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ABSTRACT

Methicillin-Resistant Staphylococcus aureus (MRSA) is a hypervirulent multidrug-
resistant bacteria. It is spreading around the globe and starting to be a global health prob-
lem. It causes bacteremia, infective endocarditis, and bloodstream infection. PBP2a is a
protein responsible for MRSA’s resistance to antibiotics, especially beta-lactams. Tea
contains bioactive compounds such as polyphenols. It is known to have great antibacterial
activities. Therefore, this study aims to find potentials antibacterial compounds from tea
polyphenolsthat can inhibit PBP2a in MRSA with better binding energy than the current-
ly available drugs using the molecular docking approach. We found that theaflavin (-9,7
kcal/mol), asone of the tea polyphenols compound, has a better binding energy with
ceftaroline (9,5 kcal/mol) therefore predicted to have better antibacterial activity. (—)-
Epigallocatechingallate (-9,1 kcal/mol), (—)-epicatechingallate (-8,8 kcal/mol), myricetin
(-8,7 kcal/mol), quercetin (-8,5 kcal/mol), (—)-epicatechin (-8,3 kcal/mol), (—)- epigallo-
catechin (-8,3 kcal/mol), kaempferol (-8,3 kcal/mol), procyanidin B2 (-8,1), and thefla-
vindigallate (-7,6 kcal/mol) also have the potential to inhibit MRSA due to its low bind-
ing energy.
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INTRODUCTION

Methicillin - Resistant Staphy-
lococcus aureus (MRSA) is multidrug-
resistant Staphylococcus aureus. It is a
hypervirulent bacteria that can also be
acquired in the community. It is known
to spread in the United States years ago.
Recently, it has been widespread around
the globe. Recent studies have detected
MRSA infection in Europe, South
America, Asia Pacific (StrauB3 et al.,
2017), Asia, and Africa (Marchello et
al., 2020).

MRSA is a pathogen that can
cause bacteremia, infective
endocarditis, and bloodstream infection.
MRSA incidences are found to be
increasing in many regions, and it is
now one of the leading causes of
infective endocarditis in many countries
and regions in the world. Strict policies
of many countries have regulated the
use of antibiotics to treat MRSA. Due to
the very few drugs available to treat
MRSA, strict policy implementation is
applied to maintain its susceptibility
(Asgeirsson et al., 2017).

MRSA is hard to treat due to its
resistance to all beta-lactam antibiotics.
An appropriate resistance mechanism
needs to be explored in order to design
new potential drugs to treat it. PBP2a is
known as a protein responsible for
MRSA resistance to  antibiotics,
especially beta- lactams. It is a protein
encoded by a drug- resistant strain
contains in a SCCmec box. It shows a
low affinity to all beta-lactam
antibiotics. To treat MRSA with beta-
lactam antibiotics alone is facing severe
challenges and difficulties. Inhibiting
PBP2a can reverse its antibiotic
resistance and kill the bacteria (Bao et
al., 2020).

Medicinal plants are known to
possess a great potential as antibacterial
drugs (Ogunyemi et al., 2019; Danish et
al., 2020; Soyingbe et al., 2018). Tea
contains bioactive compounds such as
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polyphenols. It is known to have great
antimicrobial activities. Theaflavin, (—)-
epigallocatechingallate, (—-) -epi-
catechingallate, myricetin, quercetin,
(—)- epicatechin, (—)- epigallocatechin,
kaempferol, procyanidin b2, theafla-
vindigallate are found to be the
polyphenols in tea (Yang et al., 2014).

This study aims to find potentials
antibacterial compounds from tea
polyphenols that can inhibit PBP2a in
MRSA with better binding energy than
the currently available drugs using
molecular docking approach.

MATERIALS AND METHODS
Ligands Preparations

The tea polyphenols known from
the previous study (Yang et al., 2014)
were searched in Pubchem. The 3D
structure was then downloaded with its
Pubchem Compound ID was listed in
table 1. The ligands’ energy was
minimized and then converted to
autodock PDBQT format using Pyrx.
Receptor Preparations

PBP2a structured retrieved from
Protein Data Bank (PDB : 3ZFZ). The
receptor first cleaned from water
molecules and its native ligands using
Biovia Discovery Studio Visualizer and
then optimized using Pyrx.

Figure 1. PBP2a (PDB: 3ZFZ) protein structure
Receptor-Ligand docking

Molecular docking was carried
out using Pyrx-vina. Ligands and
receptor previously optimized were
selected, grid box used for this study
are optimized around the active
Ser403. Its dimensions were X: 304,
Y:40 A, Z: 30 A.

All the processes were carried
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out using a computer with Intel(R)
Celeron(R) N4000 CPU @1.10GHz
processor, 4Gb RAM, 64-bit operation
system.

Analysis and Visualization

Analysis and visualization of the
ligand and receptor interaction waere
carried out using Biovia Discovery
Studio Visualizer v20.1.0.19295. Both
2D and 3D ligand-receptor interaction
visualized from molecular docking
output file. The output file split first
using vina split and command prompt
by typing the command: vina split —
input (output file name).pdbqt.

The type of bondings was
observed in the 2D diagram of the
visualization result. Residues involved
in the interaction were observed.

RESULTS AND DISCUSSION

Molecular docking has been
widely used in order to design new
drugs for a specific purpose. Binding
energy result of ligands and MRSA
PBP2 presented in Table 1. All tea
polyphenols have great binding energy
to PBP2a. Molecular docking analyzes
molecular interactions between ligands
and a specific receptor (Ahmed et al.,
2019).

Figure 2. PBP2a A chain

The protocol was validated by
measuring its RMSD value. In this
research, the RMSD value of all ligands
isOA. This value determines two atoms
similarity pose. The RMSD from this
research suggests the method is valid
and can further be used (Kufareva and
Abagyan, 2012).

Theaflavin has the best binding
energy of all the ligands and control
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drug ceftaroline. A better ligand-
receptor interaction pose was found in
theaflavin- PBP2a than ceftaroline
PBP2a. It predicted that theaflavin
would has a better antibacterial activity
against MRSAthan ceftaroline.

Theaflavin is a product of
catechin oxidation process. It has
significant  antibacterial properties
against differentbacterial pathogens at
varying concentrations. Catechins are
found in green tea and black tea, being
the major compound of both plants. It
has great bioavailability in both urine
and plasma suggest it is a potential
compound to develop as a drug.
Goswami et al. (2020) showed that
compounds in black tea inhibited
several bacteriahe MIC of black tea
extract was found to be 14.72 mg/ml,
3.68 mg/ml, 1.42 mg/ml, 3.68 mg/ml,
and 14.72 mg/ml against Klebsiella
pneumoniae (ATCC 700603),
Streptococcus mutans (MTCC 497),
Staphylococcus aureus (ATCC 25923),
Escherichia coli (ATCC 25922), and
Lactobacillus  acidophilus  (ATCC
43121)respectively.

Table 1. Ceftaroline and tea
polyphenols binding energy to PBP2a
(PDB: 3ZFZ)
Ligand Pubchem PBP2a
CID Binding
Energy
(kcal/mol)
Ceftaroline 9852981 9,5
Theaflavin 114777 -9,7
- 65064 9,1
Epigallocatechinga
llate
-)- 107905 -8,8
Epicatechingallate
Myricetin 5281672 -8,7
Quercetin 5280343 -8,5
(—)-Epicatechin 72276 -8,3
-)- 72277 -8,3
Epigallocatechin
Kaempferol 5280863 -8,3
Procyanidin B2 122738 -8,1

Theaflavindigallate 44448535 -7,6
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Figure 3. PBP2a active site located at the A
chain of the protein inhibitedby ceftaroline (red
sticks in bluedomain) in transpeptidase domain
(Otero et al., 2013)

PBP2a is responsible for human
pathogen S. aureus resistance to beta-
lactam class of antibiotics (Alhadrami
et al., 2020). Inhibition in the protein’s
active site leads to deactivation of the
protein, making it unable to do a
crosslink reactionwith peptidoglycan to
form a rigid bacteria cell wall. The
active site located in the transpeptidase
domain suggests that a ligand binds to
this active site can stop the cell wall
synthesis and further kill the bacteria
(Otero et al., 2013). The active site is
shown in Figure 3.

3D and 2D interactions are
shown in Figure 4. and Figure 5. 3D
interaction shows both ceftaroline and
theaflavin binds to the same pocket of
PBP2a. 2D interaction shows amino
acids or residues that interact with
ligands. Both ceftarolineand theaflavin
interact with  residues in the
transpeptidase domain (residues 327-
668). It suggests both compounds can
bind to PBP2a active site and stop cell
wall synthesis.

Theaflavin interacts with the
active site by conventional hydrogen
bonds, pi-donor hydrogen bonds, pi-pi
stack, pi-pi T shaped, pi-alkyl,
unfavorable  donor- donor, and
unfavorable acceptor-acceptor.

Molecular docking results found
tobe linear with in-vitro results suggest
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that ligands with low binding energy
with a receptor may have activity using
in vitro testing (Cortes et al., 2020).

These results can predict that tea
polyphenols can inhibit MRSA by
deactivation of PBP2a and stop the cell
wall synthesis process.
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Figure 4. (A) Ceftaroline docking position to
PBP2a. (B) 2D diagram interactionof
Ceftaroline-PBP2a.

(—) - Epigallocatechingallate, (—)-
epicatechingallate, myricetin,
quercetin, (—) - epicatechin, (—) -epi-
gallocatechin, kaempferol, procyanidin
B2, and theflavindigallate also have
binding energies lower than -6 kcal/mol
suggest it have great bindings with
PBP2a and can be considered a
potential compounds to design new
antibacterial drug targeting MRSA
(Sachdeva et al., 2020).

=
-
-
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FigureS. (A) Theaflavin 3D structure dock to
PBP2a. (B) Theaflavin-PBP2a interactionin 2D
diagram.
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CONCLUSION

Molecular docking study of this
research predicted polyphenols contain
in tea can inhibit MRSA by binds to
PBP2a active site and stop the bacteria
cell wall synthesis. Theaflavin has
better binding energy with ceftaroline,
therefore predicted to have better
antibacterial activity. (—)-Epigallocate-
chingallate, (—)- epicatechingallate,
myricetin, quercetin, (—)-epicatechin,
(—)-epigallocatechin, kaempferol,
procyanidin B2, and theflavindigallate
also have the potential to inhibit MRSA
due to its low binding energy.
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