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Abstract: Candida albicans (C. albicans) have long been attributed to various diseases like candidiasis
and systemic diseases and exacerbate the symptoms of immunocompromised patients. C. albicans has
enzymes that could function as drug targets to decrease its pathogenicity and eradicate the fungi. This
research aimed to investigate the potency of selected polyphenols contained in dates (Phoenix
dactylifera) in inhibiting important enzymes of C. albicans through molecular docking simulation. The
structures of four target enzymes (Sap 1, Sap 2, Sap 3, Sap 5) of C. albicans and six selected polyphenol
compounds from dates were downloaded from PDB and prepared using YASARA Structure. A
molecular docking simulation was conducted using YASARA Structure. Docking results showed that
procyanidin has a high binding affinity with target protein Sap 1 and Sap 5, while beta carotene has a
high binding affinity with Sap 2 and Sap 3. The binding affinity range of all ligand-receptor complexes
was as follows: Sap 1 (5.782 — 9.907 kcal/mol), Sap 2 (5.943 — 9.343 kcal/mol), Sap 3 (5.732 — 8.905
kcal/mol), and Sap 5 (5.873 — 9.430 kcal/mol). The interactions formed included hydrogen bonding,
electrostatic and hydrophobic interactions, and unfavorable bindings. The data generated from
molecular docking analysis warrant further experiments are necessary.
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1. Introduction

Candida albicans (C. albicans) is a dimorphic yeast and one of the most commonly
known fungal members of the human microbiota. It has been reported to frequently cause
mucosal and systemic infections [1,2]. C. albicans is also a commensal organism and part of
the normal human microflora, with an estimated population of 50% [3,4]. Commonly, C.
albicans can be found to colonize and grow in the mucous membranes of the mouth, tongue,
gastrointestinal tract, vagina, and urinary tract [2,4—7]. Although yeast is usually harmless in
individuals with a healthy immune system, the change of yeast into pathogens in an unhealthy
immune system can be life-threatening, especially in hospitalized patients who are
immunocompromised by pathogens (e.g., Human Immunodeficiency Virus) [3,8].
Extracellular hydrolytic enzymes are important as virulence factors in bacteria, protozoa, and
yeasts. In the case of C. albicans, hydrolytic enzymes facilitate pathogenic and commensal
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characteristics that can cause damage to host cell membranes, resulting in the invasion of
mucosal surfaces and penetration of blood vessels. These enzymes can also evade host immune
responses [9]. In Candida species, the role of secreted aspartic proteinase (Sap) enzyme has
been proven experimentally. Sap has 10 gene families, namely Sap 1 to Sap 10, all of which
play a role in the pathogenicity of C. albicans. Sap 1-Sap 3 aids in adhesion, phenotype
switching, and mucosal infection, whereas Sap 5 causes systemic infection and aids biofilm
formation [10,11]. Therefore, the Sap enzyme of C. albicans is a widely known target, and its
inhibition is a promising strategy for developing anti-virulence drugs against C. albicans [10].

The ideal antifungal drug should exhibit no toxicity to human cells. The search for a
new drug candidate originating from plants is known to take a long time and require high cost.
In recent years, in silico methods have been developed for rapid drug design, optimizing time,
saving costs, and increasing the success rate. One of the most commonly used in silico methods
is molecular docking. Molecular docking is a computational simulation that predicts
interactions between two structures, such as a protein and a ligand, or between two interacting
proteins. The simulation result includes observed interactions that could be analyzed, such as
electrostatic, van der Waals, coulombic interactions, and hydrogen bonding. In addition to the
resulting types of interactions, bond energy indicates the potential of bond formation between
two complex structures [12-14].

Date (Phoenix dactylifera) is known as the most prominent energy source for people in
the Arabian peninsula. The basis for studying the medicinal properties of dates comes from the
prophetic tradition in Islam, especially from Prophet Mohammed, who proposed using dates as
spices and medicinal plants to cure various diseases. Medical literature in Islamic history also
shows various advantages of dates as traditional medicine. The therapeutic effect of dates is
largely attributed to their polyphenol content. Polyphenols from plants are natural compounds
found in vegetables, fruit, and some products, such as juices and oils derived from fruit and
vegetables. Generally, the chemical structure of polyphenols is divided into several categories;
phenolic acids, flavonoids, stilbene, and many other derivatives [15-17]. The structural
formulas of several kinds of polyphenols found in dates have been reviewed and are used in
this study [15]. The dates' fruits, leaves, and seeds are known to have antimicrobial and
antifungal activities, including the yeast C. albicans [16]. In the present study, molecular
docking analysis was carried out using polyphenols originating from dates toward various
target enzymes in C. albicans to analyze the molecular interactions formed in search of
potential enzyme inhibitors.

2. Materials and Methods

2.1. Protein structure preparation.

The three-dimensional protein structures from C. albicans Sap 1 (PDB ID: 2QZW), Sap
2 (PDB ID 1EAG), Sap 3 (PDB ID: 2H6T), and Sap 5 (PDB ID: 2QZX) were obtained from
the Protein Data Bank (PDB) (https://www.rcsb.org/). Preparation of protein structures to be
used as receptors was carried out using YASARA (Yet Another Artificial Reality Application)
Structure (Bioinformatics 30,2981-2982 Version 19.9.17). Every protein was prepared by
removing water molecules and unnecessary chains, adding hydrogen atoms, and removing the
native ligand [18-21]. The energy of all protein targets was minimized [21,22]. This study used
chain A for molecular docking [23].
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2.2. Ligand structure preparation.

Three-dimensional structures of ligands used were obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/), beta carotene (PubChem CID: 5280489), ferulic acid
(PubChem CID: 445858), lutein (PubChem CID: 5281243), procyanidin (PubChem CID:
107876), quercetin (5280343), syringic acid (10742). The 3D structures were prepared using
YASARA Structure to add hydrogen atoms and to minimize the energy on the ligand structure,
according to YASARA manuals [20-24].

2.3. Molecular docking.

YASARA Structure, an AutoDock-based software, was used to carry out molecular
docking to determine the dissociation constant (Kd) and the binding energy from the protein-
ligand complex from the docking process [25-27]. Ligand docking to several target receptors
of C. albicans was carried out by choosing the AutoDock Vina method within the dock_run
file (runs: 25, Amber 03, set size automatically, extend 10 A, shape cube (around selected
atoms) [21,28-31]. Other parameters were set as default [30]. In the docking method, the
receptor was set to be rigid, and the ligands were in flexible conformations [12,32].

2.4. Data analysis and docking result visualization.

BIOVIA Discovery Studio Visualizer v21.1.0.20298 software was employed to obtain
data and visualize molecular docking results by using the 'ligand interactions' menu to analyze
types of interactions formed between receptor-ligand and the corresponding amino acid
residues. Visualization was carried out to obtain images of receptor-ligand's 2D and 3D
structure [28,33].

3. Results and Discussion

This research used YASARA Structure software for molecular docking analysis of
selected polyphenol compounds from date (Phoenix dactylifera) to inhibit Sap 1 — Sap 3 and
Sap 5 of Candida albicans. Docking results include binding energy (kcal/mol), dissociation
constant, and contacting receptor residues. The molecular docking analysis was based on
several parameters in molecular interactions, namely dissociation constant (Kd), binding
energy, and interactions formed by Pandey [33]. BIOVIA Discovery Studio software was used
to visualize the molecular interactions.

Failure to design drug candidates to be marketed could be caused by several factors,
like inaccuracy in choosing drug targets in pre-clinical research. The bioinformatics approach
could provide a cheaper, faster, and more accurate result to identify potential drug candidates
for certain protein targets [34,35]. This research employed the molecular docking analysis
method, an in silico-based approach.

3.1. Method validation and molecular docking.

The redocking procedure was carried out with a crystallized inhibitor in complex with
the receptor. Receptors with bound crystallized inhibitors can be obtained from RCSB PDB.
The receptor-inhibitor pairs were Sap 2 with A70450, Sap 3 with pepstatin, and Sap 5 with
pepstatin. All target receptors were redocked with A7450 and pepstatin as standards or
comparative inhibitors in analyzing docking scores and interactions formed between receptors
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and test ligands [36]. Sap 1 is reported to be free of the complex inhibitor [10], therefore,
pepstatin was obtained from another Sap protein (Sap 3 and Sap 5) for redocking. Redocking
results are shown in Table 1, and the dissociation constant is shown in Table 2. Figure 1 is the

visualization of docking results to demonstrate the existing interactions of standard inhibitors
of Sap.

Table 1. Redocking results of standard inhibitors.
Enzyme Standard inhibitor

Pepstatin A

AT70450

Sap 1

AVAL12 ASER13AILE30A
ASP 32 AGLY 34 ASER 35 A ARG
S1AILE82AGLY83ATYRB84A
GLY 85 A ASP 86 A SER 88 A SER
118 AILE 119 APRO 120 A ILE 123
A ASN 131 A ARG 192 A GLU 193
A ARG 195 A LEU 216 A ASP 218
AGLY 220 ATHR 221 A THR 222
AILE223 ATYR 225 A ALA 303 A

AVAL12 ASER1I3AILE30A
ASP 32 AGLY 34 ASER35ALYS
49 AARG51AILE82AGLY 83 A
TYR 84 A GLY 85 A ASP 86 A SER
88 ASER 118 A ILE 119 A PRO 120
AILE 123 AASN 131 AALA 133 A
ARG 192 AGLU 193 A LEU 216 A

ASP 218 AGLY 220 ATHR 221 A
THR 222 AILE223 ATYR 225 A

ILE 305 ALA 303 A ILE 305

Sap 2 AGLU10AVAL12ATHR13A AVAL12ATHRI13AILE30A
ILESBOAASP32 AGLY34ASER | GLY34 ASER35ATHR50ATYR
35AILE82AGLYS83ATYR84A | 51AILES82AGLY83ATYRS84A
GLY 85 A ASP 86 ASER 83 ASER | GLY 85A ASP 86 A SER 88 A SER
118 AILE 119 A ASP 120 A GLN 118 AILE 119 A ASP 120 A ILE 123
121 A ILE 123 A ASN 131 AALA A ASN 131 A ALA 133 A ARG 192
133AARG 192 AGLU 193 ALEU | ALEU 216 AASP 218 AGLY 220 A
216 A ASP 218 A GLY 220 ATHR THR221 ATHR 222 ATYR 225 A

221 ATYR 225 AALA 303 AILE ASN 301 A ALA 303 A ILE 305

305

Sap 3 AVAL 12 ASER13AVAL30A AGLU10AVAL12ASER13A
ASP 32 AGLY 34 ASER35AILE | VAL30A ASP32AGLY 34 ASER
82AGLUB3ATYR8B84AGLY85 | 35ATYR84AGLY 85AASP86A

A ASP 86 ATHR 88 AVAL 119 A THR 88 A VAL 119 A ASP 120 A

ILE 123 A ASN 192 A GLU 193 A GLN 121 AILE 123 A ASP 218 A

LEU 216 A ASP 218 A GLY 220 A GLY 220 ATHR 221 ATHR 222 A

THR221 ATHR 222 ATYR 225 A ILE 223 ATYR 225 AGLN 295 A

ILE 305 LEU 297 A SER 301 A ILE 305

Sap 5 AILE12 ATHR 13 AILE 30 A ASP AALA11AILE12ATHR13A

https://biointerfaceresearch.com/

32ATHR33AGLY 34 ASER35A
TRPS51AILE82ALYS83ATYR
84 A GLY 85 A ASP 86 A SER 88 A
ALA 119 AARG 120 AILE 123 A
ALA 133 ALYS193ALEU 216 A
ASP 218 AGLY 220 ATHR 221 A
THR 222 AILE223 ATYR 225 A
ARG 297 A ARG 299 A ILE 305

ILESOAASP32 ATRP51ATYR
84 AGLY 85 A ASP 86 A SER 88 A
ALA 119 AARG 120 AILE 123 A
GLY 220 ATHR 221 ATHR 222 A
ILE 223 ATYR 225 A ASP 245 A
LYS250 AVAL 251 ATYR 252 A
PHE 281 A GLU 295 A VAL 296 A
ARG 297 A ILE 298 A ARG 299 A
GLU 300 A ILE 305
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Figure 1. Visualization of standard inhibitors: (a) Pepstatin with Sap 1; (b) Pepstatin with Sap 2; (c) Pepstatin
with Sap 3; (d) Pepstatin with Sap 5; (e) A70450 with Sap 1; (f) A70450 with Sap 2; (g) A70450 with Sap 3; (h)
A70450 with Sap 5.

There were six selected polyphenols from dates used in the molecular docking
procedure, ferulic acid, syringic acid, quercetin, procyanidin, beta carotene, and lutein. The
receptors used in this research were Sap 1, Sap 2, Sap 3, and Sap 5. First molecular docking
was carried out with Sap 1 as a receptor, using pepstatin and A70450 as standard inhibitors.
Pepstatin had binding energy of 7.432 kcal/mol; this value was lower than that of A70450,
which was 9.613 kcal/mol. However, both still have lower binding energy values than the test
ligands. Procyanidin was the test ligand that exhibited the highest binding energy with Sap 1,
with a 9.907 kcal/mol value. In interaction with Sap 1, the binding energy for the test ligands
beta carotene, lutein, quercetin, ferulic acid, and syringic acid were 8.653 kcal/mol, 8.189
kcal/mol, 7.831 kcal/mol, 6.065 kcal/mol, and 5.783 kcal/mol, respectively. Hence,
procyanidin had the highest binding energy with Sap 1 compared to the standard inhibitors.

The second docking was carried out with Sap 2 receptor. Two standard inhibitors,
pepstatin and A70450, showed binding energy of 7.830 kcal/mol and 8.970 kcal/mol,
respectively. Those values were still lower than the binding energy of the test ligands. The
highest binding energy on Sap 2 was observed from beta carotene with the value of 9.343
kcal/mol; however, lutein also had binding energy of 9.333 kcal/mol; thus, both ligands had a
binding energy value of more than 9 kcal/mol with only 0.010 kcal/mol difference. In
interaction with Sap 2, the binding energy for test ligands procyanidin, quercetin, ferulic acid,
and syringic acid were 8.074 kcal/mol, 7.413 kcal/mol, 6.580 kcal/mol, and 5.943 kcal/mol,
respectively. Syringic acid showed the lowest binding energy with Sap 2 compared to all
standard and test ligands.

The third docking was conducted with Sap 3 receptor. Pepstatin and A70450 as
standard inhibitors showed binding energy of 8.000 kcal/mol and 8.558 kcal/mol, respectively.
There were two test ligands with higher binding energy compared to the standard inhibitors:
beta carotene (8.905 kcal/mol) and lutein (8.865 kcal/mol). In interaction with Sap 3, the
binding energy for test ligands procyanidin, quercetin, syringic acid, and ferulic acid were
8.414 kcal/mol, 8.073 kcal/mol, 5.732 kcal/mol, and 6.589 kcal/mol, respectively.

The final docking was performed with Sap 5 receptor. The standard inhibitors, pepstatin
and A70450, showed binding energy of 8.442 kcal/mol and 9.238 kcal/mol, respectively.
Procyanidin was the only test ligand with binding energy higher than the standard inhibitors,
which was 9.430 kcal/mol. In interaction with Sap 5, the binding energy for test ligands lutein,
beta carotene, quercetin, ferulic acid, and syringic acid were 8.569 kcal/mol, 8.524 kcal/mol,
8.166 kcal/mol, 7.069 kcal/mol, and 5.873 kcal/mol, respectively. Compounds showing more
positive binding energy tend to interact better with receptors [28]. In this research, it is observed
that 1) standard inhibitors exhibit lower binding energies compared to test ligands, I1) the test
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ligands beta carotene, lutein, and procyanidin is the most dominant test ligands with higher
binding energy value with target receptors according to docking results, and I11) ferulic acid
and syringic acid are the most dominant ligands showing lower binding energy values. All
docking scores of test ligands and Sap 1, Sap 2, Sap 3, and Sap 5 are shown in Figure 2.
Dissociation constant values are provided in Table 2.

The molecular docking method could show potential compounds as drug candidates
according to their ability to form interactions with certain protein targets [36-41]. Also,
molecular docking is one of the most important tools in structure-based drug design [42,43].
According to the molecular docking simulation results, the test ligands used in this research
are known to have higher binding energies than standard inhibitors.

12,000 10,000
— ~ 9,000
g 10,000 g 8,000
§ 8,000 _§ 7,000
= < 6,000
> >
> 6,000 > 5,000
2 2
S 4000 $ 4,000
g* 2 300
o o]
£ 2,000 ng] 2,000
s} 1,000
0 0
\(\V’ b{(,)Q Q/(\Q/ ,bob &?}(‘ \&(\ é’\(\ (}b ;00?‘ &,)Q \000 ,b('\b &é’\(\ \&Q ?5’\0 ,bob
‘;@;& v,\o Q}o& 0\\0 N o"}o ‘%o 8 ?(\0 ?}o \§\(_, N \\@0 \)Q}o xS
F L AOCIRS R & JRRSIRS
R S S P T
The test ligands and standard inhibitors The test ligands and standard inhibitors
(€)) (b)
10,000 10,000
___ 9,000 S 9,000
'S 8,000 £ 8,000
£ 7,000 S 7,000
8 6,000 < 6,000
< 5,000 > 5,000
= 4,000 = 4,000
$ 3,000 S 3,000
c
T 2,000 o 2,000
o 1,000 S 1,000
5 0 £ 0
c m
70 Qo O S & S D
om /s-o(\ ,\Q O\Q’Q.g’bo\ &Q,\ (\\E} J&Q’}}.(’,bb\ /5.&\(\ Q& O\'Q’Q.(,'b &e\ (\\b\ &(/é},o’b(}
F v FY VLS £ YL
& @ & € O K LY@ @ O
% S ) )
& &
The test ligands and standard inhibitors The test ligands and standard inhibitors
(c) (d)

Figure 2. Molecular docking result of test ligands and four target receptors: (a) standard inhibitors and test
ligands with Sap 1; (b) standard inhibitors and test ligands with Sap 2; (c) standard inhibitors and test ligands
with Sap 3; (d) standard inhibitors and test ligands with Sap 5.

Table 2. Dissociation constant of test ligands and target receptors.

Compound name Dissociation constant (pM)
Sap1l Sap 2 Sap 3 Sap5
Pepstatin 3566742.5 1821939.25 1367484 648532.812
A70450 89862.304 266012.968 533215.562 169221.765
Beta carotene 454220.687 141739.265 296857.781 564709.562
Ferulic acid 35834064 15024362 14797862 6581945.5
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Compound name Dissociation constant (pM)
Sap1 Sap 2 Sap 3 Sap 5
Lutein 993993.187 144151.875 317591.468 523407.218
Procyanidin 54710.753 1206922.875 679917.5 122382.226
Quercetin 1818866.75 3682976.5 1208961.625 1033338.562
Syringic acid 57677284 44027420 62862012 49548888

3.2. Analysis and visualization of molecular docking results.

Some of the polyphenols found in dates belong to phenolic acids (syringic acid and
ferulic acid), flavonoids (quercetin and procyanidin), and carotenoids (beta carotene and lutein)
compound groups [15]. Shown in Table 3 is the summary of the interactions between test
ligands and Sap 1, Sap 2, Sap 3, and Sap 5. It has been observed that all four receptors have
the same catalytic residues, which are located on Asp32 and Asp218 [44]. Sap 1 and beta
carotene interact with hydrophobic interactions, while ferulic acid, lutein, quercetin, and
syringic acid show hydrophobic and hydrogen bonding. The hydrogen bondings formed
between test ligands and Sap 1 are attributed to the presence of the hydroxyl group OH. There
are two ligands that interact with the catalytic residues of Sap — ferulic acid with A:UNK1:H
as H-Donor and A:ASP32:0D1 as H-Acceptor, and syringic acid with A:UNK1:H as H-Donor
and A:ASP218:0D1 as H-Acceptor.

The interaction between test ligands and Sap 2 shows various interactions. Lutein has
hydrogen bonding in the OH group, ferulic acid, procyanidin, quercetin, and syringic acid.
Only beta-carotene shows all-hydrophobic interactions. Quercetin forms hydrogen bonding on
the catalytic site of Sap 2, with A:UNKZ1:H as H-Donor and A:ASP32:0D1 as H-Acceptor.
Interactions between test ligands and Sap 3 that form hydrogen bonding and hydrophobic
interactions are those of procyanidin, ferulic acid, quercetin, and syringic acid. Quercetin
interacts with the catalytic residue of Sap 3 through hydrogen bonding with A:UNK1:H as H-
Donor and A:ASP218:0D2 as H-Acceptor. There are two test ligands that only form
hydrophobic interactions.

Interactions between test ligands and Sap 5 that formed hydrogen bonding and
hydrophobic interactions are of ferulic acid, procyanidin, quercetin, and syringic acid. Ferulic
acid formed hydrogen bonding with the catalytic residue A:ASP218:0D2 as H-Acceptor and
A:UNK1:H as H-Donor. It has been known that the presence of hydrogen bonding is one of
the most important factors in increasing the binding affinity of ligand and protein receptors
[42].

Hydrogen bonding is important in determining the specificity of ligand binding [45—
47], and its significance for biomacromolecules' properties and structures has been defined
theoretically and experimentally [45]. The literature states that a strong hydrogen bonding is
less than 2.3 A in the distance. Strong hydrogen bonding is the most significant factor
contributing to the increased binding affinity between receptor and drug candidates [47-51].
The role of hydrogen bonding in binding affinity has been elaborated extensively. Despite its
importance, hydrogen bonding is not the only interaction acquiring a crucial role in ligand-
receptor interaction. Hydrophobic interaction is also observed to play a significant role in
ligand-receptor binding. The average amount of hydrophobic atoms in commercial drugs is 16,
with one to two donors and three to four acceptors. It shows the importance of hydrophobic
interactions in in silico drug design. The interactions can increase the binding affinity of the
interface of the drug target [35,52,53].

In this research, we found several electrostatic interactions formed between ligand and
receptor; Sap 2 with procyanidin and quercetin, Sap 3 with ferulic acid, and Sap 5 with

https://biointerfaceresearch.com/ 7 of 19


https://doi.org/10.33263/BRIAC134.386
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.386

procyanidin. The electrostatic interactions formed between those receptor-ligands are all of the
same type: Pi-Anion. Electrostatic interactions have been observed to increase the stability of
the ligand-receptor complex [54]. It has also been found that the interaction determines the
maximum efficiency of ligand binding [55,56].

Unfavorable binding can affect the stability of drug activity. The formation of any
unfavorable binding within the ligand-receptor complex is known to decrease its stability due
to the strength of the repulsion between two molecules and atoms [57]. According to the
explanation, unfavorable binding is responsible for the decreased stability of receptor-ligand
complex between Sap 1-procyanidin with unfavorable donor-donor, Sap 2-procyanidin with
unfavorable donor-donor, Sap 3-procyanidin with two unfavorable donor-donor, Sap 3-ferulic
acid with unfavorable acceptor-acceptor, Sap 5-ferulic acid with two unfavorable donor-donor,
and Sap 5-syringic acid with two unfavorable acceptor-acceptor.

The binding of the ligand to the protein target's active site indicates the ligand's
probability of delivering functional modulations in target molecules. This idea is supported by
other studies which have shown that ligands and their binding to the active site of proteins
could cause functional alterations of the protein as the target molecule [33]. The compounds
used in this research are known to be able to bind at the active site of the substrate binding
pocket of each Sap protein [43]. In determining the active site of the substrate binding pocket
of each Sap, we used the studies from Borelli et al. [44] and Borelli et al. [3]. The most crucial
substrate binding pockets on Sap are S3 and S4 pockets [3,10]. Flavonoids from endophytic
fungi (EF) extracts have also been studied as potential inhibitors of N-myristoyltransferase of
C. albicans through molecular docking simulation. Flavonoid heterosides like quercetin from
Equisetum giganteum extract have been proven to inhibit the formation of the oral biofilm of
Candida [34,43,58].

Table 3. Analysis of interactions formed within the ligand-receptor complex from molecular docking result.

https://biointerfaceresearch.com/

Protein Ligand Name Distance Category Types From To
(A) chemistry | chemistry
Sap1l Beta A:ALA133 - A:UNK1 3,90093 Hydrophobic Alkyl Alkyl Alkyl
carotene A:ALA133 - A\lUNK1:C 4,25334 Hydrophobic Alkyl Alkyl Alkyl
A:ALA133 - A:UNK1:C 4,31533 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VALI12 4,42096 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VALI12 4,93537 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE82 4,67457 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:ILE223 3,94045 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE223 4,54335 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LEU297 4,8391 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE223 4,66594 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE82 4,42287 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 5,27186 Hydrophobic Alkyl Alkyl Alkyl
ATYR84 - A:UNK1:C 4,05291 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATYR84 - A:UNK1 5,25095 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATYR225 - A\UNK1:.C 4,55038 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Ferulic A:SER88:HG - 2,57707 Hydrogen Conventional H-Donor H-
acid A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,35976 Hydrogen Conventional H-Donor H-
A:ASP32:0D1 Bond Hydrogen Acceptor
Bond
A:GLY220:C,0;THR221: 4,46099 Hydrophobic Amide-Pi Amide Pi-Orbitals
N - A:UNK1 Stacked
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Protein Ligand Name Distance Category Types From To
(A) chemistry | chemistry
Lutein A:UNK1:H - A:HIS11:0 2,69507 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,91961 Hydrogen Conventional H-Donor H-
A:GLU132:0 Bond Hydrogen Acceptor
Bond
A:ALA133 - A:UNK1 5,03533 Hydrophobic Alkyl Alkyl Alkyl
A:ALA133 - A:UNK1:C 3,65716 Hydrophobic Alkyl Alkyl Alkyl
A:ALA133 - A:UNK1:C 3,78157 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:VALI12 4,64053 Hydrophobic Alkyl Alkyl Alkyl
A:UNKI - A:ILE223 4,12319 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE82 4,38439 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE82 5,12165 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE223 4,63688 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LEU297 4,79964 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE223 4,71949 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 5,16815 | Hydrophobic Alkyl Alkyl Alkyl
ATYR84 - A:UNK1 5,02554 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATYR225 - AIUNK1:.C 4,87329 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Procyanid | A:GLY34:H - A:UNK1:.0 2,78748 Hydrogen Conventional H-Donor H-
in Bond Hydrogen Acceptor
Bond
A:SER88:HG - 2,80879 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,78581 Hydrogen Conventional H-Donor H-
A:ASP86:0D1 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,00002 Hydrogen Conventional H-Donor H-
A:ASP218:0D2 Bond Hydrogen Acceptor
Bond
A:ALA303 - A:UNK1 5,44946 Hydrophobic Alkyl Alkyl Alkyl
A:ILE305 - A:UNK1 5,22345 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:ALA303 3,80305 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:ASP86:H - A:UNK1:H 1,52369 Unfavorable Unfavorable H-Donor H-Donor
Donor-Donor
Quercetin A:SER13:HG - 2,51866 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:SER118:HG - 2,70667 Hydrogen Conventional H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 1,76486 Hydrogen Conventional H-Donor H-
A:GLY?220:0 Bond Hydrogen Acceptor
Bond
A:UNK1:H - A:UNK1:0 1,89061 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,20435 Hydrogen Conventional H-Donor H-
A:ASP86:0D2 Bond Hydrogen Acceptor
Bond
A:UNK1 - AIILE119 5,23094 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - AIILE119 4,75688 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:PRO120 5,05339 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Syringic | A:GLY85:H - A:UNK1:0 2,33204 Hydrogen Conventional H-Donor H-
acid Bond Hydrogen Acceptor
Bond
A:ASP86:H - A:UNK1:0 2,40651 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:SER88:HG - 2,99131 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 3,02596 Hydrogen Conventional H-Donor H-
A:ASP218:0D1 Bond Hydrogen Acceptor
Bond
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A:GLY85:HA2 - 3,04774 Hydrogen Carbon H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNK1:H2 - 2,69289 Hydrogen Carbon H-Donor H-
A:THR221:0G1 Bond Hydrogen Acceptor
Bond
A:UNKZI:C - A:ILE305 5,23925 Hydrophobic Alkyl Alkyl H-
Acceptor
A:UNK1:C - A:ILE119 4,19866 Hydrophobic Alkyl Alkyl H-
Acceptor
Sap 2 Lutein A:UNK1:H - A:PHE58:0 2,86971 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:UNKZ1:H - A:PHE58:0 2,25019 Hydrogen Carbon H-Donor H-
Bond Hydrogen Acceptor
Bond
A:ALA303 - A:UNK1:C 4,00953 Hydrophobic Alkyl Alkyl Alkyl
A:ALA303 - A:UNK1:C 4,18313 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 4,94081 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 4,83797 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - AILYS62 4,7204 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:\VALI12 5,10065 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AIILE30 5,22905 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:\VALI12 4,92889 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE30 5,16701 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:ILE30 4,98426 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE30 4,0473 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE123 3,91831 Hydrophobic Alkyl Alkyl Alkyl
A:TYR84 - A:UNK1 4,61999 Hydrophobic Pi-Alkyl Pi-Orhbitals Alkyl
Beta A:LYS62 - A:UNK1 5,35725 | Hydrophobic Alkyl Alkyl Alkyl
carotene A:UNK1:C - AILYS62 4,72846 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 4,65709 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 4,32037 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 5,1755 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LYS62 5,33177 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VALI12 5,35698 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE30 4,94277 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE119 3,83004 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AIILE30 5,08669 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AIILE119 4,72859 Hydrophobic Alkyl Alkyl Alkyl
ATYR84 - A:UNK1:C 4,84269 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR84 - A:\UNK1:C 4,40282 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR84 - A:UNK1 4,52853 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Ferulic A:THR221:HG1 - 2,89491 Hydrogen Conventional H-Donor H-
acid A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:SER88:HBL1 - 2,86806 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A TYR84 - A:UNK1 4,2597 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
Procyanid A:THR222:H - 2,19519 Hydrogen Conventional H-Donor H-
in A:UNK1:0 Bond Hydrogen Acceptor
Bond
ATYR225:HH - 2,22541 Hydrogen Conventional H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,93652 Hydrogen Conventional H-Donor H-
A:ASP120:0D1 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,9294 Hydrogen Conventional H-Donor H-
A:ASP120:0D1 Bond Hydrogen Acceptor
Bond
A:UNK1:H - A:UNK1:0 2,0083 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
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A:UNK1:H - A:VAL12:0 2,16285 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,30745 Hydrogen Conventional H-Donor H-
A:ASP218:0D2 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 1,97411 Hydrogen Conventional H-Donor H-
A:THR222:0G1 Bond Hydrogen Acceptor
Bond
ATHR221:HA - 2,7949 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,81719 Hydrogen Carbon H-Donor H-
A:GLY?220:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 3,00321 Hydrogen Carbon H-Donor H-
A:ASP86:0D2 Bond Hydrogen Acceptor
Bond
A:ASP120:0D1 - 3,92901 Electrostatic Pi-Anion Negative | Pi-Orbitals
A:UNK1
A:UNK1:H - A:TYR84 2,9764 Hydrogen Pi-Donor H-Donor | Pi-Orbitals
Bond Hydrogen
Bond
ATYR84 - A:UNK1 4,53666 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNK1 - A:UNK1 3,61293 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:THR222:H - 2,55679 Unfavorable Unfavorable H-Donor H-Donor
A:UNK1:H Donor-Donor
Quercetin | A:GLY85:H - A:UNK1:0 2,89161 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:ASP86:H - A:UNK1:0 2,46019 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,39317 Hydrogen Conventional H-Donor H-
A:ASP32:0D1 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,13167 Hydrogen Conventional H-Donor H-
A:ASP120:0D1 Bond Hydrogen Acceptor
Bond
A:GLY34:HA2 - 2,50638 Hydrogen Conventional H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:ASP218:0D2 - 3,9887 Electrostatic Pi-Anion Negative Pi-Orbitals
A:UNK1
A:UNK1 - A:ILE119 5,33855 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Syringic A:UNKZL:H - 2,18438 Hydrogen Conventional H-Donor H-
acid A:ASP32:0D1 Bond Hydrogen Acceptor
Bond
A:GLY85:HA2 - 2,65574 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
ATYR84 - A:UNK1 4,76155 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNKI:C - A:ILE119 4,25948 Hydrophobic Alkyl Alkyl Alkyl
A:UNKI:C - A:ILE305 5,25143 Hydrophobic Alkyl Alkyl Alkyl
A:TYR84 - A:UNK1:C 4,61308 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Sap 3 | Procyanid A:UNKL:H - 2,57354 Hydrogen Conventional H-Donor H-
in A:ASP37:0D2 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,64932 Hydrogen Conventional H-Donor H-
A:GLU132:0E2 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,38059 Hydrogen Conventional H-Donor H-
A:GLU132:0E2 Bond Hydrogen Acceptor
Bond
A:UNK1:H - A:UNK1:0 2,38331 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
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A:UNK1:H - A:SER81:0 2,77988 Hydrogen Conventional H-Donor H-
Bond Hydrogen Acceptor
Bond
A:SER36:HBL1 - 2,51776 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:GLU193:HA - 2,54996 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 3,02121 Hydrogen Carbon H-Donor H-
A:ASP37:0D2 Bond Hydrogen Acceptor
Bond
A:GLUS83:H - A:UNK1 3,21974 Hydrogen Pi-Donor H-Donor | Pi-Orbitals
Bond Hydrogen
Bond
A:ASN192:HD22 - 3,1898 Hydrogen Pi-Donor H-Donor | Pi-Orbitals
A:UNK1 Bond Hydrogen
Bond
A:UNK1 - A:UNK1 4,20322 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:ILE82 - A:UNK1 5,05497 Hydrophobic Alkyl Alkyl Alkyl
A:UNKI1 - A:ILE82 5,17175 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:SER36:HG - 2,44934 Unfavorable Unfavorable H-Donor H-Donor
A:UNK1:H Donor-Donor
A:LYS129:HZ3 - 1,56277 Unfavorable Unfavorable H-Donor H-Donor
A:UNKI1:H Donor-Donor
Ferulic A:SER35:HB2 - 2,5194 Hydrogen Carbon H-Donor H-
acid A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNK1:H2 - 2,87954 Hydrogen Carbon H-Donor H-
A:GLY?220:0 Bond Hydrogen Acceptor
Bond
A:ASP86:0D2 - A:UNK1 4,84813 Electrostatic Pi-Anion Negative Pi-Orbitals
A:TYRS84 - A:UNK1 5,01373 Hydrophobic | Pi-Pi T-shaped | Pi-Orbitals | Pi-Orbitals
A:UNK1:.C - A:\VALI12 5,0726 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:VAL30 5,2009 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:VAL119 5,31251 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:ILE123 4,38464 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:ASP218:0D2 - 2,84559 Unfavorable Unfavorable H- H-
A:UNK1:0 Acceptor- Acceptor Acceptor
Acceptor
Quercetin A:UNKL:H - 2,78595 Hydrogen Conventional H-Donor H-
A:ASP86:0D2 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,63762 Hydrogen Conventional H-Donor H-
A:ASP218:0D2 Bond Hydrogen Acceptor
Bond
A:GLY34:HA2 - 2,90221 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A TYR84 - A:UNK1 4,42393 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNK1 - A:VAL30 5,41373 Hydrophobic Pi-Alkyl Pi-Orhbitals Alkyl
A:UNK1 - A:VAL119 5,22699 Hydrophobic Pi-Alkyl Pi-Orhbitals Alkyl
A:UNK1 - A:ILE123 5,35332 Hydrophobic Pi-Alkyl Pi-Orhbitals Alkyl
A:UNK1 - A:'VAL30 4,78487 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:'VAL119 5,36592 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - AlILE123 5,18843 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Lutein A:VAL30 - A:UNK1 4,42171 Hydrophobic Alkyl Alkyl Alkyl
A:VALI119 - A/UNK1 4,96165 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 4,85922 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 5,1869 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AlILE123 5,30498 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE123 3,69071 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VAL119 4,89513 Hydrophobic Alkyl Alkyl Alkyl
A:TYR84 - A:UNK1 4,67616 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR84 - A:\UNK1:C 4,21528 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1 4,61575 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1:.C 4,74491 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
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ATYR303 - A:UNK1:.C 3,53288 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Beta- A:ALA281 - A:UNK1 4,26409 Hydrophobic Alkyl Alkyl Alkyl
carotene A:ALA281 - A:UNK1 4,1611 Hydrophobic Alkyl Alkyl Alkyl
A:ALA281 - A:UNK1:C 3,74908 Hydrophobic Alkyl Alkyl Alkyl
A:PRO282 - A:UNK1 5,36124 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 5,33444 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - AILEU216 4,97426 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 4,37838 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AIILE305 5,15985 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE305 5,34495 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VALI12 5,30856 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LEU297 4,42808 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - AILE223 5,18164 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:LEU297 4,61534 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ILE223 4,36005 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:ILE223 4,11713 Hydrophobic Alkyl Alkyl Alkyl
ATYR225 - A:UNK1:C 4,28405 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A TYR225 - A:UNK1 4,75421 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1 4,45543 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1.C 4,96414 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1 5,04274 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1:C 3,96758 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TYR303 - A:UNK1:C 5,22682 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Syringic A:UNK1:H3 - 2,94952 Hydrogen Carbon H-Donor H-
acid A:GLY34:0 Bond Hydrogen Acceptor
Bond
A:UNK1:H3 - 2,7204 Hydrogen Carbon H-Donor H-
A:THR221:0G1 Bond Hydrogen Acceptor
Bond
A:TYR84 - A:UNK1 4,4106 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:TYR84 - A:UNK1:C 4,86975 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Sap5 Ferulic A:GLY85:H - A:UNK1:0 2,73799 Hydrogen Conventional H-Donor H-
acid Bond Hydrogen Acceptor
Bond
A:ARG120:HH12 - 2,35697 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,07118 Hydrogen Conventional H-Donor H-
A:ASP218:0D2 Bond Hydrogen Acceptor
Bond
A:ALA119:HA - 2,62666 Hydrogen Carbon H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNKI1:H3 - 2,76774 Hydrogen Carbon H-Donor H-
A:THR221:0G1 Bond Hydrogen Acceptor
Bond
ATYR84 - A:UNK1 4,84338 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:ARG120:H - 1,54487 Unfavorable Unfavorable H-Donor H-Donor
A:UNK1:H Donor-Donor
A:THR221:HGL1 - 1,77429 Unfavorable Unfavorable H-Donor H-Donor
A:UNKI1:H Donor-Donor
Beta AVAL251 - A:UNK1 4,7336 Hydrophobic Alkyl Alkyl Alkyl
carotene
A:UNK1:.C - A:ILE123 4,98109 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE30 3,86043 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE123 4,99251 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LYS243 4,34537 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ARG120 4,73214 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:LYS243 3,82409 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:VAL251 3,69513 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C- A:VAL251 | 4,40847 | Hydrophobic Alkyl Alkyl Alkyl
A:TRP51 - A:UNK1:C 487514 | Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATRP51 - A{UNK1 4,50188 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TRP51 - A:UNK1:C 4,2419 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATRP51 - A:UNK1 4,83717 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:TRP51 - A:UNK1:C 5,24868 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
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ATYR84 - A:UNK1 5,0349 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
ATYR84 - A:UNK1:C 3,79907 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE291 - A:UNK1 4,88697 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE291 - A:UNK1:C 4,92554 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE291 - A:UNK1:C 4,93001 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Lutein A:ALA1L - A:UNK1 3,38399 Hydrophobic Alkyl Alkyl Alkyl
A:ALA11 - A:UNK1:.C 4,23455 Hydrophobic Alkyl Alkyl Alkyl
A:ALA1L - A:UNK1 4,87453 Hydrophobic Alkyl Alkyl Alkyl
A:ARG297 - A:UNK1 4,34233 Hydrophobic Alkyl Alkyl Alkyl
A:ARG299 - A:UNK1 4,68471 Hydrophobic Alkyl Alkyl Alkyl
A:ARG299 - A:UNK1 5,15255 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:VAL251 4,79515 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:C - A:ARG299 4,78381 Hydrophobic Alkyl Alkyl Alkyl
A:UNKZ1:.C - A:ARG299 4,08569 Hydrophobic Alkyl Alkyl Alkyl
A:UNKZ1:.C - A:VAL251 4,04725 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1 - A:ILE223 5,37393 Hydrophobic Alkyl Alkyl Alkyl
ATYR252 - A:UNK1:C 5,27834 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE281 - A:UNK1:C 5,2301 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE281 - A:UNK1 4,73411 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:PHE281 - A:UNK1:C 5,21335 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Procyanid | A:ARG52:H - A:UNK1:0 2,35715 Hydrogen Conventional H-Donor H-
in Bond Hydrogen Acceptor
Bond
A:ARG297:HE - 2,60645 Hydrogen Conventional H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:ARG297:HH11 - 2,68841 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:ARG299:HE - 1,89261 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:ARG299:HH21 - 2,29072 Hydrogen Conventional H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:UNKL:H - 2,4611 Hydrogen Conventional H-Donor H-
A:VAL296:0 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,10694 Hydrogen Conventional H-Donor H-
A:VAL296:0 Bond Hydrogen Acceptor
Bond
A:UNKZL:H - 2,42875 Hydrogen Conventional H-Donor H-
A:GLU295:0E1 Bond Hydrogen Acceptor
Bond
A:TRP51:HA - 2,82748 Hydrogen Carbon H-Donor H-
A:UNK1:0 Bond Hydrogen Acceptor
Bond
A:ARG297:HA - 2,07456 Hydrogen Carbon H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:ARG297:NH1 - 4,96529 Electrostatic Pi-Cation Positive Pi-Orbitals
A:UNK1
A:TRP51 - A:UNK1 4,19906 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:TRP51 - A:UNK1 4,11113 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNK1 - A:UNK1 5,56415 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNK1 - A:'VAL251 4,45308 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:ZVAL251 4,51943 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
A:UNK1 - A:ARG299 4,41209 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Quercetin A:GLY34:HA2 - 2,87011 Hydrogen Carbon H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:TYR84 - A:UNK1 5,37421 Hydrophobic Pi-Pi Stacked | Pi-Orbitals | Pi-Orbitals
A:UNK1 - A:tALA119 4,96734 Hydrophobic Pi-Alkyl Pi-Orbitals Alkyl
Syringic | A:ASP86:H - A:UNK1:0 2,41906 Hydrogen Conventional H-Donor H-
acid Bond Hydrogen Acceptor
Bond
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Protein Ligand Name Distance Category Types From To
(A chemistry | chemistry
A:GLY34:HA2 - 2,51411 Hydrogen Carbon H-Donor H-
A:UNK1:.0 Bond Hydrogen Acceptor
Bond
A:UNK1:C - A:ILE30 4,41761 Hydrophobic Alkyl Alkyl Alkyl
A:UNK1:.C - A:ILE123 4,10176 Hydrophobic Alkyl Alkyl Alkyl
A:ASP32:0D2 - 2,82317 Unfavorable Unfavorable H- H-
A:UNK1:0 Acceptor- Acceptor Acceptor
Acceptor
A:ASP86:0D1 - 2,93948 Unfavorable Unfavorable H- H-
A:UNK1:0 Acceptor- Acceptor Acceptor
Acceptor

We visualize the molecular docking result from the YASARA structure using BIOVIA

Discovery Studio. Visualization showed residues that contributed to ligand-receptor binding,
types of bonds, and formed interactions [33]. The result of this research showed that the test
ligands that have the best binding affinity with target receptors are procyanidin with Sap 1
(Figure 3a), beta carotene with Sap 2 (Figure 3b), beta carotene with Sap 3 (Figure 3c), and
procyanidin with Sap 5 (Figure 3d). The structures of the complex are used for interactive
visualization [28].

(d)

Figure 3. Visualization from the best docking results: (a) 2D and 3D interactions of Procyanidin with Sap 1; (b)
2D and 3D interactions of Beta carotene with Sap 2; (c) 2D and 3D interactions of beta carotene with Sap 3; and
(d) procyanidin with Sap 5.
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4. Conclusions

Using molecular docking simulation, we found selected polyphenols from dates to be

potential inhibitors of four target enzymes of C. albicans (Sap 1, 2, 3, and 5), which could
decrease its pathogenicity. According to binding affinity analysis, each target enzyme has a
potential ligand as the best drug candidate; Sap 1 with Procyanidin, Sap 2 with Beta carotene,
Sap 3 with Beta carotene, and Sap 5 with Procyanidin. We also analyzed the bonds and
interactions formed within the ligand-receptor complexes. The presence of favorable
interactions between ligands and important amino acid residues on each receptor makes our
research an important starting point for upcoming studies in finding the best inhibitors for
important enzymes of C. albicans.

Funding

This research received no external funding.

Acknowledgments

This research has no acknowledgments.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

Austermeier, S.; Pekmezovi¢, M.; Porschitz, P.; Lee, S.; Kichik, N.; Moyes, D. L.; Ho, J.; Kotowicz, N. K.;
Naglik, J. R.; Hube, B.; Gresnigt, M. S. Albumin neutralizes hydrophobic toxins and modulates Candida
Albicans pathogenicity. MBio 2021, 12, 1-17, https://doi.org/10.1128/mBi0.00531-21.

Lopes, J. P.; Lionakis, M. S. Pathogenesis and virulence of Candida albicans. Virulence 2022, 13, 89-121,
https://doi.org/10.1080/21505594.2021.2019950.

Borelli, C.; Ruge, E.; Jung, H. L.; Schaller, M.; Vogelsang, A.; Monod, M.; Korting, H. C.; Huber, R;;
Maskos, K. X-Ray structures of Sapl and Sap5: Structural comparison of the secreted aspartic proteinases
from  Candida albicans.  Proteins  Struct.  Funct. Genet. 2008, 72, 1308-1319,
https://doi.org/10.1002/prot.22021.

Arevalo, A. V.; Nobile, C. J. Interactions of microorganisms with host mucins: A focus on Candida albicans.
FEMS Microbiol. Rev. 2020, 44, 645-654, https://doi.org/10.1093/femsre/fuaa027.

Waéchtler, B.; Citiulo, F.; Jablonowski, N.; Forster, S.; Dalle, F.; Schaller, M.; Wilson, D.; Hube, B. Candida
albicans-epithelial interactions: Dissecting the roles of active penetration, induced endocytosis and host
factors on the infection process. PLoS One 2012, 7, €36952, https://doi.org/10.1371/journal.pone.0036952.
Westman, J.; Plumb, J.; Licht, A.; Hube, B.; Grinstein, S.; Maxson, M. E.; Westman, J.; Plumb, J.; Licht,
A.; Yang, M.; Allert, S.; Naglik, J. R.; Hube, B. Calcium-dependent ESCRT recruitment and lysosome
exocytosis maintain epithelial integrity during Candida albicans invasion. Cell Rep 2022, 38, 110187,
https://doi.org/10.1016/j.celrep.2021.110187.

Lapaquette, P.; Ducreux, A.; Basmaciyan, L.; Paradis, T.; Bon, F.; Bataille, A.; Winckler, P.; Hube, B.;
Enfert, C.; Esclatine, A.; Dubus, E.; Morel, E.; Dalle, F.; Lapaquette, P.; Ducreux, A.; Basmaciyan, L.;
Paradis, T.; Bon, F.; Bataille, A.; Winckler, P.; Hube, B.; Enfert, C.; Dubus, E.; Bringer, M.; Morel, E.;
Membrane, F. D. Membrane protective role of autophagic machinery during infection of epithelial cells by
Candida albicans. Gut Microbes 2022, 14, 2004798, https://doi.org/10.1080/19490976.2021.2004798.
Ho, J.; Camilli, G.; Griffiths, J. S.; Richardson, J. P.; Kichik, N.; Naglik, J. R. Candida albicans and
candidalysin in inflammatory  disorders and cancer. Immunology 2020, 162, 11-16,
https://doi.org/10.1111/imm.13255.

Talapko, J.; Juzbasi¢, M.; Matijevié, T.; Pustijanac, E.; Bekié, S.; Kotris, I.; Skrlec, I. Candida albicans—The
virulence factors and clinical manifestations of infection. J. Fungi 2021, 7, 1-19,
https://doi.org/10.3390/jof7020079.

Cadicamo, C. D.; Mortier, J.; Wolber, G.; Hell, M.; Heinrich, I. E.; Michel, D.; Semlin, L.; Berger, U.;
Korting, H. C.; Holtje, H. D.; Koksch, B.; Borelli, C. Design, synthesis, inhibition studies, and molecular

https://biointerfaceresearch.com/ 16 of 19


https://doi.org/10.33263/BRIAC134.386
https://biointerfaceresearch.com/
https://doi.org/10.1128/mBio.00531-21
https://doi.org/10.1080/21505594.2021.2019950
https://doi.org/10.1002/prot.22021
https://doi.org/10.1093/femsre/fuaa027
https://doi.org/10.1371/journal.pone.0036952
https://doi.org/10.1016/j.celrep.2021.110187
https://doi.org/10.1080/19490976.2021.2004798
https://doi.org/10.1111/imm.13255
https://doi.org/10.3390/jof7020079

https://doi.org/10.33263/BRIAC134.386

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

modeling of pepstatin analogues addressing different secreted aspartic proteinases of Candida albicans.
Biochem. Pharmacol. 2013, 85, 881-887, https://doi.org/10.1016/j.bcp.2012.12.008.

Naglik, J.; Albrecht, A.; Bader, O.; Hube, B. Candida albicans proteinases and host/pathogen interactions.
Cell. Microbiol. 2004, 6, 915-926, https://doi.org/10.1111/j.1462-5822.2004.00439.x.

Pagadala, N. S.; Syed, K.; Tuszynski, J. Software for molecular docking: A review. Biophys. Rev. 2017, 9,
91-102, https://doi.org/10.1007/s12551-016-0247-1.

Silva, D. R.; Sardi, J. de C. O.; Freires, I. A.; Silva, A. C. B.; Rosalen, P. L. Insilico approaches for screening
molecular targets in Candida albicans: A proteomic insight into drug discovery and development. Eur. J.
Pharmacol. 2019, 842, 64-69, https://doi.org/10.1016/j.ejphar.2018.10.016.

Wong, S. S. W.; Kao, R. Y. T.; Yuen, K. Y.; Wang, Y.; Yang, D.; Samaranayake, L. P.; Seneviratne, C. J.
In vitro and in vivo activity of a novel antifungal small molecule against Candida infections. PLoS One 2014,
9, 85836, https://doi.org/10.1371/journal.pone.0085836.

Yasin, B. R.; El-Fawal, H. A. N.; Mousa, S. A. Date (Phoenix dactylifera) polyphenolics and other bioactive
compounds: A traditional Islamic remedy's potential in prevention of cell damage, cancer therapeutics and
beyond. Int. J. Mol. Sci. 2015, 16, 30075-30090, https://doi.org/10.3390/ijms161226210.

Al Jaouni, S. K.; Hussein, A.; Alghamdi, N.; Qari, M.; El Hossary, D.; Almuhayawi, M. S.; Olwi, D.; Al-
Raddadi, R.; Harakeh, S.; Mousa, S. A. Effects of Phoenix dactylifera Ajwa on infection, hospitalization,
and survival among pediatric cancer patients in a university hospital: A nonrandomized controlled trial.
Integr. Cancer Ther. 2019, 18, 1-9, https://doi.org/10.1177/1534735419828834.

Oves, M.; Aslam, M.; Rauf, M. A.; Qayyum, S.; Qari, H. A.; Khan, M. S.; Alam, M. Z.; Tabrez, S.;
Pugazhendhi, A.; Ismail, I. M. I. Antimicrobial and anticancer activities of silver nanoparticles synthesized
from the root hair extract of Phoenix dactylifera. Mater. Sci. Eng. C 2018, 89, 429-443,
https://doi.org/10.1016/j.msec.2018.03.035.

Trivedi, M.; Vaidya, D.; Patel, C.; Prajapati, S.; Bhatt, J. In silico and in vitro studies to elucidate the role of
1HYN and 1QKI activity in BPA induced toxicity and its amelioration by gallic acid. Chemosphere 2020,
241, 125076, https://doi.org/10.1016/j.chemosphere.2019.125076.

Etse, K. S.; Etse, K. D.; Nyssen, P.; Mouithys-Mickalad, A. Assessment of anti-inflammatory-like,
antioxidant  activities and molecular docking of three alkynyl-substituted  3-ylidene-
dihydrobenzo[d]isothiazole 1,1-dioxide derivatives. Chem. Biol. Interact. 2021, 344, 109513,
https://doi.org/10.1016/j.cbi.2021.109513.

Gao, M.; Nie, K.; Qin, M.; Xu, H.; Wang, F.; Liu, L. Molecular mechanism study on stereo-selectivity of a
or B hydroxysteroid dehydrogenases. Crystals 2021, 11, 1-25, https://doi.org/10.3390/cryst11030224.
Patel, C. N.; Kumar, S. P.; Modi, K. M.; Soni, M. N.; Modi, N. R.; Pandya, H. A. Cardiotonic steroids as
potential Na+/K+-ATPase inhibitors—a computational study. J. Recept. Signal Transduct. 2019, 39, 226—
234, https://doi.org/10.1080/10799893.2019.1660893.

Land, H.; Humble, M. S. YASARA: A tool to obtain structural guidance in biocatalytic investigations.
Methods Mol. Biol. 2018, 1685, 43-67, https://doi.org/10.1007/978-1-4939-7366-8.

Gholam, G. M. Molecular docking of the bioactive compound Ocimum sanctum as an Inhibitor of Sap 1
Candida Albicans. Sasambo J. Pharm. 2022, 3, 18-24, https://doi.org/https://doi.org/10.29303/sjp.v3i1.157.
Venkatachalam, K. V.; Ettrich, R. H. Role of aspartic acid residues D87 and D89 in APS kinase domain of
human 3’-phosphoadenosine  5’-phosphosulfate synthase 1 and 2b: A commonality with
phosphatases/kinases. Biochem. Biophys. Reports 2021, 28, 101155,
https://doi.org/10.1016/j.bbrep.2021.101155.

Krieger, E.; Vriend, G. YASARA view - Molecular graphics for all devices - from smartphones to
workstations. Bioinformatics 2014, 30, 29812982, https://doi.org/10.1093/bioinformatics/btu426.

Trott, O.; Olson, A. J. AutoDock Vina: Improving the speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading. J. Comput. Chem. 2009, 31, 455-461,
https://doi.org/10.1002/jcc.21334.

Yadav, S.; Pandey, S. K.; Singh, V. K.; Goel, Y.; Kumar, A.; Singh, S. M. Molecular docking studies of 3-
bromopyruvate and its derivatives to metabolic regulatory enzymes: Implication in designing of novel
anticancer therapeutic strategies. PL0oS One 2017, 12, 1-15, https://doi.org/10.1371/journal.pone.0176403.
Srivastava, S.; Shree, P.; Pandey, H.; Tripathi, Y. B. Incretin hormones receptor signaling plays the key role
in antidiabetic potential of PTY-2 against STZ-induced pancreatitis. Biomed. Pharmacother. 2018, 97, 330—
338, https://doi.org/10.1016/j.biopha.2017.10.071.

Valmas, A.; Dedes, G.; Dimarogona, M. Structural studies of a fungal polyphenol oxidase with application
to bioremediation of contaminated water. Proceedings 2020, 66, 1-5,
https://doi.org/10.3390/proceedings2020066010.

Wang, W.; Gan, N.; Sun, Q.; Wu, D.; Gan, R.; Zhang, M.; Tang, P.; Li, H. Study on the interaction of
ertugliflozin with human serum albumin in vitro by multispectroscopic methods, molecular docking, and
molecular dynamics simulation. Spectrochim. Acta - Part A Mol. Biomol. Spectrosc. 2019, 219, 83-90,
https://doi.org/10.1016/j.saa.2019.04.047.

Gan, R.; Zhao, L.; Sun, Q.; Tang, P.; Zhang, S.; Yang, H.; He, J.; Li, H. Binding behavior of trelagliptin and
human serum albumin: Molecular docking, dynamical simulation, and multi-spectroscopy. Spectrochim.

https://biointerfaceresearch.com/ 17 of 19


https://doi.org/10.33263/BRIAC134.386
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.bcp.2012.12.008
https://doi.org/10.1111/j.1462-5822.2004.00439.x
https://doi.org/10.1007/s12551-016-0247-1
https://doi.org/10.1016/j.ejphar.2018.10.016
https://doi.org/10.1371/journal.pone.0085836
https://doi.org/10.3390/ijms161226210
https://doi.org/10.1177/1534735419828834
https://doi.org/10.1016/j.msec.2018.03.035
https://doi.org/10.1016/j.chemosphere.2019.125076
https://doi.org/10.1016/j.cbi.2021.109513
https://doi.org/10.3390/cryst11030224
https://doi.org/10.1080/10799893.2019.1660893
https://doi.org/10.1007/978-1-4939-7366-8
https://doi.org/https:/doi.org/10.29303/sjp.v3i1.157
https://doi.org/10.1016/j.bbrep.2021.101155
https://doi.org/10.1093/bioinformatics/btu426
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1371/journal.pone.0176403
https://doi.org/10.1016/j.biopha.2017.10.071
https://doi.org/10.3390/proceedings2020066010
https://doi.org/10.1016/j.saa.2019.04.047

https://doi.org/10.33263/BRIAC134.386

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47,

48.

49,

50.

Acta - Part A Mol. Biomol. Spectrosc. 2018, 202, 187-195, https://doi.org/10.1016/j.saa.2018.05.049.

Craciun, A. M.; Rotaru, A.; Cojocaru, C.; Mangalagiu, I. I.; Danac, R. New 2,9-disubstituted-1,10-
phenanthroline derivatives with anticancer activity by selective targeting of telomeric G-quadruplex DNA.
Spectrochim.  Acta - Part A  Mol. Biomol. Spectrosc. 2021, 249, 119318,

https://doi.org/10.1016/j.saa.2020.119318.

Pandey, S. K.; Yadav, S.; Goel, Y.; Temre, M. K.; Singh, V. K.; Singh, S. M. Molecular docking of anti-
inflammatory drug diclofenac with metabolic targets: Potential applications in cancer therapeutics. J. Theor.
Biol. 2019, 465, 117-125, https://doi.org/10.1016/j.jtbi.2019.01.020.

Meenambiga, S. S.; Rajagopal, K. Antibiofilm activity and molecular docking studies of bioactive secondary
metabolites from endophytic fungus Aspergillus nidulans on oral Candida albicans. J. Appl. Pharm. Sci.
2018, 8, 3745, https://doi.org/10.7324/JAPS.2018.8306.

Patil, R.; Das, S.; Stanley, A.; Yadav, L.; Sudhakar, A.; Varma, A. K. Optimized hydrophobic interactions
and hydrogen bonding at the target-ligand interface leads the pathways of drug-designing. PLoS One 2010,
5, €12029, https://doi.org/10.1371/journal.pone.0012029.

Santos, A. L. S.; Braga-Silva, L. A.; Gongalves, D. S.; Ramos, L. S.; Oliveira, S. S. C.; Souza, L. O. P.;
Oliveira, V. S.; Lins, R. D.; Pinto, M. R.; Mufioz, J. E.; Taborda, C. P.; Branquinha, M. H. Repositioning
lopinavir, an HIV protease inhibitor, as a promising antifungal drug: Lessons learned from Candida
albicans—In silico, in vitro and in vivo approaches. J. Fungi 2021, 7, 424,
https://doi.org/10.3390/jof7060424.

Hermann, J. C.; Ghanem, E.; Li, Y.; Raushel, F. M.; Irwin, J. J.; Shoichet, B. K. Predicting substrates by
docking high-energy intermediates to enzyme structures. J. Am. Chem. Soc. 2006, 128 , 15882-15891,
https://doi.org/10.1021/ja065860f.

Cordero-Diaz, A.; Robledo-Leal, E.; Hernandez-Fernandez, E.; Hernandez-Ndfiez, E.; Elizondo-Zertuche,
M.; Lépez-Cortina, S. T. Novel a-aminophosphonates and a-aminophosphonic acids: Synthesis , molecular
docking and evaluation of antifungal activity against Scedosporium species. Molecules 2022, 27, 3886,
https://doi.org/https://doi.org/10.3390/molecules27123886.

Khan, A.; Khan, S. U.; Khan, A.; Shal, B.; Rehman, S. U.; Rehman, S. U.; Htar, T. T.; Khan, S.; Anwar, S.;
Alafnan, A.; Rengasamy, K. R. Anti-inflammatory and anti-rheumatic potential of selective plant
compounds by targeting TLR-4/AP-1 signaling: A comprehensive molecular docking and simulation
approaches. Molecules 2022, 27, 4319, https://doi.org/https://doi.org/10.3390/molecules27134319.

Hendi, A. A.; Virk, P.; Awad, M. A.; Elobeid, M.; Ortashi, K. M. O.; Alanazi, M. M.; Alkallas, F. H.;
Almoneef, M. M.; Abdou, M. A. In silico studies on zinc oxide based nanostructured oil carriers with seed
extracts of Nigella sativa and Pimpinella anisum as potential inhibitors of 3CL protease of SARS-CoV-2.
Molecules 2022, 27, 4301, https://doi.org/https://doi.org/10.3390/molecules27134301.

Matin, P.; Hanee, U.; Alam, M. S.; Jeong, J. E.; Matin, M. M.; Rahman, R.; Mahmud, S.; Alshahrani, M.
M.; Kim, B. Novel galactopyranoside esters: Synthesis, mechanism, in vitro antimicrobial evaluation and
molecular docking studies. Molecules 2022, 217, 4125,
https://doi.org/https://doi.org/10.3390/molecules27134125.

Uzzaman, M.; Hasan, M. K.; Mahmud, S.; Fatema, K.; Matin, M. M. Structure-based design of new
diclofenac: physicochemical, spectral, molecular docking, dynamics simulation and ADMET studies.
Informatics Med. Unlocked 2021, 25, 100677, https://doi.org/10.1016/j.imu.2021.100677.

Meenambiga, S. S.; Venkataraghavan, R.; Abhishek Biswal, R. In silico analysis of plant phytochemicals
against secreted aspartic proteinase enzyme of Candida albicans. J. Appl. Pharm. Sci. 2018, 8, 140-150,
https://doi.org/10.7324/JAPS.2018.81120.

Borelli, C.; Ruge, E.; Schaller, M.; Monod, M.; Korting, H. C.; Huber, R.; Maskos, K. The crystal structure
of the secreted aspartic proteinase 3 from Candida albicans and its complex with pepstatin A. Proteins
Struct. Funct. Bioinforma. 2007, 68, 738748, https://doi.org/10.1002/prot.21425.

Meyer, M.; Wilson, P.; Schomburg, D. Hydrogen bonding and molecular surface shape complementarity as
a basis for protein docking. J. Mol. Biol. 1996, 264, 199-210, https://doi.org/10.1006/jmbi.1996.0634.
Wade, R. C.; Goodford, P. J. The role of hydrogen-bonds in drug binding. Prog. Clin. Biol. Res. 1989, 289,
433-444. PMID: 2726808.

Maheshwari, V. U.; Padmini, R.; Ravindran, B.; Woong, S.; Radhakrishnan, R.; Saleh, H.; Almoallim, M.;
Ali, S.; Razia, M. Combined in vitro and in silico approach to evaluate the inhibitory potential of an
underutilized allium vegetable and its pharmacologically active compounds on multidrug resistant Candida
species. Saudi J. Biol. Sci. 2021, 28, 1246-1256, https://doi.org/10.1016/j.sjbs.2020.11.082.

Uzzaman, M.; Hasan, M. K.; Mahmud, S.; Yousuf, A.; Islam, S.; Uddin, M. N.; Barua, A. Physicochemical,
spectral, molecular docking and ADMET studies of bisphenol analogues; A computational approach.
Informatics Med. Unlocked 2021, 25, 100706, https://doi.org/10.1016/j.imu.2021.100706.

Lengauer, T.; Rarey, M. Computational methods for biomolecular docking. Curr. Opin. Struct. Biol. 1996,
6, 402-406, https://doi.org/10.1016/S0959-440X(96)80061-3.

Matin, M. M.; Bhuiyan, M. M. H.; Kabir, E.; Sanaullah, A. F. M.; Rahman, M. A.; Hossain, M. E.; Uzzaman,
M. Synthesis, characterization, ADMET, PASS predication, and antimicrobial study of 6-O-lauroyl
mannopyranosides. J. Mol. Struct. 2019, 1195, 189-197, https://doi.org/10.1016/j.molstruc.2019.05.102.

https://biointerfaceresearch.com/ 18 of 19


https://doi.org/10.33263/BRIAC134.386
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.saa.2018.05.049
https://doi.org/10.1016/j.saa.2020.119318
https://doi.org/10.1016/j.jtbi.2019.01.020
https://doi.org/10.7324/JAPS.2018.8306
https://doi.org/10.1371/journal.pone.0012029
https://doi.org/10.3390/jof7060424
https://doi.org/10.1021/ja065860f
https://doi.org/https:/doi.org/10.3390/molecules27123886
https://doi.org/https:/doi.org/10.3390/molecules27134319
https://doi.org/https:/doi.org/10.3390/molecules27134301
https://doi.org/https:/doi.org/10.3390/molecules27134125
https://doi.org/10.1016/j.imu.2021.100677
https://doi.org/10.7324/JAPS.2018.81120
https://doi.org/10.1002/prot.21425
https://doi.org/10.1006/jmbi.1996.0634
https://doi.org/10.1016/j.sjbs.2020.11.082
https://doi.org/10.1016/j.imu.2021.100706
https://doi.org/10.1016/S0959-440X(96)80061-3
https://doi.org/10.1016/j.molstruc.2019.05.102

https://doi.org/10.33263/BRIAC134.386

5L

52.

53.

54.

55.

56.

57.

58.

Uzzaman, M.; Chowdhury, M. K.; Belal Hossen, M. Thermochemical, molecular docking and ADMET
studies of aspirin  metabolites. Front. Drug, Chem. Clin. Res. 2019, 2, 1-5,
https://doi.org/10.15761/fdccr.1000130.

Davis, A. M.; Teague, S. J. Hydrogen bonding, hydrophobic interactions, and failure of the rigid receptor
hypothesis. Angew Chem Int Ed 1997, 38, 737-749, https://doi.org/10.1002/(SICI)1521-
3773(19990315)38:6<736::AID-ANIE736>3.0.CO;2-R.

Qian, S. B.; Waldron, L.; Choudhary, N.; Klevit, R. E.; Chazin, W. J.; Patterson, C. Engineering a ubiquitin
ligase reveals conformational flexibility required for ubiquitin transfer. J. Biol. Chem. 2009, 284, 26797—
26802, https://doi.org/10.1074/jbc.M109.032334.

El-Baz, A. M.; Mosbah, R. A.; Goda, R. M.; Mansour, B.; Sultana, T.; Dahms, T. E. S.; EI-Ganiny, A. M.
Back to Nature: Combating Candida albicans biofilm, phospholipase and hemolysin using plant essential
oils. Antibiotics 2021, 10, 1-18, https://doi.org/10.3390/antibiotics10010081.

Ferreira De Freitas, R.; Schapira, M. A systematic analysis of atomic protein-ligand interactions in the PDB.
Medchemcomm 2017, 8, 1970-1981, https://doi.org/10.1039/c7md00381a.

Kortemme, T.; Morozov, A. V.; Baker, D. An orientation-dependent hydrogen bonding potential improves
prediction of specificity and structure for proteins and protein-protein complexes. J. Mol. Biol. 2003, 326,
1239-1259, https://doi.org/10.1016/S0022-2836(03)00021-4.

Dhorajiwala, T. M.; Halder, S. T.; Samant, L. Comparative in silico molecular docking analysis of L-
threonine-3-dehydrogenase, a protein target against African trypanosomiasis using selected phytochemicals.
J. Appl. Biotechnol. Rep 2019, 6, 101108, https://doi.org/10.29252/JABR.06.03.04.

Shankar Raut, J.; Mohan Karuppayil, S. Phytochemicals as inhibitors of Candida biofilm. Curr. Pharm. Des.
2016, 22, 41114134, https://doi.org/10.2174/1381612822666160601104721.

https://biointerfaceresearch.com/ 19 of 19


https://doi.org/10.33263/BRIAC134.386
https://biointerfaceresearch.com/
https://doi.org/10.15761/fdccr.1000130
https://doi.org/10.1002/(SICI)1521-3773(19990315)38:6%3c736::AID-ANIE736%3e3.0.CO;2-R
https://doi.org/10.1002/(SICI)1521-3773(19990315)38:6%3c736::AID-ANIE736%3e3.0.CO;2-R
https://doi.org/10.1074/jbc.M109.032334
https://doi.org/10.3390/antibiotics10010081
https://doi.org/10.1039/c7md00381a
https://doi.org/10.1016/S0022-2836(03)00021-4
https://doi.org/10.29252/JABR.06.03.04
https://doi.org/10.2174/1381612822666160601104721

