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ABSTRACT:
Protein-carbohydrate recognition is a most important form of inter-cell communication that performs key role in
many biologically significant processes. The legume lectin family has served as a model system for proteincarbohydrate interactions for several decades. Although there were extensive studies in the protein-carbohydrate
recognition using legume lectin molecules, specific studies are not available for legume lectin-like proteins called
arcelin. In this study, an attempt was made to reveal the identification of potential carbohydrate binding pocket using
different carbohydrates in refined computed model of arcelin isolated from wild legume seed, Lablab purpureus.
The four methods viz., LIGSITEcs, PASS, Q-SiteFinder and SURFNET through Meta Pocket Server was used to
identify the potential carbohydrate binding pocket for suitable ligand docking. The docking studies revealed that
chitotriose (-11.37Kcal/Mol) produced more affinity towards the computed model of L. purpureus arcelin. The
identified ligand-chitotriose would thus act as inducer for the molecular action of arcelin. This prediction provides
development of potential transgenic L.purpureus plant with arcelin and Chitotriose synthesizing gene for Integrated
Pest Management Programme (IPM) against bruchid larvae.
Keywords: Lablab purpureus arcelin; carbohydrate binding moiety; computed model; potential pockets; MEDock
Server, Integrated Pest Management.

[I] NTRODUCTION
Insecticides are widely used to protect crop
plants against their natural insect predators.
Nevertheless, the extensive use of these
synthetic chemicals has given rise to
widespread concern about insecticide resistance
among insect pests and of soil pollution. This
has prompted active investigation into new
protective strategies, and the development of
genetically engineered crops expressing
insecticidal proteins appears attractive [1].
Arcelin is one of the insecticidal legume
proteins present in the wild seeds encoded by
two tightly linked genes, generally referred to
as the phytohemagglutinin (PHA) family. This

glycoprotein from wild seeds of Phaseolus
protects seeds from predation by the larvae of
various stored product insect pests, pathogenic
bacteria and fungi [2]. It has been reported that
even the semi purified form of L. purpureus
arcelin extract has the potential to control
storage pests in cereals [3]. Five to seven
variants of arcelin were previously identified
[4], and most of them have been isolated and
partially
characterized.
Although
the
insecticidal properties of the various arcelin
variants against stored product pests are now
well documented, their molecular mechanism
of action is still controversial. According to
Osborn et al. [5], arcelin behaves as a toxic
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protein, whereas Minney et al. [6] consider
arcelin to be an indigestible protein which
induces starvation of the larvae and leads to
death. The mechanism of arcelin toxicity in
insects is speculative. Paes et al. [7] proposed
that the insecticidal activity of areclin was due
to the disruption of the epithelial cells lining the
gut. Others hypothesized that toxicity mediated
by arcelin was caused by the interaction of the
protein with specific glycosylation in the gut
[8-10] or by providing the insect with a source
of poorly digestible protein [5]. The three
dimensional structure and presence of active
pockets has been reported in refined computed
model of wild pulse L. purpureus arcelin but
their potential binding pockets and respective
binding sugar is not yet studied well. The exact
binding site and interaction towards
carbohydrate in L. purpureus arcelin remain
unknown [11]. This work is an attempt to
explore the molecular defense mechanism of L.
purpureus arcelin based on the analysis of
finding potential binding pockets via Meta
Pocket Server. The prediction of potential
carbohydrate binding pocket and respective
binding
ligand
(carbohydrate)
through
theoretical calculation and computation is
desirable to understand the molecular
mechanism of arcelin action against insect
defense in stored grains and development of
insect resistant transgenic crops. Thus it is
planned to carry out docking of various
carbohydrates as ligands to find out maximum
intractable ligand (carbohydrate) that involves
the enhancement of the arcelin activity.
[II] MATERIALS AND METHODS
2.1. Selection of Receptor
It has been reported that, the 3D structure of
arcelin for L. purpureus is not available in
Protein Data Bank and hence the structure has
been retrieved from Protein Model Data Base
[PMDB ID: PM0076542]. The computed
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model has overall quality factor of 92.16. This
is crucially analyzed by (SAVES server).
2.2. Ligands Preparation
The twenty different carbohydrates Cellobiose,
Chitotriose, Fructose, Fucose, Galacturonic
Acid,
Glucosamine
-6Phosphate,
Glucosamine, Glucose-6-Phosphate, Beta D
Glucose, Lactose, Lactulose, L- arabinose,
Maltose, N-Acetyl-D-glucosamine, Rhamnose,
Ribose, Sorbital, Sucrose, Xylose. These all 3D
structures are approved by FDA were retrieved
from Drug Bank http://www.drugbank.ca for
docking studies. The atomic co-ordinate and
quality of structures were verified by CORINA
- SMILES notations
2.3. Prediction of putative active site
We subjected the refined model which is
obtained from PMDB, to META POCKET
active site prediction server. Based on output of
Meta pocket server and combination of all 8
algorithms showed that, the computed model of
arcelin has one potential carbohydrate binding
(cluster) pocket with the distance of
PCS(Pocassa) 0.220 nm, FPK(F-pocket) 0.228
nm, CON (Concavity) 0.103 nm, SFN (Surfnet)
0.578 nm, LCS (Ligsite) 0.458 nm , GHE
(Ghecom) 0.720 nm and Q-site fider 0.331
from MPT. This result clearly stating that, base
method Predicted pockets are present one
adjacent another with in the short distance in
computed model of L. purpureus arcelin. The
amino acids involved in the formation of active
clusters and it chains are tabulated. Hence, the
selected amino acids were considered for
refined docking study to find the interaction
with various carbohydrate moieties
2.4. Docking In MeDock Server
The docking simulations aim to mimic the
biochemical process of a ligand approaching
the active site of its receptor using
computational methodologies.
Docking
analysis of different carbohydrates with arcelin
receptor was carried by MEDock (Maximum
Entropy Based) docking server.
Docking
218
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allows virtual screening of a database of
compounds and predicts the strongest binders
based on various scoring functions which is
based on Gaussian distribution. It explores
ways in which two molecules, such as ligand
and protein or enzyme or receptor fit together
and dock to each other like pieces of a threedimensional jigsaw puzzle. The molecules
binding to a receptor inhibit or enhance its
function and thus act as inhibitor or inducer.
The collection of different ligands for arcelin
molecular action was identified via docking and
their relative stabilities were evaluated using
molecular dynamics and their binding affinities,
using free energy simulations. The receptors
were docked against various carbohydrates via
MEDock server by refined dock approach. We
assigned the grid spacing 0.375 A0 and docking
run for five for the selection of most stable
confirmations of the substrate based on lowest
docking energy and their binding mode was
analyzed at resulting selected functional site,
the remaining parameters are set to be default
for all carbohydrate docking process.
[III] RESULTS
The putative active site clusters in computed L.
purpureus arcelin were predicted online by
submitting to active cavity prediction server
Meta pocket. The server output showed that our
predicted model had one potential active cavity
cluster at a distance of POCASA 0.221 nm, FPOCKET 0.228 nm, CONCAVITY 0.103 nm,
SURFNET 0.578 nm, LIGSITE 0.458 nm and
GHECOM 0.720 nm from META POCKET.
The amino acids involved in the formation of
active clusters and its chains are presented
[Table 2]. Both polar and non-polar amino
acids were equally contributing in the
formation of active clusters in the computed
model of L. purpureus arcelin. Hence, these
selected amino acids were considered for
refined docking study to find the interaction
with various carbohydrate moieties. The
Sundaram Janarthanan, et al.

interaction with ligand was strongly maintained
by hydrophophic nature. In chain A, amino
acids like PHE 383, LEU 384, ARG 374, TYR
397, LYS 395, THR 287, TRP 432, ALA 385,
PRO 391, ASN 370, LEU 430, HIS 398, THR
376, ASN 285, SER 431, TRP 361, SER 400,
SER 387, PHE 389, ARG 394, PRO 393, TYR
366, ARG 396, ASP 372 and in chain B, amino
acids HIS 149, ASN 146, ARG 148, LYS 79,
ASN 128, TRP 145, PRO 144, TYR 181, HIS
182, VAL 143,VAL 183, SER142, SER 184,
PHE 167, ALA 169 were in agreement with
the formation of putative active cluster
predicted by Metapocket server. Furthermore,
refined docking approach by MEDock server
produced selective functional site by the
formation of grid spacing 0.375 A0 with lower
docking energy.
Different carbohydrates
(ligands) were retrieved for docking analysis
from Chembank and their orientations were
checked in CORINA server. Each ligand
molecules were bind with the active clusters
with different docking energy value. The
resulting docking molecules were saved as
PDB files and best scored results were
displayed (Table.3). Moreover, refined docking
by MEDock for selective functional site
produced lower docking energy of – 11.37
Kcal/Mol corresponds to chitotriose, which had
the lowest binding energy among docking of
different carbohydrates. The interaction
between the ligand and receptor was stabilized
by the formation of hydrophobic interaction
and hydrogen bonding (Tables 3 & 4). The
hydrophobic interaction formed between ASN
012 in chain A and ASP 194 in chain B with
ligand in a distance of 3.43 and 3.52 nm
respectively [Fig:2]. Hydrogen bonding were
taken place between HIS 182 in chain A and
PRO 391, SER 431 in chain B with ligand at
the distance of 2.56, 3.29 and 3.43 nm with the
ligand-chitotriose [Fig. 3].
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Fig. 1 Binding of ligand-chitotriose (cyan color) at the
active cavity of computed L. purpureus arcelin at radius
6A0.

Fig. 2 Hydrophobic bond formation by the residues ASP
012 and ASP 194 with ligand (dark pink dotted line).

Fig. 3 Hydrogen bonding by the residues HIS 182, PRO
391 and SER 431 (black dotted line) at the cavity of
computed modeled structure of arcelin.
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[IV] DISCUSSION
Arcelin (i.e., Arc-1 isoform), the glycoprotein
from a kidney bean (Phaseolus vulgaris) is
known to be insecticidal in nature and protects
the seeds from predation by larvae of various
bruchids. This arcelin is reported as lectin-like
protein devoid of monosaccharide binding
properties. It is the only report available on the
structure of arcelin-1from P. vulgaris that
correlate with the hemagglutinating properties,
which are reported to be unaffected by simple
sugars and sugar derivatives. In the present
analysis, the structure based functional site
prediction methods specified the putative
functional site and respective amino acids in
computed L. purpureus arcelin. It was detected
that these amino acid residues were making
interaction with carbohydrate moiety by forming
hydrophobic and hydroghen bonding, which
makes strong binding of ligand especially
chitotriose in protein cavity. These results from
functional site prediction and ligand from
docking experiment acknowledged the predicted
model of L. purpureus arcelin had strong
interaction with carbohydrate moiety. The
docking study in the present experiment with L.
purpureus arcelin thus revealed the molecular
basis of a different biological function than with
arcelin reported from P. vulgaris. However, the
specificity of Arc-1 for binding to various
glycoproteins like fetuin, asialofetuin, and
thyroglobulin suggested the presence of an
extended carbohydrate-binding site in the
neighborhood of the unreactive monosaccharide
binding site in Arc-1 of P. vulgaris that may
recognize the glycan chains of these
glycoproteins.
[V] CONCLUSION
The detailed three dimensional structures,
interaction information and the key residues
identification suggest that chitotriose as a potent
carbohydrate inducer for L. purpureus arcelin
molecular action that might facilitate the
utilization of this gene for development of insect
220
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resistant transgenic crops against bruhcid larvae.
Hence it will be a potent tool for the development
of transgenic technology in integrated pest
management programme.
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Table: 1 The parameter used for the docking process in MeDock Server

The parameters used for the docking process

Docking runs

5

Generation limit

1000

Grid spacing

0.375 A0

Local search

0.05

Population size

50
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Table 2: The potential ligand binding residues in computed model of L. purpureus arcelin

CHAIN – A

RESI
RESI
RESI
RESI
RESI
RESI
RESI
RESI
RESI
RESI

CHAIN – B

LYS 079

ALA 169

LEU 389

HIS 398

ARG 374

ASP 128
SER 142
VAL 143
PRO 143
TRP 145
ASP 012
ARG 148
HIS 149
PHE 167

TYR 181
HIS 182
VAL 183
SER 184
SER 046
ARG 043

TYR 366
TYR 397
LYS 395
THR 287
TRP 432
ALA 385
PRO 391
ASN 370
LEU 430

THR 376
ASN 285
SER 431
TRP 195
SER 387
SER 400
PHE 389
ASP 194
PRO 394

LYS 101

Table: 3

Drug bank carbohydrate molecules used in the study

S.No.
1.

Selected carbohydrate
Alpha arabinose

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

N-Acetyl-D-glucosamine
Cellobiose
Chitotriose
Fructose
Fucose
Galacturonic Acid
Beta D glucose
Glucosamine
Glucose-6-Phosphate
Glucosamine -6- Phosphate
Lactose
Lactulose
Maltose
Rhamnose
Ribose
Sorbital
Sucrose
Xylose

Binding Energy
Kcal/ Mol
-14.04
-14.06
-13.79
-11.37
-14.09
-13.91
-13.62
-12.81
-14.20
-13.73
-13.30
-13.43
-13.65
-13.70
-14.58
-13.54
-14.13
-14.17
-14.21

Table: 4 Hydrophobic bonds between chitotriose and bind site residues of L. purpureus arcelin
Residue
ASP 012
ASP 194

Chain
A
B

Atom
In amino acid
H
H

Distance in nm
In ligand
N 43
O 46

3.43
3.52

Table: 5 Hydrogen bonds between chitotriose and bind site residues of L. purpureus arcelin
Residue
HIS 182
PRO 391
SER 431

Chain
A
B
B
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Atom
In amino acid
HO 1
OH 2
HO 1

Distance in nm
In ligand
O 55
O 58
H 75

2.56
3.29
3.43
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