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Abstract

Aim: Pisonia grandis R.Br (Nyctaginaceae) widely distributed throughout India and reported
to have anti-microbial, anti-inflammatory, anti-diabetic, diuretic, analgesic and wound healing
properties. The focus of the study is to evaluate the antimicrobial activity of the compounds
reported in roots of Pisonia grandis. Methods: Glide (Schrédinger Software suite) was used to
perform molecular docking studies to assess the antimicrobial activity of the compounds
present in the roots of Pisonia grandis. Results: The compounds reported in roots of Pisonia
grandis namely [-sitosterol, leptumerol , quercetin, 3-Hydroxy-5,7,2' trimethoxy-6,8-
dimethylflavone, 3,5,2'-trihydroxy-7,3'-dimethoxy-6,8-dimethylflavone, 5,7,2'-trihydroxy-3'-
methoxy-6,8-dimethylflavone, 7,2'-dihydroxy-5,6-dimethoxy-8-methyl isoflavone, 6,2'-
dihydroxy-5,7-dimethoxy-8- methyl isoflavone, 6,8 dimethylsogenistein, 5,7,2'-trihydroxy-6-
methoxy-8-methyl isoflavone, IrilinA and 5,7,2'-trihydroxy-6,8-dimethylflavanone were found
to have good docking score and binding energy with antimicrobial targets namely
dihydrofolate reductase, dihydropteroate synthase, topoisomerase, isoleucyl tRNA
synthetase, D-alanine-D-alanine ligase, enoyl-acyl carrier protein reductase and chorismate
synthase. Conclusion: The bioactive compounds from Pisonia grandis were found to have good
binding interaction with antimicrobial target proteins. The present docking study validates the
results of Suthhivaiyakit et al., who stated that the free phenolic group at C-2" position is
essential for antibacterial activity.
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INTRODUCTION

Tribal extensively use the various parts of the Pisonia
grandis R.Br in the preparation of different folk
medicines. The plant has numerous bioactive
compounds such as pinitol, allantoin, B sitosterol, a-
spinasterol, B sitosterol glucoside, octacosanol,
dulcitol and quercetin and they are reported to have
antidysenteric, antidiabetic, anti-inflammatory,
analgesic, antifungal and antidiabetic properties [1,
2].

The presence of structural information of target
proteins and ligands enhances the success rate of
drug discovery process. Early drug discovery phase
includes structure-based drug design to increase the
success rate in drug lead identification. Advances in
target identification increased the development of
target-based drug discovery method [3]. Based on
the targets, antibiotics are classified as inhibitors of
cell wall synthesis, protein synthesis, nucleic acid
synthesis, and metabolites. The drugs developed
against single protein target were failed due to drug
resistance because an even single missense mutation
in protein target will alter the binding efficacy of
drugs. Therefore, the multi-target hypothesis has
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raised considerable importance with the
development of new potential compounds. Owing to
this advantage in the treatment of complex diseases
linked to drug resistance issues. In this present study,
from the root of Pisonia grandis were analyzed for
their antibacterial activity in multiple protein targets.

MATERIALS AND METHODS

The antibacterial activity of the flavonoids from
Pisonia grandis are checked by doing molecular
docking studies using Glide (Schrodinger Software
suite 2015). A pre-requisite of obtaining the highest
quality docking result is to use protein and ligand
structures prepared using protein preparation
wizard and LigPrep (Schrédinger Software suite
2015).

Target proteins

Table 1 shows the selected target proteins for the
present study. The 3D structure of the target
proteins was downloaded from the PDB database
(http://www.rcsb.org/). The missing hydrogen atoms
and incorrect bond order assignment were done
correctly using the tools Protein Preparation Wizard
of Maestro and Prime of Schrodinger Software suite.

Table 1: List of antimicrobial target proteins

Target Protein Organism PDB Reference
Dihydrofolate reductase Staphylococcus aureus 4XE6  Not published
Dihydropteroate synthase Streptococcus pneumonia 2VEG [4]

Topoisomerase Staphylococcus aureus 3T1Z  [5].

Isoleucyl tRNA synthetase Thermus thermophiles 1JzQ [6].
D-alanine-D-alanine ligase Thermus thermophiles 2ZDQ Not published
Enoyl-acyl carrier protein reductase  Mycobacterium tuberculosis 3FNE  [7].

Chorismate Synthase Streptococcus pneumonia 1QX0 [8].

dimethylsogenistein (C9), 5,7,2'-trihydroxy-6-

Ligands

The compounds used for the present study were B-
sitosterol (C1), leptumerol (C2), quercetin (C3), 3-
Hydroxy-5,7,2' trimethoxy-6,8-dimethylflavone (C4),
3,5,2'-trihydroxy-7,3'-dimethoxy-6,8-
dimethylflavone (C5), 5,7,2'-trihydroxy-3'-methoxy-
6,8-dimethylflavone (Ce), 7,2'-dihydroxy-5,6-
dimethoxy-8-methyl isoflavone (C7), 6,2'-dihydroxy-
5,7-dimethoxy-8- methyl isoflavone (C8), 6,8

methoxy-8-methyl isoflavone (C10), IrilinA (C11) and
5,7,2'-trihydroxy-6,8-dimethylflavanone (C12) and
are shown in Fig.1. The 3D structure of flavonoids
reported from Pisonia grandis [9] was built using
Build Panel of Maestro. The ligand structures were
prepared using LigPrep (Schrodinger Software suite)
to produce single, low energy confirmation with
correct chirality.
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Fig. 1: Structure of selected compounds from Pisonia grandis

Receptor grid generation

The exclusion of the ligand from the receptor region
of the target protein by defining the receptor grid
using the Receptor Grid Generation panel of the tool
Glide. This will enable various ligand poses to bind
within a predicted active site during docking. The grid
was generated keeping the default parameters of
van der Waals scaling factor of 1.0 and partial charge
cutoff value of 0.25 subjected to OPLS 2001 force
field. A cubic box with the dimension of 14A2 x 14A2
x 14A2 centered on the centroid of the active site
residue was generated.

Docking

The Standard Precision (SP) mode of Glide was used
for docking the ligands with target proteins. The
binding site of the target protein was defined with
receptor grids. Atom in the target protein and ligands
with a fixed partial charge of <0.25 and scaling factor
of 1.0 has been applied to the concept of Van der
Waals radii. During the initial phase of the docking
calculation, the maximum poses generated from the
variables were fixed to 10000, and the best variable
which set some poses per ligand that enters the
minimization was 10. At the end of the docking

process, one pose per ligand was set. Using Glide
Score function, the best-docked structures were
selected. The E-model score, which is also
considered, and it is the combination of G-score, van
der Waals, coulombic interaction and the strain
energy of the ligand.

Pose rescoring using Prime MM-GBSA (Molecular
Mechanism Generalized Born Surface Area)

The prime MM-GBSA was applied to calculate ligand
binding energies and ligand strain energies for the
ligand and the receptor to scoring function values to
improve docking accuracy. The molecular docking
combined with MM-GBSA, not only predict to
binding- free energy of the compounds but also
provided novel strategy for lead optimization. MM-
GBSA is a method that combines OPLSA molecular
mechanics energies (EMM), and SGB solvation model
for polar solvation (GSGB), and a non-polar solvation
term (GNP) composed of the non-polar solvent
accessible surface area and van der Waals
interactions. Here, the Glide pose viewer file of the
best conformation chosen was given as the source in
Prime MM-GBSA simulation. The total free energy of
binding:

AGpind = G-complex - (G-protein + Gligand), where G = EMM + GSGB + GNP
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RESULTS AND DISCUSSION

Validation of the docking studies

Many methods are available for validating the
docking programs, and scoring functions [10] [11].
One of the commonly used methods is redocking of
the native ligand into the receptor site of the
complex structure. The orientation predicted to be
the most favourable for the known ligand can be
compared to the actual crystallographically
determined orientation by calculating the root mean
square deviation (RMSD) between the location of the
ligands in the predicted and crystallographically
determined binding mode. If the docking programme

Int J Pharm Biol Sci.

positions the ligand in the same manner in the
receptor as in the crystal structure, alow RMSD value
will be obtained and vice versa. Typically, the RMSD
value of 2 A is accepted as a good pose [12].
Superposition panel of the Maestro (Schrodinger
software suite) was used to calculate the root-mean-
square deviation (RMSD) between native structure
and the predicted conformation.

The RMSD value for all the docked target proteins
with co-crystallised ligand was not more than 2.0 A
except dihydrofolate reductase indicates that the
ligand is placed in the correct orientation by the
docking program (Table 2).

Table 2: Validation of docking program

Target Protein Class PDBID Co-crystallized ligand BMSD Glide Score
D-alanine-D-alanine ligase A 2Z2DQ  ATP (natural substrate) 1.68 -11.19
Isoleucyl tRNA synthetase B 1JzQ ILA (inhibitor) 0.69 -8.10
Topoisomerase C 3T7Z O7N (drug) 1.64 -7.55
Dihydrofolate reductase D 4XE6 06U (inhibitor) 2.16 -6.22
Dihydropteroate synthase D 2VEG PMM (drug) 0.81 -8.09
Enoyl-acyl carrier protein reductase E 3FNE 8PC (inhibitor) 0.45 -7.51
Chorismate Synthase F 1Qx0 EPS (natural substrate) 1.21 -10.37

Note: A - Inhibitors of cell wall synthesis; B-Inhibitors of protein synthesis; C-Inhibitors of nucleic acid synthesis; D-Antimetabolites;

E-Inhibitors of Fatty acid synthesis; F-Inhibitor of aromatic amino acid synthesis

Binding of selected ligands into the active pocket of
antimicrobial targets

Enoyl-acyl carrier protein reductase

Bacterial fatty acid biosynthesis differs from the
mammalian counterpart and is the energy-intensive
process that is essential for the formation of the
bacterial membrane. Enoyl-acyl carrier protein
reductase (ENR) catalyzes the reduction of trans-2-
enoyl ACP to Acyl-ACP in the final process of the
elongation cycle of fatty acid synthesis. This step is
the rate controlling step in fatty acid elongation
providing a solid rationale for targeting the enzyme
as an antimalarial and antibacterial target [13]. There
are three types of inhibitors for ENR: bi-substrate
inhibitors (lsoniazid), inhibitors binding to NAD(P)-
ENR complex (Triclosan) and NAD(P)H-ENR complex
(AFN-122, CG400462) [14]. The crystal structure of
ENR (PDB ID: 3FNE) used as the target has
coordinates of the 1.98 resolution structure include
NAD*/8PC inhibitor complex. Nicola et al. stated that
inhibitors for ENR interact with NAD* in the active
pocket of the enzyme [15]. Therefore, this cofactor
was retained in the active site during docking. The
ENR of Mycobacterium tuberculosis consists of homo
tetramer containing four active sites. The bioactive

compounds from P. grandis root are targeted to
Triclosan analogue bound to pocket underneath fatty
acyl substrate binding site which is predominantly
lined by hydrophobic groups from the side chains of
Tyr158, Phel49, Met199, Trp222, Leu218, Met155,
Met161, Gly192, and Pro193.

Table 3 depicts the Gide Score, E-model, H-bond
interaction and Prime MM-GBSA binding energy of
selected compounds with ENR. From the Fig. 23, it is
evident that all the compounds bind to the same
active pocket as the native ligand (8PC). However,
the C8 (blue) has the same orientation as 8PC
(purple) and having good docking score of -7.2 with
pi-pi interaction. Except for C8, all other compounds
are oriented towards concerning dichloro phenoxy
ring of 8PC. C1 (B-sitosterol) does not have any
interactions with ENR because of its hydrophobic
active site. All the C- methylated isoflavones (C7, C8,
C9, C10 and C11) were found to have the docking
score between -6.0 and -7.2 and forms H-bond with
Alal98 except C7 and C8. The C-methylated
flavonones (C4, C5, C6 and C12) expressed docking
score between -5.6 to -6.0 and form H-Bond with
either GIn100 and Gly96 except for C4.
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Table 3: Molecular docking results for selected bioactive principles from the roots of P. grandis with Enoyl-

acyl carrier protein reductase

Ligand Glide Glide H bond Pi-Pi AGbind
Score Emodel BB SC interaction (kcal/mol)
B-sitosterol c1 - - - - - -
Leptumerol c2 -5.2 -35.8 - - - -23.4
Quercetin Cc3 -6.1 -51.8 Met98 - - -44.9
c4 -6.0 -46.5 - - - -10.9
C-methyl flavone c5 -5.9 -48..5 GIn100 - - -44.0
C6 -5.6 -47.9 GIn100 - - -44.1
c12 -5.7 -39.9 Gly96 Phe149 -38.8
C7 -6.0 -46.21 - - - -30.5
c8  -7.2 -37.3 - - Phe149 -26.8
C-methyl C9 -6.4 -49.3 Ala198 - - -41.7
isoflavone Cl10 -6.6 -49.3 Alal198 - - -40.3
Gly9se,
C11 -6.9 -54.6 Ala198 - - -33.2

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of amino acids

Chorismate Synthase

In bacteria, fungi, plants and apicomplexan parasites,
chorismate, the final product of the shikimate
pathway is the branch point in the biosynthesis of the
folic acid, vitamin K, ubiquinone and aromatic amino
acid that are essential for that organisms. The
absence of the shikimate pathway in human makes it
an attractive target for the development of new
antimicrobial agents. Chorismate synthase (CHS)
catalyzes the conversion of 5-enoyl pyruvyl
shikimate-3-phosphate (EPSP) to chorismate in the
presence of cofactor reduced FAD [16]. The EPSP
binding site of CHS is the hydrophilic and extremely
basic environment with six arginine and two histidine
residues. The basic and polar residues of the
substrate binding site of CHS are Ser9, His10, Arg45,
Argd8, His110, Ser132, Ala133, Argl34, and Arg337.
The flavonoids were docked into the substrate (EPSP)
binding site of enzyme chorismate synthase from
Streptococcus  pneumonia  (1QX0). All  the
compounds bind to the active pocket of CHS in the
same orientation as EPSP (Figure 2b). Table 4 depicts

the Glide Score, E-model, H-bond interaction and
prime MMGBSA binding energy of selected
compounds with CHS. The compound C3 is having
lowest docking score of - 6.2.

The compound C3 is having five hydroxyl groups and
forms the hydrogen bond with basic amino acids
(Arg39, Argl07, and Arg337) and pi-pi interaction
with Argd5. The C-methylated isoflavones (C7, C8,
C9, C10 and C11) were found to have lower docking
score (-5.0 to -5.6) compared to the C-methylated
flavones (-4.1 to -4.9) except C12 which gave a score
of -5.2. Among the C-methylated isoflavones, the
docking score decreased as the number of methoxy
substituent increased, C9 (-5.6) does not have
methoxyl group whereas C7 (-5.2) and C8 (-5.0) are
dimethoxy isoflavones. The [-sitosterol forms H-
bond with Alal33 and Arg45, and leptumerol (C2)
does not show any H-bond interaction. All the
flavones and isoflavones form the Hydrogen bond
with either one of three arginine residues namely
Arg337, Argl07 and Arg48.

Table 4: Molecular docking results for selected bioactive principles from the roots of P. grandis with

Chorismate Synthase

. Glide Glide H bond Pi-Pi AGpind
Ligand .
Score Emodel BB SC Interaction  (kcal/mol)
B-sitosterol Cl 42 -38.4 Alal33  Arg45 - -
Leptumerol c2 -4.8 -37.9 - - - -
. Argl07*

Quercetin c3 -6.2 -61.3 Arg337 Arg39* Argd5 -35.1
C-methyl C4 -46 -46.7 Arg48, Asp339 - -44.3
flavone C5 -4.9 -48.9 His10, Arg48 - -46.3
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Cé -4.1 -45.8 Asp339 - - -32.3
Cl12 -5.2 -54.2 Arg337 Argl07 Argd5 -
c7 -5.2 -49.7 Arg337 H20 -35.2
C8 -5.0 -48.3 Hip10, Arg48, H20 - -
C-methyl C9 -5.6 -50.1 Arg337 [5233 Asp80 -33.4
isoflavone Ci0 -5.3 -50.1 His10, Arga8, H20 -32.6
Cl11 -5.4 -48.9 Lys83, Asp&0, -35.6

His10, Arg48, H20

BB: H-Bond with the backbone of proteins
SC: H-bonds with a side chain of aminoacids
*. denotes two H-bond with the same amino acid

Isoleucine tRNA synthetase (lleRS)

The Aminoacyl tRNA synthetase played an essential
role in the biosynthesis of protein and made as a
promising antimicrobial target. Mupirocin [17] and
Benzoxaboroles [18] are a class of aminoacyl tRNA
synthetase inhibitors successfully developed in
recent times. Mupirocin binds to the natural
substrate binding site of IleRS, and it mimics the
aminoacyl-AMP (aa-AMP) intermediate. In general,
an aa-AMP analogue potently inhibits the
corresponding aminoacyl tRNA synthetases, and it
lacks specificity. However, analogues of mupirocin
failed in clinical trials due to poor absorption and lack
of specificity, and therefore restricted to topical use
[19]. In the present study selected active principles
from P. grandis root are docked into the aa-AMP
analogue N-[isoleucinyl]-N'-[adenosyl]-

diaminosufone binding site of 1leRS from Thermus
thermophilus PDB ID: (1JZQ). The residues present in
the binding site of aa-AMP analogues are Gly45,
Pro46, His54, Gly56, His57, GIn59, Asp85, Glu550,
Gly551, Glu553, GIn554, Trp558, His558, Gly582,
Lys583 and lle584.

The GlideScore, E-model, H-bond interaction and
prime MM-GBSA binding energy of selected
compounds with lleRS is depicted in Table 5. The
quercetin (C3) was found to have lowest docking
score of -7.3 compared to C-methylated flavonone
and isoflavone which may be due to the
hydrophobicity of active pocket of isoleucyl tRNA
synthetase (Figure 2c). It is also noted that all the
flavones and isoflavones form Hydrogen bond with
Glu550.

Table 5: Molecular docking results for the selected bioactive principles from the roots of P. grandis with

Isoleucine tRNA synthetase

Lisand Glide Glide H bond Pi-Pi AGbind
g Score Emodel BB SC (Kcal/mol)
B-sitosterol Cl 42 -40.8 Leu52 - - -12.6
Leptumerol Cc2 -5.9 -44.8 - Asp85, His57 - -19.1
Asp85,
. Glu553,
Quercetin C3 -7.3 -73.0 - Glus50, - -34.1
His581
GIn554, .
c4 5.7 41.4 Gly551  Glu550 His57, 31.8
. His54
His54,
Thr48, Asp85,
C-methyl flavone C5 -5.4 -49.7 - GluS50 Trp518 -29.6
c6 -5.8 -49.0 Gly4s Asp85,Thr48 His57 -31.5
C7 5.9 545 Thra8 11550, Asp85  His57 -36.8
Asp85,
C-methvl is Ci12 -53 -57.6 - GIn554, Trp518 -28.6
flavoney Glu550
c8 -5.8 -45.4 Thrag His57, Glu550 - -42.5
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. Glide Glide H bond A AGbind
Ligand Score Emodel BB SC Pi-Pi (Kcal/mol)
c9 -5.8 -56.9 - Thr48, -Glu550 - -36.2
Ci10 -5.1 -43.4 - Thr48, Glu550 - -31.2
Cl1 -5.2 -56.1 - Thr48,Glu550 -29.5

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of aminoacids
*. denotes two H-bond with the same amino acid

D-alanine-D-alanine ligase

D-alanyl-D-alanine is a key component of the
bacterial cell polysaccharide peptidoglycan, and it
maintains cell wall stability by cross-linking the
peptidoglycan chains. D-alanine-D-alanine ligase
(DDL) with the help of ATP hydrolysis synthesized the
dipeptide D-alanine-D-alanine [20]. The ATP is bound
to the free enzyme followed by the binding of D-Ala:
and phosphorylation of the amino acid carboxylate
resulting in the generation of acyl phosphate
intermediate. The acyl phosphate intermediate is
attacked by D-alaz to vyield dipeptide D-alanyl-D-
alanine [21]. D-cycloserine (D-4-amino-3-
isooxazolidone) is a structurally analogue to D-
alanine inhibited biosynthesis of dipeptide D-alanyl
D-alanine and was developed as DDL inhibitor [22].
There are different categories of the inhibitors for
DDL that have been described: Analogs of D-alanine,
analogues of product (dipeptide), transition state
analogues, ATP competitive inhibitor and inhibitor
discovered by in silico screening or modelling [23,

24]. In the present study, P. grandis active principles
were docked into the ATP binding site of DDL from
Thermus thermophilus. The ATP binding site of the
DDL consist of polar amino acids namely Glul3,
Phel51, Lys153, Gly 158, Ser 159, Serl60, llel63,
Glu189, Lys190, Alal91, Leul92, Glul97, Tyr218,
Phe222, Tyr223, Lys228, Tyr229, Arg268, Glu270,
Phe272, Asn281, Glu282, Asn284 and Gly289.

Table 6 portrays the GlideScore, E-model, H-bond
interaction and prime MM-GBSA binding energy of
the selected compounds with DDL. All the
compounds were found to have good docking score
ranging from -8.5 to -6.0. The compounds C2, C10,
and C11 showed lowest docking score of -8.2, -8.5
and -8.4 respectively. All the C-methylated isoflavone
compounds were found to have a docking score of -
8.5 to -7.7 except C8 which gave a score of -6.3. The
presence of methoxy group in the fifth position of
flavonoid ring may hinder the interaction of C8 with
the ATP binding site of DDL (Fig. 2d).

Table 6: Molecular docking results for the selected bioactive principles from the roots of P. grandis with D-

alanine-D-alanine ligase

Ligand Glide Glide H bond Pi-Pi AGbind
Score Emodel BB SC interaction (Kcal/mol)
B-sitosterol C1 -6.0 -39.9 Glu282 - 9.91
leptumerol 2 82 -54.3 leutoz* G189 ppes -45.9
Lys153
Glu282, t;’iizozni“p'
quercetin C3 -7.2 -74.5 - Lys153, ! -52.4
Asp270 Phe272,
Phel51
Lys228(Pi
C4 -7.0 -57.5 Tyr223 - cation) -52.7
Phe 151
C-methyl flavone C5 -6.8 -52.8 Tyr223 Ser160 Phel51 -62.4
C6 -6.9 -59.2 Tyr223 Glu197 Phel51 -36.4
Phel51,
c7 7.0 615 12521232 Glu197 Lys228 (pi 57.7
cation)
Tyr223, Glu197 Phel51
C-methyl is c12 -7.3 -54.9 Leu192 -23.9
oflavone Glu282, Lys228(Pi
C8 -6.3 -58.8 Asn284, cation) -36.3
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Tyr223

Tyr223

Tyr223,
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Glul97
Glul97,
Glu282
Glul97,
Glu282,
Lys116
Lys11e6,
Glu282,
Glul97

Phe 151

Phe 151 -46.3

Phe 151 -45.7

Phe 151 -46.3

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of aminoacids
*- denotes two H-bond with the same amino acid

Folate synthesis pathway

Tetrahydrofolate (THF) produced by the folate
biosynthetic pathway has a key role in one-carbon
transfer reactions in the biosynthesis of
biomolecules, such as nucleotides and amino acids.
The enzymes, which play a major role in the synthesis
of THF, are dihydropteroate synthase (DHPS),
dihydrofolate synthase (DHFS) and dihydrofolate
reductase (DHFR). DHPS catalyzes the condensation
of p-aminobenzoic acid (pABA) to dihydropterin
pyrophosphate to form pteroic acid, and DHFS
catalyzes the addition of glutamate to pteroic acid to
form dihydrofolate (DHF). DHFR catalyzes the
reduction of DHF to form tetrahydrofolate (THF). The
absence of the folate synthesis pathway in higher
organisms makes it a particularly attractive target for
antibacterial drug design [25].

Dihydropteroate Synthase

The sulfonamide class of antibacterial drugs was the
first class of synthetic antibacterial agents to be used
successfully clinically since the 1930’s, and it targets
the enzyme dihydropteroate synthase (DHPS). The
DHPS is absent in Human, which is an advantage from
a drug design point of view. Sulfonamides function as
a competitive inhibitor for DHPS substrate pABA
which prevents bacterial growth and cell division
[26]. However, significant resistance has been
developed over the years to these drugs, due to the
resistance mutation in pABA binding pocket. The
presence of the heterocyclic ring in sulfa drugs leads

to the position of these compounds outside the DHPS
substrate envelope. Therefore, the mutations at
Phe33 and pro69 can impede the binding of the drug
to DHPS substrate site [27].

In this study, bioactive compounds from the root of
P. grandis were docked into the pterin binding
pocket of DHPS from Streptococcus pneumonia
(2VEG) complex with pterin-6-YL-methyl-
monophosphate (PMM). DHPS possesses a classic
(Ba) TIM barrel structure consisting of 13 helices and
nine strands. The cavity of DHPS is lined by nonpolar
residues namely llel5, Asn-17, Asp91, Asnll0,
Ile112, Met135, Asp211, Phe216, phe231, Lys237,
Arg282, and His284. Table 7 depicts the Glide Score,
E-model, H-bond interaction and prime MMGBSA
binding energy of the selected compounds with
DHPS.

The Fig. 2e shows that all the compounds were found
to dock with the same site as of PMM (purple colour)
except C1 which is a steroid and has a different
orientation (red colour) and a hydrogen bond with
Arg236. All the flavonoids had a hydrogen bond
interaction with either one of the amino acid
namelyArg282, Asnl110, Phe206, Asp201, Glu55,
Asnl7, Asp91 and Leu237. In addition to hydrogen
bonds the flavonoids C2, C3, C6, C8, C9, C10 and C11
exhibited pi-pi interaction with Arg282 and Phe206.
Among the is flavones, C8 was found to have lowest
docking score of -5.5.

Table 7: Molecular docking results for the selected bioactive principles from the roots of P. grandis with

Dihydropteroate Synthase

Lieand Glide Glide H bond Pi-Pi AGbind
& Score Emodel BB SC interaction (Kcal/mol)

B-sitosterol c1 41 -36.3 - Arg236 - -40.9
Lys237%,

Leptumerol C2 -4.9 -30.6 - Asho1 Arg282, -21.9
Arg282"

282

Qquercetin 3 5.1 539 ; Asn110, ﬁﬁgez%é 432

Phe206,
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Asp201,
Glu55
Arg282,
C4 -46 -46.4 - Asnl7 33.81
Arg282"
C-methyl C5 -4.6 -49.9 - Asnl7 - -35.6
flavone Arg282,
c6 -4.8 -45.9 Gly205 Lys237, Phe206 -41.6
Gly205, Arg282,
C12 -45 -40.9 Arg236 Lys237 Phe206 32.5
Arg282"
c7 -5.4 -48.9 - Asnl7 -36.3
Lys237"  Arg282,
c8 -55 -48.9 - Ashol Phe206 -39.6
Arg282™  Arg282(Pi
C-methyl 9 4.8 42.4 Asnl7 cation) 284
isoflavone c10 5.2 5.6 ) Arg282™ Arg282(P| 316
Asnl7 cation)
Asn110"
Asnl7, Arg282,
C11 -5.2 -50.4 - Arg282,  Phe206 41.3
Asp201

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of amino acids
*- denotes two H-bond with the same amino acid

Dihydrofolate reductase

Dihydrofolate reductase (DHFR), a key enzyme of the
folate pathway which reduces 5,6-DHF to 5,6,7,8-THF
using NADPH as a cofactor. The Human DHFR
sequence is 30% similar to E. coli DHFR thereby
providing as an attractive antimicrobial target.
Inhibitors of DHFR are successful agents for the
treatment of various infectious diseases as well as for
cancer (Methotrexate-MTX) [28]. DHFR inhibitor
such as trimethoprim, brodimoprim, tetroxoprim
and iclaprim are in clinical use. These compounds
compete with the pteridine moiety of DHF for
binding to the enzyme [29]. Structural studies
showed that DHFR is a monomeric molecule and has
two subdomains, the adenosine-binding subdomain,
and the loop subdomain. The adenosine-binding
subdomain binds the adenosine moiety of NADPH.

The active site is present between the two
subdomains where folate and NADPH bind [30].

The molecular docking study was carried out with
DHFR enzyme complexed with NADPH and 6-ethyl-5-
[(3R)-3-[3-methoxy-5-(pyridin-4-YL) phenyl] BUT-1-
YN-1-YL]  pyrimidine-2,4-diamine  (06U) from
Staphylococcus aureus (4XE6). The DHFR from S.
aureus consists of 5 helices and 13 strands. The
flavonoids from P. grandis were docked into the DHF
binding site, and the active pocket is lined with polar
and non-polar amino acids namely Leu5, Val6, Ala7,
Argl2, GIn19, Leu20, Asp27, Leu28, Val 31, Thr4se,
Ser49, 1le50, Leu 54, Phe92, Thrlll, and Tyrl26.
Table 8 depicts Glide Score, E-model, H-bond
interaction and prime MMGBSA binding energy of
selected compounds with DHFR. The binding pocket
of all selected ligands with DHFR is shown in Fig. 2f.

Table 8: Molecular docking parameters of selected bioactive principles from the roots of P. grandis with

Dihydrofolate reductase

H bond
Ligand Glide Score Glide Emodel on AGbind (Kcal/mol)

BB SC
B-sitosterol Cl 59 -29.2 - - -39.2
leptumerol C2 -6.2 -43.2 - Asp27 -38.4
quercetin Cc3 -6.6 -55.6 Phe92 Asp27 -39.1

C4 -6.4 -52.3 - - -52.6
C-methyl flavone s 6.1 56,7 i Phe92, 478
Ser49
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(9] -7.1 -56.5 Ser49 Asp27 -42.8
C12 -85 -57.4 Phe92 Ser49 -
c7 -7.8 -64.70 - - -
C8 -7.5 -61.9 - Phe92 -57.1
9  -83 64.1 Ser49 56.1
. Asp27
C-methyl isoflavone Phe9?2
ci0 -7.8 -62.3 Serag -57.1
c11 -7.3 33.1 Phes2  corag -

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of amino acids

All the flavonoids were found to have good docking
score of -8.5 to -6.1 except steroid (Cl) with a
docking score of -5.9. The C9 and C12 showed lowest
docking score of -8.3 and -8.5 respectively. In
comparison to other flavones and isoflavones, C9
and C12 do not possess methoxy substituent which
may contribute to better interaction and lowest
docking score. The flavones and isoflavones
possessing free 2’0OH show good docking score
compared to C4 (-6.4) and C5 (-6.1) which lacks 2'OH.
2’'0OH of C4 is methylated whereas, in the case of C5,
2’0OH may form intra molecular hydrogen bonding
with 3" methoxy group.

DNA gyrase (GyrB)

DNA gyrase is an essential enzyme for bacteria and
inhibition results in the disruption of DNA synthesis
and cell death. DNA gyrase (Topoisomerase Il) is a
heterotetramer of two subunits (GyrA and GyrB) and
introduces negative supercoils in DNA ahead of the
replication fork, thereby relieving torsional strain
during replication. GyrB subunits correspond to ParC
and ParE in Topoisomerase IV which separates linked
catenanes of two DNA molecules during replication.
Type Il topoisomerase has emerged as an
antibacterial target. The quinolone class of
antibacterial drugs acts on the DNA gyrase and
topoisomerase IV. Quinolones stabilize gyrase-DNA
cleavage complex by binding to an interface between
DNA, GyrA and GyrB and thereby inhibiting enzyme-
mediated ligation of «cleaved DNA [31].
Aminocoumarins inhibit gyrase by competing with
ATP, thereby blocking the ATPase activity of the GyrB

subunit [32]. However, increasing prevalence of
resistant bacterial strain against quinolones and poor
pharmacokinetics of coumarin drugs, urge the
development of new inhibitors against DNA gyrase.
In the present study molecular docking of active
principles from P. grandis was carried out in the ATP
binding pocket of the GyrB subunit of DNA gyrase.
The GyrB from Staphylococcus aureus (3TTZ)
complexed with pyrrolamide an ATP competitive
inhibitor was download from the PDB website. The
active site residue of GyB complexed with
pyrrolamide inhibitor are Asn44, Ser45, Glu58,
Glu81, Arg84, Gly85, 1le86, Pro87, and Argl44. The
secondary structural composition of GyrB of
Staphylococcus aureus is 34% helices and 28% beta
sheets. The Glide Score, E-model, H-bond interaction
and prime MMGBSA binding energy of selected
compounds with GyrB is depicted in table 9. The
binding pocket of all selected ligands with GyrB is
shown in Fig. 2g.

The C3, C5 and C6 were found to have the lowest
docking score of -7.8, -7.6 and -7.5 respectively. The
C-methylated flavones were found to possess good
interaction with GyrB subunit compared to C-
methylated isoflavones which showed docking score
of -6.7 to -6.2. The possible reason may be due to the
steric hindrance caused by isoflavonoid ring in ATP
binding site of GyrB. Among the C-methylated
flavones, C4 provided dock score of only-6.5 which
may be due to the absence of hydrogen bond
formation with the protein.

Table 9: Molecular docking parameters of selected bioactive principles from roots of P. grandis with DNA

gyrase

H bond

Ligand Glide Score Glide Emodel on AGbind (Kcal/mol)
BB SC

B-sitosterol cl1 -6.1 - - Asp57 106

leptumerol C2 -6.4 -56.2 Asn54 - 22.4

. Asn54,
quercetin Cc3 -7.8 -81.8 Gly85 Asp81 -1.64
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c4 -6.5 -66.5 - - 18.1

C5 -7.6 -80.5 - Asp81 -24.21
C-methylflavone .o ;¢ -70.2 - Asn54  39.1

Cl12 -6.8 -66.02 - Asp81 1.8

Cc7 -6.5 -67.8 - Asp81 10.9

Cc8 -6.5 -69.2 - Asp81 9.3
C-methyl isoflavone C9  -6.7 -64.7 - Asp81 2.6

C10 -6.2 -64.0 - - 41.7

Cll -6.4 -65.7 - Asp81 7.01

BB: H-Bond with a backbone of proteins
SC: H-bonds with a side chain of amino acids

Table 10: Comparison of Glide Score of bioactive principles from the roots of P. grandis with selected

antimicrobial protein targets

Glide Score
Ligand

ENR CHS IleRS DDL DHPS DHFR GyrB
C1 - 42 -42 -6.0 -4.1 -5.9 -6.1
C2 -52 -48 -59 -8.2 -4.9 -6.2 -6.4
C3 -6.1 -6.2 -7.3 -7.2 51 -6.6 -7.8
ca 6.0 -46 -57 -7.0 -4.6 -6.4 -6.5
c5 -59 -49 -54 -68 -4.6 -6.1 -7.6
C6 -56 -5.2 -58 -69 -4.38 -7.1 -7.5
C12 -5.7 -4.1 59 -7.0 -45 -7.6 -6.8
c7 -6.0 -5.2 -53 -7.3 54 -7.8 -6.5
C8 -72 -50 -58 -63 -55 -7.5 -6.5
c9 -6.4 -56 -58 -7.7 -4.8 -8.3 -6.7
c10 -66 -53 -51 -85 -5.2 -7.8 -6.2
C11 -69 -54 -52 -84 -52 -7.3 -6.4

CONCLUSION

The bioactive compounds of P. grandis roots were
found to have better binding interaction with
antimicrobial protein target lined with polar amino
acid (dihydrofolate reductase, D-alanine-D-alanine
ligase and topoisomerase) compared to the active
site having hydrophobic side chain (Enoyl-acyl carrier
protein reductase, dihydropteroate synthase and
isoleucyl t-RNA synthetase). The flavanol quercetin
was found to have good docking score with all the
selected protein targets ranging from -7.3 to 5.1
however, it has poor cell permeability. The lipophilic

methylated flavones and isoflavones have good
interaction with selected antibacterial protein
targets; methylation  doesn’t reduce the
antimicrobial activity. It can also be observed that
flavones and isoflavones having 2’0OH and lacking
3'0OMe group namely C7 to C12 have shown better
interaction with selected protein compared to C4 to
C6 except in case of topoisomerase. The present
molecular docking study validates the results of
Suthhivaiyakit et al. stated that the free phenolic
group at C-2' position is essential for antibacterial
activity [9].
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f) DHFR

The cocrystallized ligand of protein targets — purple color; B-sitosterol — red color; Cofactors — magenta color

Figure 2: Binding of selected ligands to the active
pocket of the antimicrobial targets. a) Enoyl-acyl
carrier protein reductase (ENR) b) Chorismate
Synthase (CJS) c) Isoleucine tRNA synthetase (lleRS)
d) D-alanine-D-alanine ligase (DDL) e)
Dihydropteroate Synthase (DHPS) f) Dihydrofolate
reductase (DHFR) g) DNA gyrase(GyrB).
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