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ABSTRACT:
Beta-lactam antibiotics, the drug of choice for controlling bacterial infections, have become ineffective against
Multi-Drug Resistant bacteria producing beta lactamases. The enzyme New Delhi Metallo-beta-lactamase (NDM-1)
hydrolyses the beta-lactam ring of antibiotics, rendering them ineffective. We report an in silico approach for the
evaluation of novel potent inhibitors of natural origin against NDM-1, as promising natural plant products for
controlling community acquired nosocomial infections. Such infections are caused by rapidly evolving NDM-1
producing Escherichia coli, spreading widely due to rapid rate of horizontal gene transfer. P0 active site (DoG
Score- 0.29) of tertiary structure of NDM-1 (source: RCSB PDB database) was docked [using Hex (6.12)], with 41
‘predominant’ phyto-ligands (identified on the basis of in silico bioprospection analysis). The results revealed 05
druggable moieties, out of which Sinalbin (4-Hydroxybenzyl glucosinolate) exhibited maximum inhibition (E value
= -318.79 Kcal/mol), optimized using ADME Toxicity Prediction analysis.
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[I] INTRODUCTION
The battle against countless infectious
microorganisms continues unabated. Antibiotics,
the man made combating tool against microbes,
have been proved to be of immense importance in
controlling infections induced by pathogenic

microorganisms.
However,
the
irrational
antibiotic usage and other confounding factors
have led to the emergence and re-emergence of a
number of drug-resistant pathogens [1]. One such
example of multi-drug resistance is the
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acquisition of blaNDM-1 gene, which produces
the New Delhi metallo-β-lactamase (NDM-1)
enzyme, conferring resistance to the carbapenem
class of antimicrobial drugs. NDM-1 gene can be
found either in hospital acquired bacterial
infections caused by Klebsiella pneumoniae or
community acquired bacterial infections caused
by Escherichia coli, both of which also possess
other resistance genes [2]. By virtue of this gene
distribution, it is implied that the resistance
associated with NDM-1 is being disseminated in
the environment/community as well as in the
hospital settings [3].
Millions of asymptomatic carriers of NDM-1
have been reported worldwide, making it an
impending risk [4, 5]. There is a dearth of quick
detection techniques and specific antimicrobial
agents, which makes NDM-1 induced infections
difficult to manage [6]. Under the selective
pressure of antibiotic usage, frequent movement
of people and increased industrialization, the
problem of antibiotic resistance is continuosally
growing up [7]. A novel antimicrobial agent could
either be a promising analogue of an existing
antibiotic or derived from a plethora of natural
products [8]. About 60% of the modern medicines
in India are derived from natural products. An
estimated 80% of the people in developing
countries depend upon traditional medicine for
their primary health care, owing to their
therapeutic efficacy, negligible toxicity and
acceptable/ minimum side effects [9]. Plants are
rich source of a variety of secondary metabolites
like tannins, terpenoids, alkaloids and flavonoids,
many of which have been reported to possess
significant antimicrobial properties [10]. Thus,
herbal agents are promising candidates for
evaluating their effects on antibiotic resistance
modification activities.
Our group is working towards the identification
of various critical factors that govern herbal drug
standardization process targeting antibiotic
resistance [11].
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As a systematic step to identify prospective
herbal candidates, a bifocal approach was
conceived. As a first step, an herbal
bioprospection model, validated using matrix
optimization approach, was used to select
potential plant sources so as to identify, develop
and standardize natural plant products. In this
study, dynamic search model was optimized to
screen herbs for their antimicrobial efficacy
parameters against antibiotic resistance (offered
by NDM-1). 41 herbals (lead plant candidates)
out of the selected plant database (~55 plants)
were indicated [12].
The present study aims at analyzing the docking
potential
of
selected
predominant
phytoconstituents against Metallo-beta-lactamase
of Multi-Drug Resistant NDM-1 Escherichia
coli. This validation study provides a filter to
remove false positives and toxic ligands enriched
herbals and thereby, providing ‘active leads’.
[II] MATERIALS AND METHODS
2.1. Retrieval of 3D structure of New Delhi
Metallo-beta-lactamase-1 Receptor (DOI:
10.2210/pdb3s0z/pdb)
The experimental 3D tertiary structure of New
Delhi Metallo-beta-lactamase-1 (NDM-1) was
retrieved from the RCSB Protein Data Bank as
pdb file (DOI: 10.2210/pdb3s0z/pdb). Hydrogen
atoms were introduced into the enzyme structure
using Argus Lab (4.0.1) to customize it as the
receptor
molecule
for
rigid
docking
(www.arguslab.com).
2.2. Evaluation of Predominance Factor of
Phyto-ligands
The herbals (~41 selected from previous studyThakur et al., 2013) were subjected to classical
bioprospection analysis to identify minimum of
n=3 phyto-ligands per herb based on their
‘relevance factor’ attributed towards its
abundance and inherent activity in targeting
multiple virulence factors. Phyto-ligand database
was subjected to weightage based matrix analysis
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[12, 13]

and selected phyto-chemical moieties were
undergone matrix based optimization to evaluate
predominance factor using the following formula:
{Predominance Factor (% Relevance Optimized)
= [(% of Observed Relevance) X 100] / (Total
Searched Database)}
The phyto-ligands having score more than their
median value (cut off value) were used as
‘predominant’ phyto-ligands for rigid docking.
2.3 Preparation of Ligand Database
The predominant phyto-constituents and 03
standard chemotherapeutic agents i.e., clavulanic
acid, sulbactam and tazobactam were drawn
using ACD Chemsketch (12.0) and structures
were validated. Hydrogen atoms were introduced
into the ligand structure using Argus Lab (4.0.1)
to customize them for rigid docking
(www.arguslab.com). The hydrogenated ligand
molecules were then converted into pdb format
using
Open
Babel
(2.4)
interface
(openbabel.org/docs/dev/OpenBabel.pdf),
as
required for rigid docking.
2.4 Active Site Analysis
DoG Site Scorer, a web based tool
(dogsite.zbh.uni-hamburg.de/), was used to
predict the possible binding sites in the 3D
structure of NDM-1 enzyme. Predictions with
DoG Site Scorer were based on the difference of
gaussian filter to detect potential pockets on the
protein surface and thereby splitting them into
various subpockets. Subsequently, global
properties, describing the size, shape and
chemical features of the predicted pockets were
calculated so as to estimate simple score for each
pocket, based on a linear combination of three
descriptors i.e., volume, hydrophobicity and
enclosure. For each queried input structure, a
druggability score between 0-to-1 was obtained.
Higher the druggability score, higher the
physiological relevance of the pocket as potential
target.
2.5 Ligand Receptor Docking (Hex 6.12)
Receptor and Ligand files were imported in the
Hex 6.12 software. Graphic settings and Docking
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parameters were customized as follows and rigid
docking was performed. E values of the docking
predicted the free energy of docking, which
served as the basis for ranking phyto-ligands in
increasing order of their docking abilities.
The parameters used for the docking process
were:
a.
Correlation type: Shape only
b.
FFT mode: 3D fast lite
c.
Grid Dimension: 0.4
d.
Receptor range: 180°
e.
Ligand range: 180°
f.
Twist range: 360°
2.6 Toxicity Predictive Analysis
Toxicity prediction analysis of predominant
phytoconstituents was conducted using consensus
clustering prediction methodology in rat model
system
(www.epa.gov/nrmrl/std/qsar/TEST).
Oral Lethal Dose (LD50), Bioaccumulation
factor, Developmental toxicity and mutagenicity
of the ligand were used as the descriptors to filter
the predominant phyto-ligands on the basis of
being toxicants or non-toxicants respectively.
[III] RESULTS AND DISCUSSION
New Delhi Metallo-beta-lactamase harboring
Escherichia coli is a highly pathogenic strain of
bacteria with a 50 fold higher horizontal transfer
rate of spread as compared to other sturdy
pathogens [14]. The type IV secretary system of
E.coli, earlier known for release of toxicants, has
recently been reported to be utilized by bacterial
species for horizontal gene transfer conferring
multi-drug resistance and emergence of new
pathogens [15]. NDM-1 Escherichia coli has
already achieved a Multi-Drug Resistant (MDR)
status in 2008, ubiquitously present in the
ecosystem with a natural potential to get
transformed into an extensively drug resistant
(XDR) form with impending biothreat potential.
Developing countries with lower level of
hygiene, sanitation and environmental conditions
act as a crucible for such evolutionary mutations
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and transformations. The plants identified from
previous study [12] have been subjected to
evaluation of ‘predominant’ phyto-ligands
present in selected plants (~ 41), followed by
docking using Hex 6.12.
3.1. Selection of Predominant Phyto-ligands
The analysis of 123 phyto-constituents (~ 41
Herbals) revealed a predominant phyto-ligand per
plant, with a selected cut-off value as ‘greater
than 50% relevance factor’, based on herbal
prospection based matrix modeling approach.
The selected ‘predominant’ phyto-ligands
(predominance range: 57% - 94%; Figure 1) were
subjected to molecular docking in the consequent
step. This step however, implies that selected
phyto-constituents are predominant in nature, and
could be validated as ‘active’ only after
molecular docking and toxicity prediction
analysis. [Figure-1]
3.2 Active Site Analysis
Active site analysis using Dog Site Scorer
revealed that two pockets P0 and P1 of the
metallo- beta- lactamase were found to be
energetically
favourable
for
performing
molecular docking studies. Out of these two
pockets, P0 was found to be more druggable
attributed to its descriptors (Figure 2), i.e., larger
surface area, greater depth, less solvent-exposed
surface, spontaneity of binding and higher
hydrophobic character than P1 pocket [16].
[Figure-2]

3.3 Docking of Receptor and Ligand using Hex
6.12
The process of classifying phyto-ligands that are
most likely to interact with a particular receptor is
based on the predicted free-energy of binding.
Lowering the value of free energy change (E
value) promotes spontaneity of binding
interaction between the predominant phyto-ligand
and targeted receptor [17].
Energy of docking (E values) was calculated
using Hex 6.12 and revealed 21 predominant
phytoconstituents, including Nimbolin, Carpaine,
Arjunolic acid, Sinalbin, Sitosterol, Hyperoside,

Raman Chawla, et al.

Epicatechin gallate, Betulinic acid, Sarsaponin,
Capsaicin,
Conessine,
Thesinine,
Andrographolide, Quercetin, Piperine, Berberine,
2,6-dimethyl-4-phenylpyridine-3,5-dicarboxylic
acid diethyl ester, Nuciferine, Termilignan, O
methyl
bulbocapnine-N-oxide
and
Proanthocyanidin; which have an E value in the
range: -374.9 to -243.82 Kcal/mol. These natural
plant products exhibited significant ability (p <
0.05) to inhibit metallo-beta- lactamase of NDM1 Escherichia coli, as compared to standard
chemotherapeutic inhibitors namely Tazobactam
(-241.40
Kcal/mol);
Sulbactam
(-239.75
Kcal/mol); Clavulanic acid (-204.04 Kcal/mol),
[Figure 3; Table 1].

3.4 Toxicity Prediction of Ligands
In silico toxicity prediction analysis revealed that
85% out of the selected phyto-ligands (~41) were
found to be non toxic on the basis of their higher
Lethal Dose (Oral rat LD50). Highest LD50 was
found in case of Pinene (9024.42 mg/kg). 41% of
the selected phyto-ligands exhibited low
bioaccumulation factor with lowest in case of
Betaine (0.75 units). 34% of phyto-ligands were
found to be non-toxic on the basis of their
negligible developmental toxicity while 20%
were found to be non- mutagenic, as given in
Figure 4(a).
Above mentioned toxicity prediction values have
been estimated on the basis of Quantitative
Structure Activity Relationship (QSAR) based
mathematical
models
using
structural
characteristics of phyto-chemicals (referred as
structural descriptors), as measures of comparing
ligands using a simple linear function, (Toxicity
= ax1+bx2+c) [18]. In this equation, x1 and x2 are
independent descriptor variables like molecular
weight and octanol-water partition coefficient,
while a, b, and c are fitted parameters.
In the subsequent step, 46% of the pre-selected
ligands were excluded on the basis of higher
developmental toxicity. It was observed that 40%
of the phyto-ligands, common to all four toxicity
parameters, were discarded. Hence, 07 phyto-
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ligands i.e, Berberine, Epicatechin gallate,
Sarsaponin, Conessine, Sinalbin, Hyperoside and
Betulinic acid, exhibited significant ability to
inhibit New Delhi Metallo-beta-lactamase
enzyme, attributed towards their respective E
values. These ligands were also found to be nontoxic with high LD50, low bioaccumulation factor,

absence of developmental toxicity and
mutagenicity. Sinalbin and Hyperoside exhibited
lowest toxicity with an optimum efficacy towards
the physiological target i.e. New Delhi Metallobeta-lactamase enzyme, as shown in Figure 4(b).
[Figure 4(a) and 4(b)].

Table: 1. Hex 6.2 Virtual Docking Value (E value) for Predominant Phytoconstituents and Standard Beta lactamase
Inhibitors (Chemotherapeutic agents) as controls
Predominant Phytoligands
Assigned Codes
E Value
Nimbolin (Azadirachta indica; Neem)

6

-374.9

Carpaine (Papaya carica; Papita)
Arjunolic acid (Terminalia arjuna; Arjuna)
Sinalbin (Sinapis alba; White mustard)

24
37
33

-352.64
-330.69
-318.79

Sitosterol (Tagetes spp.; Genda)

36

-313.86

Hyperoside (Hypericum perforatum; St. John’s wort)
Epicatechin gallate (Camellia sinensis; Green Tea)
Betulinic acid (Ziziphus jujube; Plum)

35
11
41

-310.42
-292.91
-292.5

Sarsaponin (Hemidesmus indicus; Anantmoola)
Capsaicin (Capsicum spp., Shimla mirch)
Conessine (Holarrhena antidysentrica; Indrajava)

18
12
19

-285.67
-269.28
-269.01

Thesinine (Borago officinalis; Gaojaban)
Andrographolide (Andrographis paniculata; Kalmegh)
Quercetin (Euphorbia hirta; Dudhi)

10
5
16

-266.48
-262.59
-260.25

Piperine (Piper longum; Kali mirch)
Berberine (Berberis aristata; Daruhaldi)
2,6-dimethyl-4-phenylpyridine-3,5-dicarboxylic acid diethyl ester (Jatropha
elliptica; Danti)
Nuciferine (Nelumbo nucifera; Lotus)
Termilignan (Terminalia belerica; Behada)

26
9
20

-258.96
-258.86
-258.86

22
38

-254.75
-253.66

O methylbulbocapnine-N-oxide (Polyathia longifolia; Indian fir)
Proanthocyanidin (Vitis vinifera; Angoor)
Tazobactam

28
40
Standard NDM-1 Inhibitor

-244.17
-243.82
-241.4

Sulbactam
Clavulanic acid
Luteolin (Thymus vulgaris; Thyme)

Standard NDM
Standard NDM
39

-239.75
-234.04
-228.49

Aegelenine (Aegle marmelos; Bel)
Catechin (Rosmarinus officinalis; Rosemary)
Asarone (Acorus calamus; Vacha)

2
29
3

-225.46
-221.24
-217.35

Deca-2, 4-dien acid-isobutylamide (Camomile spp.; Babun phool)
Sesquiterpene (Spartium junceum; Spanish broom)
Bergapten (Ficus religiosa; Peepal)

13
34
17

-216.1
-210.71
-200.55

Anthraquinone (Rheum officinalis; Rhubharb)
Vasicinolone (Adhatoda vasica; Adosa)
Allicin ((Allium sativum; Lehsun)

30
7
4

-196.86
-195.33
-190.56

Ethyl gallate (Caesalpinia spinosa; Wild fever nut)
Plumbagin (Plumbago zeylanica; Chitraka)
Lawsone (Lawsonia inermis; Mehndi)

14
25
21

-186.77
-179.77
-177.98

Estragole (Ocimum sanctum; Tulsi)
Caffeine (Coffea spp; Coffee)

23
15

-177.71
-175.49
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Trigonelline (Abrus precatorius; Rati)
Pinene (Pinus nigra; Pine)
Betaine (Beta vulgaris; Chukandar)
Phellandrene (Syzygium cuminii; Jamun)
Ranunculin (Ranunculus repens; crowfoot)
# Code assigned to individual compounds as given in Figure1.

1

-161

27
8
32

-159.18
-155.01
-153.54

31

-141.63

* Virtual Docking Score (free energy change) evaluated using Hex 6.12.

[IV] CONCLUSION
Recently, Shaik and coworkers (2014) reviewed
97 plants of 41 families with probable inhibitory
potential against KPC lactamase of Klebsiella
pneumoniae, structurally similar to NDM-1 βlactamase. 18 plants were found to be common to
the plants selected by pre-validated herbal
bioprospection in our previous study [12, 19], which
were subjected to molecular docking analysis
with NDM-1 β- lactamase as explicated in the
present study. The analysis revealed that 02
glucoside derivatives (Sinalbin & Sarsaponin); 02
flavonoids (Hyperoside and Epicatechin Gallate);
01 triterpenoid (Betulinic acid) and; 02 alkaloids
(Conessine and Berberine) of six different
families exhibited
significant
(p< 0.05)
inhibitory potential against New Delhi Metallobeta-lactamase harboring Escherichia coli, a
persistent
nosocomial community threat.
Sarsaponin (~4.64 kDa, LogP =7.92), an
amphipathic glucoside with triterpene derivative,
exhibited lesser inhibitory activity as compared to
glucosinolate [Sinalbin (~4.4kDa, LogP =1.87)]
and pentacyclic triterpenoid [Betulinic acid
(~4.5kDa), LogP =1.54]. Such decrease in
activity could be attributed towards increase in
molecular weight and decrease in LogP (octanol
water partition coefficient). Increase in molecular
weight contributes towards steric hindrance in the
defined pocket while decrease in log P enhances
ability of drug to act in biphasic manner [20].
Sarsaponin and ECG were eliminated based on
log P value > 5, due to violation of one of the
Lipinski Rule of Five [20]. Hyperoside, a
galactoside derivative of quercetin (Hex 6.12
Virtual E- value: -310.34 Kcal/mol) exhibited
significant inhibition against NDM-1 beta
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lactamase. This finding is in consonance with
recently reported penta-O-ethyl quercetin
[Molegro Virtual Docker (MVD) E- Value = 132.99 Kcal /mol] with similar inhibitory
potential [21]. It indicates that flavonoids
(polyphenols) can play major role in managing
antibiotic resistance towards newly emerging
pathogens. Berberine, an isoquinoline alkaloid
and Conessine, a steroid alkaloid exhibited Evalue in the range of – 255 to -270 Kcal/mol,
which could be well corroborated with the
findings of Gan and co-workers (2013) exhibiting
Pencillium species derived new polyketide
compounds and quinolone alkaloids with
significant inhibitory potential against NDM-1
beta-lactamase activity [22]. This is in line with the
reported fact of potentiating Berberine by 5methoxyhydnocarpin, a multi-drug pump
inhibitor
against
Methicillin
Resistant
Staphylococcus aureus (MRSA) [23]. All the five
phyto-ligands i.e., (Berberine, Conessine,
Sinalbin, Hyperoside and Betulinic acid), were
found to have significantly higher (~ 1.25 times)
inhibitory potential (against Metallo beta
lactamase enzyme of NDM-1 Escherichia coli) as
compared to clavulanic acid, tazobactam and
sulbactam, known chemo-therapeutic modalities.
This model provides a process to identify novel
chemical moieties of natural origin as a strategic
preventive measure for any forthcoming
biological threat.
ACKNOWLEDGEMENT
PT is extremely grateful to CSIR for providing
fellowship. The authors also wish to thank
Director, Institute of Nuclear Medicine and

102

MOLECULAR DOCKING ANALYSIS OF PREDOMINANT PHYTO-LIGANDS AGAINST NEW DELHI METALLO-BETALACTAMASE-1 HARBORING Escherichia coli

Allied Sciences & Director, National Centre for
Disease Control for providing research facilities.

8.

Sengupta,S.,

Chattopadhyay,

M.K.

(2012)

Antibiotic Resistance of Bacteria : A Global
Challenge, Resonance, vol. 17, pg. 177-78.

Conflict of Interest: None declared.

9.

Verma, S., Singh, S.P. (2008) Current and future
status of herbal medicines, Veterinary World, vol.

REFERENCES
1.

of

10. Sibanda, T., Okoh, A.I. (2007) The challenges of

The

overcoming antibiotic resistance: Plant extracts as

American Journal of Medicine, vol. 119, pg. S3-

potential sources of antimicrobial and resistance

S10.

modifying

Isozumi, R. et al. (2012) blaNDM-1–positive

Biotechnology, vol. 6, pg. 2886-2896.

Tenover,

F.C.

Antimicrobial

2.

Klebsiella

3.

1, pg. 347-350.
(2006)

Resistance

pneumoniae

Mechanisms
in

from

Bacteria,

Environment,

11. Chawla, R., Thakur, P., Chowdhry, A. et al.

standardization

Nordmann, P. (2011) Does broad spectrum beta

challenges of holistic management of diabetes: A

lactam resistance due to NDM-1 herald the end of

dreadful lifestyle disorder of 21st Century, Journal

the antibiotic era for treatment of infections

of Diabetes and Metabolic Disorders, vol. 12, pg.

caused by Gram-negative bacteria, Journal of

35-64.

Evidence

based

approach

herbal
in

coping

drug
with

12. Thakur, P. et al. (2013) In silico modeling for
Identification of promising antimicrobials of

Walsh, T. R., Weeks, J., Livermore, D. M., &

Herbal origin against highly virulent pathogenic

Toleman, M. A. (2011) Dissemination of NDM-1

strains of bacteria like New Delhi Metallo-beta-

positive bacteria in the New Delhi environment

lactamase -1 Escherichia coli, International

environmental point prevalence study, The Lancet
infectious diseases, vol. 11, issue 5, pg. 355-362.

Journal of Innovation and Applied Studies, vol. 4,
pg. 582-592.
13. Robertson, S. E., Sparck, J. K. (1976) Relevance

Wailan, M.A., Paterson D.L. (2014) The spread

Weighting of Search Terms, Journal of the

and acquisition of NDM-1: a multifactorial

American Society of Information Science, vol. 27,

problem, Informa Healthcare, vol. 12, pg. 91-115.

pg. 129-146.

Rolain, J.M. et al. (2010) New Delhi metallo-

14. Sarah, L. W., Callum, J.H., Keevil, C.W. (2012)

new

Horizontal Transfer of Antibiotic Resistance

pandemia?” Clinical Microbiology and Infections,

Genes on Abiotic Touch Surfaces : Implications

vol. 16, pg. 1699-701.

for Public Health, mBio, vol. 3, e00489-12.

beta-lactamase

7.

of

1-2.

and its implications for human health: an

6.

Journal

(2013)

692.

5.

African

Emerging Infectious Disease Journal, vol. 18, pg.

Antimicrobial Chemotherapy, vol. 66, pg. 689-

4.

agents,

(NDM-1):

“Towards

a

Hawkey, P.M., Jones, A.M. (2009) The changing
epidemiology

of

resistance,

Journal

of

Antimicrobial Chemotherapy, vol. 64, pg. i3-i10.

Raman Chawla, et al.

15. Harry, H. L., Francesca, G., Angel, R.C., et al.
(2014) Structure of a type IV secretion system.
Nature, DOI: 10.1038/nature13081.

103

MOLECULAR DOCKING ANALYSIS OF PREDOMINANT PHYTO-LIGANDS AGAINST NEW DELHI METALLO-BETALACTAMASE-1 HARBORING Escherichia coli

16. Volkamer, A. et al. (2012) Combining global and

20. Christopher, A. L., Franco, L., Beryl, W. D., et al.

local measures for structure-based druggability

(2001) Co-production of NDM-1 and OXA-232

predictions, J. Chem. Inf. Model, vol. 52, pg.

by Klebsiella pneumoniae [letter], Emerg Infect

360–372

Dis.

17. Ritchie, D., Kozakov,D. and Vajda,S. (2008)

21. Padmavathi,M., Reddy, P. and Rao, R. (2012)

Accelerating and focusing protein-protein docking

Inhibition of NDM-1 in Superbugs by Flavanoids

correlations using multi dimensional rotational

- An In silico Approach , Journal of Advanced

FFT generating functions, Bioinformatics, vol. 24,

Bioinformatics Applications and Research, vol. 3,

pg. 1865–1873.

pg. 328-332.

18. Zhu, H., Martin, T.M., Young, D. M., Tropsha, A.

22. Gan, M. Liu,Y., Bai,Y. et al. (2013) Polyketide

(2009) Combinatorial QSAR Modeling of Rat

with

Acute Toxicity by Oral Exposure, Chemical

inhibitory activity from Penicillium sp., J. Nat.

Research in Toxicology, vol. 22, issue 12, pg.

Prod, vol. 76, pg. 1535-1540.

1913-1921.
19. Shaik, G., Sujatha, N. and Mehar, S.K. (2014)

New

Delhi

Metallo-beta-lactamase-1

23. Stermitz, F.R., Lorenz, P., Tawara, J.N. et al.
(2000)

Synergy

in

a

medicinal

plant:

Medicinal plants as source of antibacterial agents

antimicrobial action of berberine potentiated by

to counter Klebsiella pneumoniae, Journal of

5'-methoxyhydnocarpin,

Applied Pharmaceutical Science, vol. 4, pg. 135-

inhibitor, Proc Natl Acad Sci, vol. 97, pg. 1433-7.

a

multidrug

pump

147.

Figure 1: % Relevance of Pre-dominant Phyto-ligands amongst (n=3 ligands per plant~ pre-selected 41 herbals) {cut off = 50%
relevance factor) estimated based on Equation: Predominance Factor (% Relevance Optimized) = [(% of Observed Relevance) X 100]
/ (Total Searched Database). The codes of predominant phyto-constituents (in sequential order) include: [1] – Trigonelline; [2] –
Aegelenine; [3] – Asarone; [4] – Allicin; [5] – Andrographolide; [6] – Nimbolin; [7] – Vasicinolone; [8] – Betaine; [9] – Berberine;
[10] – Thesinine; [11] – Epicatechin gallate; [12] – Capsaicin; [13] – Deca-2,4-dien acid-isobutylamide; [14] – Ethyl gallate; [15] –
Caffeine; [16] – Quercetin; [17] – Bergapten; [18] – Sarsaponin; [19] – Conessine; [20] – 2,6-dimethyl-4-phenylpyridine-3,5dicarboxylic acid diethyl ester; [21] – Lawsone; [22] – Nuciferine; [23] – Estragole; [24] – Carpaine; [25] – Plumbagin; [26] –
Piperine; [27] – Pinene; [28] – O-methyl bulbocapnine-N-oxide; [29] – Catechin; [30] – Anthraquinone; [31] – Ranunculin; [32] –
Phellandrene; [33] – Sinalbin; [34] – Sesquiterpene; [35] – Hyperoside; [36] – Sitosterol; [37] – Arjunolic acid; [38] –
Termilignan; [39] – Luteolin; [40] – Proanthocyanidin; [41] – Betulinic acid.
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Figure 2: P0 and P1 pockets of metallo beta lactamase of NDM-1 Escherichia coli with their descriptors (volume,
surface and depth) and scores based on Active Site Analysis using DoG Site Scorer. Å2

Figure 3: 3D Ribbon structure of New Delhi Metallo-beta-lactamase docked with Sinalbin (4-Hydroxybenzyl
glucosinolate) as most active phyto-ligand from Sinapis alba (White Mustard) with E value =-318.79 Kcal/mol
evaluated using Hex 6.12.
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Figure 4: Toxicity Prediction Analysis: (a) Categorization of pre-dominant Phyto-ligands (~41) based on Lethal
Dose (50%); Bioaccumulation Factor; Developmental toxicant; Mutagenicity; (b) Optimization of identified
potent leads (phyto-ligands ~07) with their respective E-values (estimated using Hex 6.12) vs. LD50 and
Bioaccumulation Factor as decision-aid toxicity predictive descriptors.
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