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ABSTRACT

Plant lectin, a heterogeneous group of carbohydrate-
binding proteins, is a direct defensive mechanism in plants
against the attacking insects. Lectins from the leguminous
plants Glycine max (GML) and Phaseoulus vulgaries
(PhVL) were tested for their entomotoxic and growth
inhibitory effects against the spiny bollworm (SBW),
Earias insulana Boisd. The impact of the examined lectins
on the two digestive enzymes of SBW, a-amylase and total
proteases, was also investigated. Bioassay studies
conducted on second-instar larvae over five and six days
showed that GML (LCso values of 72.22 and 33.45 pg/gm
diet) was more hazardous than PhVL (LCso = 299.05 and
182.91 pg/gm diet). GML and PhVL at LCzs equivalent
concentrations (8.97 and 34.43 pg/gm diet) significantly (p
< 0.05) reduced the larval weight to 24.9 and 27.4 mg /
larva compared with 55.3 mg / larva in control after 9 days
of treatment. The average time for SBW larvae to pupate
increased when GML and PhVL were added at LCio and
LC2s in comparison to the control. In addition, the tested
lectins significantly (p < 0.05) reduced pupal mean weight,
pupation, adult emergence, fecundity and fertility. Tested
lectins demonstrated significant inhibition of a-amylase
and total protease enzyme activity in larvae of SBWs fed
on diets containing concentrations comparable to LCio and
LCzs. These findings imply that GML and PhVL are
appropriate proteins to add to the cotton plant's DNA in
order to control SBW.
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INTRODUCTION

Spiny bollworm (SBW), Earias insulana Boisd.
(Noctuidae: Lepidoptera) is a very destructive insect
causing great losses of cotton in Egypt and worldwide
(Khurana & Verma, 1990 and Mansour, 2004). Larvae
attack terminals of young cotton resulting in death of
the growing buds and lead to development of lateral
shoots and branches. With the progress of cotton
growth, larvae of SBW feed on the squares and the
bolls, destroying fiber and consuming seeds causing
significant damage in cotton crop (Cayrol, 1972 and El-
Deeb et al., 2017). Cotton fiber production depends
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significantly on the efficient control of SBW in many
areas.

Pyrethroids (Ramesh et al 2010),
organophosphorus, carbamate (Abou-Taleb and El-
Aswad, 2010) and other insecticide groups (Jadhav et
al., 2009) are commonly used for chemical control of
SBW. The environmental pollution (El-Sebae et al.,
1993) and development of insecticide resistance in
SBW against these insecticide groups (Osman et al.,
1991 and Al-Beltagy et al., 2001) as a result, there is a
continual demand for effective and cost-effective
pesticides for crop protection strategies. Lectins,
widely-distributed plant proteins, have been studied
because of their entomotoxic and growth inhibitory
properties against number of insect pests (Afolabi-
Balogun et al., 2012).

Lectins attach to membrane glycosyl groups lining
the digestive tract, causing a range of detrimental
systemic responses that lead to anti-nutritive and toxic
consequences (Stoger et al., 1999). Insect growth is
negatively impacted by disruptions in the metabolism of
fat, carbohydrates, and proteins (Dutta et al., 2005).

Lectins belong to a heterogeneous group of highly
specific and reversible carbohydrate-binding proteins,
with non-enzymatic and non-immune origin (Lis and
Sharon, 2003). They exist in many plants, animals,
microbes and fungi (Peumans et al., 2001). Lectins have
been shown to have entomotoxic effects on homopteran
species (Saha et al., 2006 and Chakraborti et al., 2009),
dipteran (Kaur et al., 2006), lepidopteran (Macedo et
al., 2007; Hamshou et al., 2010 and Mohsen et al.,
2020), and coleopteran insects (Macedo et al., 2002 and
Vandenborre et al., 2011). Furthermore, it has been
established that lectins influence the fecundity, fertility,
development, and survival of insects (Carlini and
Grossi-de-S4, 2002).

Legume seeds contain high levels of lectins. So, they
attracted many plant protection researchers and were
known to be one of the best studied groups of lectins
(Mohsen et al., 2020; Cavada et al., 2020 and Cavada et
al., 2021). White kidney bean, Phaseoulus vulgaries
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lectins (PhVL), and soybean, Glycine max lectins
(GML) were known to have fungicidal (Mohsen et al.,
2018) and insecticidal activities (Mohsen et al., 2020
and EI-Deeb, 2021). The present study investigated the
entomotoxic and insect developmental effects of PhVL
and GML and their effects on two digestive enzymes of
SBW.

MATERIALS AND METHODS

Tested insect:

A lab strain of SBW was acquired from the Plant
Protection Research Institute (PPRI), Egypt. Several
generations of the tested insect were reared in the lab at
27 £ 2 °C and a humidity of 70 = 5. According to
Rashad and Ammar's description (1985) and modified
by Metayi et al. (2016) where white kidney bean was
replaced by broad bean. Larvae were fed semi-artificial
diet containing agar (12 gm), yeast (30 gm), broad bean
(150 gm), ascorbic acid (3 gm), methyl-p-hydroxy
benzoate (nipagin) (3 gm), formaldehyde 40% (1 ml)
and water (700 ml), while Adults were fed 10% sugar
solution.

Extraction and purification of PhVL and GML.:

Seeds of soybean and white kidney bean as lectin
sources were obtained from Crop Research Institute,
Agricultural Research Centre, Ministry of Agriculture,
Giza, Egypt. Seed coats were removed and 100 g of
uncoated seeds were soaked in 10 mM sodium
phosphate buffer, pH 7 containing 150 mM sodium
chloride for 24 hours. The soaked seeds were ground
with a minimal volume of buffer, centrifuged for 10
minutes at 5000 rpm, and the supernatant was utilized to
extract lectins. Once more, centrifugation was
performed after the supernatant was fractionally
precipitated using 60% ammonium sulfate. The pellets
dissolved in a small amount of glass distilled water. The
pellets were dialyzed at 4 °C in glass distilled water, and
then they were lyophilized. GML and PhVL detection
was performed using a blood group O hemagglutination
test in microtiter plate (Varrot et al., 2013).
Hemagglutination  occurs  when lectins  attach
themselves to the surface of erythrocytes that contain
carbohydrates.

Toxicity of tested lectins and estimation of sub-lethal
dose:

A range of lectin concentrations were created in
water and used with the semi-artificial diet for rearing.
For each treatment, forty freshly second instar larvae
were distributed into 20 glass cups (28 ml size). Each
cup contained two grams of agar-based SBW semi-
artificial diet supplemented with the tested lectins. The
control group only received a semi-artificial diet. Cups
with lids were kept at 27 £ 2 °C and observed after five
and six days. The mortality percentages were computed

and adjusted in accordance with Abbott (1925), and
then probit analysis was performed (Finney, 1971).
Calculations were made for the LCig, LCss, and LCso
concentrations.

Developmental effects of tested lectins:

The LCyo and LCys corresponding concentrations for
the investigated lectins were combined with a semi-
artificial food for spiny bollworms. In each treatment,
two hundred larvae in their second instar (four
repetitions; two larvae per tube; 25 tubes per replicate)
were fed the treated diet. The durations of larvae, pupae,
and adults were established. Furthermore, percentages
of pupation and adult emergence, as well as mean
weights of larvae and pupae, were noted. Adults were
sexed; one male was kept with one female in glass cups
and provided with a folded sheet of paper serving as the
oviposition site and counting and monitoring of laid
eggs till they hatch. The sublethal effects of the
investigated lectins on fecundity and fertility were
assessed. Ten matings were planned for each lectin
treatment and control. Every day, the mating cups were
inspected, and the eggs were taken out until the female
died. The total number of eggs produced by each female
during each mating, as well as the percentage of hatched
eggs, were assessed.

Impact of examined lectins on total proteases activity
in vivo:

The LCyo and LCys equivalent concentrations of
GML and PhVL were given to freshly second instar
larvae of SBW, and after six days, the surviving larvae
were collected. The control group consisted of untreated
larvae. The whole larvae was homogenized in 100 mM
Tris-HCI buffer pH 7 (1:5 w/v) using homogenizer
(Polytron Kinematica) on ice. The cooling centrifuge
(IEC-CRU 5000) was wused to centrifuge the
homogenate for 15 minutes at 4 °C at 4000 rpm. The
total proteolytic activity in the supernatant was
determined using azocasein as a substrate, as stated by
Olga et al. (2002) and Mohen and Gujar (2003). After
incubating the homogenate in 60 pl of assay buffer (100
mM Tris-HCI pH 8) for 20 minutes at 37 °C, 200 pl of
2% azocasein (w/v in assay buffer) were added. The
mixture was kept at 37°C for 180 minutes, then 300 pl
of cold 10% trichloroacetic acid (TCA) was added to
halt the reaction. The mixture was subjected to a 10-
minute centrifugation at 3000 rpm. 10 ul of NaOH (10
N) was added to the reaction mixture to neutralize the
excess acidity. With a spectrophotometer (Sequoia-
Turner, Model 340), absorbance was measured at 440
nm. The blank sample included the assay mixture in the
absence of the enzyme.
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Impact of examined lectins on the activity of a-
amylase in vivo:

The larvae that survived treatment for six days with
LCio and LCys concentrations of GML and PhVL were
collected. The control group consisted of untreated
larvae. Using Polytron Kinemetica homogenizer on ice,
the whole larval population was homogenized in
distilled water (1:5 w/v). Centrifuging the homogenate
for 20 minutes at 4 °C at 15,000 rpm was done. Alpha-
amylase activity was measured in supernatant using
soluble starch as a substrate according to Bernfeld
(1955). An assay mixture 20 uL of the enzyme source,
80 uL of phosphate buffer (20 mM, pH 7.1) and 40 uL
of soluble starch (1%) was incubated at 35 °C for 30
min. The reaction was stopped by addition of 100 uL
dinitro salicylic acid. Reaction mixture has been set in
boiling water for 10 min and then absorbance was
measured at 545 nm. The blank sample was containing
the assay mixture without the enzyme. Alpha-amylase
activity (One unit) is the quantity of enzyme needed to
generate one milligram of maltose at 35 degrees Celsius
in thirty minutes.

Measurements of protein:

The protein content of the supernatant was
calculated by comparing it to the BSA standard curve
(Lowery et al., 1951).

Statistical analysis:

The POLO software (Russell et al., 1977) was used
to determine median lethal concentration values (LCso)
and associated 95% confidence limits, which were
based on Finney (1971). The difference between LCsp
values was estimated using the non-overlap of their 95%
confidence limits criteria. All quantitative estimations
were duplicated four times, with results represented as
mean + standard error. SAS 8.0 software was used for
statistical analysis of data from each experiment. Means
were examined for significant differences using the

analysis of variance (ANOVA) test (LSD at P < 0.05)
(SAS Statistical Software, 1999).

RESULTS

Toxicity of GML and PhVL against SBW 2" larvae:

Toxicity of GML and PhVL against SBW 2" instar
larvae after 5 and 6 days of treatment present in Table
(1). GML (LCsp = 72.22 and 33.45 pg/gm diet) was
roughly 4.14 and 5.47 times more toxic than PhVL
(LCsp = 299.05 and 182.91 pg/gm diet) following
exposure for five and six days, respectively. The LCyo
and LCys values are 2.74 and 8.97 pg/gm diet for GML,
7.66 and 34.43 pg/gm diet for PhVL after 6 days of
treatment.

2. Effect of GML and PhVL on development of
SBW:

Effects of LCio and LCys equivalent concentrations
of GML and PhVL on larval mean weight, larval
duration and %pupation of SBW are presented in Table
(2).

The average weight of treated larvae was decreased
significantly (P < 0.05) compared to the control during
the observation period. The concentration equivalent to
LCys of both lectins showed the highest negative effect
on the larval weight. When the larvae were treated with
the LCys of GML (8.97 pg/gm diet), the larval weight
decreased to 6.3, 17.3 and 24.9 mg/larva compared with
15.6, 31.9 and 55.3 mg / larva in the control after 3, 6
and 9 days of treatment, respectively, while the larval
weight averages were 7.1, 18.3 and 27.4 mg/larva when
larvae were treated with LCys of PhVL (34.43 pg/gm
diet), after 3, 6 and 9 days of treatment, respectively.
The average pupation period of SBW were significantly
longer in the larvae treated with LCyp and LCys
concentrations of GML (18.5 and 20.4 days) and PhVL
(17.2 and 19.4 days), respectively than those in the
control treatment (14.3) days (Table 2).

Table 1. Toxicity of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) against 2™ instar

larvae of spiny bollworm.

Time after LCs. LCys LC,. Slope (+
Treatment  exposure (ng/g diet) (ng/g diet) (ng/g diet) SFI)E) - x®
(days) (95% CL) (95% CL) (95% CL)

72.22 15.65 3.95

GML 5 (55.92 - 92.69) (10.24 - 21.78) (2.04 - 6.44) 1.02+0.09 6.84
8.97 2.74

6 33.45 (25.77 — 42.27) (5,51 12.70) (1.29 - 4.60) 1.18 £0.12 1.50

PhVL 5 299.05 (232.04 — 389.65) (42.6%2;625_27) (8.3(1)5—.32.28) 0.99 +0.08 0.11
34.43 7.66

6 182.91 (138.59 — 239.30) (21.33-4969)  (3.60 - 13.27) 0.93 +0.08 0.30
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Sublethal concentrations of the tested lectins had a
considerable effect on pupation, The LCy of GML
treatments showed the lowest pupation percentage
45.5% compared with 91.7% in the control. Also, a
significant (P < 0.05) decrease in pupation percentage
was observed with LCys of PhVL (55.6%) and the LCig
of both GML and PhVL (67.5 and 72.0%, respectively)
(Table 2).

The pupal mean weight was considerably lower with
all treatments, compared to the control treatment (Table
3).

The LCys for both GML and PhVL had the greatest
impact, with pupal mean weights of 31.0 and 30.6
mg/pupa, respectively, followed by the LCio of both
lectins, with 38.2 and 36.7 mg/pupa, respectively,
compared to 53.5 mg/pupa in the control group.
However, pupal duration did not vary significantly in all
treatments compared with control. Adult emergence
rates were considerably lowered by all treatments; GML
and PhVL at LCy had the greatest reduction in adult
emergence rates, at 57.5 and 52.8%, respectively,
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compared to 92.2% in the control group. At the LCjo of
both lectins, the adult emergence rates were 75.9 and
68.5%, respectively (Table 3).

GML and PhVL at concentrations equivalent to LC1p
and LCys significantly (P < 0.05) reduced the SBW
fecundity (No. eggs laid/female) and fertility (%egg
hatch) (Table 4).

The insects fed PhVL at 34.43 pg/gm diet showed a
significantly low fecundity of 53.5 eggs laid/female,
while this was 142.0 eggs laid/female in control.
Fecundity was significantly reduced to 65.2 eggs
laid/female in insects fed GML at 8.97 pg/gm diet.
Fertility was the lowest in insects fed PhVL at 34.43
pg/gm diet flowed by GML at 8.97 pg/gm diet, where it
was 41.7 and 48.8% compared with 94.0% in the
control. Adult longevity was considerably (P < 0.05)
reduced to 8.4 and 6.5 days in LCyo and LCys of GML
treatments, 7.8 and 7.4 days in LCyo and LCys of PhVL
treatments, and 10.5 days in the control, as shown in
Table (4).

Table 2. Effect of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) when applied to the 2"
instar larvae of spiny bollworm on the larval weight, larval duration and %pupation.

Conc Mean weight (mg/larva) (+ SE) after Larval Pupation
Treatment . different days of treatment duration (%) £ SE
(/g diet) 3 6 9 (days) + SE
Control - 15.6a+0.4 31.9a+1.5 55.3a+2.1 14.3c+0.9 91.7a+5.2
GML 2.74 9.4b+0.6 23.7b+0.8 34.7b+1.2 185b+14 67.5c+ 2.5
8.97 6.3c £ 0.3 17.3c+0.7 24.9c+1.3 20.4a+1.7 455e+2.3
PhVL 7.66 10.1b+ 04 22.9b+1.2 35.2b+1.0 17.2b+ 16 72.0b+1.9
34.43 7.1c+0.2 18.3c+0.4 27.4¢+0.9 19.4a+0.8 55.6d + 1.5

Table 3. Effect of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) when applied to the 2
instar larvae of spiny bollworm on the pupal weight, pupal duration and %adult emergence.

Treatment Conc_. Pupal mean weight Pupal duration %Adult emergence +
(ug/g diet) (mg/pupa) + SE (days) + SE SE
Control - 53.5a+2.4 8.4a+0.3 92.2a+ 35
GML 2.74 38.2b+1.6 8.0a+0.5 75.9b+2.9
8.97 31.0c+1.2 8.6a+0.1 57.5c+3.1
PhVL 7.66 36.7b £ 1.5 7.9a+0.2 68.5b £ 2.7
34.43 30.6c + 0.4 8.3a+0.4 52.8c+2.1

Table 4. Effect of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) when applied to the 2"
instar larvae of spiny bollworm on adult fecundity, fertility and longevity.

Treatment Conc. Fecundity Fertility Adult longevity
(Hg/g diet) (No. eggs laid/ female) + SE (Yegg hatch) + SE (days) + SE
Control - 142.0a = 8.5 94.0a+3.1 10.5a+ 0.5
GML 2.74 98.5b + 3.2 67.5bx2.5 8.4b+x04
8.97 65.2d+2.5 48.8d £ 3.2 6.5+ 04
PhVL 7.66 87.4cx4.1 57.6c£3.2 7.8b+0.5
34.43 53.5e+2.9 41.7d+2.1 7.4b£0.3
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3. Effect of GML and PhVL on SBW total proteases
and a-amylase activity:

The highest inhibition of total proteases activity was
occurred in SBW larvae fed diet contains 8.97 and
34.43 pg/gm diet of GML and PhVL with inhibition
percentages of 63.8 and 63.4, respectively. In addition,
treatment with GML and PhVL at 2.74 and 7.66 pg/gm
diet (equivalent to LCyo) induced a significant (P < 0.05)
reduction (45.6 and 42.1%) in total proteases activity
(Table 5).

Tested lectins at LCio and LCos concentrations
significantly inhibited SBW larvae's a-amylase enzyme
activity (Table 6).

GML and PhVL at 8.97 and 34.43 ug/gm diet
inhibited a-amylase activity by 66.0 and 64.4%,
respectively, whereas GML and PhVL at 2.74 and 7.66
pg/gm diet inhibited it by 59.8 and 58.8% (Table 6).

DISCUSSION

The present study provides comparison between
toxicity, developmental and biochemical effects of
GML and PhVL against SBW larvae. Both GML and
PhVL showed potent insecticidal activity against SBW
2" instar larvae. GML was 5.47 times more toxic than
PhVL after 6 days of exposure. In previous studies
several legume lectins were reported to have
entomotoxic effects (Melander et al., 2003 and Wang et
al., 2003). Spodoptera littoralis larvae died significantly
when fed on transgenic plants expressing Allium porrum
L. lectins (Sadeghi et al., 2009). Sclerotium rolfsii

lectins were shown to have a notable mortality rate for
Spodoptera litura larvae (Vishwanathreddy et al.,
2014). Moreover, high mortality of S. littoralis and pink
bollworm larvae treated with GML and PhVL were
reported (Mohsen et al., 2020 and El-Deeb, 2021).

Most lectins did not display strong acute toxicities
against insect pests instead they are known to have
distinct negative effects on insect development and
reproductive (Caccia et al., 2012; Mohsen et al., 2020
and El-Deeb, 2021). From a practical point of view
these negative effects on insect development are
suitable for IPM programs as the insect population is
negatively affected. The present data showed high
negative effects of GML and PhVL on the SBW larval
and pupal weights, and significantly prolonged larval
duration. In addition, pupation percentage and adult
emergence rates of SBW were significantly reduced as a
result of treatment by GML and PhVL. Previous
research verified that S. littoralis 2" instar larvae fed
leaves on transgenic tobacco plants expressing Allium
porrum L. lectins had lower larval and pupal weights
(Sadeghi et al., 2009) or diet contains Rhizoctonia
solani lectins (Hamshou et al., 2010) or diet contains
PhVL and GML (Mohsen et al., 2020). The growth and
development of Spodoptera exigua was shown to be
adversely affected by the snowdrop lectin (Naghdi and
Bandani, 2013). Furthermore, in Lacanobia oleracea,
snowdrop lectin delayed the instar durations and
decreased survival (Fitches et al., 1997 and Wakefield
et al., 2006).

Table 5. In vivo effect of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) on the 2" instar
larvae of spiny bollworm total proteases activity after 6 days of treatment.

Treatment (“;:/gn dciét) SpeCIf;)i(z;lt(:;ilr\:;:]);)(i)Es)é40/mg Activity (%ocontrol) %lnhibition
Control - 0.309a+ 0.006 100+1.9 0.0
GML 2.74 0.168b+ 0.005 54.4+1.6 45.6
8.97 0.112c+ 0.004 36.2+1.3 63.8
PhVL 7.66 0.179b+ 0.008 57.9+2.6 42.1
34.43 0.113c+ 0.004 36.6+1.3 63.4

Table 6. In vivo effect of Glycine max lectins (GML) and Phaseoulus vulgaries lectins (PhVL) on the 2" instar

larvae of spiny bollworm a-amylase activity after 6 days of treatment.

Treatment Conc. Specific activity: (umol Activity %
(ug/g diet) maltose/min/mg protein + SE) (Yocontrol) Inhibition
Control 0 1.77a+ 0.05 100+ 2.8 0.0
GmL 2.74 0.712b + 0.06 40.2+34 59.8
8.97 0.601d + 0.03 34017 66.0
PhVL 7.66 0.729b + 0.05 412+238 58.8
34.43 0.631c + 0.04 35.6+2.3 64.4
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GML and PhVL significantly reduced the SBW
fecundity and fertility when the 2" instar larvae fed diet
contains concentrations equivalent to LCio and LCys.
Reduction of reproductive parameters (fecundity and
fertility) of SBW caused by PhVVL and GML has been
recorded in other insect pests such as S. littoralis
(Mohsen et al., 2020) and pink bollworm (El-Deeb,
2021). The investigation reveals that GML and PhVL
have detrimental impacts on growth and reproductive
parameters, which are partially explained by the evident
inhibitory effects of total proteases and a-amylase
activity in SBW. Incorporating the coagulant Moringa
oleifera lectin (cMoL) in an artificial diet of moth flour
resulted in decreased average larval weight, a series of
nutritional disturbances and increased the total
development time (De Oliveira et al., 2011). In addition,
Hippeastrum hybrid (Amaryllis) (HHA) bullbs lectin
binds to the membranes of columnar cells of S. littoralis
larval midgut, then cross the gut epithelial barrier and
pass into the insect hemolymph resulting in its toxic
effect (Caccia et al., 2012).

GML and PhVL proved to have toxic and negative
effects on the growth and development of SBW. In
addition, in previous studies GML and PhVL had the
same effects against S. littoralis (Mohsen et al., 2020)
and pink bollworm larvae (El-Deeb, 2021). These
insects are the main cotton pests causing great reduction
of production. Therefore, we suggest GML and PhVL to
be included in main cotton insect pests IPM programs
and genes that encode GML and PhVL can be
incorporated into cotton for this purpose.

CONCLUSION

Lectin extracted from Glycine max (GML) and
Phaseoulus vulgaries (PhVL) showed entomotoxic and
growth inhibition effects against the spiny bollworm
(SBW), Earias insulana Boisd. The GML lectin was
more toxic than the PhVVL one. They also negatively
affected the development and protease o-amylase
activity of SBW. Therefore, these lectins can be
included in IPM programs to control the main
lepidopteran insect pest. As lectins are considered
environmentally friendly nature chemicals, they may
provide an alternative for the traditional insecticides.
However, further studies are suggested to adjust the
filed rats and the proper formulations as well toxicity to
the beneficial nature enemies.
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