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ABSTRACT

Hemipteran group of sap sucking insect pests cause worldwide crop destruction. The role of mannose specific monocot
lectins have recently been worked out in hemipteran pest management. The present article demonstrates the insecticidal
efficacy of a new mannose specific agglutinin, isolated from tubers of Amorphophallus paeonifolius (AMTL) against a
wide range of hemipteran insects. The 25 kDa dimeric protein was found to inhibit the survivability of hemipteran in-
sects namely, Lipaphis erysimi, Aphis gossypii and Dysdercus cingulatus quite efficiently, as analysed by synthetic diet
based bioassay experiments. Surface Plasmon Resonance study detected binding of insecticidal AMTL to insect gut
brush border membrane vesicle (BBMV) protein, an absolute prerequisite for conferring toxicity against target insects.
Further ligand blot analysis spotted a ~74 kDa glycoprotein as putative receptor of AMTL from the total BBMV protein
fraction of Lipaphis erysimi. Phylogenetic analysis showed a significant relatedness of AMTL to the previously estab-
lished monocot lectin Galanthus nivalis agglutinin (GNA) in terms of their conserved mannose binding domains, agglu-
tinating ability of rabbit erythrocytes and insecticidal efficacies. These information project AMTL as a promising can-

didate in preventing crop loss caused due to hemipteran insect attack.

Keywords: Amorphophallus paeonifolius Tuber Agglutinin (AMTL); Agglutination; Dissociation Constant (K);
Insect Bioassay; Thermal Stability Assay; Surface Plasmon Resonance (SPR) Analysis;
Brush Boarder Membrane Vesicle (BBMYV) Protein

1. Introduction

Plant phloem sap sucking pests falling under hemipteran
class, commonly termed as aphids, are one of the most
destructive agricultural pest group known worldwide.
Their sap sucking feature not only causes damage of im-
portant crop plants but also accounts for additional losses
by aiding transmission of disease causing viruses. Chemi-
cal control measures adopted for certain aphid species
are becoming extremely difficult due to social unaccept-
ability as well as development of insect resistance to-
wards these widely applied insecticides over prolonged
period of use. Global policy of Integrated Pest Manage-
ment (IPM) has been framed taking into account the major
concerns against application of huge amount of pesti-
cides which affect both ecology and environment.

The journey from advent to advancement of biotech-
niques has posed high hopes on the development of novel
strategies for Integrated Pest Management (IPM) [1].
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Plant lectins are known to be promising components in
this regard. The sucking insects feed on phloem sap that
contains simple sugars and some free amino acids [2,3].
They are not susceptible to Bt toxins. Alkaline environ-
ment within the insect gut and presence of appropriate re-
ceptors are the primary requisites for Bt toxin activity but
characteristically, the pH of the gut environment of suck-
ing insects is maintained around neutral condition [4].
Lectins are characterized as proteins possessing at
least one non-catalytic domain that binds reversibly to
specific mono or oligosaccharide [5]. Previous authors
have shown that mannose binding lectins bind to glyco-
proteins present in the peritrophic matrix or other mem-
branous lining of the insect midgut which disrupts diges-
tive processes and nutrient assimilation leading death of
the insects [6]. Unfortunately, very little emphasis has been
given so far to investigate the exact mechanism of action
of these lectins against insects. Hence, knowledge on this
aspect is still incomplete. In an attempt to address this
problem and explore the potentiality of lectins from Aracean
members, protein was purified form Amorphophallus
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paeeonifolius tubers. The efficacy of this lectin was as-
sayed against Lipaphis erysimi, Aphis gossypii and Dys-
dercus cingulatus. Interaction study of this protein with
the gut membrane of the target insect Lipaphis erysimi
was carried out rendering it to be promising as an ef-
fective insecticidal agent against sap sucking pests.

2. Materials and Methods
2.1. Plant and Insect Materials

Tubers of local Amorphophallus paeeonifolius plants
grown in Institutional experimental fields under natural
conditions were used as protein source. Adults and second
instar nymphs of Lipaphis erysimi, Aphis gossypii and
Dysdercus cingulatus reared on mustard and cotton plants at
institutional insectry were used for bioassay experiments.

2.2. Chromatographic Purification, in Gel and
Western Analysis of AMTL

Crude protein was isolated from 200 g of fresh tubers
following the protocol of Van damme et al. (1995) [5].
This crude protein was subjected to further affinity and
ion exchange chromatographic purification as outlined
by Majumder et al. (2005) [6]. Molecular mass, oligo-
meric structure and sample purity was determined by
loading the purified protein into gel filtration column of
Biosep SEC S2000 (300 x 7.8 mm) phenomenex HPLC
column (Phenomenex, Torrance, CA, USA) and moni-
tored (220 nm) using Shimadzu UFLC system (Shimadzu
Corporation, Japan). Standard molecular weight markers
(Sigma Aldrich, USA) in the range of 14.3 kDa to 66 kDa
were used for calibration, prior to sample loading. In all
cases the injection volume was 50ul and the flow rate 2
ml'min~'. The column calibration and elution was done
with 10 mM PBS (pH 7.2). All the protein samples crude
to purified were analyzed in 15% SDS PAGE [7] and
quantified using Bradford method [8]. Western blot ana-
lysis was performed using anti AMTL polyclonal anti-
body raised in rabbit following the protocol of Harlow et
al. (1998) [9]. Anti rabbit IgG with HRP conjugate (Sigma
Aldrich, USA) was used to probe the primary antibody and
the blot developed in Hybond ECL film using Amersham
Hybond ECL kit (GE Healthcare, UK).

2.3. Agglutination Assay

100 pl of purified AMTL protein dialyzed against PBS
(pH 7.2) was mixed with erythrocyte according to the
protocol mentioned by Majumder et al. (2005) [10]. The
assay was carried out in a 96 well microtitre plate (Tar-
sons, India) using two fold dilution series starting from
the concentration 200 pg'ml™ to 0.78 pug'ml”. The ag-
glutination phenomenon was monitored by incubating
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the reaction sets at 37°C for 1 hour. The agglutination
efficacy was verified by preincubation of AMTL (3.12
ug'ml™ and 25 pg'ml™) with 20 mM to 500 mM and 50
mM to 2M a-D Mannose respectively.

2.4. Thermal Stability Assay

Thermal stability assay was designed as instructed by
Codex Alimentarius Commission, 2003. The stability of
AMTL was correlated to its rabbit erythrocyte aggluti-
nating ability. Erythrocytic suspension was prepared ac-
cording to Majumdar ef al. (2005) [6]. AMTL used in
this assay was preincubated for 30 minutes under diffe-
rent temperatures (25°C, 37°C, 55°C, 75°C, 95°C) and
instantly cooled.

2.5. Sugar Specificity Assay of AMTL

AMTL (0.1 mg/ml) was incubated at 25°C on a Hitachi
F-7000 spectrofluorimeter using Sigma cuvette (volume:
1 ml; path length: 1 cm). Titration of solution was per-
formed with 10mM mannose in phosphate buffer (pH 7.2)
by adding a small aliquot at a time. After each addition,
the solution was stirred for 1 min on a magnetic stirrer,
and the fluorescence emission spectrum recorded be-
tween 300 and 400 nm using 295 nm as the excitation
wavelength. The excitation and emission band passes
were 5 nm each. D-glucose was also used for ligand
binding experiment in similar manner. The equation for
single-site ligand binding measured through changes in
the spectroscopic signal [11] is given by

AF/C = A — K AF

where AF represents the increase or decrease in fluo-
rescence intensity at a given concentration (C) of the
ligand, K, is the association constant, and A = K,AF,,,,
where AF,.c stands for the maximum change in fluo-
rescence intensity. We plotted AF/C against AF and used
the slope (K,) to calculate the dissociation constant (Kg)
for binding of mannose and glucose to AMTL.

2.6. Insect Bioassay of AMTL in Artificial Diet

Bioassay was conducted on second instar nymph of Lipa-
phis erysimi, Aphis gossypii and Dysdercus cingulatus
using artificial diet as described by Dadd and Mittler
(1976) [10] with some modifications formulated by Ban-
dopadhyay et al. (2001) [12]. The experimental set up
was designed according to Majumder et al. (2005) [6].
Average of 30 insects per set were incubated (each in
replicates of 5) in liquid artificial diet of 200 pl supple-
mented with AMTL (5 to 25 ug'ml™" with uniform incre-
ment of 5 pg'ml™"), while only diet devoid of AMTL
served as the positive control. Percentage of insect survi-
vality was recorded after every 12 hours interval for 72
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hours. The LCsy value of AMTL corresponding to each
insect was determined by Probit analysis [13].

2.7. Surface Plasmon Resonance Study

Interaction between AMTL and Brush Boarder Mem-
brane Vesicle proteins of target insect Lipaphis erysimi
was monitored through Surface Plasmon Resonance (SPR)
study. Surface plasmon resonance analysis was executed
using a Biacore X100 instrument and CMS5 sensor chips
(Biacore). The purified AMTL was concentrated through
microcon device (Milipore) and subsequently diluted to 2
pgul™ in 10 mM sodium acetate buffer (pH 4.5). The
protein was then immobilized on flow cell 1 on the car-
boxymethylated dextran surface of CMS5 sensor chip by
amine coupling using a standard amine-coupling kit (Bia-
core). The surface of this flow cell was activated for 5
min at a flow rate of 10 ul'ml". Following ligand im-
mobilization on flow cell 1, this flow cell was blocked
with a 5 minutes injection of 1 M ethanolamine at a flow
rate of 10 pl-ml™". The analyte (BBMV proteins) was in-
jected at different concentrations (0 pg—only buffer con-
trols, 7.5, 3.75, 1.875 pg-60ul™) at a flow rate of 10
ul'min' for both association and dissociation. The com-
plex was allowed to associate and dissociate for 120 s
and 120 s, respectively. HBS-N buffer (10 mM HEPES,
pH 7.4, 150 mM NacCl) was used throughout the analysis.
The surfaces were regenerated with 1 minute injection of
10 mM glycine-HCI, PH 2.0. The data was analyzed
through Biocore X100 Evaluation Software.

2.8. Ligand Blot, Deglycosylation and Mannose
Inhibition Assay

Total brush border membrane vesicle (BBMV) protein
was isolated according to Bandopadhyay et al. (2001) [12]
using the MgCl, sequential precipitation method suited
for luminal membranes. About 20 pug of total BBMV re-
solved in 12% SDS PAGE was electrophoretically trans-
ferred to Hybond C membrane (GE Healthcare, UK) us-
ing Hoeffer (Hoefer Inc. Holliston, MA, USA) electro-
blot apparatus. The membrane was transiently stained
with Ponceau S (Sigma Aldrich, USA) to confirm the
transfer of proteins onto it. Blocking of membrane was
done with 5% non fat milk (Merck, Germany) dissolved
in 1X PBST at 37°C for 1 hour. The membrane was fur-
ther subjected to incubation with predetermined LCsy of
AMTL for 2 hr following extensive washing with 1X
PBST. The membrane was then incubated with anti
AMTL (1:8000) for lhour at 37°C. Further probing of
the primary antibody was done with anti rabbit IlgG HRP
conjugate (1:20,000) (Sigma Aldrich, USA) and deve-
loped using Hybond ECL kit on Hybond ECL film (GE
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Healthcare, Germany).

The effect of a-D Mannose on AMTL and its binding
with BBMV receptor was monitored by ligand blot ana-
lysis using mannose pre saturated AMTL as probe. The
experimental conditions and set up were the same as dis-
cussed above. 20 pg of total BBMV of Lipaphis erysimi
was subjected to deglycosylation using N Glycosidase F
deglycosylation kit (Roche, USA) according to manufac-
turer’s instructions. Deglycosylated sample was resolved
in 12% SDS PAGE and subjected to further ligand blot
analysis as mentioned earlier.

2.9. Phylogeny and in Silico Homology Modeling

Phylogram based on relationship between AMTL (EU08
3312) and other GNA related monocot mannose binding
lectins was obtained using BLAST and multiple align-
ment programs. In silico model of AMTL was generated
using 3D JIGSAW considering GNA lectin as template.
Structure and orientation of mannose binding pockets
were predicted and the models viewed using Pymol 3D
Graphics viewer.

3. Results
3.1. Purification and Western Blot of AMTL

Lectin isolated from Amorphophallus paeonifolius tubers
were initially purified through affinity chromatography
(Figure 1(a)). The fractions (no: 2 to 7) showing higher
densities were pooled, concentrated and subjected to fur-
ther ion exchange chromatographic purification. Purified
samples showed elution of major protein peak of 25kDa
at 4.45 mins (Figure 1(b), inset) along with minor fraction
of other contaminated proteins when subjected to pass
through gel filtration column. The major peak was collected,
concentrated and passed through the same gel filtration
column giving a single peak of purified stable dimeric
AMTL at 4.47 mins (Figure 1(b)). All the crude and pur-
ified lectin fractions were subjected to 15% SDS PAGE
analysis showing ~12.5 kDa protein band which was fur-
ther verified by western blot analysis (Figure 1(c)).

3.2. Hemagglutination and Mannose Inhibition
Assay

Hemagglutination assay was performed with purified
AMTL on rabbit erythrocytes. The erythrocytes started to
agglutinate at a concentration of as low as 3.12 pg-ml™”
of AMTL (Figure 1(d), lane 8), although complete ag-
glutination was found at 25 ug'ml™" protein. The agglu-
tinating property was however found to be completely
reverted by pre incubation of AMTL with a-D mannose
(Figure 1(e), lane 6 and Supplementary Figure 2).
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Figure 1. Purification, haemagglutination, mannose inhibition and thermal stability assay of native AMTL. (a) Spectro-
photometric representation (graphical) of affinity purified AMTL showing differential protein density (O.D) in different elu-
ent fractions; (b) Graphical view of HPLC purification of 25 kDa pure native protein showing elution at 4.47 mins. (Inset)
HPLC purification graph of ion exchange purified AMTL with major peak fraction of 25 kDa eluted at 4.45 mins; (c) SDS
PAGE (15%) profile of crude and purified fractions of AMTL. Lane M: Standard protein molecular weight marker; Lane 1:
Crude AMTL fraction; Lane 2: Affinity purified AMTL fraction; Lane 3: lon exchange purified AMTL fraction; Lane 4:
HPLC purified AMTL fraction; Lane 5: Western Blot of AMTL Showing ~12.5 kDa band; (d) Haemagglutination assay of
native AMTL using rabbit erythrocytes. Well 1: No protein control; Well 2 to 10: Represent rabbit erythrocyte incubated
with different AMTL concentrations (200 microgram-ml™ to 0.78 microgram-ml™ in serial 2 fold dilutions); Well 8: showing
the onset (minimal dose for) of agglutination (3.12 microgram-ml™) AMTL concentration; () Inhibition studies of aggluti-
nation by mannose sugar. Well 1: No protein control; Well 2 to 7: Rabbit erythrocyte incubated with 25 microgram-ml™
AMTL presaturated with different concentrations of a-D mannose (50 mM to 2 M); Well 8: Positive control with rabbit
erythrocyte & 25 microgram-mli™> AMTL but no mannose; Well 6: Showing complete inhibition of agglutination at 1M man-
nose concentration; (f) Thermal stability assay of AMTL. Well 1: Normal temperature control; Well 2-6: Rabbit erythrocyte
incubated with different temperature treated AMTL (25 microgram-ml~ concentration); Well 4: Showing the loss of protein
function at approximately >55°C.

3.3. Thermal Stability Assay like Lipaphis erysimi, Aphis gossypii and Dysdercus cin-
gulatus showed increase in mortality with increasing con-
centrations of AMTL over a period of 72 hours (Figures
3(a)-(c)). The lethal concentration (LCs) determined by
Probit analysis were 13.47 + 0.230 pg-ml™, 7.78 £ 0.202
pg-ml ' and 14.05 £ 0.270 pg'ml ™' for L. erysimi, A. gos-
sypii and D. cingulatus respectively (Table 1).

Thermal stability assay was carried out with AMTL (25
pg-ml ™! on rabbit erythrocytes. Complete loss of aggluti-
nation of AMTL was observed at approximately 55°C (Fig-
ure 1(f), lane 4) that determined the characteristic ther-
molabile nature of AMTL.

3.4. Sugar Specificity of AMTL

Dissociation constant (Ky4) of AMTL was calculated to be
0.13 uM for mannose and 0.40 pM for glucose which
indicated high affinity of AMTL towards mannose rather
than glucose (Figures 2(a) and (b)).

3.6. Surface Plasmon Resonance Study

The adjusted sensorgram (Figure 4(a)) recorded in SPR
study showed stable interaction between Liphaphis erysimi
BBMV receptor proteins and AMTL. The stable binding
feature was detected after evaluation of sensorgram using
Biocore X100 Evaluation Software. BBMV proteins was
shown to interact stably (represented by 105 RU) at a
Artificial diet based toxicity assay conducted on insects concentration of 7.5 ug per 60 ul Liphaphis erysimi BBMV

3.5. Artificial Diet Based Insect Bioassay

Copyright © 2012 SciRes. AJPS
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Figure 2. Comparative analysis (determination of ky) showing affinity of AMTL for mannose and glucose. (a) Binding of
mannose with AMTL with dissociation constant 0.13 pM; (b) Binding of glucose with AMTL with dissociation constant 0.4 pM.

% of Insect survivality

0 -
0 hrs

AMTL vs Lipaphis erysimi

12hrs 24 hrs 36 hrs 48 hrs 72 hrs

Hours

(@

120 4
2 100 +
—— Control (Only Diet) é 80 4
~&-5 png/ml E
—*—10 pg/ml g 60
> =15 ug/ml E
[ —=—20 pg/ml ;3 40 -
—o—25 pg/ml
—+— Water (No Diet) 20 1
- 0

AMTL vs Dysdercus cingulatus

120 4

100 -

% of Insect survivality

20

0 -

80

60

40 -

¥

0 hrs
Hours

©

Ohrs 12hrs 24hrs 36hrs 48hrs 72 hrs

AMTL vs Aphis gossypii

—— Control (Only Diet)
~&-5 png/ml

—*—10 pg/ml

=15 pg/ml

=+=20 pg/ml

—o—25 pg/ml

—+— Water (No Diet)

Hours

(b)

—— Control (Only Diet)
—&-5 ug/ml

—&— 10 png/ml

=15 pug/ml

—+—20 pg/ml

—o—25 pg/ml

—+— Water (No Diet)

12hrs 24hrs 36 hrs 48hrs 72 hrs

Figure 3. Insect bioassay in artificial diet. Insect mortality graph at different concentrations of AMTL in synthetic diet re-
corded over 72 hours in (a) Lipaphis erysimi; (b) Aphis gossypii; and (c) Dysdercus cingulatus.

Table 1. Toxicity assay of native AMTL determined against Lipaphis erysimi, Dysdercus cingulatus and Aphis gossypii.

LCs Value (ug'ml™)

LCso Value Regression
Target Insect - SE Slope . y* Value  df
(ng'ml) Fiducial Lower Limit Upper Equation (Y)
Lipaphis erysimi 13.47 12.47 14.50 0.230 3.099 + 1.683x 0.327 3
Dysdercus cingulatus 14.05 13.29 14.82 0.270 1.925+£2.678x 0.341 3
Aphis gossypii 7.78 7.04 8.47 0.202 3.569 + 1.605x 0.281 3
Copyright © 2012 SciRes. AJPS
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Figure 4. Surface plasmon resonance sensorgram. Sensorgram of binding of AMTL with the Liphaphis erysimi BBMV pro-
teins. Panel (a): Adjusted sensorgram of real time binding of Liphaphis erysimi BBMV proteins with the immobilized AMTL;
Panel (b): Binding analysis of BBMV proteins with the immobilized AMTL.

proteins used in the experiment (Figure 4(b)).

3.7. Ligand Blot and Sugar Specificity Assay

BBMYV preparations of Lipaphis erysimi separated in
SDS PAGE (12%) (Figure 5, lane 1) was subsequently
transferred to Hybond—C membrane .Then the membrane
was incubated with purified AMTL and subsequently
probed with anti AMTL antisera which detected the
presence of ~74 kDa major putative receptor protein of
AMTL (Figure 5, lane 2). Similar ligand assay performed
independently with 1M a-D mannose saturated AMTL
highlighted the absence of binding signal suggesting N
linked mannosylated oligosaccharide mediated interac-
tion between AMTL and the putative receptor protein of
L. erysimi (Figure 5, lane 3).

3.8. Deglycosylation and Subsequent Ligand
Blot Assay

Total BBMV fraction was subjected to further ligand blot
assay after deglycosylation of the proteins. The ligand
blot assay using anti AMTL antisera demonstrated complete
loss of binding affinity to the deglycosylated receptor
protein (~74 kDa) to AMTL (Figure 5, lane 5).

3.9. Phylogenetic Analyses and in Silico
Homology Modeling of AMTL With GNA
Related Lectins

Phylogenetic relatedness of AMTL (EU083312) with
GNA related lectins was monitored using multialign pro-
gram which showed that lectins belonging to GNA super-
family may be clustered in 2 major groups (Supple-
mentary Figure 1). Each cluster was subdivided in two
sub clusters (Supplementary Figurel). AMTL (high-
lighted) and GNA (highlighted) though grouped together
in a large sub cluster but were found to be somewhat dis-

Copyright © 2012 SciRes.

Figure 5. SDS PAGE (12%) profile showing ligand blot,
mannose inhibition, deglycosylation assay of total BBMV
protein of Lipaphis erysimi. Lane M: Standard protein mo-
lecular weight marker; Lane 1: Coomassie stained total
BBMV fraction of Lipaphis erysimi; Lane 2: Ligand blot
analysis of total BBMV of Lipaphis erysimi showing putative
~74 kDa receptor of AMTL; Lane 3: Ligand blot assay of
the same AMTL used was presaturated with a-D mannose;
Lane 4: Total protein profile of the BBMV (Coomassie stained)
after deglycosylation experiment; Lane 5: Ligand blot assay
with deglycosylated BBMV protein; lane 6: Negative con-
trol: Ligand blot of total BBMV without AMTL probe.

tant members when divided into further separate groups
Supplementary Figure 1). Homology modeling of AMTL
(Figure 6(a)) using GNA as template (Figure 6(b))
showed the three mannose substrate binding pockets in
each monomer of AMTL to be similar to GNA (Figures
6(c)-(e)). The mannose or substrate binding pocket com-
prising of QXDXNXVXY residues were found to be
conserved in both AMTL & GNA. The mannose sub-
domain 1 spanning from 89" to 97" amino acid residue
in GNA while 92" to 100™ amino acid resuidue in AMTL.

AJPS



786 Exploring the Insecticidal Potentiality of Amorphophallus paeonifolius Tuber Agglutinin
in Hemipteran Pest Management

(®)

Figure 6. Models showing structural resemblance of AMTL with GNA lectin. Aligned AMTL and GNA (a); Crystal structure
of GNA with three substrate mannose residues (b); Structural alignment of AMTL and GNA showing aligned mannose bind-

ing subdomain 3(c), subdomain 2(d) and subdomain 1(e).

The second subdomain traversed 57" to 65" amino acid
position in GNA and 60™ to 68™ amino acid position in
AMTL. The third subdomain occupied 26" to 34™ amino
acid in GNA, whereas it spanned 28" to 36™ amino acid
in AMTL.

4. Discussion

Plant lectins are reported to be effective components in
hemipteran pest management. Snowdrop mannose spe-
cific lectin (GNA) isolated from Galanthus nivalis is
renowned as one of the well worked out member having
adverse effects on the development, fecundity as well as
survivality of hemipteran insects [14-17]. However, keep-
ing the public debate and social concern in mind, GNA a
product of non food plant invited further look out for
optional edible sources of lectins as insecticidal [3]. In the
following years the efficacy of other monocot mannose
specific lectins isolated from different sources such as
Allium sativum (ASAL), Diffenbechia sequina (DEA),
Colocasia esculentum (CEA), Arum maculatum (ATL)
against hemipteran pests have been documented [12,
18-22]. But the mode of action of these lectins still re-
mains elusive. At the same time the effectivity of a single
insecticidal protein is thought to decrease over time and

Copyright © 2012 SciRes.

generation as a result of insect behavioural reorientation
leading to host manipulation; a defensive strategy imple-
mented by the insects in due course of evolution [23]. Fo-
cussing on this issue in the present report, the potentiality
of an edible lectin isolated from Amorphophallus paeoni-
folius tuber (AMTL) conferring toxicity to different mem-
bers of hemipteran class of insects has being illustrated.

4.1. The Native Protein Characterization

Similar to different monocot mannose binding GNA related
lectins identified earlier by the present investigating
group [6,12,18,19], AMTL a newly identified lectin was
also found to be of stable dimeric nature with 25 kDa
MW which resolved as approximately 12.5 kDa mono-
meric band in 15% SDS PAGE and was further validated
in western blot analysis. The lectin like nature of AMTL
was confirmed by haemagglutination assay. The aggluti-
nation property was however reverted by preincubating
3.12 ug/ml (minimal concentration for agglutination) of
AMTL with 150 mM of a-D mannose and 25 ug/ml (con-
centration causing complete agglutination) of AMTL
with 1 M of a-D mannose suggesting AMTL to have similar
kind of specificity towards mannose sugars comparable
with other previously reported lectins from our group [6,
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12]. The complete agglutinating concentration of AMTL
was further used to monitor the thermal stability of the
protein which was found to be stable up to 55°C.
Previous studies have established the fact that monocot
mannose binding lectin ASAL binds to alpha D-mannose

with calculated K4 0.06 uM for single mannose moiety [24].

Since native AMTL belongs to monocot mannose binding
lectin superfamily, binding of AMTL towards mannose
was assumed. However whether AMTL had similar affi-
nity towards other sugars, apart from mannose, was ana-
lysed using Ky calculation which showed that undoubt-
edly AMTL showed much higher affinity towards man-
nose than glucose. This data further revalidated the man-
nose mediated inhibition of haemagglutination.

The potentiality of AMTL as an effective insecticidal
protein was analysed further by bioassays conducted on
L. erysimi (mustard aphid), 4. gossypii (cotton aphid) and
D. cingulatus (red cotton bug). The LCs, value of AMTL
against mustard aphid was reported to be lower com-
pared to ATL and ASAL [6,12] whereas the LCs, value
against Red Cotton Bug was calculated to be similar to
ASAL but lower than DEA and CEA [18] indicating that
the degree of effectivity of a particular lectin on a wide
range of insect pest is variable. However, the LCs, value
of AMTL against cotton aphid was 7.78 pg'ml™' which to
the best of our knowledge is the first significant report of
documenting the efficacy of a mannose specific monocot
lectin against cotton aphid.

4.2. Interaction of AMTL with Insect Gut
Membrane Receptor

The insecticidal efficacy of AMTL triggered a further
inquest for looking in depth into the mode of action of
the protein. Lectins, well established as potential insec-
ticidal toxins are assumed to cause detrimental effects
when bound to insect midgut epithelial cell [12]. Hence,
whatever be the mechanism of action of lectins, binding
of the protein to insect plays pivotal role in conferring
resistance against herbivory. In the present study SPR
sensogram revealed a stable interaction between AMTL
and L. erysimi membrane receptor proteins thus paving
the path towards identification of its cognate insect re-
ceptor of AMTL.

4.3. Identification, Nature and Specificity of the
Insect Receptor

Ligand blot analysis performed with BBMV of L. erysimi
highlighted a ~74 kDa putative receptor of AMTL. Pre-
vious receptors identified from L. erysimi using anti ATL
and anti ASAL as probe were found to be ~40 kDa and
~56 kDa proteins respectively [6,12]. Further experiments
conducted with AMTL presaturated with a-D mannose
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showed loss of binding to the ~74 kDa putative receptor
of L. erysimi revalidating the specificity of the protein
towards mannose residues. Inability of detecting any
such receptor protein in ligand blot after deglycosylating
the receptor protein was indicative of glycospecific nature
of the receptor. Since the hemipteran insects rely mostly
on free amino acids for their nutrition rather than on diges-
tive enzymes like other lepidopteran, dipteran or coleop-
teran class of insects, the possibility of AMTL binding
preferentially to such sparingly available digestive enzymes
can be statistically ruled out [12]. Previous reports sug-
gested that ASAL interacts with a chaperonin like protein
symbionin (SymL) a GroEL homologue, encoded by mu-
tuallistic Buchnera aphidicola that are known to reside in
the gut of L. erysimi for supplying them free essential
amino acids. SymL is also known to interact with the
Read through domain (RTD) of pathogenic viruses. Earlier
reports have shown the efficiency of ASAL in gaining
over the competition by binding with SymL, thus indi-
rectly obstructing viral transmission [25]. However simi-
lar role of AMTL demands further experimental authen-
tication.

4.4, Relative Position of AMTL in the
Phylogenetic Tree of GNA Related Plant
Lectins

The phylogeny of AMTL (EU083312) and its relatedness
with GNA like mannose binding lectins were studied
which showed both GNA and AMTL though grouped to-
gether under large major cluster, fell apart when further
subdivided into minor sub clusters. This distance could
probably be attributed to their oligomerization status
(AMTL-dimeric, GNA-tetrameric) and sequence dissimi-
larity (Suppl Figure 1). However when subjected to in
silico structural alignment both AMTL and structurally
solved GNA were found to be almost aligned in respect
to their substrate binding sites known to be encoded by
the conserved QDNVY motif [26].

5. Conclusion

The above results potentiate the incorporation of AMTL
as a promising insecticidal protein effective against sap
sucking hemipteran pests. Interaction of insecticidal
components to the insect midgut receptor remains the
primary criterion for conferring toxicity [27] which was
revalidated by the binding experiment using SPR. The
cognate insect receptor of AMTL was identified to be a
~74 kDa, glycoprotein. AMTL could probably have anti
metabolic effects on the insect mid gut causing either nu-
trient leaching [28] or anti absorption detrimental effects as
shown in case of Giardia cyst wall protein 1 resembling
the characteristic features of lectin [29]. Such ambiguity
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regarding the exact mode of action of this lectin can
however be removed by detailed structural and functional
characterization of the insect receptor which needs to be
addressed at length. Nonetheless, the structural as well as
functional resemblance between AMTL and insecticidal
GNA provides a strong platform for AMTL to be enlisted
as a promising insecticidal candidate protein effective
against sap sucking insects.
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Supplementary Figure 1. Dendogram showing relatedness of AMTL with GNA.
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Supplementary Figure 2. Inhibition studies of agglutination by mannose sugar. Well 1: AMTL protein control; Well 2 to 7:
Rabbit erythrocyte incubated with 3.12 microgram-ml™ AMTL presaturated with different concentrations of a-D mannose
(20 mM to 0.5 M); Well 5: Showing complete inhibition of agglutination at 150 mM mannose concentration.
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