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Abstract: The development of drug resistance has caused fungal infections to become a global health
concern. Antimicrobial peptides (AMPs) offer a viable solution to these pathogens due to their
resistance to drug resistance and their diverse mechanisms of actions, which include direct killing and
immunomodulatory properties. The peptide Cecropin, which is expressed by genetically engineered
bacteria, has antifungal effects on Candida albicans. The minimal inhibitory concentration (MIC) and
the minimal fungicidal concentration (MFC) of Candida albicans were 0.9 pg/mL and 1.8 ug/mL,
respectively, detected by the micro-broth dilution method. According to the killing kinetics, the MFC
of Cecropin could kill Candida albicans in 40 min. The electron microscope indicated that Cecropin
could cause the cell wall to become rough and nicked, eventually killing Candida albicans. The effects
of Cecropin on the cell membrane of treated C. albicans, using the 1,6-diphenyl-1,3,5-hexatriene and
propidium iodide protocol, showed that they could change the permeability and fluidity, destroy it,
and lead to cell necrosis. In addition, Cecropin can also induce cells to produce excessive reactive
oxygen species, causing changes in the mitochondrial membrane potential. Therefore, this study
provides a certain theoretical basis for the antifungal infection of new antifungal agents.
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i Antimicrobial peptides (AMPs) are small proteins with biological activity, and they
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play an important role in the body’s immunity as the first line of defense [1]. They not
Academic Editor: Milan Kolat only have a strong killing effect on bacteria, but also have killing activity on fungi, viruses
and tumors [2-5]. The antibacterial effects of AMPs mainly include the direct killing
and immunomodulatory properties. The initial interaction with the cell membrane is
imperative for the direct antimicrobial property by AMPs, since the amphiphilic struc-
ture of antimicrobial peptides can bind to and destroy the cell membrane, resulting in
changes in the permeability of the cell membrane and even the outflow of intracellular
macromolecular substances [6,7]. In addition, antifungal peptides induce cell wall fragility
by binding to chitin, which forms the fungal cell wall. [8]. Moreover, some AMPs have
been found to penetrate into cells and interact with fungal mitochondria and nucleic
acids to cause cell death [9]. In addition, many AMPs have been shown to regulate a
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broad range of immunomodulatory activities, which include suppressing proinflamma-
tory cytokines, enhancing the recruitment of leukocytes, and stimulating the secretion
of neutrophil chemokines [10,11]. Overall, many AMPs likely function through multiple
This article is an open access article ~ COMplementary actions, which may be partially responsible for AMPs not only having
distributed under the terms and  antibacterial activity against drug-resistant strains but also not being prone to drug resis-
conditions of the Creative Commons  tance [12]. Therefore, antimicrobial peptides have attracted much attention as a kind of
Attribution (CC BY) license (https://  natural small-molecule substance.

creativecommons.org/licenses /by / The Candida albicans, also known as Candida, is round or elliptical and one of the main
40/). pathogenic fungi [13]. Candida albicans widely exists in nature and is widely distributed
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in symbiotic state on the oral cavity, digestive tract, vagina, and skin surface of healthy
people, which can often cause mucosal diseases and blood infection [14]. Candida albicans
is usually a harmless symbiotic fungus which can become opportunistic microorganisms
in immunocompromised or immunocompromised individuals. It is considered to be op-
portunistic infection fungus. In the United States, Candida is the fourth largest pathogen
of hospital-acquired bloodstream infections, and about 50% of infection cases are caused
by Candida albicans [15]. As a commensal pathogen, Candida can quickly adapt to environ-
mental changes in the host even when nutrient bioavailability is limited [16]. In recent
years, the number of fungal infections has increased significantly, and such infections
usually occur in patients with low immunity or severe illness; with the abuse of antibiotics,
the development of drug resistance has become the current challenge in the treatment of
fungal infections [17]. At present, the commonly used drugs for the treatment of fungal
infection mainly include azoles, echinocandins, and polyenes, but their treatment brings
certain toxic side effects [18]. For example, fluconazole, the most commonly used antifungal
drug in clinics, has developed severe drug resistance due to long-term large-scale use; the
long-term use of amphotericin B, nystatin, and ketoconazole will cause side effects such as
hepatotoxicity and nephrotoxicity; the echinocandin drugs are expensive and have severe
allergic reactions; and 5-fluorocytosine has severe adverse reactions such as bone-marrow
suppression and liver-function damage [17,19]. Efforts to develop alternative antifungal
agents have therefore become necessary.

At present, many antibacterial peptides have been found to have good antifungal
activity, and their antibacterial mechanisms have been reported. The artificially synthe-
sized 14-hellical B-peptides can bind to the cell membrane of Candida albicans through
hydrophobic and electrostatic interactions and insert into and penetrate the cell membrane
in a synergistic manner when reaching the critical threshold concentration; they then enter
the cell and destroy organelles, leading to cell death [20]. Liu Huifan et al. found that
the polypeptides Asp-Tyr-Asp-Asp (DYDD) and ASP-ASP-Tyr (DDDY) extracted from
Gynostemma pentaphyllum exert antibacterial activity by damaging the cell membrane and
causing content leakage [21]. In addition, Melittin can induce apoptosis of Candida albicans
due to the increase of reactive oxygen species, phosphatidylserine externalization, DNA,
and nuclear fragmentation [22].

Therefore, in order to understand the antifungal mechanism of Cecropin against
Candida albicans, we expressed Cecropin by using a genetically engineered strain preserved
in the laboratory. First, the MIC and MFC of Candida albicans treated with the peptide was
measured, and the fungicidal kinetic curve was measured. The changes of cell morphology
and cell wall were detected by scanning electron microscopy and transmission electron
microscopy. The damage to the cell membrane of Candida albicans was analyzed by using a
multifunctional microplate reader and fluorescence microscope. Finally, the accumulation
of ROS and the change of mitochondrial membrane potential were detected by fluorescent
probes, which provided a certain experimental basis for its antifungal infection.

2. Results
2.1. Antifungal Activity

In order to investigate the activity against Candida albicans, the MIC and MFC of
Cecropin were determined. The MIC and MFC of Cecropin against Candida albicans were
0.9 pg/mL and 1.8 pug/mL, respectively, and the MIC and MFC values of the control,
amphotericin B (AMB), were 1.875 ug/mL and 3.75 pug/mL, respectively.

2.2. Time=Killing Assay

Time-killing kinetics is an important parameter to judge the performance of antimicro-
bial peptides. The results were as shown in the Figure 1. After treatment with concentration
of 2 x MIC, the number of viable bacteria was dramatically decreased, and Candida albicans
could be completely killed within 40 min. The killing kinetics curve of Cecropin treated
with MIC concentration firstly decreased and then increased, and the results showed that
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Cecropin with MIC concentration could not completely kill Candida albicans, even after
incubation for 24 h.
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Figure 1. Time-kill kinetics of MIC and 2 x MIC Cecropin in Candida albicans. Experiments were
conducted in YPD medium with an incubation period of 24 h at 28 °C. Samples taken at specified times

were evaluated for colony-forming units (CFUs). These values were the mean of the independent
triplicate replicates, showing an error bar (p < 0.05).

2.3. Scanning-Electron-Microscope Studies

In order to further characterize the role of Cecropin, the effect of treatment with
Cecropin on the cell morphology of Candida albicans was observed under a scanning electron
microscope. The results are as shown in Figure 2. The cells were treated with 1.8 ug/mL
peptide, and the results showed that, after 30 min, the cell-surface roughness was increased,
and the cells began to shrink (Figure 2C,D). After 60 min of treatment, the cell structure
was changed significantly, and a large number of cells were aggregated and dissolved
(Figure 2E,F). However, the cells in the control group were complete in morphology, and
the surface was smooth, round, or elliptical, with no dissolution (Figure 2A,B).
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Figure 2. Scanning electron micrographs of Candida albicans either untreated or treated with Cecropin:
(A,B) untreated control, (C,D) treatment with 1.8 ng/mL Cecropin for 30 min, and (E,F) treatment
with 1.8 pg/mL Cecropin for 60 min.

2.4. Transmission Electron Microscopy

Through transmission-electron-microscope analysis, the ultrastructure of Candida al-
bicans was changed obviously under the action of Cecropin, as shown in Figure 3. The
cell wall untreated with Cecropin was smooth, and the structures of the cell wall and
cell membrane were intact. The cell wall and cell membrane were translucent, and the
cytoplasm was uniform and full. After treatment with the peptides Cecropin at 1.8 pg/mL
for 30 min, the surface of the cell wall became significantly rough, there was no trans-
parency between the cell wall and cell membrane, and there were white spots in the cells
(Figure 3C,D). After 60 min of treatment, the gap between the cell wall and cell membrane
disappeared, the cell wall gradually dissolved, an obvious gap appeared, the cytoplasm
in cells was uneven, the cytoplasmic structure was disordered, and severe cell necrosis
could be observed. The results showed that Cecropin could destroy the morphology and
structure of Candida albicans cells, and the damage became more and more serious with
time (Figure 3E,F).
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Figure 3. Transmission electron micrographs showing Candida albicans (ATCC-90028) cell wall damage
by Cecropin: (A,B) untreated control, (C,D) treatment with 1.8 ug/mL Cecropin for 40 min, and (E,F)
treatment with 1.8pug/mL Cecropin for 60 min.

2.5. Determination of Alkaline Phosphatase

AKEP is a phosphatase that is present between the cell wall and the cell membrane,
and it can be used as an indicator of cell-wall permeability. As shown in Figure 4, with the
increase of incubation time of Cecropin and Candida albicans, the activity of extracellular
AKP enzyme also gradually increased. The one-way analysis of variance showed that
after incubation of Cecropin with Candida albicans for 60 min and 120 min, compared with
the control group, the significant increase of extracellular AKP activity was 7.3-fold and
16.9-fold, respectively. The above data indicated that the cell wall was damaged or even
destroyed by the polypeptide treatment of Rhizoma Gastrodiae, resulting in the leakage
of the AKP enzyme, which was consistent with the observation results under the electron
microscope.
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Figure 4. Effects of Cecropin on AKP enzyme activity of Candida albicans. These values were the
means of the independent triplicate replicates, showing an error bar. The Tukey test was used for the
analysis-of-variance comparison; * = p < 0.05 and *** = p < 0.001.
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2.6. Membrane Permeability of Candida albicans

Propidium iodide (PI) was a fluorescent dye. It could not enter the cells with intact
cell membrane, but it could enter the cells with damaged membrane structure and emit
red fluorescence. Based on this characteristic, a fluorescence microscope observation was
conducted. When the permeability of the cell membrane is increased, more PI dye will
enter the cell, thus reflecting the integrity of the cell membrane. The observation showed
that no PI fluorescence was observed in the Candida albicans control group without peptide
treatment, indicating that the cell membrane of Candida albicans was intact. In the presence
of 1.8 ug/mL of Cecropin, the absorption of PI by Candida albicans gradually increased with
the increase of incubation time. When the time increased to 120 min, the red fluorescent
cells of Candida albicans were the most (Figure 5). These results indicated that the cell
membrane of Candida albicans was damaged and that permeability was increased after the
treatment with Cecropin.

DIC Merge

control

30min

60min

120min

Figure 5. Inverted fluorescence microscope analysis of membrane permeabilization assay by PI
uptake. Control indicated that the samples were not treated with Cecropin, and the treatment time
was 0 min. The scale bar represents 5 um.

2.7. Detection of Cell-Membrane Fluidity

To further investigate the active mechanism of Cecropin, we used the fluorescent
probes 1,6-diphenyl-1,3,5-hexatriene (DPH) to obtain information about its membrane
fluidity. DPH is a hydrophobic molecule that allows it to bind to the hydrocarbon tail
region of phospholipids in the cytoplasmic membrane without interfering with the structure
of the lipid bilayer. Such fluorescent probes are commonly used not only to study the
structure of membranes, but also to study the biophysical properties of membranes. In
addition, the fluidity of the film can also be measured by fluorescence spectral analysis,
using DPH molecules. If the anti-Candida albicans activity of the antimicrobial peptide
causes membrane damage by membrane depolarization, the DPH molecule cannot bind
to the lipophilic tail of the phospholipid in the lipid bilayer. As shown in Figure 6, with
the increase of incubation time between the peptide and Candida albicans, the fluorescence
intensity of DPH gradually decreased, and the one-way analysis of variance found that,
compared with the control, the incubation time of 60 min and 120 min had significant
differences, which decreased by 37.45% and 56.65%, respectively. The positive control,
amphotericin B, decreased by 50.28%, indicating that Cecropin could significantly change
the cell-membrane fluidity of Candida albicans after 60 min of treatment.
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Figure 6. DPH fluorescence intensity after peptide treatment on Candida albicans. Subcultured
cells containing Cecropin (1.8 pg/mL) were incubated at 28 °C for 0 min, 30 min, 60 min, and
120 min. These values were the means of the independent triplicate replicates, showing an error bar;
#** = p < 0.001.

2.8. Reactive Oxygen Species

The formation of reactive oxygen species (ROS) is considered to be one of the bacterici-
dal mechanisms of many antibacterial peptides. Dye DCFH-DA can freely pass through the
cell membrane and enter the cells to be oxidized into DCFH, which cannot pass through
the cell membrane, thus allowing the probe to be easily loaded into the cells. Cellular
reactive oxygen species can oxidize non-fluorescent DCFH to generate DCF, producing
green fluorescence, and the level of intracellular reactive oxygen species can be known by
detecting the fluorescence of DCF. After Candida albicans was incubated with Cecropin at a
concentration of 2 x MIC for different times, ROSs produced by Cecropin were detected,
as shown in Figure 7A. Compared with the untreated control, the ROS levels gradually
increased with the passage of time. Through the one-way analysis of variance, it was
found that the treatment of Candida albicans with Cecropin for 60 min and 120 min had a
significant difference compared with the control (0 min) ratio and increased by 2.16 and
2.85 times, respectively. The positive control, amphotericin B, also increased 2.74 times,
indicating that Cecropin can induce the production of reactive oxygen species in Candida
albicans. In the presence of the antioxidant VC, the ROS levels were significantly decreased
at 30 min, 60 min, and 120 min compared with the control group, while in the presence
of GSH antioxidants, the ROS levels were significantly decreased at 60 min and 120 min,
indicating that the addition of VC and GSH could inhibit the production of ROSs induced
by Cecropin (Figure 7B).
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Figure 7. Candida albicans treated with 2 x MIC Cecropin produced ROS levels at different time points.
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(A) Efficacy of Cecropin on ROS of Candida albicans cells, as shown by multifunctional fluorescent
microplate reader analysis. (B) Effect of antioxidants VC and GSH on Cecropin-induced ROS
generation. These values were the means of the independent triplicate replicates, showing an error
bar. The Tukey test was used for the analysis-of-variance comparison; * = p < 0.05, ** = p < 0.01, and
** = p < 0.001.

2.9. Mitochondrial Membrane Potential Detection

Mitochondrial membrane potential, as an indicator of the cell’s energy state, can
reflect the proton loading in mitochondria, the activity of electron transporters, and the
permeability of mitochondrial membrane. We used rhodamine as a probe to detect the
effect of Cecropin on the mitochondrial-membrane potential of Candida albicans strains.
The results of the multifunctional microplate reader showed that the fluorescence intensi-
ties of Cecropin treated for 30 min, 60 min, and 120 min were 2.75-times, 6.35-times, and
9.16-times higher than those of the untreated ones, respectively, while the fluorescence
intensity of the positive control, amphotericin B, increased only 3.76 times after 2 h treat-
ment. The results of the inverted fluorescence microscope were consistent with those of
Figure 8B, where the fluorescence intensity was significantly enhanced at a concentration
of 1.8 ug/mL of the peptide Cecropin (Figure 8A). These results indicated that Cecropin
could induce the hyperpolarization of the mitochondrial membrane potential and induce
mitochondrial damage.
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Figure 8. The effect of Cecropin on mitochondrial membrane potential of Candida albicans.

(A) Fluorescence-microscope observation of Candida albicans after DCFH-DA staining with different
treatments. The scale bar represents 10 um. (B) Fluorescence intensity was measured to indicate

Fluorescence intensity

the mitochondrial membrane potential by multifunctional microplate reader. These values were the
means of the independent triplicate replicates, showing an error bar. The Tukey test was used for the
analysis-of-variance comparison; *** = p < 0.001.
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3. Discussion

Antimicrobial peptides are a class of small-molecule polypeptides produced by organ-
isms, and they are important components of the natural immune defense system [1,23]. In a
previous study, the peptide Cecropin was found to be active against Candida albicans, so its
antifungal activity was tested, and it was found that the peptide Cecropin was completely
killed in a short time, at a concentration of 1.8 pg/mL, with a rapid effect. In view of the
bactericidal activity of Cecropin and its almost-nonexistent drug resistance, research on its
action mechanism was continued.

In order to further observe the antifungal effect of Cecropin, we first observed the
changes of Candida albicans under a scanning electron microscope and a transmission
electron microscope. The results of the scanning electron microscopy showed that the cell
surface became rough and wrinkled, and dissolution occurred with time. In addition, the
results of the transmission electron microscopy revealed that the cell wall, cell membrane,
and intracellular organelles might be the target of action. The cell wall is the first protective
barrier of fungi, serving as a physical and chemical barrier to protect cells, and it is crucial
to maintaining cell integrity and viability [24]. Maurya et al. found that the synthetic
cationic peptides VS2 and VS3, when applied to Candida albicans, could wrinkle the cell
surface and break the cell wall, thus exerting the antibacterial effect [25]. In this study, the
measurement of AKP enzyme showed that the enzyme activity increased gradually with
time, indicating the leakage of the AKP enzyme and revealing that the cell wall was the
target of Cecropin action.

Although the amino acid sequences of different antimicrobial peptides are highly
heterogeneous and the secondary structures are diverse, most antimicrobial peptides are
cationic and amphiphilic [26]. At present, it has been found that the activity against
Candida albicans is mainly through its cationic and amphiphilic binding or insertion into the
pathogen microorganism, where it destroys and disrupts the cytoplasmic membrane [27].
The cell membrane, as its second protective barrier, is mainly composed of a lipid bilayer,
and most cationic antibacterial peptides exert an antifungal effect by acting on the cell
membrane [28]. Therefore, we observed the effect of Cecropin on the fungal plasma
membrane, and the fluorescent dyes DPH and PI were indicators of the cell membrane
dynamics and permeability of Candida albicans, respectively. DPH, a hydrophobic molecule,
is labeled in the lipid layer, mainly reflecting the fluidity and ordering of the cell membrane.
After being treated with Cecropin for different amounts of time, the fluorescence intensity
of DPH decreased significantly, indicating that Cecropin could act on the lipid layer of
the cell membrane [29]. When propidium iodide (PI, a fluorescent dye that cannot cross
the entire cell membrane) was incubated, the increased fluorescence indicated increased
membrane permeability, revealing the damage to the cell membrane of Candida albicans [30].

The production of ROS contributes to the general action mechanism of antifungal
drugs and many peptides on pathogenic fungi [31]. In this study, the intracellular ROS
content of Candida albicans was determined by using the active oxygen-detection kit (DCFH-
DA dye), we found that, with the increase of the treatment time of Cecropin, it could
induce Candida albicans to produce excessive active oxygen, indicating mitochondrial
dysfunction. Moreover, the addition of antioxidants VC and GSH glutathione could reduce
the content of active oxygen, indicating that antioxidants could reverse the production of
active oxygen. Therefore, we speculate that ROS production also leads to the antifungal
activity of Cecropin. Reactive oxygen species (ROS) are byproducts of cell metabolism
and mainly present in the mitochondria. A low concentration of ROS acts as a signal
transduction molecule to maintain the normal activity of cells. When Candida albicans meets
external pressure such as oxidant or heat shock, it will produce reactive oxygen to cope with
the pressure. However, when it cannot eliminate the produced reactive oxygen, excessive
reactive oxygen will cause cytotoxicity, leading to damage to DNA, protein, lipids, and
other biological macromolecules, and leading to apoptosis or necrosis [32,33]. Delattin
N et al. confirmed that various antifungal drugs caused oxidative damage to Candida
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albicans [34]. Pleurocidin is an antibacterial peptide that can induce the apoptosis of Candida
albicans through oxidative stress [35].

In this study, rhodamine 123 was used to detect the changes in mitochondrial mem-
brane potential of Candida albicans, and the fluorescence intensity was significantly increased
compared with that of the control, indicating that Cecropin could hyperpolarize mitochon-
drial membrane potential. The mitochondrion, the central site of production capacity
in eukaryotic cells, plays an important role in maintaining cell energy metabolism and
regulating cell growth, differentiation, and death. Therefore, the change of membrane
potential is also one of the mechanisms of antifungal activity. The production of ROS is also
in the mitochondria. Excessive ROS will lead to lipid peroxidation of the mitochondrial
membrane, changing the membrane performance and, eventually, the membrane poten-
tial [36]. Therefore, the increase of reactive oxygen species and the change of membrane
potential are the causes of mitochondrial damage. In short, the multiple action patterns of
Cecropin suggest that it can become a potential therapeutic solution for infection caused
by fungal strains. This study may provide a theoretical basis for the development of new
antibiotics.

4. Materials and Methods
4.1. Peptides

In this study, the peptide Cecropin was expressed in YPD medium by using genetic-
engineering bacteria preserved in the laboratory under the expression condition of 30 °C,
180 rpm for 24 h [37], and the separation and purification were carried out by three-step
chromatography with reference to the method of Dou et al. [38] and identified by high-
performance liquid chromatography [39].

4.2. Fungal Strains and Growth Media

Candida albicans strain CMCC(F)98001 (Purchased from Ningbo Mingzhou Biotech-
nology Co., Ltd., Ningbo, China) was used for all experiments. The strain was maintained
on a yeast-peptone-dextrose (YPD; 10 g/L yeast extract, 20 g/L peptone, 20 g/L dextrose)
agar plate. Prior to use in experiments, single colony from C. albicans was used to inoculate
YPD liquid medium, and the culture was grown overnight at 28 °C in a shaker at 180 rpm.

4.3. Antifungal Activity Assay
4.3.1. Determination of Minimal Inhibitory Concentration (MIC)

In this study, minimal inhibitory concentration was determined by the broth mi-
crodilution method [40]. Candida albicans (CMCC(F)98001) (1 x 10°-5 x 10° CFU/mL)
were inoculated in YPD medium; the peptides were also diluted in a twofold gradient to
3.6-0.1125 ug/mlL, Candida albicans and the diluted Cecropin were added in a ratio of 1:1.
The 96-well plate was incubated at 28 °C for 48 h, and absorbance was assessed at 600 nm
by using a microplate reader. The minimum inhibitory concentration was defined as the
lowest concentration that could 100% inhibit the growth of fungi. The experiment was
conducted in triplicate.

4.3.2. Determination of Minimum Fungicidal Concentration (MFC)

Using a 96-well plate for MIC determination, the solutions (50 pL) in the 1 x MIC and
2 x MIC concentration wells of the plate were added to a YPD agar plate for culture for
48 h, and the colonies were counted for the test of three parallel samples. The MFC was the
lowest concentration that showed either no growth or fewer than three colonies to obtain
approximately 99 to 99.5% killing activity.

4.4. Time-Killing Assay

Candida albicans (CMCC(F)98001) (1-5 x 10® CFU/mL) were inoculated in YPD
medium, and then 0.9 pg/mL and 1.8 ug/mL Cecropin were prepared. Cecropin and
the bacterial solution were mixed and cultured in a volume of 1:1. Then the time points of
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0 min, 20 min, 40 min, 1 h, 2 h, 4 h, 6 h, 12 h, and 24 h were selected, and suitable dilutions
were plated on YPD agar plate for culture at 28 °C for 24 h. The number of colonies was
counted, and the sterilization kinetics curve was drawn [41]. Non-antimicrobial peptide
was treated as the control. The experiment was conducted in triplicate.

4.5. Damage of Cecropin to Cell Wall of Candida albicans
4.5.1. Scanning Electron Microscope

Candida albicans (CMCC(F)98001) (1-5 x 10° CFU/mL) were inoculated in YPD
medium, and the equal volume of polypeptide and bacterial solution with the concentration
of 1.8 ug/mL was incubated in a constant temperature incubator at 28 °C for 30 min and
1 h, without treatment with Cecropin served as the control group. The cells were taken
out, centrifuged at 5000 r/min for 5 min, washed with PBS buffer for three times, and
the supernatant was discarded. The precipitate was added with an equal volume of 2.5%
glutaraldehyde, blown evenly, and fixed at 4 °C overnight. After centrifugation at 5000 rpm
for 10 min, the supernatant was discarded and resuspended in PBS buffer three times. The
samples were dehydrated with aqueous ethanol solution at the concentration gradient of
30%, 50%, 70%, 80%, and 90%. After the aqueous ethanol solution was orderly added, the
samples were allowed to stand for 10 min, centrifuged at 3000 rpm for 10 min, and finally
dehydrated with pure ethanol. After the treated samples were dried and sprayed with
gold, they were observed under a scanning electron microscope [42].

4.5.2. Transmission Electron Microscope

In an ultrastructural study, the Candida albicans sample to be tested was obtained by
following the same method as the scanning electron microscope. The sample was fixed
overnight with 2.5% glutaraldehyde prepared with 0.1 M phosphate buffer, washed three
times with PBS buffer after fixation, and fixed at 4 °C for 2 h with 1% erucic acid; it was
then washed three times with PBS again. The samples were successively dehydrated in a
gradient of 30%—50%—70%—90%—100% with ethanol, Epon 812 immersed, embedded,
and polymerized. The ultrathin sections were prepared by an ultrathin microtome and
double stained with uranium acetate and lead citrate. The ultrastructural changes were
observed by a transmission electron microscope [42].

4.5.3. Determination of Alkaline Phosphatase Activity

After incubating a mixture containing Cecropin (final concentration: 1.8 ng/mL) (treat-
ment group) or an equal volume of PBS (control group) in fungal suspension
(1-5 x 10° CFU/mL) for 30 min, 60 min, and 120 min, samples for the detection of extra-
cellular alkaline phosphatase (AKP) activity were collected from the supernatant of each
strain in the reaction system. The activity was detected by the Beyotime AKP assay kit
of Nanjing Jiancheng Bioengineering Institute (Nanjing, China) [43]. The experiment was
conducted in triplicate.

4.6. Membrane Permeabilization Assay Using Fluorescent Inverted Microscope

In this study, the PI staining kit of Sangon Biotech (Shanghai, China) was used
to test the membrane permeability of Candida albicans treated with Cecropin [44]. Can-
dida albicans in the logarithmic phase was mixed with a 1.8 pug/mL concentration of Ce-
cropin in equal volume and incubated in an incubator at 28 °C for 30 min, 60 min, and
120 min, respectively. Those that were not treated with the peptide served as the control
group. After incubation, the cells were washed twice with phosphate-buffered saline, at
pH =7.2-7.4, and then re-suspended with an appropriate amount of 1 x assay buffer to
adjust the cell concentration to 10 CFU/mL. Then 95 uL of the mixed solution was added
with 5 uL of PI dye and stained in the dark at room temperature for 25 min. After being
washed twice with PBS, 15 uL of bacterial solution was taken and placed in the center of
the glass slide. The cover glass was pressed into tablets and allowed to stand for 3-5 min
before being photographed under a fluorescence microscope.
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4.7. Detection of Cell Membrane Fluidity

Fluorescence intensities from the plasma membrane of fungal cells labeled with 1,6-
diphenyl-1,3,5-hexatriene (DPH) were examined to investigate the activity of Cecropin on
the membrane [29]. Specifically, Candida albicans cells (1-5 X 10° CFU/mL) were incubated
with Cecropin at a concentration of 2 x MIC at 28 °C and taken out at the time points of
30 min, 60 min, and 120 min, respectively. Samples of the fungal cultures were fixed by
0.37% formaldehyde, collected, and then washed with PBS. The cells were frozen by using
liquid nitrogen. For labeling purposes, cells were thawed with PBS and resuspended in PBS.
The suspended mixture was incubated with a final concentration of 0.6 mM DPH at 28 °C
for 30 min, followed by washing with PBS, 7.5 ug/mL of AMB as a positive control. The
fluorescence intensity was measured by a multifunctional fluorescent microplate reader at
lex 350 nm and lem 425 nm. The experiment was conducted in triplicate.

4.8. Detection of Active Oxygen

The intracellular ROS content of Candida albicans was determined by using the DCFH-
DA fluorescence method [45]. The concentration of Candida albicans was adjusted to
1-5 x 10° CFU/mL, and then 2 x MIC Cecropin was used to incubate at 28 °C for different
time intervals. After that, DCFH-DA with a final concentration of 2 um was added and
incubated in the dark for 30 min; AMB was used as the positive control (7.5 pg/mL). The
fluorescence intensity was measured by a multifunctional fluorescent microplate reader at
lex 488 nm and lem 525 nm. At the same time, in order to test the effects of two antioxidants,
vitamin C (VC) and glutathione (GSH), on ROS accumulation induced by Cecropin, the
Candida albicans cells used in the experiment needed to be preincubated in the culture
environment of 20 mM VC and GSH for 2 h in advance, and the subsequent experimental
steps were as described above. The experiment was conducted in triplicate.

4.9. Mitochondrial Membrane Potential

The assessment of mitochondrial membrane potential was performed by using the
fluorescent probe rhodamine 123 [46]. Briefly, the Candida albicans was inoculated in
YPD medium and oscillated at 28 °C for culture to the logarithmic phase, and then the
concentration was adjusted to 1 x 10°-5 x 10° CFU/mL. After that, it was incubated with
Cecropin at a concentration of 1.8 pg/mL for different time points (0 min, 40 min, 60 min,
120 min, and AMB-120 min); it was centrifuged to remove the precipitate and washed twice
with phosphate buffer solution (pH = 7.2-7.4) before it was re-suspended into the bacterial
suspension at the same concentration. Each sample was added with a final concentration
of 10 um Rh-123 solution, which was incubated at 28 °C for 30 min under dark conditions
and washed with PBS 2 or 3 times. Samples of 20 pL were viewed under an inverted
fluorescence microscope in a blue light area, the fluorescence intensity (488 nm excitation
light and 530 nm absorption light) was measured by using a multifunctional fluorescent
microplate reader, and the changes of mitochondrial membrane potential were judged
based on the fluorescence intensity. The experiment was conducted in triplicate.

5. Conclusions

Thus, Cecropin had high antifungal activity against Candida albicans, and it could
simultaneously destroy the cell wall and cell membrane and cause mitochondrial dys-
function, thereby exerting antifungal activity. Given the growing problem of resistance in
traditional therapies, as well as the high activity of antibacterial peptides and their difficulty
in developing resistance, it is possible to open up an alternative therapy for the key task of
developing new antifungal drugs.



Life 2022, 12, 1581 13 of 15

Author Contributions: Conceptualization, C.P. and Z.L.; methodology, Z.L. and C.P; software, L.S.
and Y.L.; validation, C.P,; formal analysis, C.P. and Z.L.; investigation, Y.L. and Z.Z.; resources, Z.L.;
data curation, C.P,; writing—original draft preparation, C.P.; writing—review and editing, X.M.;
supervision, Z.L.; project administration, Z.L.; funding acquisition, Z.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Sichuan application basic research project (No. 2019YJ0459)
and Thousand talents project from the Sichuan Province of China (No. E90112).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Corréa, J.A.F,; Evangelista, A.G.; Nazareth, T.D.M.; Luciano, F.B. Fundamentals on the molecular mechanism of action of
antimicrobial peptides. Materialia 2019, 8, 100494. [CrossRef]

2. Zhang, D.D,; Liu, L,; Tang, Y.; Pei, Z.H.; Kong, L.C.; Liu, S.M.; Ma, H.X. Research progress on action mechanism and application
of insect antifungal peptides. Prog. Vet. Med. 2017, 38, 74-77. [CrossRef]

3. Wang, J.; Cheng, M.; Law, LK.M.; Ortiz, C.; Sun, M.; Koon, H.W. Cathelicidin suppresses colon cancer metastasis via a P2RX7-
dependent mechanism. Mol. Ther.-Oncolytics 2019, 12, 195-203. [CrossRef]

4. Yang, Y; Wang, C.; Gao, N,; Lyu, Y.,; Zhang, L.; Zhang, S.; Wang, J.; Shan, A. A novel dual-targeted c«-helical peptide with potent
antifungal activity against fluconazole-resistant Candida albicans clinical isolates. Front. Microbiol. 2020, 11, 548620. [CrossRef]
[PubMed]

5. Eghtedari, M.; Porzani, S.].; Nowruzi, B. Anticancer potential of natural peptides from terrestrial and marine environments: A
review. Phytochem. Lett. 2021, 42, 87-103. [CrossRef]

6. Wang, K;; Yan, J.; Dang, W.; Xie, J.; Yan, B.; Yan, W.; Sun, M.; Zhang, B.; Ma, M.; Zhao, Y,; et al. Dual antifungal properties of
cationic antimicrobial peptides polybia-MPI: Membrane integrity disruption and inhibition of biofilm formation. Peptides 2014,
56, 22-29. [CrossRef]

7. Choi, H;; Lee, D.G. Antifungal activity and pore-forming mechanism of astacidin 1 against Candida albicans. Biochimie 2014, 105,
58-63. [CrossRef] [PubMed]

8.  Mizuhara, N.; Kuroda, M.; Ogita, A.; Tanaka, T.; Usuki, Y.; Fujita, K. Antifungal thiopeptide cyclothiazomycin B1 exhibits growth
inhibition accompanying morphological changes via binding to fungal cell wall chitin. Bioorg. Med. Chem. 2011, 19, 5300-5310.
[CrossRef]

9. Li, S,;Wang, Y,; Xue, Z; Jia, Y,; Li, R;; He, C.; Chen, H. The structure-mechanism relationship and mode of actions of antimicrobial
peptides: A review. Trends Food Sci. Technol. 2021, 109, 103-115. [CrossRef]

10. Drayton, M.; Deisinger, J.P.; Ludwig, K.C.; Raheem, N.; Miiller, A.; Schneider, T.; Straus, S.K. Host Defense Peptides: Dual
Antimicrobial and Immunomodulatory Action. Int. J. Mol. Sci. 2021, 22, 11172. [CrossRef]

11. Hemshekhar, M.; Anaparti, V.; Mookherjee, N. Functions of cationic host defense peptides in immunity. Pharmaceuticals 2016, 9,
40. [CrossRef]

12. Seo, M.D.; Won, H.S.; Kim, J.H.; Mishig-Ochir, T.; Lee, B.]. Antimicrobial peptides for therapeutic applications: A review. Molecules
2012, 17, 12276-12286. [CrossRef]

13.  Mason, K.L.; Erb Downward, J.R.; Mason, K.D.; Falkowski, N.R.; Eaton, K.A.; Kao, J.Y.; Young, V.B.; Huffnagle, G.H. Candida
albicans and bacterial microbiota interactions in the cecum during recolonization following broad-spectrum antibiotic therapy.
Infect. Immun. 2012, 80, 3371. [CrossRef]

14. McCarty, T.P; White, C.M.; Pappas, P.G. Candidemia and Invasive Candidiasis. Infect. Dis. Clin. 2021, 35, 389-413. [CrossRef]
[PubMed]

15. Horn, D.L.; Neofytos, D.; Anaissie, E.J.; Fishman, ].A.; Steinbach, W.J.; Olyaei, A.].; Marr, K.A; Pfaller, M.A.; Chang, C.H.; Webster,
K.M. Epidemiology and outcomes of candidemia in 2019 patients: Data from the prospective antifungal therapy alliance registry.
Clin. Infect. Dis. 2009, 48, 1695-1703. [CrossRef]

16. Miramén, P; Lorenz, M.C. The SPS amino acid sensor mediates nutrient acquisition and immune evasion in Candida albicans. Cell.
Microbiol. 2016, 18, 1611-1624. [CrossRef] [PubMed]

17.  Zida, A.; Yacouba, A.; Bamba, S.; Sangare, I.; Sawadogo, M.; Guiguemde, T.; Kone, S.; Traore, L.K.; Ouedraogo-Traore, R.;
Guiguemde, R.T. In vitro susceptibility of Candida albicans clinical isolates to eight antifungal agents in Ouagadougou (Burkina
Faso). J. Mycol. Med. 2017, 27, 469—475. [CrossRef]

18. Zida, A.; Bamba, S.; Yacouba, A.; Ouedraogo-Traore, R.; Guiguemdé, R.T. Anti-Candida albicans natural products, sources of new

antifungal drugs: A review. J. Mycol. Med. 2017, 27, 1-19. [CrossRef]


http://doi.org/10.1016/j.mtla.2019.100494
http://doi.org/10.16437/j.cnki.1007-5038.2017.07.016
http://doi.org/10.1016/j.omto.2019.01.004
http://doi.org/10.3389/fmicb.2020.548620
http://www.ncbi.nlm.nih.gov/pubmed/33101226
http://doi.org/10.1016/j.phytol.2021.02.008
http://doi.org/10.1016/j.peptides.2014.03.005
http://doi.org/10.1016/j.biochi.2014.06.014
http://www.ncbi.nlm.nih.gov/pubmed/24955933
http://doi.org/10.1016/j.bmc.2011.08.010
http://doi.org/10.1016/j.tifs.2021.01.005
http://doi.org/10.3390/ijms222011172
http://doi.org/10.3390/ph9030040
http://doi.org/10.3390/molecules171012276
http://doi.org/10.1128/IAI.00449-12
http://doi.org/10.1016/j.idc.2021.03.007
http://www.ncbi.nlm.nih.gov/pubmed/34016283
http://doi.org/10.1086/599039
http://doi.org/10.1111/cmi.12600
http://www.ncbi.nlm.nih.gov/pubmed/27060451
http://doi.org/10.1016/j.mycmed.2017.07.001
http://doi.org/10.1016/j.mycmed.2016.10.002

Life 2022, 12, 1581 14 0of 15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kuriyama, T.; Williams, D.W.; Bagg, J.; Coulteret, W.A.; Ready, D.; Lewis, M.A.O. In vitro susceptibility of oral Candida to seven
antifungal agents. Oral Microbiol. Immunol. 2005, 20, 349-353. [CrossRef] [PubMed]

Lee, M.R.; Raman, N.; Ortiz-Bermudez, P.; Lynn, D.M.; Palecek, S.P. 14-helical 3-Peptides elicit toxicity against C. albicans by
forming pores in the cell membrane and subsequently disrupting intracellular organelles. Cell Chem. Biol. 2019, 26, 289-299.e4.
[CrossRef] [PubMed]

Liu, H.; Zhang, H.; Wang, Q.; Li, S.; Liu, Y.; Ma, L.; Huang, Y.; Brennan, C.S.; Sun, L. Mechanisms underlying the antimicrobial
actions of the antimicrobial peptides Asp-Tyr-Asp-Asp and Asp-Asp-Asp-Tyr. Food Res. Int. 2021, 139, 109848. [CrossRef]
[PubMed]

Park, C.; Lee, D.G. Melittin induces apoptotic features in Candida albicans. Biochem. Biophys. Res. Commun. 2010, 394, 170-172.
[CrossRef] [PubMed]

Moghaddam, M.R.B.; Vilcinskas, A.; Rahnamaeian, M. The insect-derived antimicrobial peptide metchnikowin targets Fusarium
graminearum f3 (1,3) glucanosyltransferase Gell, which is required for the maintenance of cell wall integrity. Biol. Chem. 2017,
398, 491-498. [CrossRef]

Garcia-Rubio, R.; de Oliveira, H.C.; Rivera, J.; Trevijano-Contador, N. The fungal cell wall: Candida, Cryptococcus, and
Aspergillus species. Front. Microbiol. 2020, 10, 2993. [CrossRef] [PubMed]

Maurya, L.K,; Pathak, S.; Sharma, M.; Sanwal, H.; Chaudhary, P.; Tupe, S.; Deshpande, M.; Chauhan, V.S.; Prasad, R. Antifungal
activity of novel synthetic peptides by accumulation of reactive oxygen species (ROS) and disruption of cell wall against Candida
albicans. Peptides 2011, 32, 1732-1740. [CrossRef] [PubMed]

Mookherjee, N.; Hancock, R.E.W. Cationic host defence peptides: Innate immune regulatory peptides as a novel approach for
treating infections. Cell. Mol. Life Sci. 2007, 64, 922-933. [CrossRef]

Rautenbach, M.; Troskie, A.M.; Vosloo, J.A. Antifungal peptides: To be or not to be membrane active. Biochimie 2016, 130, 132-145.
[CrossRef]

Peters, B.M.; Shirtliff, M.E.; Jabra-Rizk, M.A. Antimicrobial peptides: Primeval molecules or future drugs? PLoS Pathog. 2010, 6,
€1001067. [CrossRef] [PubMed]

Lee, J.; Park, C.; Park, S.C.; Woo, E.R.; Park, Y.; Hahm, K.S.; Lee, D.G. Cell selectivity-membrane phospholipids relationship of
the antimicrobial effects shown by pleurocidin enantiomeric peptides. J. Pept. Sci. Off. Publ. Eur. Pept. Soc. 2009, 15, 601-606.
[CrossRef]

Ma, L.; Ye, X,; Sun, P; Xu, P; Wang, L.; Liu, Z.; Huang, X.; Bai, Z.; Zhou, C. Antimicrobial and antibiofilm activity of the
EeCentrocin 1 derived peptide EC1-17KV via membrane disruption. EBioMedicine 2020, 55, 102775. [CrossRef]

Mesa-Arango, A.C.; Trevijano-Contador, N.; Roman, E.; Sanchez-Fresneda, R.; Casas, C.; Herrero, E.; Argtielles, C.A.; Pla, J.;
Cuenca-Estrella, M.; Zaragoza, O. The production of reactive oxygen species is a universal action mechanism of amphotericin B
against pathogenic yeasts and contributes to the fungicidal effect of this drug. Antimicrob. Agents Chemother. 2014, 58, 6627-6638.
[CrossRef]

Da Silva Dantas, A.; Day, A.; Ikeh, M.; Kos, I.; Achan, B.; Quinn, J. Oxidative stress responses in the human fungal pathogen,
Candida albicans. Biomolecules 2015, 5, 142-165. [CrossRef]

Saibabu, V.; Singh, S.; Ansari, M.A.; Fatima, Z.; Hameed, S. Insights into the intracellular mechanisms of citronellal in Candida
albicans: Implications for reactive oxygen species-mediated necrosis, mitochondrial dysfunction, and DNA damage. Rev. Soc.
Bras. Med. Trop. 2017, 50, 524-529. [CrossRef]

Delattin, N.; Cammue, B.P.A.; Thevissen, K. Reactive oxygen species-inducing antifungal agents and their activity against fungal
biofilms. Future Med. Chem. 2014, 6, 77-90. [CrossRef] [PubMed]

Cho, J.; Lee, D.G. Oxidative stress by antimicrobial peptide pleurocidin triggers apoptosis in Candida albicans. Biochimie 2011, 93,
1873-1879. [CrossRef] [PubMed]

Curtin, J.E; Donovan, M.; Cotter, T.G. Regulation and measurement of oxidative stress in apoptosis. J. Immunol. Methods 2002,
265,49-72. [CrossRef]

Liu, Z.; Zhang, F.C.; Zhao, G.; Shan, W.J.; Zhong, Z.; Wang, B. Expression of Cecropin-X]J from Silkworm in Pichia pastoris. J.
Xinjiang Univ. Nat. Sci. Ed. 2003, 20, 418—421. [CrossRef]

Dou, J.; Zheng, S.; Wang, P.; Zhang, F. Isolation of Xinjiang Silkworm Antimicrobial Peptide Expressed in Pichia pastoris
Engineering Bacteria by Three-Step Chromatography. Xinjiang Agric. Sci. 2007, 44, 710-714. [CrossRef]

Fu, Z.Z.; Wei, K.; Yin, H.; Cheng, C.R.; Liu, Z.Y. Fingerprint and activity detection of antibacterial peptide Cecropin-X] fermentation
product. Biotechnology 2022, 32, 164-170. [CrossRef]

Lee, J.; Hwang, ].S.; Hwang, I.; Cho, J.; Lee, E.; Kim, Y.; Lee, D.G. Coprisin-induced antifungal effects in Candida albicans correlate
with apoptotic mechanisms. Free. Radic. Biol. Med. 2012, 52, 2302-2311. [CrossRef]

Klepser, M.E.; Ernst, E.J.; Lewis, R.E.; Ernst, M.E.; Pfaller, M. A. Influence of test conditions on antifungal time-kill curve results:
Proposal for standardized methods. Antimicrob. Agents Chemother. 1998, 42, 1207-1212. [CrossRef]

Ding, K. Mechanism of Antimicrobial Peptides P255 and P256 against Candida albicans. Master’s Thesis, Anhui Agricultural
University, Hefei, China, 2021. [CrossRef]

Zhou, Z.E; Luo, Q.S.; Xiong, ]. H.; Tang, K.J. Antimicrobial mechanisms of 3-O-caffeoyl quinic acid and 3,5-di-O-caffeoyl quinic
acid against Escherichia coli. Food Sci. Technol. 2014, 39, 5.


http://doi.org/10.1111/j.1399-302X.2005.00236.x
http://www.ncbi.nlm.nih.gov/pubmed/16238594
http://doi.org/10.1016/j.chembiol.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30581136
http://doi.org/10.1016/j.foodres.2020.109848
http://www.ncbi.nlm.nih.gov/pubmed/33509471
http://doi.org/10.1016/j.bbrc.2010.02.138
http://www.ncbi.nlm.nih.gov/pubmed/20188067
http://doi.org/10.1515/hsz-2016-0295
http://doi.org/10.3389/fmicb.2019.02993
http://www.ncbi.nlm.nih.gov/pubmed/31993032
http://doi.org/10.1016/j.peptides.2011.06.003
http://www.ncbi.nlm.nih.gov/pubmed/21693143
http://doi.org/10.1007/s00018-007-6475-6
http://doi.org/10.1016/j.biochi.2016.05.013
http://doi.org/10.1371/journal.ppat.1001067
http://www.ncbi.nlm.nih.gov/pubmed/21060861
http://doi.org/10.1002/psc.1157
http://doi.org/10.1016/j.ebiom.2020.102775
http://doi.org/10.1128/AAC.03570-14
http://doi.org/10.3390/biom5010142
http://doi.org/10.1590/0037-8682-0114-2017
http://doi.org/10.4155/fmc.13.189
http://www.ncbi.nlm.nih.gov/pubmed/24358949
http://doi.org/10.1016/j.biochi.2011.07.011
http://www.ncbi.nlm.nih.gov/pubmed/21782000
http://doi.org/10.1016/S0022-1759(02)00070-4
http://doi.org/10.3969/j.issn.1000-2839.2003.04.019
http://doi.org/10.3969/j.issn.1001-4330.2007.05.037
http://doi.org/10.16519/j.cnki.1004-311x.2022.02.0026
http://doi.org/10.1016/j.freeradbiomed.2012.03.012
http://doi.org/10.1128/AAC.42.5.1207
http://doi.org/10.26919/d.cnki.gannu.2021.000247

Life 2022, 12, 1581 150f 15

44. Maurya, LK; Thota, C.K; Sharma, J.; Tupe, S.G.; Chaudhary, P; Singh, M.K.; Thakur, 1.S.; Deshpande, M.; Prasad, R.; Chauhan,
V.S. Mechanism of action of novel synthetic dodecapeptides against Candida albicans. Biochim. Biophys. Acta (BBA)-Gen. Subj. 2013,
1830, 5193-5203. [CrossRef] [PubMed]

45. Kobayashi, D.; Kondo, K.; Uehara, N.; Otokozawa, S.; Tsuji, N.; Yagihashi, A.; Watanabe, N. Endogenous reactive oxygen species
is an important mediator of miconazole antifungal effect. Antimicrob. Agents Chemother. 2002, 46, 3113-3117. [CrossRef]

46. 1i,S.; Guo, K;; Yin, N; Shan, M.; Zhu, Y,; Li, Y. Teasaponin induces reactive oxygen species-mediated mitochondrial dysfunction
in Candida albicans. J. Chin. Pharm. Sci. 2021, 30, 895-903. [CrossRef]


http://doi.org/10.1016/j.bbagen.2013.07.016
http://www.ncbi.nlm.nih.gov/pubmed/23876294
http://doi.org/10.1128/AAC.46.10.3113-3117.2002
http://doi.org/10.5246/jcps.2021.11.077

	Introduction 
	Results 
	Antifungal Activity 
	Time–Killing Assay 
	Scanning-Electron-Microscope Studies 
	Transmission Electron Microscopy 
	Determination of Alkaline Phosphatase 
	Membrane Permeability of Candida albicans 
	Detection of Cell-Membrane Fluidity 
	Reactive Oxygen Species 
	Mitochondrial Membrane Potential Detection 

	Discussion 
	Materials and Methods 
	Peptides 
	Fungal Strains and Growth Media 
	Antifungal Activity Assay 
	Determination of Minimal Inhibitory Concentration (MIC) 
	Determination of Minimum Fungicidal Concentration (MFC) 

	Time–Killing Assay 
	Damage of Cecropin to Cell Wall of Candida albicans 
	Scanning Electron Microscope 
	Transmission Electron Microscope 
	Determination of Alkaline Phosphatase Activity 

	Membrane Permeabilization Assay Using Fluorescent Inverted Microscope 
	Detection of Cell Membrane Fluidity 
	Detection of Active Oxygen 
	Mitochondrial Membrane Potential 

	Conclusions 
	References

