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The agglutinin-like sequence (4LS) family is crucial for Candida spp., particularly C.
albicans, as it aids in adhesion to biotic and abiotic membranes and formation of
virulence factors. This study was conducted to identify and measure the expression levels
of ALS genes in Candida species isolates from clinical specimens. A total of 276 clinical
samples (vaginal, oral, and blood) were obtained. The isolates were characterized, genetic
material extracted, ALS genes detected, nucleotide sequence determined, and gene
expression measured after antifungal treatment of oral and vaginal isolates. The study
found a significant difference (p < 0.05) among the number of isolates; 135 (48.91%)
Candida positive isolates, with C. albicans being the most common species. Also, 15%
of isolates were resistant to nystatin. Most Candida species had ALS genes, except for C.
kefyr and C. lusitaniae, which were not detected. The gene expression analysis before
and after treatment with fluconazole and nystatin revealed that C. albicans isolates from
the mouth had higher gene expression than vaginal isolates, with gene expression
reaching 92.82 and 17.52, respectively, for the two antifungal agents, making them
resistant to antifungals. The ALSI gene expression was highly elevated in antifungal-
resistant isolates, while it was reduced in susceptible isolates. The study’s findings
highlight the prevalence of ALS genes in Candida species and could be used as a marker

of drug resistance.

1. INTRODUCTION

Fungal infections frequently impact mucous membranes,
including those of the respiratory, urinary, and genital tracts
[1, 2]. Candida is a primary etiological agent of fungal
infections, responsible for candidiasis, and ranks as the third
leading cause of sepsis in Europe, with an estimated mortality
rate of 37% within a 30-day period [3-5]. Several Candida
species, including C. tropicalis, C. albicans, C. krusei, C.
parapsilosis, and C. glabrata, are responsible for more than
90% of infections. In recent years, other Candida species have
been identified and diagnosed as causative agents of
infections, including C. kefyr, C. lusitaniae, and C.
guilliermondii [6, 7]. Currently, invasive candidiasis is a
common and widespread disease and is associated with high
mortality and morbidity. Individuals most susceptible to
candidiasis possess a compromised immune system, which
may arise from various factors such as chemotherapy, use of
broad-spectrum antibiotics, surgical interventions, kidney
failure, and organ transplant surgery [8, 9].

The bacteria that colonize the mucous membranes,
including those of the mouth and vagina, constitute a varied
population that influences human health, particularly in
women, notably during pregnancy. Many studies have
demonstrated that an increased prevalence of infectious
disorders is caused by any alteration of the microbial diversity
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in the mouth or vagina. It is estimated that 75% of women will
suffer from vaginal infections at least once in their lifetime
[10, 11]. Approximately 90% of these infections are caused by
Candida vaginitis (bacterial vaginosis). The initial diagnosis
of vaginosis is mainly based on clinical signs and symptoms
and examination of vaginal discharge under a microscope [12].
Given the widespread prevalence and clinical impact of
Candida infections, particularly among immunocompromised
individuals, there is a growing interest in understanding the
molecular mechanisms that contribute to the pathogenicity of
these fungi. One such focus is the agglutinin-like sequence
(ALS) gene family, which plays a critical role in Candida
adhesion, biofilm formation, and virulence.

The ALS gene family of Candida spp. represents an
important gene group for the genus Candida, especially C.
albicans. This is due to the significant role of these genes in
the process of adhesion of fungi (yeasts) to moist or wet
membranes such as the surface of epithelial cells in the vagina,
mouth, respiratory, urinary, or genital tract. Furthermore, the
ALS gene family also plays an important and significant role
in biofilm formation and other virulence factors, such as
colonization, invasion, and pathogenicity [13]. Candida
dubliniensis, Candida parapsilosis, Candida orthopsilosis,
Candida metapsilosis, and Candida tropicalis have been
shown to include genetic material and nucleotide sequences
from ALS genes and the proteins that arise from their gene
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expression. Although the presence of nitrogenous base
sequences has made it possible for researchers to identify ALS
genes, these sequences have limited research on the processes
underlying the gene expression of these genes, as well as the
reasons behind both elevated and decreased gene expression.
According to recent research, ALS genes, in particular, the
ALSI gene, play a significant role in modulating biofilm
formation and, consequently, the connection between these
genes and antifungal resistance [14, 15]. Research on the ALS/
gene and its relationship to antibiotic resistance is scarce.

The present study aimed to detect the ALS genes and
evaluate the effect of antifungal agents on the gene expression
of isolates.

2. MATERIALS AND METHODS
2.1 Collection of samples

Between September 2024 and January 2025, a total of 276
samples (120 vaginal samples, 120 mouth samples, and 36
blood samples) from patients ranging in age from 3 to 70 years
old, depending on the type of sample, were obtained from
Rusafa hospitals (Imam Ali Hospital, Fatima Zahraa Maternity
Hospital, Ibn Al Baladi Hospital for Women and Children, and
Alawiya Women's Hospital). The samples were collected from
patients following a clinical diagnosis by the pathologist in
each of the aforementioned hospitals. Before culturing, the
samples were stored at 4°C.

2.2 Isolation and identification of Candida species from
clinical samples

The culture medium used in this study, Sabouraud Dextrose
Agar (SDA), was prepared according to the manufacturer’s
instructions. Swabs were collected from the mouth and vaginal
areas of the women and then cultured on the prepared culture
media. The cultures were incubated at 37°C for seven days.
Then the colonies were identified microscopically at 400x
magnification according to the taxonomic keys [1, 16].

2.3 Antifungal susceptibility test

Two antifungal agents (fluconazole and nystatin) were used
to test for antifungal susceptibility against 60 isolates of
Candida spp. The isolates included 29 isolates of Candida
albicans and 31 isolates of non-Candida albicans, including
15 isolates of Candida tropicalis, 10 isolates of Candida
glabrata, and 3 isolates of each of Candida lusitaniae and
Candida kefyr. The isolates were identified phenotypically,
microscopically, and using the Vitek-2 device in accordance
with the technique by Liu et al. [17].

2.4 DNA and RNA extraction

To detect ALS genes in 5 isolates of C. albicans, 2 isolates
each of C. tropicalis, C. lusitaniae, and C. kefyr, DNA was
extracted using the Promega DNA extraction kit (Bioneer,
South Korea). The ALSI gene family was selected for
nitrogenous base sequencing in some of the isolates.
Regarding gene expression, two isolates (one resistant and one
sensitive to C. albicans), one from the mouth and the other
from the vagina, were selected to evaluate ALS/ gene
expression following RNA extraction using the TRIzol™ Kkit.

2.5 Molecular detection of ALS genes in Candida spp. by
the polymerase chain reaction

In this experiment, the primers whose sequences are listed
in Table 1 were used to amplify the ALS genes using
polymerase chain reaction (PCR) following the method
described by Sadeq and Ismail [18]. Additionally, the ALS1,
ALS2, ALS3, and 18S RNA genes were amplified in the real-
time reaction according to Ahmed et al. [19]. The forward and
reverse primers were used in the PCR procedure to amplify the
ALS gene and produce numerous copies of it. The reaction was
performed with a total volume of 25 ul [18, 20]. After
completing the replication process, the products were
electrophoresed according to the method described by Green
[21]. The PCR products were purified and sequenced
(Macrogen, Korea) for molecular detection of Candida spp.
and analysis of genetic relationships.

Table 1. Nucleotide sequences of the primers used for the study

Primer Name Seq. Annealing Temp. (°C) Product Size (bp)
RTALSIF GACTAGTGAACCAACAAATACCAGA 318
RTALSIR CCAGAAGAAACAGCAGGTGA
RTALS2F CCAAGTATTAACAAAGTTTCAATCACTTAT 53 366
RTALS2R TCTCAATCTTAAATTGAACGGCTTAC
RTALS3F CCACTTCACAATCCCCAT C 342
RTALS3R CAGCAGTAGTAGTAACAGTAGTAGTTTCATC

2.6 ALSI gene expression in Candida albicans by relative
quantification

Using the quantitative real-time polymerase chain reaction
(qPCR-PCR) technique and the standard 18S rRNA gene, the
expression levels of the ALS/ gene were assessed in two
isolates of Candida albicans from the mouth and vagina before
and after treatment with fluconazole and nystatin. The
procedures followed the reaction conditions as described [19,
22]. Relative quantification was made according to the
following equations:
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Folding =2-44CT
ACT = CTgene - CTHouse Keeping gene
AACT =ACTrreated or Control = ACT control
2.7 Statistical analysis
The data were analyzed using the Statistical Package for

Social Sciences (SPSS; version 21). Statistical significance
was set at p< 0.05.



3. RESULTS
3.1 Clinical isolates of Candida species
Out of 276 samples obtained from patients at Rusafa

hospitals (Imam Ali Hospital (AS), Fatima Zahra Hospital, Ibn
Al Baladi Hospital for Women and Children, Shahid Al Sadr

General Hospital, and Alawiya Women's Hospital), the results
of culturing on SDA medium revealed the presence of 135
positive isolates. As indicated in Table 2, the positive clinical
samples (48.91% of the total number of samples) comprised
samples from the mouth, vagina, and blood in varying
proportions (50.37%, 39.26%, and 10.37%, respectively).

Table 2. Percentages of Candida spp. isolated from clinical samples

Clinical Samples Total Number No. of Positive % of Infection No. of Negative % of Infection
Mouth 120 68 50.37% 52 %36.88
Vagina 120 53 39.26% 67 %47.52
Blood 36 14 10.37% 22 %15.60

Total 276 135 100% 141 %100

% total number of 48.91% 51.09%

samples
0.04" 0.01" 0.01"
p-Value Person Chi-Square= 0.033"

Pearson's R=0.148""

* Significant differences at a probability level of p<0.05.

Table 3 shows the results of the identification of Candida
spp. at the species level, where C. albicans was the most
prevalent species with 63 isolates (46.67%), followed by C.
tropicalis and C. glabrata with 43 (31.85%) and 20 isolates
(14.82%), respectively. Meanwhile, C. lusitaniae and C. kefyr
were found with 6 (4.44%) and 3 isolates (2.22%),
respectively.

Table 3. Types and percentages of Candida spp.

Species No. of Isolates % P-value
C. albicans 63 46.67%
C. tropicalis 43 31.85%
C. glabrata 20 14.82% 0.001"
C. kefyr 6 4.44% )
C. lusitaniae 3 2.22%
Total 135 100%

* Significant differences at a probability level of p<0.05.
3.2 Resistance of Candida species to antifungal agents

Figure 1 shows the Candida spp. sensitivity testing against
fluconazole and nystatin showed that 56.7% of Candida spp.
were resistant to the antifungal agent, fluconazole, and 15% of
Candida spp. isolates were resistant to the antifungal agent,
nystatin. These isolates included 4, 2, 4, and 1 isolates of
Candida albicans, Candida tropicalis, Candida glabrata,
Candida kefyr, and Candida lusitaniae, respectively, as shown
in Table 4.
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Figure 1. Susceptibility test of Candida species to
antifungals, A: Isolations Candida Control, B: Candida
isolates were exposed to fluconazole at a final concentration
of 0.6 mg/mL and incubated at 37°C for 24-48 hours

3.3 Molecular detection and sequencing of ALS genes in
Candida species

The molecular detection used to identify the ALSI, ALS2,
and ALS3 genes in the Candida spp. under study revealed that
the molecular sizes of the amplified genes are 318, 366, and
342, respectively (Figure 2). Every isolate of Candida
albicans, with the exception of one isolate that lacked a gene,
and every isolate of Candida tropicalis, with the exception of
one isolate that lacked the ALS2 gene, had all three amplified
genes. Additionally, the results demonstrated that all isolates
of C. kefyr and C. lusitaniae lacked genes. Following the
electrophoresis separation, two isolates from each species of
the genus Candida, including C. albicans (isolates 14 and 19)
and C. fropicalis (isolates 6 and 18), were chosen for
nucleotide sequence analysis of the ALSI gene since ALS
genes were diagnosed with high frequency. Table 4 highlights
a comparison of the ALS! gene sequences in the Candida spp.
with reference sequences. Isolate 19 of Candida albicans and
isolates 6 and 18 of Candida tropicalis had the highest
nucleotide sequence identity (100%), whereas isolate 14 of
Candida albicans had the lowest identity (99.62%) because of
two mutations (Table 5).



Table 4. Susceptibility of Candida species to antifungal agents

Non-albicans Candida (n=31)

Antifungal Agents ¢ alftcans C. tropicalis C. glabrata C. kefyr C. lusitaniae Total (n=60)
n=29 - _ = -
n=15 n=10 n=3 n=3
Fluconazole 18 (62.07%) 6 (40%) 4 (40%) 3 (100%) 3 (100%) 34 (56.67%)
Nystatin 4 (13.79 %) 2 (13.33%) 2 (20%) 0 (0%) 0% 8 (13.33%)
0.001* 0.001* 0.001* 0.001* 0.001* 0.001*
P-value Person Chi-Square= 0.663""
Pearson's R=-0.087""
Non—Candida albicans (n=31).
Table 5. Nucleotide sequence of the ALS! gene in Candida spp. showing mutations
ALS1 Gene
No. Tyl?e O.f Nucleotide Sequence IP with Country Strain Identities
Substitution Comparison
14 L Al ID: OR664373.1 USA Candida albicans 99.62%
Transition C\T
19 - - ID: AF201686.1 USA Candida albicans 100%
6 - - ID: AF201686.1 USA Candida 100%
tropicalis
18 - - ID: LC791630.1 USA Candida 100%
tropicalis

3.4 ALS gene expression in Candida species

The results of the ALS/ gene expression analysis in two
isolates of C. albicans from the mouth (A) and vagina (B)
before and after treatment with antifungal agents revealed the
doubling of the ALS! gene. The standard 18S rRNA gene by
qPCR technique showed that the ALS! gene doubling curve
was observed in the cycler threshold values in all treatments,
which indicates the presence of the gene in these treatments.
The CT value in control treatment A and B was 28.38 and
26.17, respectively. In the meantime, Al and Bl received
fluconazole treatments at 28.30 and 27.49, respectively. In
contrast, the CT values for A and B under the fluconazole
therapy were 28.38 and 26.17, respectively, while for A2 and
B2 under the nystatin treatment, they were 29.39 and 26.26,
respectively. Since all of the values were close to 1, the
findings also demonstrated a high level of efficiency, as shown
in Figure 3.

The ALSI gene's melting curve following qRT-PCR
amplification is displayed in Figure 4. All of the samples
where the gene was found had melting points between 81.21
and 81.45°C, which is similar to the melting point of the
typical 18S rRNA gene, which was 81.36°C.

The results of assessing the ALS/ gene expression in C.
albicans isolates from the mouth and vagina following
treatment with fluconazole and nystatin are displayed in Table
6. These results indicated that the gene expression values for
oral samples differ significantly from those for the control
treatment (A), where the gene expression value for the mouth
isolate (control) was 1.00. The highest gene expression values
were obtained with fluconazole (A1) and nystatin (A2), which
were 92.82 and 17.52, respectively. The gene expression
s00bp HIA [ measurement of vaginal samples (B) revealed that the control
had a gene expression value of 1.00, that the fluconazole (B1)
treatment had a decrease in expression (0.36), and that the
nystatin (B2) treatment had an expression value that was
RTALS) similar to the control treatment (1.35). Regarding the
comparison of gene expression between oral isolates (A) and
vaginal isolates (B), it was evident that oral isolates had
increased gene expression following antifungal treatment,
whereas vaginal isolates (B) had decreased gene expression

S
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—
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1500bp

1000bp

Figure 2. Electrophoretic migration of PCR-amplified ALS
gene fragments in Candida spp.
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following the same treatments. This suggests that oral isolates sensitive to them.

are resistant to antifungals, whereas vaginal isolates are
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Figure 3. Real-time polymerase chain reaction (QRT-PCR) amplification curve
a: ALSI gene; b: 18S rRNA gene
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Figure 4. Melting curve of amplified genes after the quantitative real-time polymerase chain reaction amplification
a: ALSI gene; b: 18S rRNA gene

Table 6. Determination of ALS! gene expression values in Candida albicans isolates after antifungal treatment using the Livak

method
Sample 18srRNA RTALS1 ACT AACT Fold Change Antifungal Conc.
A* 23.17 28.38 5.21 0.00 1.00 -
Al 29.63 28.30 -1.33  -6.54 92.82 0.3
A2 28.32 29.39 1.08 -4.13 17.52 0.1
B 29.44 26.17 -3.27  0.00 1.00 -
B1 29.29 27.49 -1.80 147 0.36 0.3
B2 29.97 26.26 -3.70  -0.43 1.35 0.1

A’: Candida albicans (control) from the mouth; Al: Fluconazole; A2: Nystatin; B: Candida albicans (control) from the vagina; B1: Fluconazole; B2: Nystatin

4. DISCUSSION isolation and phenotypic and microscopic characterization are

consistent with the findings of Marsaux et al. [23] and Ali and

The detection and sequencing of ALS genes offer important
insights into the pathogenicity of Candida species. Differences
in ALS gene sequences indicate potential strain-specific
variations in adhesion and biofilm formation. Additionally, the
observed variations in ALS gene expression highlight their
significance in fungal virulence. These findings may
contribute to the development of targeted antifungal therapies
and diagnostic tools for Candida infections. The results of
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Ewies [24], who isolated and identified different types of
Candida from clinical samples. Non-culture-based methods,
such as PCR, have been shown to rapidly detect and identify
pathogenic fungi, offering the possibility of prescribing
species-oriented and effective therapy and identifying genetic
markers associated with antifungal resistance [13, 25]. These
findings were similar to those of Lombardi et al. [13] and
emphasize the importance of examining the nitrogenous base



sequences of the genes being studied because of the
significance of these genes and their connection to virulence
factors through gene expression [26]. They examined these
genes' nucleotide sequences and demonstrated that analyzing
the sequences in their entirety (by examining all of the
nitrogenous bases in the gene), or in their condensed form (a
small portion of the gene), and using standardized primers,
leads to accuracy. This approach provides a clear picture of the
nature of these genes, elucidating their function in the
formation of membrane adhesion factors and their role in
virulence factors. These findings are comparable to those of
Oh et al. [14], who investigated the C. albicans ALS gene
family due to their role in fungal colonization, cell adhesion,
and biofilm formation.

The accessibility of nucleotide sequences from the genomes
of pathogenic yeasts and related fungal species offers a
comprehensive, comparative, and precise understanding of the
ALS gene family. These genomic sequences enable researchers
to analyze the genetic composition, organization, and
evolutionary relationships of ALS genes across different fungal
species. The stability of the ALS gene and possible selected
evolutionary forces were highlighted by the fact that one strain
of C. albicans had 99.62% similarity because of a C to T
transition, while other strains remained completely preserved.
The 99.62% similarity mutation in the C. albicans strain might
be the result of adaptive evolution, spontaneous genetic drift,
or environmental constraints like exposure to antifungals that
favour variants with different adhesion or biofilm-forming
characteristics. To find out if this mutation affects ALS gene
expression or protein function, or if it adds to virulence or
antifungal resistance, more functional research would be
required. Despite significant advancements in DNA
sequencing technologies, such as next-generation sequencing
(NGS) and bioinformatics tools for genome analysis, the
complete and accurate identification of all ALS loci remains
challenging. Many ALS gene loci still require additional steps,
including PCR amplification and Sanger sequencing, to obtain
precise gene counts and sequence data. Furthermore, the
groundbreaking accuracy of protein structural predictions
provided by AlphaFold has revolutionized the study of protein
folding, structure, and function, offering unprecedented
insights into the molecular architecture of ALS proteins. These
advancements hold great potential for furthering our
understanding of fungal pathogenicity and may aid in the
development of targeted antifungal strategies [13, 14].

According to the results of the gene expression
measurement, isolates of Candida albicans with high gene
expression demonstrated resistance to the antifungals used in
the experiment. This resistance is caused by the relationship
between the ALS gene family and the virulence factors of
Candida spp., particularly biofilm formation [27, 28]. These
findings align with those of Abdullah and Mahdi [29] and
Roudbarmohammadi et al. [30], who demonstrated that all C.
albicans isolates exhibiting gene expression of at least one
ALS gene family gene were fluconazole resistant, while
isolates with no or very low gene expression were completely
sensitive to fluconazole. This is because ALS genes, including
the ALS1 gene, are closely linked to the formation of biofilms,
which aid adhesion processes in the human body's mucous
membranes and epithelial layers. Additionally, biofilms play a
significant role in the isolates' resistance to fluconazole. These
findings are also consistent with those of Mohammed et al.
[31], who proved that ALS genes are associated with virulence
factors, especially the ALS/ gene, as this gene was found
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100% in biofilm-forming C. albicans isolates, and the same
researchers proved that ALS/ gene expression was
significantly elevated in biofilm-forming C. albicans isolates.
ALSI gene expression and sequence variations highlight its
strong potential as a diagnostic marker for Candida virulence
and antifungal resistance.

5. CONCLUSION

The study’s findings demonstrated that Candida albicans is
the most commonly detected species in clinical samples.
Additionally, ALS genes were detected in the majority of
Candida species, except for C. kefyr and C. lusitaniae. One of
the study's main findings is that there is a strong correlation
between ALSI/ gene expression and antifungal resistance
because the expression of the ALS1 gene is significantly higher
in isolates that are resistant to antifungals, while it is
significantly lower in isolates that are susceptible to them. The
increased expression of ALS1 in resistant isolates highlights its
potential role in fungal pathogenicity and its possible
involvement in mechanisms that contribute to antifungal
resistance, emphasizing the need for further investigation into
its clinical implications. Inhibiting ALS/ offers a promising
strategy to combat drug-resistant Candida infections.
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