be seen 
in Fig. 10. 

Based on the PCR results of the 18S rRNA gene, all isolates expressed 
the 18S rRNA gene. This means that all isolates have the same house-
keeping gene (18S rRNA), indicating that all isolates belong to the 
Eucarya domain, which is the domain of C. albicans [26]. Therefore, it 
can be concluded that molecular detection of SAP 4–6 gene expression 
indicates that only one isolate from samples of oral candidiasis patients 
with HIV-positive is expressed, while none of the isolates from com-
mensals in healthy people is expressed. 

4. Conclusions 

Based on the results of this study, it can be concluded as follows.  

(i) The colonization frequency of C. albicans in healthy people is 
±15% of the total sample (98 people).  

(ii) The SAP 4–6 gene of C. albicans isolated from the oral cavity of 
oral candidiasis patients with HIV-positive was only expressed in 
one isolate with a visible thin band (CH3). Meanwhile, the SAP 
4–6 gene of C. albicans isolated from the oral cavity of healthy 
people was not expressed in vitro.  

(iii) There are differences in SAP 4–6 gene expression among 
C. albicans isolated from the oral cavity of oral candidiasis pa-
tients with HIV-positive and commensals in healthy people.  

(iv) The size and speed of hyphal formation of C. albicans from oral 
candidiasis patients with HIV-positive have significant differ-
ences based on statistical analysis. 
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V. Meylani et al.                                                                                                                                                                                                                                



Microbial Pathogenesis 158 (2021) 105075

7

interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

The authors would like to thank the Lembaga Pengelola Dana Pen-
didikan (LPDP) Indonesia for thesis and research funding, as well as Ms. 
Linda and Ms. Mulyani who has helped complete this research. Also, 
Universitas Siliwangi for facilities and technical support. 

References 

[1] P. Sudbery, N. Gow, J. Berman, The distinct morphogenic states of C. albicans, 
Trends Microbiol. 12 (7) (2004) 317–324. 

[2] P.M. Rao, Oral candidiasis-A review, Biological and Biomedical Reports 2 (2) 
(2012) 110–114. 

[3] D.L. Brawner, J.E. Cutler, Oral Candida albicans isolates from nonhospitalized 
normal carriers, immunocompetent hospitalized patient, and 
immunocompromised patient with or without acquired immunodeficiency 
syndrome, J. Clin. Microbiol. 27 (6) (1989) 1335–1341. 

[4] B. Hebecker, J.R. Naglik, B. Hube, I.D. Jacobsen, Pathogenicity mechanisms and 
host response during oral Candida albicans infections, Expert Rev. Anti-infect. 
Ther. 12 (7) (2014) 867–879.. 

[5] E. Tyasrini, T. Winata, Susantina, Hubungan antara sifat dan metabolit Candida 
spp. dengan patogenesis kanididiasis, JKM 1 (2006) 6. 

[6] A.G. Riskillah, Candida Albicans. Riau: Fakultas Kedokteran Universitas Riau, 2010. 
[7] J.R. Naglik, S.J. Challacombe, B. Hube, Candida albicans secreted Aspartyl 

proteinases in virulence and pathogenesis, Microbiol. Mol. Biol. Rev. 67 (3) (2003) 
400–428. 

[8] A. Tavanti, A. Pardini, D. Campa, P. Davini, A. Lupetti, S. Senesi, Differential 
expression of secretory Aspartyl Proteinase genes (SAP 1-10) in oral Candida 
albicans isolates with distinct karyotypes, J. Clin. Microbiol. 42 (10) (2004) 
4726–4734. 

[9] B. Hube, M. Monod, D.A. Schofied, A.J.P. Brown, N.A.R. Gow, Expression of seven 
members of the gene family encoding secretory Aspartyl proteinases in Candida 
albicans, Mol. Microbiol. 14 (1994) 87–99. 

[10] J.R. Naglik, G. Newport, T.C. White, L.L. Fernandez, J.S. Greenspan, D. Greenspan, 
S.P. Sweet, S.J. Challacombe, N. Agabian, In vivo analysis of secreted Aspartyl 
Proteinase expression in human oral candidiasis, Infect. Immun. 67 (1999) 
2482–2490. 

[11] A. Gruber, C. Speth, E. Lukasser-Vogl, R. Zangerle, Z.M. Borg-von, M.P. Dierich, 
R. Würzner, Human immunodeficiency virus type-1 protease inhibitor attenuates 
Candida albicans virulence properties in vitro, Immunopharmacology 41 (1999) 
227–234. 

[12] R.A. Kusumawardani, Analisis isolat klinik Candida albicans yang resisten dan 
sensitif fluconazole dalam menyusun hyphae, Fakultas Kedokteran UGM, 
Yogyakarta, 2010. Skripsi. 

[13] F.C. Odds, R. Bernaerts, CHROMagar Candida, a new differential isolation medium 
for persumtive identification of clinically important Candida spesies, J. Clin. 
Microbiol. 32 (8) (1994) 1923. 

[14] M.M. Simatupang, Candida Albicans, Dep. Mikro, FK. USU, 2009. 
[15] M.R. Brown, C.A. Thompson, F.M. Mohamed, Systemic candidiasis in an 

apparently immunocompetent dog, J. Vet. Diagn. Invest. 17 (3) (2005) 272–276. 
[16] G. Molero, O.R. Díez, G.F. Navarro, L. Monteoliva, J. Pla, C. Gil, P.M. Sănches, 
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J. Morschhäuser, K. Schröppel, Profile of Candida albicans-secreted aspartic 
Proteinase elicited during vaginal infection, Infect. Immun. 73 (3) (2005) 
1828–1835. 

[23] F. MacDonald, F.C. Odds, Inducible Proteinase of Candida albicans in diagnostic 
serology and in the pathogenesis of systemic candidosis, J. Med. Microbiol. 13 
(1980) 423–435. 

[24] P. Staib, M. Kretschmar, T. Nichterlein, H. Hof, J. Morschȁuser, Differential 
activation of a Candida albicans virulence gene family during infection, Proc. Natl. 
Acad. Sci. Unit. States Am. 97 (11) (2000) 6102–6107. 

[25] A. Felk, W. Schafer, B. Hube, Candida Albicans Secretory AsparticProteinase 
(SAP10) Gene, 2000. Accession number AF146440. 

[26] M. Madigan, J. Martinko, D. Stahl, D. Clark, Brock Biology of Microorganisms, 
thirteenth ed., Pearson, USA, 2012. 

V. Meylani et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0882-4010(21)00347-8/sref1
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref1
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref2
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref2
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref3
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref3
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref3
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref3
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref4
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref4
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref4
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref5
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref5
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref6
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref7
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref7
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref7
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref8
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref8
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref8
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref8
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref9
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref9
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref9
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref10
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref10
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref10
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref10
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref11
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref11
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref11
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref11
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref12
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref12
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref12
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref13
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref13
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref13
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref14
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref15
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref15
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref16
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref16
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref16
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref17
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref17
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref17
http://wordpress.com/artikel/gigidan%20kebersihannya
http://wordpress.com/artikel/gigidan%20kebersihannya
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref19
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref19
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref19
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref20
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref20
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref21
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref21
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref22
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref22
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref22
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref22
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref23
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref23
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref23
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref24
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref24
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref24
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref25
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref25
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref26
http://refhub.elsevier.com/S0882-4010(21)00347-8/sref26

	Differentiated sap (4–6) gene expression of Candida albicans isolates from HIV-positive patients with oral candidiasis and  ...
	1 Introduction
	2 Materials and methods
	2.1 Subjects and specimen collection
	2.2 Candida albicans identification
	2.3 Hyphae formation and elongation
	2.4 SAP 4–6 genes expression

	3 Results and discussion
	3.1 Selective isolation of C. albicans yeast
	3.2 Detection and identification of C. albicans
	3.3 Frequency of C. albicans in the sample population
	3.4 Analysis of secreted aspartyl proteinase 4–6 gene expression and 18S rRNA housekeeping gene

	4 Conclusions
	Author statement
	Declaration of competing interest
	Acknowledgments
	References


