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A B S T R A C T

Secreted aspartyl proteinases (Saps), are gene products that have been shown to directly contribute to Candida
albicans pathogenicity. Despite the clear difficulties of systemic C. albicans infections control, Antimicrobial
peptides (AMPs) are regarded as one of the most promising alternatives in this regard. Recently, drug-loaded
electrospun nanofibers have attracted a great deal of attention. In this study we have established the nanofibrous
scaffold of new synthetic peptide/Poly (Vinyl Alcohol)/Poly L-Lactic Acid on expression of Secretory aspartyl
proteinases 4 to 6 genes of C. albicans in comparison with free peptide. We designed new synthetic Antimicrobial
peptide (AMPs) used bioinformatics tools to predict structure and stabilities. The electrospinning method was
used to produce the polymeric nanofibers. Scanning Electron Microscopy (SEM) was used to measure the na-
nofibers diameters and morphology. To analyze the expression of SAP4, SAP5 and SAP6 genes, RNA was ex-
tracted from clinical isolates of C. albicans before and after treatment with subinhibitory concentrations of new
synthetic peptide on nanofibrous scaffold of new synthetic peptide/PVA/PLLA and then the cDNA was syn-
thesized and used for Real-time PCR assay. Scanning electron microscopy (SEM) images showed that the mor-
phology, the diameter, are affected from peptide. Reletive quantitative Real-time PCR results revealed that the
mRNA levels of SAP4, SAP5 and SAP6 genes significantly decreased after treatment with nanofibrous scaffold of
new synthetic peptide/PVA/PLLA (P < .05). Electrospun nanofibrous of new Synthetic Peptide/PVA/PLLA is
effective in downregulating of expression SAP4, SAP5 and SAP6 genes of C. albicans strains.

1. Introduction

Candida albicans is the most pathogenic fungus among members of
the genus Candida. This species is equipped with several virulence
factors including genes coding adhesion molecules, metabolic flex-
ibility, resistance to stressful conditions, yeast-to-hyphal transition and
production of hydrolytic and proteolytic enzymes (Calderone and
Fonzi, 2001). The extra cellular hydrolytic enzyme, especially the se-
cretory aspartyl proteinases (Saps), are one a few gene products that
have been shown to directly contribute to C. albicans pathogenicity
(Mardegan et al., 2006). C. albicans is able to produce a family of 10-

member secretory aspartyl proteinases among which Sap4, Sap5 and
Sap6 are expressed upon hyphal formation. Degradation of tissue bar-
riers during invasion and destruction of host defense molecules are
other responsibilities of aspartic proteases in C. albicans cells (Lermann
and Morschhauser, 2008; Naglik et al., 2004). Invasive candidiasis is
known as the major cause of mortality and morbidity in lateonset in-
fection in premature infants (Ericson et al., 2016) and im-
munocompromised patients as a result of AIDS, cancer chemotherapies
or organ transplantation. Despite the advances in treatment of fungal
infections, there are several reports about drugs resistant fungal strains,
treatment failure and the scarcity of antifungal agents with low toxicity
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for systemic C. albicans infections (Formosa et al., 2013; Gow and Hube,
2012). Antimicrobial peptides (AMPs) are regarded as one of the most
promising alternatives in this regard (Yeung et al., 2011). AMPs have
recently become the focus of considerable interest as a candidate for a
new type of antibiotic, due primarily to their potency against patho-
genic microbes that are resistant to conventional antibiotics, as well as
their broad-spectrum activity (Bulet et al., 2004). They act as the first
line of defense and encompass direct antimicrobial activity against a
broad spectrum of invading pathogens including bacteria, fungi, viruses
and protozoa by using different modes of action as described previously
(Jenssen et al., 2006; Reddy et al., 2004). Thus, AMPs can be poten-
tially promising candidates for development of novel therapeutic agents
against pathogens. Recently, drug-loaded electrospun nanofibers have
attracted a great deal of attention, because they offer higher drug en-
capsulation efficiency and better structural stability than other drug
carriers (Chew et al., 2006; Han et al., 2007). Polymeric drug delivery
systems are able to improve therapeutic efficacy, reduce toxicity, and
enhance compliance of the patients by delivering drugs at a controlled
rate over a period of time to the site of action (Felice et al., 2014).
Electrospinning is the method for preparing drug-loaded nanofibers
with ultrafine structure, a large surface area to volume ratio, and a high
porosity with a small pore size. Among the other nanofiber production
methods, electrospinning is the most cost effective one with simple
tooling and, it is applicable to produce ultrafine fibers with a simple
step-up production for drug delivery applications (İmren et al., 2016).
Electrospun nanofibers have been developed for antimicrobial and an-
tifungal drugs, skin tissue scaffolds, wound dressings as well as drug
delivery applications includingAlzheimer drugs, cosmeceuticals and
genes (Arthanari et al., 2014; Gencturk et al., 2016). Therefore, In the
present work we have established the nanofibrous scaffold of new
synthetic peptide/Poly (Vinyl Alcohol) (PVA)/Poly L-Lactic Acid (PLLA)
on expression of Secretory aspartyl proteinases 4 to 6 genes of C. albi-
cans in comparison with free peptide.

2. Matherials and methods

2.1. Peptide design and synthesis

The physico-chemical parameters of the chimeric protein including
molecular weight, extinction coefficient, half-life, instability index,
theoretical isoelectric point (pI), grand average of hydropathy (GRAVY)
and total number of positive and negative residues were obtained using
the Expasy ProtParam (http://web.expasy.org/protparam/) (Wilkins
et al., 1999). Peptide was synthesize to 85% purity by ShineGene Mo-
lecular Biotech,Inc. (Shanghai, China. http://www.synthesisgene.com/
peptidesynthesis.html). The characterization and purity estimation of
the peptide was performed by using electrospray mass spectrometry
(ESMS) and high performance liquid chromatography (HPLC). Peptide
was dissolved in sterilized 50% (v/v) DMSO/water mixture and sub-
sequently add water/buffer until the desired concentration is achieved
and stored at −20 °C.

2.2. Cytotoxicity assay

Human breast cancer MCF-7 cell lines were treated with the novel
synthetic peptide for 48 h to evaluate their cytotoxicity related to un-
treated samples by MTT assays. MCF-7 cells of breast cancer were
cultured in 10% Fetal Bovine Serum (FBS) (Rockville, MD, USA) and
100 g/ml Streptomycin, 100 u/ml Penicillin (Sigma). Then, they were
maintained at 37 °C in a humidified atmosphere with 5% CO2 until
reaching 80% of confleuncy. The MCF-7 cells (5× 103 cells/well) were
seeded onto 96-well plates and after 24 h, different concentrations (i.e.
ranging from 50 to 400 μg/ml) of the novel synthetic peptide were
added to each well. After the 48 h, in each well was added 20 μl (3-(4,5-
dimethylthiazol2-yl)-2,5-diphenyltetrazolium) bromide (MTT). The
treated cells were then incubated for 3.5 h at 37 °C and 5% CO2.

Eventually, after removing of supernatant, 200 μl DMSO were added to
the plate and the medium absorbance of the formed formazan was read
by spectrophotometer (Elisa reader, Biochrom Anthos 2020 microplate
reader) at a wavelength of 570 nm and cell viability was calculated
according to the standard protocol.

2.3. Antifungal succeptibility testing

Antifungal activity of the designed peptide was determined ac-
cording to the standardized broth microdilution method (Clinical and
Laboratory Standards Institute (CLSI) document M27-A4). using RPMI
1640 medium without phenol red, an inoculum of 1.5×103 cells/ml,
and incubation at 37 °C. MICs were evaluted visually after 24 h in-
cubation as the lowest concentration of drug that caused a significant
diminution of growth below growth control levels (Pfaller et al., 2004;
Ryan et al., 2013). The concentration of Peptide ranged from 0.15 μg/
ml to 80.00 μg/ml and all strains of C. albicans were tested in triplicate.

2.4. Electrospinning and peptide release time

The electrospinning method was used to produce the polymeric
nanofibers. The polymer utilized Poly (L-D-lactic acid) was obtained
(Sigma-Aldrich). Chloroform and dimethyl formamide (Sigma-Aldrich)
were used to dissolve the PLA. The polymer solution of 7% (w/v) was
prepared with 30% solvent N, N-dimethylformamide (DMF) and 70%
Chloroform. The mixture was left under continuous agitation with
magnetic stirrer at ambient temperature of 24 °C for at least 2 h. 2mg of
novel synthetic peptide was solubilized in 0.25ml of deionized water.
During the electrospinning process, parameters such as voltage 17 kV
and distance between the needle and the collector were kept as 16 cm
that was the same for PVA, PLLA and peptide–PVA fiber. Earlier, 10%
PVA was prepared and then, peptide was solubilized in deionized water
under stirring and then was added to the PVA solution. PVA, a synthetic
polymer, has been widely used to produce electrospun fiber mats
(Shabani et al., 2009). The produced scaffolds were collected on alu-
minum foils.

Peptide release time from nanofibrous scaffold of new synthetic
peptide/PVA/PLLA was assessed by either measuring absorbance at
280 nm. A solution of peptide (at 100 nM) in 1ml of phosphate-buffered
saline, pH 7.4 (PBS) for 48 h (Lozano et al., 2010).

2.4.1. Scanning electron microscopy (SEM)
For morphological analysis of the nanofibers by scanning electron

microscopy (Hitachi - SU3500 - Scanning Electron Microscope by
Hitachi High Technologies America, Inc.) was used. All of the samples
were coated with an ultra-thin gold layer (20 nm) using the Sputter
Coat Emitech K550. SEM images were analyzed and captured, and the
diameters of the fibers in the scaffold were determined using 5000×
magnification by the Image J Tool for Windows version 3.0.

2.5. RNA extraction and quantitative real-time PCR assay

The expression of SAP4, SAP5 and SAP6 genes was measured by
quantitative Real-time PCR. Total RNA was extracted by RNA kit
(CinnaClon, Karaj, Iran) according to the manufacturer's instructions.
RNA extraction of C. albicans strains at three times (24, 48 and 72 h)
before and after treated with 0.31 μg/ml of the peptide/PVA/PLLA
nanofiber and free peptide was done. RNA concentrations and purity
were determined spectrophotometrically (eppendorf biophotometer,
Germany). Equal amount of RNA (1 μg) were subjected to cDNA
synthesis by use of PrimeScript RT reagent Kit (Thermo Scientific). To
determine gene expression, the following pairs of primers were used: 5’-
AGATATTGAGCCCACAGAAATTCC-3′ and 5’-CAATTTAACTGCAACAG
GTCCTCTT-3′ for SAP4; 5’-CAGAATTTCCCGTCGATGAGA-3′ and 5’-
CATTGTGCAAAGTAACTGCAACAG-3′ for SAP5;5’-TTACGCAAAAGGT
AACTTGTATCAAGA-3’and5’-CCTTTATGAGCACTAGTAGACCAA
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ACG-3′ for SAP6; 5’-CCAGCTTTCTACGTTTCC-3′ and 5’-CTGTAACCAC
GTTCAGAC-3′ for The β-actin gene as endogenous reference gene
(ACT1). Real-time PCR was performed with a StepOnePlus Real-time
PCR system (Applied Bio-Rad, USA) All PCR reaction mixtures con-
tained the following: 12.5 μl qPCR SYBR Green Master Mix high ROX
(Ampliqon, Denmark), 1 μl of first strand cDNA, 0.1 Pmol of each pri-
mers and dH2O up to the final volume of 25 μl. The program for am-
plification was 95 °C for 60 s as initial denaturation step followed by the
40-cycled PCR step consisting of 95 °C for 10 s and 72 °C for 30 s.
Negative control (water as template) was included in each run.
Expression of each investigated gene was normalized to the house-
keeping gene ACT1 and analyzed by applying REST (Relative
Expression Software Tools) software (2008 V2.0.7). The software uses
the comparative Ct method (ΔΔCt) to analyze data. Expression of SAP4,
SAP5 and SAP5 genes from cells grown under nanofibrous scaffold of
Peptide/PVA/PLLA-treatment condition was indicated as relative ex-
pression to that of gene from untreated yeast cells. Each experimental
condition was performed in triplicate.

2.6. Statistical analysis

Results are expressed as mean ± SEM. Statistical evaluation was
carried out with nonparametric analysis of variance (Kruskal-Wallis). A
value of p < .05 was considered significant.

3. Results

3.1. The physico-chemical parameters

The average molecular weight of chimeric protein with sequence
NALLHHGLNCAKGVLWLNALLHHGLNCAKG was calculated 31.88 kDa.
Isoelectric point (pI) was defined as the pH at which the surface of
protein is covered with charge but net charge of the protein is 2.3.
Acidity of the protein was indicated by pI value (pI< 8.91). Extinction
coefficient of chimeric protein at 280 nm was 56.250M/cm. The bio-
computed half-life was> 10 h. Expasy ProtParam classifies the chi-
meric protein as stable protein with instability index, 7.18. Aliphatic
index and GRAVY of chimeric protein was 127.00 and 0.323, respec-
tively.

3.2. Peptide nanofiber release

The release of the peptide/PVA/PLLA spun fibers was higher during
the first 18 h, The peptide release from the peptide/PVA/PLLA nano-
fiber is shown in Fig. 1.

3.3. Cytotoxic evalution

The cytotoxic activity of novel synthetic peptide against MCF-7 cells
was measured. As shown in Fig. 2, novel synthetic peptide did not show
significant toxicity against MCF-7 cells at concentrations of up to
400 μg/ml. However, mean cell viability at a concentration of 50 μg/ml

and 400 μg/ ml was equivalent to 81% and 72%, respectively.

3.4. Antifungal activity of novel synthetic peptide

The Minimum inhibitory concentrations (MICs) of the novel syn-
thetic peptide and caspofungin (as control antifungal drug) against C.
albicans strains were determined (Table 1). Evaluation of the MICs
values showed that novel synthetic peptide was active against all the C.
albicans strains. Novel synthetic peptide MICs values ranged from
0.07 μg/ml to 2.5 μg/ml against the C. albicans strains. The MICs values
of caspofungin ranged from 0.48 μg/ml to 1.95 μg/ml against C. albi-
cans isolates.

3.5. Microscopic characterization of nanofibers

To more evaluate the resulting nano-fibers, SEM was performed
(Fig. 2a and b). The average diameter of the fibers containing PVA/
PLLA without peptide were 400 nm, whereas the average diameter of
the fibers containing PVA/PLLA in presence of peptide was 450 nm. The
nanofiber morphological characterizations in Fig. 2a and b show that
the fiber diameter increases with loading peptide in system. Further-
more, by comparing nanofibers Fig. 2a and b, it is clear that that the
PVA/PLLA control fibers are more homogeneous in comparison to the
fibers containing peptide.

3.6. Evalution of peptide/PVA/PLLA nanofiber and free peptide on
expression of SAP4 to 6 genes of C. albicans strains

C. albicans isolates were evaluted for expression of SAP4-6 genes in
treatment and untreated of 0.31 concentrations of peptide/PVA/PLLA
nanofiber and free peptide. C. albicans clinical vaginal strains expres-
sion of SAP4,5 and 6 genes decreased after treatment with peptide/
PVA/PLLA nanofiber and free peptide. Expression of SAP4 significantly
decreased after 24, 48 and 72 h treatment with peptide/PVA/PLLA
nanofiber (P < .05) (Fig. 3 (a)). Expression of SAP6 gene decreased
after 24, 48 and 72 h treatment with peptide/PVA/PLLA nanofiber and
free peptide about 94% and 90%, 99% and 96%, 99% and 98%, re-
spectively, (P < .03) (Fig. 3 (c)). Expression of SAP5 in C. albicans
isolates decreased about 77%, 99% and 94%, respectively after 24, 48
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Fig. 1. peptide/PVA/PLLA release analyses from nanofibrous scaffold.
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Fig. 2. Cytotoxic effects of different concentrations of novel synthetic peptide
against MCF-7 cells of breast cancer.

Table 1
In vitro susceptibility testing of clinical vaginal isolates of C. albicans (μg/ml).

Agent MIC range MIC50 MIC90

Novel synthetic peptide 0.07–2.5 0.03 1.25
Caspofungin 0.48–1.95 0.24 0.97
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and 72 h treatment with peptide/PVA/PLLA nanofiber (P < .01)
(Fig. 3 (b)).

4. Discussion

In this study we demonstrate the production of nanofibers that
loaded new synthetic peptide. At the moment, few antimicrobial pep-
tides have been incorporated into nanofibers (Kumamoto and Vinces,
2005; Yang et al., 2008). According the limited number of suitable and
effective antifungal drugs, the continuing increase in the incidence of
Candida infections, together with increasing drug resistance, highlights
the need to discover new and better antifungal agents that target fun-
damental biological processes and or pathogenic determinants of C.
albicans (Kumamoto and Vinces, 2005). Therefore, it seems necessary to
find new drug agents having the least toxicity, and side effects in the
treatment of Candida infections. We attempted to generate new syn-
thetic peptide against C. albicans and evalution of released new syn-
thetic peptide from nanofibrous scaffold of peptide/Poly (Vinyl Al-
cohol) (PVA)/Poly L-Lactic Acid (PLLA) on expression of Secretory
aspartyl proteinases 4 to 6 genes of C. albicans before and after treat-
ment. Evaluation of MIC values showed that new synthetic peptide was
active against C. albicans strains, with a MIC values ranging from
0.07 μg/ml to 2.5 μg/ml. As in the case of many other peptides, in-
cluding K19Hc (Jang et al., 2006), Arenicin-1 (Cana and Dong, 2009),

and,KABT-AMP and uperin 3.6 (Lum et al., 2015), all of which ex-
hibited antifungal effect, new synthetic peptide was also anticipated to
exhibit antifungal properties. New synthetic peptide–PVA-loaded na-
nofibrous membranes were fabricated by electrospinning PVA. PVA, a
synthetic polymer, has been widely used to produce electrospun fiber
scaffold (Peresin et al., 2010) and the polymeric nanofibers become
important class of biomaterials (VAZ et al., 2017). Furthermore, PVA
nanofibers have been applied in different fields, such as enzyme im-
mobilization, electrode materials, sensors and biomedical applications
(Agarwal et al., 2008; Meinel et al., 2012). Secretory aspartyl protei-
nases (SAPs) from C. albicans are encoded by a multi-gene family and
are considered to be putative virulence factors for candidiasis. SAP4–6
mRNAs were first detected during hyphae formation and were assumed
to play roles in the development of disseminated candidiasis (Chen
et al., 2002). Findings of the study showed decreased genes expression
of SAP4–6 in C. albicans isolates in treatment with nanofibrous scaffold
of peptide/PVA/PLLA and free peptide (Fig. 3). Also some researches
claimed that the peptide/PVA nanofibers the ability to control fungal
infection and their potential applications in the dental field (Viana
et al., 2015; Virlan et al., 2016). nanofibrous scaffold of peptide/PVA/
PLLA in reducing the expression of SAP5 and SAP6 genes, It was more
effective than the free peptide. It seems that mechanism of the peptide/
PVA/PLLA was DNA damage.

According to Fig. 3 the best time to apply the peptide/PVA/PLLA

Fig. 3. SEM micrographs: (A) PVA/PLLA fibers without peptide, (B) peptide/PVA/PLLA fibers with 5000× magnification.
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and free peptide effects on down-regulation of SAP4, SAP5 and SAP6
genes expression was 48 h after treatment. Peptide/PVA/PLLA scaffold
and free peptide showed a similar effect in reducing the expression of
SAP5 and SAP6 gene 72 h after treatment. Down-regulation of SAP4,
SAP5 and SAP6 genes expression were observed in peptide/PVA/PLLA
scaffold. Therefore, nanofibrous scaffold of peptide/PVA/PLLA is ef-
fective in reduction on expression of SAP4-6 clinical isolates of C. al-
bicans (Fig. 4).

5. Conclusion

Nanofibrous scaffold of peptide/PVA/PLLA has reduced the ex-
pression of SAP5 and SAP6 genes, It was more effective than the free
peptide. Electrospun nanofibrous scaffold of peptide/PVA/PLLA may be
useful as down-regulation of SAP4, SAP5 and SAP6 genes expression
and drug delivery systems. Also, new synthetic peptide recommended
to as preventing pathogenicity of C. albicans.
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Fig. 4. Expression of SAP4 (a), SAP5 (b) and SAP6 (c) genes after treatment
with peptide/PVA/PLLA nanofiber scaffold (P/PVA) and Free Peptide (Free P)
compared to pre-treatment. Control: sample before treatment. P/PVA24: 24 h
treatment with peptide/PVA/PLLA nanofiber scaffold. P/PVA48: 48 h treat-
ment with peptide/PVA/PLLA nanofiber scaffold. P/PVA72: 72 h treatment
with peptide/PVA/PLLA nanofiber scaffold. Free P.24: 24 h treatment with Free
peptide. Free P.48: 48 h treatment with Free peptide. Free P.72: 72 h treatment
with Free peptide. The results were normalized against ACT1 housekeeping
gene expression, which was assigned a value of 1 (P < .05).
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