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Abstract

Candida albicans is the most prevalent fungus in humans, producing infections ranging
from mucosal to systemic. C. albicans colonizes mucosal surfaces asymptomatically as
commensal, but, if the host environment is disrupted, or if the host immune system is com-
promised, C. albicans can multiply and infect almost all places in the host. The present
study was aimed to identify a promising antibiofilm agent against Candida albicans bio-
film. Through the molecular docking approach, it was identified that Eicosane was the top
hit among the alkanes screened. Furthermore, in vitro analysis revealed that Eicosane at
100 pg/mL was able to inhibit 60% of C. albicans biofilm without inhibiting the growth.
Moreover, light microscopic investigation unveiled the significant reduction in the adhe-
sion and colonization of yeast cells to the matrix on Eicosane-treated samples. The CLSM
images showing a reduction in biomass and thickness of C. albicans biofilm in the pres-
ence of Eicosane were validated using COMSTAT. The results were well corroborated with
SEM micrograph in which a pellucid gap between the cells was observed and colonization
was considerably reduced. Further from qPCR analysis, the genes responsible for biofilm
formation and hyphal growth were found to be downregulated in the presence of Eicosane.
Similarly, Eicosane at BIC was able to significantly inhibit the adhesion and colonization
of yeast cells on the chorion of the zebrafish embryos. Moreover, the binding ability of
Eicosane to ALS3 was revealed through docking and molecular dynamics (MD) simulation
studies.
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Introduction

Candida albicans is a commensal that survives on different parts of the human such as the
gastrointestinal tract, genitourinary tract, and oral cavity [1-3]. It is an opportunistic patho-
gen that can cause superficial and systemic infection [4]. Candida albicans are mostly asso-
ciated with nosocomial infections in immunocompromised individuals and cause recurrent
infections [5]. In general, Candida albicans exist in different morphological forms such
as yeast, pseudohyphae, chlamydospores, and hyphae [6]. The pathogenicity of C. albi-
cans in humans is controlled by the virulence mechanism such as adhesion, yeast to hyphal
transition, biofilm formation, thigmotropism, and phenotypic switching [7-9]. The biofilms
caused by C. albicans are responsible for a wide-range of infections in humans [10]. Bio-
films are microbial communities containing a mixture of yeast and filaments surrounded
by a self-produced exopolymeric matrix which makes them resistant against chemothera-
peutic agents [11]. C. albicans forms a heterogeneous structured biofilm that contains four
different stages such as initial adhesion, proliferation, growth of pseudohyphae (in which
hyphae are associated with the production of extracellular matrix), and sluggish dispersion
of yeast cells from biofilm to seed on new sites [12]. The persister cells in C. albicans bio-
film mainly contribute to the tolerance of antifungals agents. However, planktonic cells are
completely devoid of these cells. Indeed, persister cells from biofilm are the memory cells
that act as a major factor for recurrent infections [13-15].

Currently, three classes of antifungal drugs are available for the treatment of Can-
dida infections namely azole, echinocandins, and amphotericin B. Azole (fluconazole, imi-
dazole, and ketoconazole)-based molecules are commonly used as antifungal agents to tar-
get the sterol biosynthesis [16]. Echinocandins are highly active antifungal drugs that target
the 1,3-B-glucan synthase essential for the synthesis of f-glucan in the cell wall. Ampho-
tericin B targets the fungal lipid bilayers and creates membrane pores. Though these anti-
fungal drugs are used for treatment against C. albicans there are several limitations; azoles
are fungistatic and show a deprived effect on C. albicans biofilm. Echinocandins, even at
higher doses, are not clinically useful to treat C. albicans-mediated urinary tract infections
[17]. Similarly, amphotericin B used for systemic infection has been reported toxic due to
reduced solubility [18]. These limitations have increased the morbidity and mortality rate
of Candida-mediated infections. Alarmingly, the increase in drug resistance has provided
strong impulsion to understand the mechanism of enhanced tolerance of biofilm-associated
infections to antimicrobial therapy [19-21]. Therefore, a search for alternative drugs for
treatment and prevention of C. albicans infections is warranted [22]. Biofilm is the impor-
tant virulence factor that increases the rate of drug resistance in C. albicans.

To overcome the current scenario and to protract less risk of drug resistance, antiviru-
lence therapy is recommended as an alternative approach. Anti-virulent compounds can
impede biofilm without altering the viability and existence. Several natural products from
marine environment have been revealed to hamper the biofilm formation in C. albicans.
Streptomyces are important microorganisms in the environment, producing ample new
structurally diverse class of bioactive compounds that have potential against different
human pathogens. Streptomyces are renowned for antibiotic and novel secondary metab-
olite productions. Due to the promising effect of bioactive from Streptomyces species, it
is considered as pharmacologically most valuable organism. Interestingly, bioactive com-
pounds identified from S. chrestomyceticus and S. olivaceus were studied for antibiofilm,
anti-hyphal, and antivirulence properties against C. albicans [23, 24]. We have previ-
ously shown that ethyl acetate extract of S. diastaticus isolated from the marine crustacean
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Portunus sanguinolentus has antibiofilm potential against C. albicans [25]. Thus, the pre-
sent study has gathered interest to screen the chemical entities identified from the bioactive
extracts of S. diastaticus using a computational approach. The top hit was further evalu-
ated using in vitro and in vivo investigation for their antibiofilm potential against Candida
albicans.

Materials and Methods
Bacterial Cultures

A highly potential biofilm-forming Candida albicans (ATCC:90,028) was selected and the
cultures were maintained in Sabouraud dextrose agar (SDA) slants. For all the assays per-
formed in this study, culture suspension of 108 cells/mL (100uL) was used [26].

Molecular Docking

The 3D structures of 10 compounds were obtained from the PubChem database in.sdf for-
mat. The crystal structures of agglutinin-like sequence ASL3 wild type Protein Data Bank
(PDB ID: 4LEE) with a resolution of 1.4 A and 3.0 A was obtained from Research Col-
laboratory for Structural Bioinformatics PDB (RCSB PDB) database (https://www.rcsb.
org/pdb). The compound structures were minimized by applying CHARMM force field
protocol by Discovery studio (DS 2.5). The non-bonded interactions were set to a spheri-
cal cut-off radius of 13.0 A. The define and edit binding site approach was used to identify
the possible binding location area of the target proteins. The ligands were docked into the
binding domain using the LigandFit module in DS 2.5 [27]. All the parameters were set to
their default and molecular docking was performed. The resulting best pose with maximum
dock score was extracted and imaged through BIOVIA Discovery studio 4.5 software. All
the runs were performed in triplicates.

Molecular Dynamics (MD) Simulation

MD simulations and analyses were performed for each protein-ligand system using the
GROMACS 4.5.5 program. The force field parameters such as GROMOS96 and PRODRG
tool were used to clean the receptor and ligands structures. The simulation system was applied
with SPC explicit solvation model, inside the dodecahedron box (1 nm). The protein and pro-
tein—ligand complex were imported into the box. Energy minimization of the system was car-
ried out using Maxwell Boltzmann distribution at 300 K with a periodic scaling of 0.1 ps. The
initial pre-simulation run of 20 ps was applied and the geometric restraints were removed.
Using the hybrid water system, the steepest descent energy minimization and conjugant gradi-
ent were carried out each for 1000 steps. Initially, the temperature was adjusted with a simple
simulation run of 1200 ps. Later, constant conditions of 200 ps were adjusted for the number
of particles, system volume, and temperature (NVT). The density of the system was adjusted
with the initial run of 500 ps of the number of particles, pressure, and temperature (NPT).
Finally, the equilibrated structure was further subjected to 20 ns production dynamic at the
temperature of 310 K and 1 bar of pressure. The trajectory files were saved for every 100 ps
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time step. The root-mean-square deviation (RMSD) of the backbone was calculated with the
first frame as a reference obtained through simulation run [28].

Impact of Eicosane on Candida albicans Biofilm Formation
Biofilm Inhibition Assay

Eicosane was introduced to the Sabouraud dextrose broth (SDB) containing 108 cells/mL of
Candida albicans at doses ranging from 12.5 to 200 pg/mL. The microtitre plate (24 well)
was incubated for 48 h at 37 °C. The planktonic cells were removed after incubation and the
biofilm-formed wells were stained with 0.4 percent crystal violet and Milli-Q was used to
eliminate excess staining in the wells, which was then air-dried. After the addition of 1 mL
of ethanol to the well plate, the optical density (OD) value was measured using a multimode
reader (Spectramax M3, USA) at 570 nm. The following calculation was used to calculate the
percentage of biofilm inhibition (BI):

% BI = ((OD of Control — OD of Treated)/(OD of Control)) x 100

The minimal concentration, at which maximal reduction in biofilm formation was
observed, was considered as Biofilm Inhibitory Concentration (BIC) [29].

Light and Confocal Laser Scanning Microscopic (CLSM) Observation

C. albicans were cultured on glass slides (11 cm) and tested for the antibiofilm activity
of Eicosane. The slides were placed in the microtitre plate wells which contained SD broth
enriched with BIC of Eicosane. The wells that did not contain Eicosane were used as a con-
trol. The well plate was incubated for 48 h at 37 °C. The slides were removed after incubation,
washed with Milli-Q, stained with 0.4% CV, and then dried to remove any remaining stain.
After that, the biofilm formation on the slides was examined and pictures were taken under
400 x magnification using Nikon Eclipse 80i, USA [30]. For CLSM, the glass slides were
stained with 0.1% acridine orange. The excess stain was removed and the glass plates were
dried and imaged under CLSM integrated with Zen 2009 software (LSM 710, Carl Zeiss,
Germany) at 200X . The complete examination of significant characteristics such as maximum
thickness and biomass of control and treated images were evaluated using the statistical tool
COMSTAT?2 to determine the efficacy of Eicosane in biofilm reduction [31].

Scanning Electron Microscope (SEM)

The formation and development of C. albicans developed biofilm was investigated using
SEM. The successfully formed C. albicans biofilms were preserved in 2.5% of glutaraldehyde
solution for 1 h. The slides were dried using 25%, 50%, and 100% ethanol for 3 min. Then
slides were gold sputtered and examined in SEM (Vega 2 Tescan, Czech Republic) [30].
Quantitative Polymerase Chain Reaction (PCR) Analysis for Biofilm Genes

Triazol (Sigma-Aldrich) method was used to isolate the total RNA from control and

Eicosane (at BIC) treated C. albicans. The resultant RNA was measured using a Shi-
madzu nano spectrophotometer and reverse transcribed into cDNA with high-capacity
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cDNA reverse transcription kit (Applied Biosystems, USA). The attachment and hyphal
development genes (ALS3, EAPI, NRGI, HWPI) were investigated. The expression pat-
tern of genes was standardized using the reference gene (/7S gene). Table 1 shows the
list of potential genes as well as the primer sequence. According to the manufacturer’s
guidelines, the produced cDNA was combined with 2 X QuantiNova SYBR Green RT-
PCR Master Mix (Qiagen Germany) and qPCR was done in the 7500-sequence detec-
tion system (Applied Bio systems Inc. Foster, CA, USA). The 27*2CT approach was
used to find the percentage fold change in gene expression. All the experiments were
performed in triplicate.

Effect of Eicosane on Zebrafish Infected with Candida albicans

Wild-type zebrafish were kept at room temperature and nourished on a 10-h light/14-h
dark cycle. The eggs were obtained by spontaneous pair-wise breeding, as described by
Westerfield 1993 [32]. The trials were performed in accordance with the general crite-
ria of the Institutional Animal Ethics Committee, Alagappa University (Reg NO: 2007/
GO/ReBi/S/18/CPCSEA dt 14/03/2018). The investigations were performed on healthy
embryos. Mature zebrafish eggs were harvested, rinsed with deionized water, and
divided into three groups namely control, infection, and treated. Ten embryos were used
in each well in each phase of the study. In a 12-well microtiter plate, positive control
embryos, embryos with C. albicans were maintained as an experimental model. BIC of
Eicosane was administrated to the co-incubated embryos to examine the antivirulence
impact of the Eicosane. This plate was incubated at 30 °C for 48 h and their activity was
periodically checked during various time intervals (0, 24, 48 h). Using a Leica M165FC
stereo microscope, the images were observed [33].

Retrieval of SMILES and Compound Target Network (C-T-N) Analysis

The respective canonical SMILES of Eicosane was retrieved from the PubChem data-
base. The SMILE was searched against the Homo sapiens database using the Swiss
target prediction database (www.swisstargetprediction.ch/) tool. The human targets
showing interaction with Eicosane were retrieved for further analysis. The molecular
interactome represents the interaction of the target protein with the bioactive molecule
(Eicosane). From the interactome, the compounds were denoted as nodes and edges are
Eicosane. The network was visualized by Cytoscape v3.8.2.

Table 1 The list of genes with primer sequence

S. No Gene Forward primer Reverse primer

1 ITS ATTGTAGGTGAACCTGCGG TCCTCCGCTTATTGATATGC

2 EAPI TGTGATGGCGGTTCTTGTTC GGTAGTGACGGTGATGATAGTGACA
3 ALS3 ACCTTACCATTCGATCCT AACC GATGGGGATTGTGAAGTGG

4 NRG1 CCAAGTACCTCCACCAGCAT GGGAGTTGGCCAGTAAATCA

5 HWP1 GCTCCTGCTCCTGAAATGAC CTGGAGCAATTGGTGAGGTT
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Results and Discussion
Molecular Docking with Wild-Type and Mutant-Type ALS3

Ligand ALS3 is a member of the agglutinin-like sequence from C. albicans, and the
mature protein sequence contains 299 amino acids. ALS3 mediates the entry of the organ-
ism through attachment to the host epithelial and endothelial cells, as well as through host
cell receptors such as E-cadherin and N-cadherin. ALS3 is essential for biofilm formation
on abiotic and biotic surfaces. The other functions associated with ALS3 include hyphal
formation and binding of ferritin protein from the host cell and utilize iron as a functional
source. Thus, ALS3 with a multifaceted role is determined as the promising target for anti-
virulence therapy. In the present study, ALS3 (both wild and mutant type) was docked
with 10 ligands identified from ethyl acetate extract of S. diastaticus [25]. Among them,
Eicosane achieved the top hit with the highest docking score of 20.71 and 19.03 on interac-
tion with wild and mutant type, respectively (Table 2).

Mutant type of ALS3 used in the current investigation is a triple mutant (K59M, A116V,
and Y30IF), and it is present in the binding cavity. Eicosane with the wild type has shown
one alkyl interaction with VALI61 and two van der Waals interactions. However, docking
of Eicosane with mutant type showed Pi-alkyl (TRP295) and alkyl (LEU182) interactions.
Thus, docking studies with wild and mutant type ALS3 divulged that Eicosane can interact
with binding pocket residues of both wild and mutant types regardless of mutations in the
binding region (Fig. 1). Based on the results from docking analysis, it was identified that
Eicosane has the ability to interact more efficiently with ALS3 of C. albicans. Therefore,
for further in vitro and in vivo investigations, Eicosane procured from Sigma-Aldrich was
employed to study their impact on C. albicans biofilm formation.

Molecular Dynamics Simulation

To understand the stable interaction of the ligand with the receptor (wild-type and mutant-
type), molecular dynamics simulation was performed for 20 ns (Fig. 1C). All the trajec-
tories for the protein and the ligand interaction complex, with the information about the
coordinates of all atoms, were analyzed. RMSD analysis of ALS mutant-type (with the evo-
lution with time) showed the fluctuation around 4 Ato45A. However, the interaction of
eicosane with wild-type and mutant-type showed the RMSD fluctuation around 5 to 5.5 A.
Thus, from the RMSD plot, it was observed that the introduction of mutation into the wild-
type protein resulted in fluctuation in RMSD. However, the interaction of the eicosane with
the backbone of the mutant-type ALS resulted with a stable equilibrium of the protein-drug

Table2 The top five ligands

o . . Compound name PubChem ID  Dock score

showing interaction with both

wild and mutant type of ALS3 Wild-type ~ Mutant-type

is represented with scoring

functions 2-bromotetradecane 12798926 19.641 9.38
Dodecane 8182 11.962 8.65
Eicosane 8222 20.701 19.033
3-Methyl heneicosane 522120 13.572 15.81
Hexadecane 11006 16.695 11.66
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Fig.1 2D micrograph of Eicosane showing interaction with the ALS3. A Wild-type ALS3. B Triple mutant-
type ALS3. C Molecular dynamic simulation represented with RMSD plot for the proteins (wild-type and
mutant-type) showing interaction with the ligands

complexes. Thus, the average RMSD of C-alpha backbone for wild-type, wild-type with
ligand, and mutant with the ligand were similar. Altogether, these results are suggestive
that ligands form a stable complex with ALS3 regardless of wildtype or mutant phenotype.

Impact of Eicosane on C. albicans Biofilm Formation In Vitro Condition

Biofilm Inhibition Assay

Static biofilm assay revealed the inhibitory effect of Eicosane against C. albicans biofilm
formation. At all tested concentrations ranging from 12.5 to 200 ug/mL, Eicosane exhibited
a considerable antibiofilm effect, in a concentration-dependent manner without exhibiting
a negative impact on the growth of C. albicans. Eicosane at 100 pg/mL of was observed to
be the least concentration that showed > 50% reduction of biofilm formation of C. albicans
(60%) and above this, there was no significant decrease in antibiofilm effect and there was
no considerable change in the growth of the C. albicans with the increasing concentra-
tion (Fig. 2A, B). In accordance with these results, 100 pg/mL was determined as BIC of
Eicosane against C. albicans and considered for the succeeding experimentations.
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Fig.2 A Antibiofilm activity of Eicosane determined at different concentrations ranging from 12.5 to
200 pg/mL against C. albicans. B Growth of C. albicans at different concentrations of Eicosane ranging
from 12.5 to 200 pg/mL

Light and CLSM Microscopic Observation

C. albicans visualized under light and CLSM microscopy divulged the yeast cells’ adher-
ence and colonization to the matrix surface in the case of control samples. However,
Eicosane-treated slides showed reduced microbial adherence, and only scanty cells were
observed on the matrix surface (Fig. 3A, B). Moreover, an increase in Eicosane concentra-
tion has shown a dose-dependent significant reduction in the adhesion of the yeast cells to
the matrix surface and subsequently prevented the colonization. Statistical analysis using
COMSTAT?2 highlighted the decrease in biomass and thickness of biofilm in the presence
of Eicosane (Table 3).
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Fig.3 A Microscopic analysis of C. albicans biofilm under a light microscope at (400 X). The untreated and
Eicosane-treated represent reduced hyphal development and microbial adherence to the matrix surface. B
CLSM images representing control and treated biofilm of C. albicans in a different view

Table3 COMSTAT analysis for
control and treated (Eicosane at

BIC concentration (100 pg/mL)) Control Eicosane-treated
biofilms of C. albicans

S. No Statistical parameters C. albicans

1 Biomass 26.5 17.9
Maximum thickness 24.5 16.1

[\

SEM Microscopic Observation

The SEM analysis revealed the complex cluster of biofilm formation in control glass slides
whereas remarkable inhibition of biofilm was observed in Eicosane-treated glass slides.
The Eicosane-treated SEM micrographs show only fewer cells adhering to the matrix and
aggregation of cells were considerably reduced at 100 pg/mL. The significant reduction
in the biofilm formation observed in SEM analysis is depicted in Fig. 4. From the overall
analysis of light, CLSM, and SEM microscopy, it was evident that the Eicosane at BIC
concentration (100 ug/mL) possesses the antibiofilm activity against Candida albicans.

Quantitative PCR Analysis for Biofilm Genes

Treatment of C. albicans biofilm with Eicosane at BIC resulted in a threefold decrease in
EAPI and ALS3 transcript levels. EAPI is the cell wall protein of C. albicans, which medi-
ates cell—cell, cell-substrate adhesion, and a key player of biofilm formation. Interestingly,
there was a tenfold decrease in the expression of HWPI transcript level in the presence of
Eicosane. Apparently, there was no significant difference in the transcript level of NRGI in
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Control Eicosane treated (100 pg)

Fig.4 SEM images of C. albicans biofilms representing reduced cell-cell adhesion and interaction upon
Eicosane treatment (at BIC)

C. albicans treated with Eicosane. NRG1 is the antagonist for hyphal growth, thus from the
results, it was observed that Eicosane does not alter the NRG1 expression level. Thus, from
the comparative analysis with control and treated mRNA transcripts it was observed that
Eicosane has significantly decreased the expression of cell-to-cell adhesive genes (EAPI,
ALS3, and HWP1) required for biofilm integrity, attachment to host, and virulence (Fig. 5).
Moreover, the biofilm slide assay correlates well with the qPCR results where it showed
decreased expression of genes such as FAPI, HWPI, and ALS3, responsible for biofilm
formation in C. albicans.

Effect of Eicosane on Zebrafish Infected with Candida albicans

Through the infection model, adherence and colonization of yeast cells on chorion of
zebrafish embryos were evaluated. The infected embryos were witnessed with the coloni-
zation of the yeast cells on the chorion. This further mitigated the chorion to enter the next
larval stage. Chorion is the protective sac for the embryo from external influences and it

10
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|
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=
Zs
-
% 4
-3
o
E 2
o T N -
0
EAP1 ALS3 NRG1 HWP1
OControl ®Eicosane

Fig.5 Transcription analysis of biofilm genes from control and Eicosane treated C. albicans
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mediates the absorption of the nutrient to the embryo [34]. Here, yeast cell colonization in
the infection groups has prevented the absorption of nutrients. This resulted in the death
of the embryos due to a lack of nutrients. Strikingly, Eicosane treated embryos showed
decreased adhesion of the yeast cells on the chorion and allowed the development of the
embryo to larvae. Adhesion and colonization are the important stage for the yeast cell to
form biofilm. Thus, mitigating at the initial stage would prevent the formation of biofilm.
Moreover, Eicosane has been evidenced to exert substantial inhibition of adhesion on cho-
rion (Fig. 6).

Retrieval of SMILES and Compound Target Network (C-T-N) Analysis

Figure 7 represents the compound-target-network cross-talk between eicosane and 75 genes
from H. sapiens. The interactome is represented in blue color (Fig. 8). Further subnetwork
analysis revealed 18 target classes including family AG protein-coupled receptor, enzyme,
electrochemical transporter, kinase, voltage-gated ion channel, ligand-gated ion channel,

Control Infection Treated

4 h

24 h

48h

[ .

Fig.6 Zebrafish embryo infection model. Infection groups represent the attachment of yeast cells to chorion
of the embryo and well-developed hyphae at 24 h and 48 h. Hyphal formation eventually resulted in the
mortality of the embryo. Embryos treated with Eicosane showed substantial reduction of C. albicans on the
chorion and the embryos were hatched to larvae at 48 h
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Fig.7 The compound-target-network representing the cross-talk between eicosane and other human pro-
teins

lyase, hydrolase, other cytosolic protein, nuclear receptor, secreted proteins, membrane
receptors, ligase, unclassified protein, phosphodiesterase, and other ion channel genes from
the human. The important genes interacting with these classes are shown in Fig. 8. Overall,
the network analysis revealed the interacting potential of eicosane with human genes.

Discussion

Adhesions of C. albicans to the host tissues are indispensable for C. albicans infection.
Attachment of the yeast cells to the abiotic surfaces or receptors of host is usually achieved
by the expression of Agglutinin-like sequence (ALS) [35]. The members of the ALS family
include eight genes (ALSI-ALS8), among them, ALS3 is the most important gene requisite
for host infection. ALS3 is one among the ALS family members involved in adherence to
host epithelial cells, endothelial cells, and extracellular matrix proteins (E-cadherin and
N-cadherin) [36]. Binding of the ALS3 to the E-cadherin and N-cadherin mediates the host
cells to endocytose the yeast cells and thereby promotes the hyphal formation inside the
phagocytotic cells. The hyphal penetrates the host membrane and evades the phagocytosis
effects [37, 38]. Additionally, ALS3 also interacts with the microbial pathogens in a mixed
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Fig. 8 Different classes of target proteins involved in several biological processes based on their GO classi-
fication. Color codes: cyan represents the gene ontology number and pink represents the number of proteins
involved from the target class of GO

biofilm environment, which exaggerate the morbidity and mortality rate [39]. The hyphal
wall protein (HWPI) is obligatory for fungal growth and pathogenesis. Hyphal forms of
yeast cells are crucial for causing asymptomatic infections [40, 41]. Interestingly, one more
key adhesion gene known as extracellular adherence protein (EAPI) mediates the cell-
to-cell adhesion and colonization of C. albicans. The colonization process appears at the
point of contact with the indwelling devices and host cells. EAPI can potentially restore
haploid invasive growth and diploid pseudohyphal formation [42]. NRGI, a DNA bind-
ing protein represses the filamentous growth of C. albicans. Downregulation of NRG1 is
reported to promote the hyphal growth of C. albicans. Thus, NRGI is an indicator and
natural antagonist for hyphal forms of C. albicans [43]. However, several extracellular
enzymes with functional redundancy are produced by C. albicans such as secreted aspar-
tyl proteinases (Saps), phospholipases, DNase, and hemolysin [44]. These external factors
aid in host invasion, increased adherence, degradation of host defense proteins, and mainly
nutrient acquisition.
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From the overall results, it was observed that Eicosane has significant antibiofilm
activity against C. albicans. ALS3 of C. albicans is considered as a promising target
for antifungal therapy due to its multiple functions such as adhesion, hyphal formation,
and nutrient acquisition. In the present study, Eicosane, identified from ethyl acetate
extract of S. diastaticus was docked into the binding pocket of ALS3 (both wild type
and mutant-type). Eicosane has the ability to interact with the binding pocket residues
of both wild and mutant-type. Thus, Eicosane has been considered as the top hit and
further in vitro and in vivo investigations were carried out. Both in vitro and in vivo
results revealed the efficacy of the antibiofilm potential of Eicosane against C. albi-
cans. Eicosane has already been used as a food additive, food contact products (such
as coating of paper plates, cups), in cosmetics, and plasticizer. As a future perspective,
Eicosane inhibiting C. albicans biofilm can be used as an active ingredient for prepar-
ing ointment and toothpaste as well as for topical applications to treat biofilm-mediated
infections caused by C. albicans.

In conclusion, Candida, an opportunistic pathogen, can cause severe invasive fun-
gal bloodstream infections in immunocompromised patients. Candidemia and Candidi-
asis are the most common infections among nosocomial fungal infections. Besides the
appearance and spreading of multi-drug resistance, Candida species are detected all
over the globe. At present, there is no successful antibiotic treatment to treat Candida
infections [45]. Therefore, the present study was aimed to identify a promising antibi-
ofilm agent against C. albicans from the economically important bacteria Streptomyces.
Although Eicosane has been previously identified as a plant metabolite and reported for
pharmacological activity including antifungal [46], wound healing [47], and antiviral
activities [48] there is no report on antibiofilm activity. The current study for the first
time unveiled the antibiofilm activity of the bioactive molecule “Eicosane” against C.
albicans through in vitro and in vivo analysis. The concentration at which maximal bio-
film inhibition was observed was also revealed. Besides, the study also describes the
binding effect of eicosane on mutant and wildtype ALS3, a member of agglutinin-like
sequence from C. albicans, required for entry of the organism.
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