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ABSTRACT

Objective: This study aims to evaluate 30 phytochemical compounds from Tetragonula sp. propolis as a PAK1 inhibitor using molecular docking.

Methods: Thirty propolis compounds were initially confirmed before docking to comply with Lipinski rules. This simulation was performed against
PAK1 using AutodockVina, while interaction profile visualization was conducted between the ligand and receptor through Ligplot+and PyMol.

Results: Based on the docking score, inhibition constants, and interaction profile analyses, glyurallin B, glyasperin A, and broussoflavonol F were
found to be the most potent compounds used as PAK1 inhibitors. According to several literature studies, the propolis compounds were synergistic,

leading to adequate collective utilization.

Conclusion: These results implicated the potentials of Tetragonula sp. propolis as a therapeutic agent against COVID-19; however, further studies

are still needed.
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INTRODUCTION

Several individuals reportedly suffered from pneumonia in
December 2019 in Wuhan, Hubei province, China. This ailment
showed similar symptoms of SARS (severe acute respiratory
syndrome), although it was subsequently identified as a coronavirus
(COVID-19) by the World Health Organization (WHO), indicating the
discovery of SARS-CoV-2 (severe acute respiratory syndrome-
coronavirus-2) as the causative agent. Also, the direct human-to-
human transmission was confirmed, leading to extensive and faster
virus distribution. By December 1st, 2021, global statistics had
regrettably recorded approximately 217 million positive confirmed
cases, with 4.5 million leading to death [1]. Based on this condition,
only two drugs have been presently approved by the FDA to treat
COVID-19. Therefore, the exploration of new medicines and vaccines
is conducted to present diverse opportunities. Furthermore, based
on this pandemic, there is a need to adopt virtual screening
procedures due to high pressure to develop fast and reliable drugs
through molecular docking. This computational method simulates
the ligand-receptor complex's most optimal position [2]. This is
performed by using the minimum scoring function or free energy of
the entire system [3, 4]. The technique also served as a confirmed
medium to comprehend the interaction of compounds and new drug
discovery since its development in the 1970s [5].

Based on this study, the receptor protein used is the PAK1 (p21-
activated kinase 1) enzyme, whose inactivation/inhibition suppresses
the LLC2-dependent fibrosis induced by a coronavirus [6]. This is
because LLC2 expression is dependent on the CK2/RAS-PAK1-RAF-
AP1 signaling pathway induced by the ACE2 (angiotensin-converting
enzyme 2) coronavirus receptor [7, 8]. These observations
demonstrate the contribution of PAK1 to the pathogenesis of the
coronavirus, which is a viable target protein for the search of COVID-
19 drugs through enzymatic inhibitors. Although several studies have
potentially described propolis as therapeutic for COVID-19 treatment
due to its pharmacological characteristics [9-12], it is still found to
vary in geographical composition. Previous investigations also
confirmed the pharmacological characteristics of propolis, including
antifungal, antioxidant, and anti-inflammatory properties [13]. Based
on Miyata et al. (2019), a total of 30 compounds were identified from

Tetragonula sp. propolis [13], with LC-MS being evaluated using the
molecular docking method to PAK1 (PDB ID: 5DEW). This indicated
that the utilized evaluation parameters were docking score, inhibition
constant, and interaction profile.

MATERIALS AND METHODS
Main protein and ligand preparation

The main protein file (PDB ID: 5DEW) was extracted from the RCSB
Data Bank (http://www.rcsb.org), where PAK-1 was in complex
with inhibitor G-5555. Using the VMD software (the University of
Illinois at Urbana-Champaign, USA), this complex was subsequently
separated with visual molecular dynamics and saved in. pdb format
before editing with notepad++(Don Ho, USA). Furthermore, the
polar hydrogen was added to the main protein through AutoDock
1.5.6 (The Scripps Research Institute, USA). Meanwhile, the 2D and
3D structures of the test compounds were developed using
MarvinSketch software, which was also used to assess the Lipinski
rules. The test compounds were also re-evaluated with the
SwissADME web tool (http://www.swissadme.ch/) to ascertain the
drug likeness and bioavailability. In addition, polar hydrogen was
added to these compounds using the Auto-Dock 1.5.6 and saved in.
pdb format (The Scripps Research Institute, USA).

Validation of the grid box area and coordinates for docking

To utilize the AutoDock Vina program for molecular docking, the
grid box area and coordinates were required. These inputs were
subsequently obtained from the redocking process between PAK-1
and G-5555, using AutoDock 1.5.6 and Vina (The Scripps Research
Institute, USA), respectively. Moreover, the redocking coordinates
had a ‘centered on ligand’ format on the grid box menu, with a 1 A
spacing. The docking area was specified as 25 A x 25 A x 25 A. From
the redocking process, it will be obtained ten docking poses with the
binding affinity values. The coordinate from the pose, which has the
lowest docking score, was used. By determining the root-mean-
square deviation (RMSD), the coordinate was subsequently
evaluated for similarities to the developed model using PyMOL
(Schrodinger, Inc.,, USA). The validation process is considered
successful if the RMSD value is less than 2.0 A [14].
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Molecular docking

The molecular docking between 30 compounds was performed
against PAK1 through the AutoDock Vina (The Scripps Research
Institute, USA). These compounds are subsequently presented in
table 1. Furthermore, the grid box dimensions and coordinates were
obtained from the previous redocking step, as the genetic algorithm
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parameters were set to default, where the population size was
observed at 150. Furthermore, the maximum evaluation and
generations were also set to medium and 27,000, respectively, with
the top automatically-survived individuals at 1. Also, the rates of
gene mutation and crossover were specified at 0.02 and 0.8,
respectively. Subsequently, the remaining docking parameters were
modified to default.

Table 1: 30 Compound from Tetragonula sp. propolis

Name Code Chemical formula
L-(+)-Valinol WRO1 CsH1isNO
1,2,2-Trimethyl-3-[(4-methylphenyl) carbamoyl] cyclopentane carboxylic acid WRO02 C17H23NO3
Linalyl anthranilate WRO03 C17H23NO:
Yucalexin B7 WR04 C20H2802
Robustaol A WRO05 C25H3009
1,5-Dimethyl-4-[[(2-methyl-6-phenylthieno[2,3-d]pyrimidin-4-yl)hydrazinylidene]methyl]pyrrol E-2- WRO06 C21H18NeS
carbonitrile

Kadsurin WRO07 C2s5H300s
5-Hydroxymethyl tolterodine WRO08 C22H31NO2
Dulxanthone C WR09 C2s5H2806
9'-Carboxy-alpha-tocotrienol WR10 C24H3404
Enokipodin D WR11 C15H1804
Mollicellin H WR12 C21H2006
Glyurallin B WR13 C25H2606
([8]-Paridyl acetate) WR14 C21H3204
Macarangin WR15 C25H2606
3,4-Bis(octyloxy)benzaldehyde WR16 C21H3803
Oleandrigenin WR17 C2s5H3606
Sulabiroin A KMO01 C22H2207
Sulabiroin B KM02 C23H2607
2',3'-Dihydro-3'-hydroxypapuanic acid KMO03 C2sH3s07
(-)-papuanic acid KM04 C2s5H3606
(-)-isocalolongic acid KMO05 C23H3206
Isopapuanic acid KMO6 C25H3606
Isocalopolyanic acid KMO07 C24H3206
Glyasperin A KMO08 C25H2607
Broussoflavonol F KMO09 CasH2607
(2S)-5,7-Dihydroxy-4'-methoxy-8-prenylflavanone KM10 C20H2005
Isorhamnetin KM11 C16H1207
(1'S)-2-Trans,4-trans-abscisic acid KM12 C15H2004
(1'S)-2-Cis,4-trans-abscisic acid KM13 C15H2004

Analysis and visualization

The best-predicted poses were obtained from the docking simulation
and subsequently analyzed by PyMol (Schrédinger, Inc., New York, NY,
USA). Also, the 2D ligand schematic representations and interacted
residues within the receptor’s binding site were developed using
LigPlot+(European Bioinformatics Institute, United Kingdom).

Analysis of the synergistic effect

The analysis of synergistic effect is based on a literature study by
comparing several studies towards the existence of synergistic
effect in propolis.

RESULTS AND DISCUSSION
Evaluation of the lipinski rules and swissADME parameters

The test compounds were initially evaluated using the Lipinski rule
[15] to assess specific element parameters, including absorption,
distribution, metabolism, and excretion. These factors were found to
influence the pharmacokinetic properties in the human body [16].
Molecules were also considered to demonstrate suitable drug-
likeness and bioavailability due to the achievement of 2 regulations
from four existing rules [17]. Furthermore, each Lipinski parameter
value was ascertained using the Marvin Sketch application.

Table 2: Lipinski rule

Parameter Value

Molecular weight (MW) <500g/mol Passing the criteria if it meets 2 of the 4 existing rules
LogP <5

Hydrogen donor <5

Hydrogen acceptor <10

Based on this study, the Swiss ADME application provided a web-
based alternative in evaluating the drug-likeness and bioavailability
of test compounds [18]. This computed and predicted the
physicochemical descriptors and ADME variables, such as the

pharmacokinetics profiles, drug-like nature, and medicinal
chemistry friendliness of small molecules. Based on table 2, all
compounds met the drug-likeness criteria evaluated by the Lipinski
Rules and Swiss ADME.
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Table 2: The Evaluation of drug likeness of a compound using lipinski rules and SwissADME webtool

Compound code? Lipinski RO5 parameter Meet RO5 Meet
MW (g/mol) LogP H donor H acceptor criteria SwissADME?
WRO01 103.16 0 2 2 Yes Yes
WRO02 289.37 3 2 3 Yes Yes
WRO03 273.37 4.83 1 2 Yes Yes
WRO04 300.44 3.76 0 2 Yes Yes
WRO05 474.50 5.19 5 9 Yes Yes
WRO06 386.47 476 1 6 Yes Yes
WRO07 458.50 4.59 0 8 Yes Yes
WRO08 341.49 4.39 2 3 Yes Yes
WR09 424.49 6.6 2 6 Yes Yes
WR10 386.52 6.14 2 4 Yes Yes
WR11 262.3 0.78 1 4 Yes Yes
WR12 101 49 2 6 Yes Yes
WR13 422.47 6.16 4 6 Yes Yes
WR14 348.48 5.64 0 4 Yes Yes
WR15 422.47 6.3 4 6 Yes Yes
WR16 362.55 8.1 0 3 Yes Yes
WR17 432.55 1.93 2 6 Yes Yes
KMO01 398.41 3.38 0 7 Yes Yes
KMO02 414.45 3.51 0 7 Yes Yes
KMO03 450.57 5.35 3 7 Yes Yes
KM04 432.55 6.73 2 6 Yes Yes
KMO05 404.50 5.64 2 6 Yes Yes
KMO06 432.55 6.73 2 6 Yes Yes
KMO07 416.51 5.3147 2 6 Yes Yes
KMO08 422.47 5.75 4 6 Yes Yes
KMO09 422.47 6.37 4 6 Yes Yes
KM10 354.40 4.64 2 5 Yes Yes
KM11 316.26 1.87 4 7 Yes Yes
KM12 264.32 1.61 2 4 Yes Yes
KM13 264.32 1.61 2 4 Yes Yes

1The information on the compound’s name and chemical formula for each code is contained in the supplementary data (Supplementary material
Appendix 1, fig. A1), 2The evaluation process involves inserting SMILES data of each phytochemical compound into the SwissADME web tool:
http://www.swissadme.ch/ to produce absorption, distribution, metabolism, and excretion results (ADME).

Validation of grid box area and coordinates for docking

The RMSD is used to validate the grid box area and coordinates for
docking due to being closely related to the position between 2 atoms
(protein and ligand). Also, it is defined as the average distance
between the atoms of the superimposed protein molecules. In this

study, the RMSD was between the best-docked pose from the PAK1
redocking process against the ligand G-5555 and RCSB developed
model (PDB ID: 5DEW). According to table 3, the RMSD met the
requirements to be < 2. Therefore, the grid box area and coordinates
information focused on the docking process between PAK-1 and the
30 test compounds.

Table 3: Grid box area, docking coordinates and its RMSD value

Grid box area Coordinates RMSD
x=25 A x=19.295 1.253
y=25A y=-13.282
z=25A z=11.782

Docking score and inhibition constant

Free binding energy or docking score (AG) served as a parameter for
evaluating the affinity of a ligand interaction (test compound) with
its receptor (target protein) [19]. This is calculated using the
following equation 1,

AGpinging = AH — TAS(Eq. 1)

Where AH and TAS were the enthalpy and entropy, respectively. In
molecular docking, a negative AG value was often the desired
result. Moreover, increasing the negativity of AG generated
extensive affinity and more vigorous interaction between the
ligand and the receptor. The negativity of AG was triggered by the
binding process, where the enthalpy decreased due to the
intermolecular interactions and bond formation. However, the
entropy increased based on losing the degrees of freedom, leading
to a negative AG.

According to fig. 1, the docking score for each compound towards
PAK1 was observed, indicating that the interaction of G5555 towards
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PAK1 served as the positive control. The results showed that the score
ranged between-3.8 t0-8.9 kcal/mol, compared to the control positive
0f-9.6 kcal/mol. Although none of the test compounds' interactions
had a docking score less than the original ligand, negative values were
still observed. This indicated that all test compounds bonded with the
protein. In addition, the top ten propolis compounds with the lowest
docking score are presented in table 4.

The results showed that the AG value was altered to obtain the
inhibition constant (Ki) or dissociation coefficient (K4) in the enzyme
(E)-inhibitor (I) complex [20].

E +1K; & EI(Eq.2)
AGinhibition =RTInln Ki (Eq3)
AG
K; = exp (ﬁ) (Eq.4)

Where AG is Gibbs free energy, Ki is the inhibition constant of the
reaction, T is the temperature (298.15 K), and R stands for the gas
constant (1,987. K-1. mol1).
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Based on table 4, the inhibition constant of the top ten lowest
docking scores of propolis compounds was observed. This
coefficient is also defined as the concentration required to produce
half of the maximum inhibition. According to table 4, Ki was minimal
with an increasing negative docking score. The lower value of Ki;
indicated a more potent inhibition activity, with less concentration
required to inhibit PAK1.
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Interaction profile

Based on fig. 2, the 2D interactions between PAK1 and its original
ligand (G-5555) show the interaction between PAK1 and the five
lowest docking score compounds. In addition, fig. 3 indicates the 3D
interaction of PAK1 towards G-555, Glyurallin B, and Glyasperin A
within the same binding pocket.
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Fig. 1: The docking score between the 30 propolis compounds of Tetragonula sp. towards PAK1

Table 4: The top ten propolis compounds with the lowest docking score towards PAK1

No Compounds Code AG (kcal/mol) Kil (uM)
Positive Control: G-5555 - -9.5 0.108577
1 Glyurallin B WR13 -8.8 0.353909
2 Glyasperin A KMO08 -8.6 0.49603
3 Broussoflavonol F KM09 -8.6 0.49603
4 1,5-Dimethyl-4-[[(2-methyl-6-phenylthieno[2,3-d]pyrimidin-4-yl)hydrazinylidene]methyl] WRO06 -8.5 0.587241
pyrrole-2-carbonitrile
5 Yucalexin B7 WRO04 -8.2 0.974407
6 Macarangin WR15 -8.1 1.153582
7 Oleandrigenin WR17 -8.1 1.153582
8 Isocalopolyanic acid KMO07 -7.7 2.266108
9 Dulxanthone C WRO09 -7.6 2.682802
10 Sulabiroin A KMO01 -7.5 3.176119

1Ki=Inhibition constant
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Fig. 2: 2D interaction profiles between PAK1 towards a) G-5555; b) Glyurallin B; c) Glyasperin A; d) Broussoflavonol F; e) 1,5-Dimethyl-4-
[[(2-methyl-6-phenylthieno[2,3-d]pyrimidin-4-yl)hydrazinylidene]methyl]pyrrole-2-carbonitrile; f) Yucalexin B7

Inhibitor G-5555 — MO8 =WR13

Fig. 3: 3D interaction profiles between PAK1 towards G-5555, Glyurallin B, and Glyasperin A
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The visual profiling of 2D bonds was performed using
Ligplot+(European Bioinformatics Institute, United Kingdom). This
was used to analyze the interactions within the docking area below 5
A, based on hydrogen bonds and hydrophobic reactions [21, 22]. In
the ligand, the bonds and proteins were observed to be purple and
brown colorations, respectively. Furthermore, the green dotted line
connecting the ligand to the receptor represented a hydrogen bond,
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with the numbers observed indicating its length. In addition, the
hydrophobic interaction was denoted by a brown fan-shaped
structure. Meanwhile, the ligand atoms were shown by reddish-brown
“glow” lines. Therefore, the blue, black, yellow, red, and purple colors
represented nitrogen, carbon, sulfur, oxygen, and phosphorus. The list
of the PAK1 amino acid residues interacting with the five propolis
compounds having the lowest docking score is presented in table 5.

Table 5: The list of the PAK1 amino acid residues interacting with five propolis compounds having the lowest docking score

Compound Hydrogen bonds

Hydrophobic interactions

Glyurallin B Leu 347, Leu347

Glyasperin A Val342, Thr406
Broussoflavonol F
1,5-Dimethyl-4-[[(2-methyl-6-henylthieno[2,3- Thr406
d]pyrimidin-4-yl) hydrazinylidene] methyl]
pyrrole-2-carbonitrile

Yucalexin B7 Leu347

Lys299, Lys299, Val425

Val342, Met319, Lys299, Glu345, Met344, Val328, Tyr346, Leu396,
Gly350, Ile276, Asp407, Thr406, Glu315

lle316, Met319, Glu315, Leu396, Ser351, Gly350, Tyr346, Leu347,
Lys299, Ala297, 11e298, Met344, Val342, lle316, Met344, Thr406
Asp407, Glu423, Lys308, Met424, Leu311, Phe410, lle312, Glu315
Val342, lle316, Met344, Thr406, Asp407, Asn394, Leu396, Tyr346,
Ala297, 11e276, Val284, Met344, Val342, Lys299

Val342, lle316, Met344, Thr406, Leu396, le276, Lys299, Val284,
Ala297, Met344, Tyr346

To understand the interaction profile, the key residues of PAK1
should be acknowledged. These include Glu345 and Leu347, which
are residues in the active site of PAK1 [23, 24] and are essential for
the binding of ATP-competitive inhibitors. Most of the existing
synthetic PAK1 residues functioned as ATP-competitive inhibitors
[24]. Based on this study, Glyurallin B had hydrophobic interaction
with these residues. The following essential residue is the Glu315,
which is responsible for the selective binding of PAK1 inhibitors
[24]. This indicated that the presence of the residue had advantages
on the active sites of PAK1, compared to the Glu345 and Leu347.
Based on this study, Glyasperin A and Broussoflavonol F had
interactions with the Glu315 through hydrophobic reaction.

Another essential residue is the Met344, which acts as a gatekeeper
in PAK protein [24]. This residue is known to partially or wholly
block the hydrophobic region present in the ATP binding pocket.
The presence of Met344 also contributes to the selectivity of the
kinase against the entry of small molecular inhibitors. This indicates
that the smaller size of the residue leads to easier inhibitor entry
through the "gate" of the binding pocket hydrophobic region. In this
study, all five compounds, except Broussoflavonol F, had
interactions with Met344. The following vital residues are the
Thr406 and Asp406, which act as DFG motif compounds on PAK1
protein [24]. The results showed that all five compounds had
interactions with these residues. According to Schroder et al, the
DFG motif residue controlled the binding mode and affinity of the
inhibitor [25]. This indicated that targeting the Thr406 and Asp406
increased the activity and selectivity profile of the chosen inhibitor,
leading to an attractive strategy to be developed in the search for
selective protein kinase remnants. Based on the knowledge of the
molecular docking simulations in this study, the potential for
Tetragonula sp. propolis compounds to be PAK1 inhibitors was
observed.

Synergistic effect

The next question is based on understanding whether the
information obtained was effective in developing COVID-19
therapeutics through the following comparisons, (1) using enough
five compounds with the most potential, and (2) using the entire
propolis. Based on this condition, a literature study was conducted
to determine the methods by which these comparisons were
observed to have specific biological activities. This was due to
understanding whether there was a synergistic effect on the
propolis compounds. Synergy is defined as the combinative effects
of more significant compounds. This indicated more effectiveness in
using a combination of compounds to achieve desired goals.

Several previous studies showed a synergistic effect on propolis,
such as Oses et al. [26]. It evaluated antioxidant activity impacts
through five main flavonoid propolis compounds, compared to the

utilization of the whole element [26]. The results showed that
propolis highly suppressed the formation of oxidants than the use of
individual or combination of 5 flavonoid compounds. This indicated
a synergistic effect on propolis. Moreover, several studies focused
on the synergism of many propolis compounds compared to
individual utilization. For example, Kharsany et al. [27] showed that
the use of 3 flavonoid propolis compounds had higher anti-microbial
activity than individual utilization. Besides this, some studies
focused on evaluating the synergism of propolis when combined
with other ingredients. For example, Al-Waili et al. [28] focused on
the synergistic effect of propolis-honey on anti-microbial activity (C.
Albicans, S. aureus, and E. coli). This showed that the combination of
propolis-honey had higher anti-microbial activity than those
individually utilized. Drigla et al [29] also showed the synergistic
effect of propolis with other ingredients, where compound
combinations and bee venom had higher anti-proliferative activity
in breast cancer cells. This indicated that there was a synergistic
effect among the compounds present in propolis. Although the
analysis carried out in points 4.3 and 4.4 showed the five highest
compounds with COVID-19 therapeutic potentials, the application of
the entire propolis was still used as a medicinal agent. To validate
this result, further studies were needed to determine whether the
synergistic effect of the propolis compounds was required for
COVID-19 therapeutics.

CONCLUSION

Based on the docking score, inhibition constant, and interaction
profiles, the best top five propolis compounds obtained PAK1
inhibitor potentials. Meanwhile, propolis compounds demonstrated
synergistic effects according to several previous studies. This
indicated that propolis was collectively better when used to
generate extensive biological activities compared to being utilized as
an individual compound. Therefore, Tetraogonula sp. was promoted
as the alternative for COVID-19 treatment due to being a PAK-1
inhibitor.
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