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Abstract

Background: Candida albicans is the most common pathogen in patients with vulvovaginitis. Secretory aspartyl proteinases (SAPs)
are potential factors in the virulence of C. albicans. Antimicrobial peptides (AMPs) are recognized as a promising antimicrobial
group of drugs with a membrane degradation mechanism. Occurrence of resistance to these drugs is quite rare. The impact of
rapid membrane degradation on AMPs is relative to the prevention or delay in drug resistance mechanisms in different microbes.
Objectives: The purpose of this study was to compare the inhibitory effects of the designed NK95 peptide and caspofungin on
expression of SAP4-SAP6 genes from clinical vaginal isolates of C. albicans .
Methods: In this experimental study, samples were collected from 350 women, who were suspected of vulvovaginal candidiasis
and were referred to Zahedan gynecology clinics during 6 months. The clinical specimens were cultured in Sabouraud glucose
agar (SGA). Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method was used to identify the vagi-
nal isolates of C. albicans. Afterwards, the NK95 peptide was designed and synthesized. Drug susceptibility test was carried out at
different concentrations of NK95 peptide and caspofungin. RNA extraction, cDNA synthesis, and quantitative Real-time PCR were
performed on the clinical isolates before and after treatment with the designed peptide and caspofungin.
Results: Based on the findings of this study, the minimum inhibitory concentration (MIC90), MIC50, and minimum fungicidal con-
centration (MFC) of C. albicans isolates were 62.5, 31.25, and 125 µg/mL for the designed peptide, respectively. The SAP4 (45%), SAP5
(85%), and SAP6 (73%) genes expressions significantly reduced at 48 hours after treatment with the designed peptide (P < 0.05).
Conclusions: Our findings showed that the designed NK95 peptide has antifungal effects on the clinical vaginal isolates of C. albi-
cans. Moreover, it has potential down-regulating on expression of SAP4, SAP5 and SAP6 genes.

Keywords: Antifungal Peptide, NK-95, SAPs, Candida albicans

1. Background

Vulvovaginal candidiasis is an important gynecologi-
cal problem in medical practice. Almost 75% of women suf-
fer from vaginal candidiasis at least once in their lifetime
(1). In the past 3 decades, the incidence of invasive fun-
gal infections has increased. In fact, female genital tract
infections are among increasingly common fungal infec-
tions in clinics (2). Candida albicans is the most common
pathogen causing vulvovaginitis. The virulence factors in
C. albicans include fungal adhesion to mucosal surfaces,
changing from yeast to hyphae form, mannan production,
generation of secretory aspartyl proteinases (SAPs), as well
as phospholipase and biofilm formation, which facilitate
tissue invasion (3, 4). Overall, SAPs are of great importance

in the development and pathogenesis of yeast infections.

SAPs are one of the key enzymes involved in the vir-
ulence of C. albicans. These enzymes lead to nonspecific
proteolysis in host proteins involved in defense against in-
fections; subsequently, Candida pass through the barriers
of connective tissues (5). SAP is a hydrolytic enzyme, pro-
duced by at least 10 different genes. SAP4-SAP6 mRNA was
first detected in the formation of hyphae and was shown
to play a major role in the development of disseminated
candidiasis. SAP4-SAP6 genes have a potential capacity to
cause disorders, as blood and salivary pH is almost neutral
and hyphae formation is important during tissue invasion
(6).

SAP4 plays a specific role in the development of vagini-
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tis (7). During acute infection in vaginitis, SAP4 and SAP5
genes are expressed. In a previous study, SAP6 gene expres-
sion was confirmed during vaginal infection, using quan-
titative real time-polymerase chain reaction (qRT-PCR) (8).
Since fungi are regarded as eukaryotes, the available anti-
fungal drugs can have detrimental effects on the host tis-
sue cells. In addition, increased mortality of systemic can-
didiasis due to lack of early detection and treatment calls
for the detection of C. albicans virulence mechanisms and
necessitates the discovery of new antifungal agents (9-11).

Antimicrobial peptides (AMPs) are a group of promis-
ing antimicrobial drugs, associated with membrane cell
degradation (12, 13). Rapid membrane degradation by
AMPs is relative to their effects on the prevention or de-
lay in drug resistance mechanisms of different microbes.
These AMPs have broad-spectrum effects and exhibit se-
lective activities against different organisms, including
Gram-positive bacteria (eg, Staphylococcus epidermidis and
Staphylococcus aureus) and Gram-negative bacteria (eg, Es-
cherchia coli, Pseudomonas aeruginosa), and yeasts such as
C. albicans (14).

There are various AMPs, which show acceptable perfor-
mance against various pathogens in different organisms
(12). Despite this diversity, AMPs also have common fea-
tures. For instance, they are relatively short (< 100 amino
acids) and have a positive charge of +2 to +9, which is be-
cause of the presence of amino acids, such as arginine, ly-
sine, and histidine. They also have the capacity for compli-
ance, as well as amphiphilic structures with separate hy-
drophobic and hydrophilic domains.

Due to the positive net charge of public AMPs, they are
described as cationic AMPs (15). AMPs have useful prop-
erties, such as a broad-spectrum yield, selectivity against
germs, and rare bacterial resistance; therefore, they are
suitable antimicrobial agents. A large number of AMPs
have been produced with either changes in natural AMPs
or de novo peptide design guidelines. Today, synthesis of
AMPs with changes in the sequence of natural AMPs, such
as cecropin, melittin, meganine, endolicidine, or tempo-
rine, is a way to find appropriate peptides for therapeutic
applications (15, 16). These changes include adding, delet-
ing, or moving one or more amino acids and shortening
the N-terminal, carboxyl, and connecting parts of natural
peptides.

It should be noted that the built-in analog shows less
toxicity compared to natural peptides, while it has greater
antimicrobial activities (17). Due to the potential effect of
SAP genes on the pathogenicity of C. albicans, besides the
emerging drug resistance, different strategies have been
employed to reduce SAP gene expression and treat vulvo-
vaginal candidiasis (18).

2. Objectives

The purpose of this study was to explore the inhibitory
effects of the designed NK95 peptide on expression of SAP4-
SAP6 genes from the clinical vaginal isolates of C. albicans
in comparison with caspofungin.

3. Methods

In this experimental, cross sectional study, nonproba-
bility sampling was applied among 350 women, who were
suspected of vulvovaginal candidiasis and were referred
to Zahedan gynecology clinics during 6 months (October
2012 - March 2013) with symptoms, such as irritation, itch-
ing, unpleasant odor, and pain during intercourse, associ-
ated with vaginal secretions.

The patients were identified by gynecologists and clas-
sified according to their symptoms and clinical criteria.
The data were collected using questionnaires and clini-
cal observations. Patients were graded (mild, moderate,
and severe), and their demographic characteristics, such
as age, sex, history of vulvovaginal disease, underlying dis-
eases, antibiotic use, immunosuppressive therapy, recur-
rent diseases, and diabetes, were collected (19).

After recording the patients’ information, vaginal
samples were prepared by experts, and each sample was
added to a sterile Falcon tube, containing 1 mL of sterile
0.9% NaCl. From each sample, direct smears were prepared
with KOH 10% and examined under a microscope. For the
genotyping test, some sections of the swab were removed
from the vaginal discharge, added to a Sabouraud glucose
agar (SGA) medium (65.5 g/L; Merck, Germany) with chlo-
ramphenicol (50 mg in 10 CC of alcohol), and incubated for
48 hours at 35°C.

After reaching the desirable growth of microorgan-
isms, fresh yeasts from the culture medium were selected
to obtain 30 clinical C. albicans isolates among the clinical
samples. In this study, standard clinical isolates of C. al-
bicans ATCC10231 were used, and the equipment was cali-
brated by the reference company before the experiments.
All the experiments were performed by a single researcher,
and variables were measured by the same researcher.

3.1. PCR-Restriction Fragment Length Polymorphism (RFLP) for
Identification of Clinical Vaginal Isolates

For genotypic detection of yeast strains, DNA genome
was extracted from fresh yeast culture, using phenol-
chloroform-isoamyl alcohol. PCR was carried out us-
ing primer pairs, ITS1 (TCCGTAGGTGAACCTGCG) and
ITS4 (CCTCCGCTTATTGATATGC), for amplification of
genetic regions (ITS1-5.8 sr.DNA-ITS2). The sequence
of the primers was extracted from the NCBI database
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(http://www.ncbi.nlm.nih.gov) and forward and reverse
primers were designed using Gene Runner version 3.

The substances were used in PCR according to the mas-
ter mix kit protocol (Thermo, Lithuania). Substances in-
cluding H2O, primer F, primer R, template DNA, and Master
Mix were added to the microtube. To optimize the PCR con-
ditions, a temperature gradient (55 - 60°C) was used, and
the most favorable temperature for DNA binding was ob-
tained for reverse and forward primers. After electrophore-
sis of PCR products and ensuring their positivity, the MSP1
enzyme was used to differentiate the strains of C. albicans,
C. glabrata, C. parapsilosis, C. tropicalis, and C. krusei.

Following that, 10 µL of the PCR product was removed,
and fragments were amplified in the CCGG region using 1.5
µL of enzyme buffer and 0.5 µL of MSP1 enzyme (Thermo,
Lithuania). Then, 3 µL of distilled water was added and
maintained at 37°C for 3 hours. Through electrophoresis of
the digested product on Agarose gel, observation of DNA
fragments under UV rays, and analysis of different RFLP
patterns, various Candida strains were identified. Finally,
in order to differentiate C. albicans from C. dubliniensis, the
Mbo1 enzyme was used (20).

3.2. In Vitro Antifungal Activity

3.2.1. Antifungal Agents

A standard antifungal powder of caspofungin was pur-
chased from Sigma Life Science (Sigma-Aldrich). Caspofun-
gin was dissolved in sterilized 50% (v/v) dimethyl sulfox-
ide/distilled water (DMSO/DW) at a final concentration of
5 mg/mL. The NK95 peptide was dissolved in 0.05% DMSO
at a final concentration of 10 mg/mL. The final concentra-
tions were within the range of 0.125 - 64 µg/mL for caspo-
fungin and 9.76 - 5000 µg/mL for the NK95 peptide; all the
solutions were stored at -20°C.

3.2.2. Design of NK95 Peptide

The effective peptides were selected from the previ-
ous research and peptide bank. Evaluation of physico-
chemical properties was performed using DNAsis software
and online ProtParam application. To evaluate the pep-
tide structure, online software, GOR IV or PHDsec, was used
for assessing the secondary structure; the tertiary struc-
ture was predicted using server I-TASSER. Ultimately, on-
line Antibp3-Imtech and Split 4.0 server were used to de-
sign new peptides. The structure and characteristics of the
new peptide were determined using the mentioned soft-
ware. In addition, the designed peptides were compared
with peptides in the peptide bank, using BLAST and antimi-
crobial databases.

3.2.3. Peptide Synthesis

The NK95 peptide was synthesized using the solid-
phase method with pump A trifluoroacetic acid 0.1% in
100% water and pump B trifluoroacetic acid 0.1% in 100%
acetonitrile (21). The crude peptide was repeatedly washed
with diethyl ether, dried in vacuum, and purified using
reversed-phase high-performance liquid chromatography
(HPLC) on a 15-µm Deltapak C18 column (19 × 30 cm; Wa-
ters). The purity of the peptide was confirmed by analyti-
cal reversed-phase HPLC on an Ultrasphere C18 column (4.6
× 250 mm; Shimadzu). Purity of the peptide was above
80%. Electrospray ionization mass spectrometry was used
to confirm the peptide identity.

3.3. Minimum Inhibitory Concentration (MIC) Determination

Broth microdilution assays were performed in tripli-
cate according to the clinical and laboratory standards in-
stitute (CLSI) document M27-A3 (22). The final volume was
about 200 µL in all the wells. All the plates were placed in
a shaking incubator at 150 rpm for 48 hours at 37°C. After-
wards, turbidity of the wells was evaluated by examining
the growth of yeasts. The lowest concentrations of NK95
peptide and caspofungin (without any turbidity) were con-
sidered as the MICs of the peptide and drug, respectively.

In order to determine the minimum fungicidal
concentration (MFC), from MIC, and higher multidilu-
tion concentrations, culture studies were performed on
Sabouraud-chloramphenicol agar. About 10µL of the wells
was transferred to the SGA medium and incubated at 37°C
for 24 hours. Then, the number of colonies grown on
SGA medium was measured, and MIC90, MIC50, and MFC
of the designed peptide and caspofungin were obtained
for the clinical isolates and C. albicans ATCC10231. Each
experiment was carried out in triplicate and repeated at
least 3 times.

3.4. Analysis of SAP4-SAP6 Genes Expression in Clinical Vagi-
nal Isolates of C. albicans before and after Treatment with NK95
Peptide and Caspofungin

In order to compare the effects of NK95 peptide and
caspofungin on SAP4-SAP6 genes expression, vaginal C. al-
bicans isolates were treated with the peptide and caspofun-
gin at 24, 48, and 72 hours; the number of yeast cells for all
the samples was determined at 1.5 × 103 CFU/mL. For the
MIC50 concentration of the designed peptide and caspo-
fungin, dilutions were separately prepared. In sterile 96-
well plates, about 100 µL of the dilution, which was pre-
pared separately for each isolate with 100 µL of yeast cells
at 24, 48, and 72 hours, was treated; the plates were incu-
bated at 37°C in a shaking incubator.
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About 10 µL of the well content after treatment at 24,
48 and 72 hours was transferred to the SGA medium, con-
taining chloramphenicol, and the plates were again incu-
bated at 37°C. This process was included to obtain C. al-
bicans colonie, treated with the NK95 peptide so that we
could finally extract RNA from clinical isolates treated with
the peptide at 24, 48, and 72 hours. To obtain C. albicans
colonies treated with caspofungin at 24, 48, and 72 hours,
the same procedure was applied; each experiment was re-
peated at least 3 times.

3.4.1. RNA Isolation, cDNA Synthesis, and Quantitative Real-
time PCR Assay

Total RNA was extracted using the CinnaClon RNA Iso-
lation Kit (No., RN7713C), according to the manufacturer’s
instructions (CinnaClon, Karaj, Iran). For this purpose, 1µg
of total RNA was used as the template to synthesize cDNA.
Reverse transcription was applied for 5 minutes at 25°C, for
1 hour at 42°C, and for 5 minutes at 70°C (thermo scientific
RevertAid first strand cDNA synthesis Kit, Lot 00323337).

RNA extraction and cDNA synthesis were performed
on the clinical vaginal isolates of C. albicans and standard
strains of C. albicans ATCC10231 at various intervals before
and after treatment with the NK95 peptide and caspofun-
gin. To determine SAP4-SAP6 genes expression, RT-PCR tech-
nique was used in the ABI StepOnePlus system (Applied Bio-
Rad, USA). In this study, specific primers are presented in
Table 1. The primers were synthesized by tag copenhagen
(Denmark).

The efficiency and melting temperature of primers
were evaluated and approved by Gene Runner software.
The materials required for RT-PCR were selected accord-
ing to the protocols of SYBR Green high rox master mix kit
(Ampliqon Company). For the RT-PCR analysis, each reac-
tion mixture contained 12.5 µL of qPCR SYBR green master
mix high ROX (1X), 1 µL of forward and reverse primers (0.1
pmol), and 1 µL of template (1 µg); finally, distilled water
was added up to 25 µL in 96-well plates.

The RT-PCR reactions were performed at 95°C for 15
minutes, followed by 40 cycles for 5 minutes at 94°C, 30
seconds of annealing, and 30 seconds at 72°C. The anneal-
ing temperature was 50°C for SAP4 and SAP6 genes, 47°C
for ACT1 gene, and 53°C for SAP5 gene in qRT-PCR. The re-
sults were analyzed using the 2-∆∆CT relative expression
method (Livak method) (8). Each experiment was repeated
at least 3 times.

3.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS ver-
sion 22. One-way analysis of variance (ANOVA) was per-
formed with Tukey’s method. P value below 0.05 was con-
sidered significant. All data are expressed as mean ± SD.

4. Results

4.1. Online Bioinformatic Investigation of the NK95 Peptide

Some research centers have developed AMP databases
where substantial data about AMPs are collected and
stored. Information, such as structural features of the de-
sired sequence, hydrophobicity, cationic charge, peptides,
and some other properties, is available to users. Table
2 indicates the properties of NK95 peptide (sequence,
AYVRVRGVLVRYRRCWCVYAYVRVRGVLVR), using the fol-
lowing databases: dragon antimicrobial peptide database
(DAMPD; www.apps.sanbi.ac.za/dampd/BioTools.php) by
the bioinformatics research institute of South Africa,
research institute of University of Nebraska, Eppley Insti-
tute, analytical design package (ADP2), and biomedical
informatics centre of the national institute for research in
reproductive health (NIRRH; Mumbai, India).

4.2. Identification of Clinical Vaginal Isolates

Distribution of patients with acute and recurrent
vaginitis in terms of predisposing factors is shown in Ta-
ble 3. The PCR-RFLP findings showed that the size of frag-
ments after enzyme digestion by the MSP1 enzyme in Can-
dida strains was almost over 200 to 600 bp. The perfor-
mance of MSP1 enzyme in RFLP products of all C. albicans
samples resulted in 2 distinct bands of 238 and 297 bp, re-
spectively. Finally, 30 clinical isolates were confirmed as C.
albicans and used for the following analyses.

4.3. Determination of MICs

MICs was determined via broth microdilution method.
To measure MIC in all the wells, cultures were examined
on SGA, containing chloramphenicol. After counting the
colonies, MIC50 values of 8 and 31.25 µg/mL were deter-
mined for caspofungin and NK95 peptide, respectively.
The MIC90 and MFC of NK95 peptide and caspofungin are
shown in Table 4.

4.4. RNA Extraction, cDNA Synthesis, and Quantification of
SAP4, SAP5, SAP6, and ACT1 Gene Expression from Clinical Vagi-
nal Isolates of C. albicans Before and After Treatment with NK95
Peptide and Caspofungin

Three bands, including 5srRNA, 18srRNA, and 28srRNA,
were obtained in this method. To control the performance
of primers, an appropriate PCR protocol was applied be-
fore qRT-PCR, and the construction of cDNA was verified.
The RT-PCR reaction with the primers was separated after
electrophoresis of PCR products on Agarose gel; the results
indicated an exclusive product (Figure 1). The levels of SAP4,
SAP5, and SAP6 genes expression after treatment with NK95
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Table 1. Primer Sequences Used for the qRT-PCR

Gene Primer Sequence Amp Size (bp)

SAP4 (F) 5’ AGA TAT TGA GCC CAC AGA AAT TCC3’
82

SAP4 (R) 5’ CAA TTT AAC TGC AAC AGG TCC TCTT 3’

SAP5 (F) 5’ CAG AAT TTC CCG TCG ATG AGA3’
78

SAP5 (R) 5’ CAT TGT GCA AAG TAA CTG CAA CAG3’

SAP6 (F) 5’TTA CGC AAA AGG TAA CTT GTA TCA AGA3’
102

SAP6 (R) 5’CCT TTA TGA GCA CTA GTA GAC CAA ACG3’

ACT1 (F) 5’ CCA GCT TTC TAC GTT TCC 3’
209

ACT1 (R) 5’ CTG TAA CCA CGT TCA GAC 3’

Table 2. The Results of Online Analysis of Eppley Institute, DAMPD, and NIRRH Databases

Variable Value

AMP probability 0.990

Instability index 25.71

Aliphatic index 119.67

Hydropathy index -0.29

Half-life 4.4 hours (mammalian reticulocytes in vitro). > 20 hours (yeasts in vivo) > 10 hours (E. coli in vivo)

Molecular weight 3687.4 g/mol

Boman index -0.74 kcal/mol

Abbreviation: AMP, Antimicrobial peptide

Table 3. Distribution of Patients with Acute and Recurrent Vaginitis in Terms of Predisposing Factors

Predisposing Factor Recurrent Vaginitis Acute Vaginitis

Frequency Percentage (%) Frequency Percentage (%)

Underlying diseases 3 2.09 2 2.58

Antibiotics 84 58.71 27 34.83

Diabetes 19 13.28 15 19.35

Pregnancy 26 18.17 10 12.9

None 11 7.75 23 29.67

Total 143 100 77 100

peptide and caspofungin were examined by qRT-PCR at the
obtained MIC concentrations.

The results of the proximity of vaginal C. albicans iso-
lates to peptide NK95 showed a significant reduction in
the expression level in all 3 genes. Gene expression of SAP4
reduced by 33% at 24 hours, 45% at 48 hours after treat-
ment, and 28% at 72 hours after treatment, compared to
the samples which were not adjacent. SAP5 gene expres-
sion reduced by 80% at 24 hours and 85% at 48 hours after
the treatment (Table 5 and Figure 2).

5. Discussion

C. albicans is the most common pathogen involved in
vulvovaginitis. One of the key enzymes in the virulence of
C. albicans is SAP. In previous studies, it has been shown that
C. albicans requires SAPs in the development of candidiasis;
therefore, these enzymes can be a proper target for drug
development (18, 23). AMPs are a good example, as labora-
tory studies have shown that the probability of resistance
to AMPs is less than conventional antibiotics (24).
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Table 4. The MIC Ranges of NK95 Peptide and Caspofungin Against the Clinical Isolates of C. albicans and C. albicans ATCC10231

Antifungal MIC Ranges for Antifungals (µg/mL)a

C. albicans ATCC10231 Clinical isolates of C. albicans

MIC50 MIC90 MFC MIC50 range MIC90 range MFC

NK95 peptide 31.25 62.5 125 15.62 - 31.25 31.25 - 62.5 125

Caspofungin 8 16 32 4 - 8 8 - 16 32

aThe data in each column indicate 3 independent experiments (P < 0.05).

Table 5. SAP4-SAP6 Gene Expression at 24 (A), 48 (B), and 72 (C) Hours of Treatment Induced by Culture Incubation at 37°C

A

Gene Untreated C. albicans Caspofungin 4 µg/mL NK95 Peptide 31.25 µg/mL

Fold Changea Fold Changea P Valueb Fold changea P Valueb

SAP4 1 0.63 0.003 0.67 < 0.001

SAP5 1 0.17 < 0.001 0.20 0.019

SAP6 1 0.33 < 0.001 0.39 0.002

B

Gene Untreated C. albicans Caspofungin 4 µg/mL NK95 Peptide 31.25 µg/mL

Fold Changea Fold Changea P Valueb Fold Changea P Valueb

SAP4 1 0.43 0.044 0.55 0.023

SAP5 1 0.18 0.012 0.15 < 0.001

SAP6 1 0.12 < 0.001 0.27 < 0.001

C

Gene Untreated C. albicans Caspofungin 4 µg/mL NK95 peptide 31.25 µg/mL

Fold changea Fold Changea P Valueb Fold Changea P Valueb

SAP4 1 0.46 0.025 0.72 < 0.001

SAP5 1 0.32 < 0.001 0.82 < 0.001

SAP6 1 0.11 0.016 0.53 0.045

aFold change was calculated using the RT-PCR product of the gene of interest or PCR product of ACT1 gene (housekeeping gene) and normalized to the negative control
of untreated C. albicans (expression was considered to be 1).
bP values were obtained after comparison with the negative control (untreated C. albicans).

In the present study, the NK95 peptide (developed with
respect to arenicin-1 peptide from Arenicola marina), was
synthesized. With regard to the antimicrobial properties
and biological activities discovered in the online software,
the NK95 peptide was designed and synthesized, and the
impact of its antifungal activity on the expression of SAP4-
SAP6 genes from clinical vaginal isolates of C. albicans was
examined. The results of PCR-RFLP analysis of ITS1-5.8S-
ITS2 fragment with the MSP1 enzyme (CCGG cutting site)
showed 2 bands with different sizes in C. albicans, C. dublin-
iensis, C. glabrata, and C. tropicalis isolates, considering a
cleavage site in the amplified fragment. Expectedly, this
finding is consistent with the results of other studies.

In 2015, Diego and colleagues introduced PCR-RFLP as
a valuable method for identification of invasive fungal in-
fections (20). In other studies, Msp1 enzyme was used for
segregation in Candida isolates (25, 26). In this study, the
Msp1 enzyme was used to identify C. albicans, and 30 vagi-
nal isolates of C. albicans were approved according to the
band patterns. In the present study, the NK95 peptide was
used to compare its effects on the expression of SAP4-SAP6
genes with caspofungin as the reference drug. Although
caspofungin could initially inhibit the synthesis of β1, 3-D-
glucan in the cell wall, it showed an antifungal potential in
delaying the expression of virulence factors, thus leading
to infection caused by C. albicans (21).
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Figure 1. The Electrophoresis Product of RT-PCR on SAP4-SAP6 and ACT1 Genes

M:DNA marker: 50bp; ACT1 gene bands: 209bp; SAP5 gene bands: 78bp; SAP6 gene
bands: 102bp; SAP4 gene bands: 82bp; N:negative control.

Pfaller et al. performed a study in 2006 on the effect of
antifungal caspofungin. In that study, a total of 8197 Can-
dida isolates were collected from 91 medical centers dur-
ing 2001 - 2004. Overall, 4454 (54%) cases were confirmed
as C. albicans, and the MIC of caspofungin for the clini-
cal isolates of C. albicans was 0.007-4 µg/mL, based on the
broth microdilution method (25). Moreover, Mette and col-
leagues (2007) conducted a study on the effects of caspo-
fungin on the standard T26 isolate of C. albicans and re-
ported the MIC to be 8µg/mL (28). According to the present
results, the MIC90, MIC50, and MFC of caspofungin against
the clinical isolates of C. albicans were 16, 8, and 32 µg/mL,
respectively; these findings are inconsistent with the re-
sults of previous studies in most cases.

In 2006, Ferre et al. examined the antimicrobial effects
of CM11 peptide and 22 analogs on plant pathogens, Erwinia
amylovora, Xanthomonas vesicatoria, and Pseudomonas sy-
ringae, and reported that the MIC of CM11 peptide for the
pathogens was 7 - 10 mM (24). Moreover, Hong and col-
leagues (2015) designed antifungal peptides, which were
more effective and safer than amphotericin B in the treat-
ment of fungal keratitis in vivo, and the MIC of peptides
(IKIK)2 and (IRIK)2 for C. albicans were 2, 31.3 mg/L and 3.9,
31.3 mg/L for Fusarium solani, respectively (29).

In another study, Cana and Dong (2009) designed
an arenicin1 peptide, which could destroy phospholipid
membranes. They also evaluated its antifungal activity
against C. albicans and non-C. albicans species using the
MTT assay. The MIC was 9 mM for C. albicans isolates and
4.5 to 9 mM for other isolates (30). Our results showed that
the MIC90, MIC50, and MFC of the NK95 peptide were 62.5,
31.25 and 125µg/mL for the clinical isolates of C. albicans, re-
spectively, which are inconsistent with the MIC values re-

ported in previous studies for plant pathogens and pep-
tides (IKIK)2 and (IRIK)2 in the treatment of fungal keratitis
due to C. albicans.

The observed difference in the inhibitory concentra-
tions against different clinical isolates can be related to the
peptide performance and membrane structure of the mi-
crobe. Researchers have suggested that the most impor-
tant mechanism in the germicidal properties of most AMPs
is to change the membrane structure. Accordingly, they
associate the differences in susceptibility to variations in
the plasma membranes of target microorganisms (ie, sur-
face charge and lipid composition), which affect the ex-
tent and speed of interaction, cationic peptide binding to
the plasma membrane surface, and power of peptides in
plasma membrane disturbances (31). The findings of this
study showed that caspofungin and the designed peptide
at concentrations of 8 and 31.25 µg/mL, respectively had
significant differences in reducing SAP4-SAP6 genes expres-
sion at 24, 48, and 72 hours after treatment, based on RT-
PCR.

In this regard, Ripeau and colleagues in 2002 investi-
gated the inhibitory effects of SAPs and phospholipase B1 of
C. albicans in vitro. SAP and phospholipase B1 gene expres-
sion was assessed by RT-PCR after caspofungin was added
to the cells and placed in SGA broth for 15 hours. SAP and
phospholipase B1 gene expression was majorly inhibited
in C. albicans after exposure to 4 - 16 µg/mL of caspofungin
(21).

In addition, in another study in 2013, Theberge and col-
leagues examined the antifungal activity of decapeptide
KSL-W against C. albicans ATCC-SC5314. The growth of C. albi-
cans decreased with peptide KSL-W in short- and long-term
incubation. Moreover, at a concentration of 10 µg/mL, the
peptide effects were observed after 5 hours of incubation;
however, the growth of C. albicans was completely inhib-
ited at 25 µg/mL (32).

Overall, research activities are limited at the molecular
level of the peptide (designed at the molecular level), even
in the predesign of fungal virulence factors. In the present
study, for the first time, the inhibitory effects of NK9 pep-
tide on SAP4-SAP6 gene expression in C. albicans were exam-
ined at the molecular level. As the results showed, 48 hours
after treatment is the best time for the peptide to control
SAP4-SAP6 gene expression; similar results were reported
for caspofungin.

The findings of this study showed that the effects
of NK95 peptide in reducing SAP5 gene expression were
greater than caspofungin. In general, the designed peptide
was more effective than caspofungin in reducing the ex-
pression of SAP5 genes after 48 hours. Caspofungin exhib-
ited poor performance in reducing SAP6 gene expression
at 24 hours after treatment and SAP5 gene expression at
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Figure 2. SAP4, SAP5, and SAP6 Gene Expression After Treatment with Caspofungin (Cas) and NK95 Peptide (P) Compared to the Pretreatment
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24 and 48 hours after the treatment compared to the NK95
peptide.

Evaluation of the molecular inhibitory effects of NK95
peptide on SAP4-SAP6 genes at 24, 48, and 72 hours of
treatment, inclusion of a large number of clinical isolates,
and evaluation of the concentration and physicochemical
properties of NK95 peptide are among important and ef-
fective factors in the study of SAP4-SAP6 gene expression,
which differed from previous studies.

So far, treatment of invasive candidiasis has been ef-
fective with caspofungin. However, in recent reports,
resistance to caspofungin has been reported in Candida
species during treatment with esophagitis and endocardi-
tis. Echinocandin resistance in Candida species is caused by
a specific mutation in FKS1 gene (encoding the necessary
components for the synthesis of complex glucan) (33-35).
Due to resistance to caspofungin, design of peptides can
be an effective alternative to the treatment of vulvovagini-
tis caused by C. albicans.

5.1. Conclusion

Our findings suggested that the designed NK95 pep-
tide had a potential application in the treatment and con-
trol of vulvovaginal disease caused by C. albicans. Also,
the designed peptide had potential effects on decreasing
SAP4 to 6 mRNA expression in C. albicans. Therefore, the
designed peptide can be introduced as an appropriate al-
ternative to azole drugs and an effective antifungal com-
pound in preventing the pathogenicity of C. albicans.
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