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Abstract

Proteinase inhibitors (PIs) are widely distributed plant defense proteins against herbivores. Exploiting
these proteins in insect control tactics is one of the environmental friendly methods. In this context the
present study was undertaken to study the effect of partially purified proteinase inhibitors from Indian
coral tree, Erythrina variegata (EvPI) and balsam apple, Momordica balsamina (MbPI) on growth and
development of fall armyworm, Spodoptera frugiperda. The three day old larvae were fed with maize
leaves treated with EVPI (1, 3 and 6 %) and MbPI (1, 3 and 6 %) and EvPI 6% + MbP1 6% for three days
(acute feeding) and untreated leaves until pupation. After feeding, the growth parameters like larval
weight, pupal weight, adult weight, larval and adult period were not influenced upon treatments.
However, malformations were observed in these treatments and it ranged from 10 to 20 %. There was
pupal mortality (12.5 %) in MbPI 6% and combination treatment and adult emergence was reduced upto
12.5 % in these treatments. These results suggest that these treatments did not have great influence on
growth and development when fed for short period. Hence, the Pls from E. variegata and M. balsamina
shall be used in development of transgenic plants, as transgenic plant will provide opportunities for the
larva to continuously feed on thePls which will affect the growth and development of fall armyworm.

Keywords: Proteinase inhibitor, Erythrina variegata, Momordica balsamina, growth and development,
acute feeding, Spodoptera frugiperda

Introduction

Fall armyworm (FAW), Spodoptera frugiperda is an emerging invasive insect pest in India
that has been reported with a wide range of host plants (353 host plants) [, Even though
FAW feeds on many host plants, its damage on Poaceae is more accountable. The grain yield
loss caused by this pest in maize was 34% in Brazil, amounting US$ 400 million %, With the
native of subtropical America, this devastating insect pest’s first invasion was found in Africa
during 2016 ™, later it crossed the borders of many countries. As the tropical climate and host
plant availability in African and Asian subcontinents provided a conducive condition for its
growth and development, FAW started to produce more generation per season and is
becoming a big menace in these areas 2. As the negative impacts like insecticide resistance
development among the target insects and environmental health hazards of chemical
insecticides usage has warranted the development of environmental friendly pest control
tactics and many research works on various aspects of eco friendly pest management
approaches are in progress. One among them is the use of proteinase inhibitors, a natural
defender in plants against herbivores. As these inhibitors affect the protein digestion in insect
gut by blocking protease activity, the growth and development of insect get reduced drastically
(171, There are four major class of proteinase inhibitors in nature based on the type of protease
they inhibit namely serine, cysteine, aspartic and metallo-carboxipeptidase inhibitors. Among
them, serine proteinase inhibitors were wide spread in nature [& 12 Also, serine proteases
(trypsin and chymotrypsin) are the major proteolytic enzymes expressed in the gut of
Lepidopterans (81 In our earlier study, the seeds of 38 plants from different families were
screened for trypsin and chymotrypsin inhibitory activity and found that the presence of
trypsin and chymotrypsin inhibitory units were high in M. balsamina and E. variegata %,
Hence, the present study was undertaken to evaluate the effect of serine proteinase inhibitor

from E. variegata (EvPI) and M. balsamina (MbPI) against S. frugiperda.
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Materials and Methods

The laboratory study was conducted to evaluate the effect of
acute feeding of partially purified serine proteinase inhibitors
isolated from seeds of E. variegata and M. balsamina through
acute feeding on growth and development of S. frugiperda
during 2019 in the laboratory at the Department of
Agricultural Entomology, Agricultural College and Research
Institute, Madurai.

S. frugiperda mass culture

Laboratory culture of S. frugiperda were maintained under
room temperature (32°C and 70% RH) with the photo period
of 14h:10h. Newly hatched early instar larvae were placed in
plastic boxes (8.5x5.5x2.25 cm) and fed with tender maize
leaves (20 nos./box). From 4" instar, the larvae were reared
individuallyusing maize leaves to avoid cannibalism. When
they reached the pre-pural stage, they were collected and kept
for adult emergence in a cage. The adults were fed with 10
per cent honey solution and maize leaves were provided as
substrate for egg laying. The uniform second instar larvae
were taken from this culture and used for the laboratory
bioassay.

Extraction and purification of Proteinase inhibitors
Proteinase inhibitors were partially purified from one kg dry
seeds of E. variegata and M. balsamina ", The matured dried
seeds were ground, depigmented and defatted. Crude protein
from defatted flour was extracted using 0.01 M phosphate
buffer (pH 7.2). The proteins in crude extracts were partially
purified by Ammonium sulphate precipitation, during this
process the unwanted proteins were removed and the protein
of interest was concentrated by precipitation and finally three
fractions were collected and further dialysed (1. After dialysis,
trypsin and chymotrypsin inhibitory units were estimated. The
fractions containing high inhibitory units were independently
pooled and lyophilized in SCANVAC COOL SAFE 55-4
lyophilizer.

Bioassay on effect of Pl on growth and development of S.
frugiperda

Lyophilized Pl powders from E. variegata (EvPI) and M.
balsamina (MbPI) were used for this bioassay. Different
concentrations of EvPI and MbPI viz., 1 %, 3 % and 6 % and
a combination of EvPI and MbPI (6% + 6%) were prepared
by dissolving in water (w/v) and Tween 20 (0.01%) was
added as a wetting agent just prior to leaf treatment. The
maize leaves were treated with PI by leaf dip method and air
dried before use. The S. frugiperda larvae of 3 d old (Il instar)
were transferred individually into 70 mm Petri plates, to avoid
cannibalism, and fed with PI treated maize leaves for three
days (acute feeding period), and then the untreated leaves
were provided as feed until pupation, to test the effect of Pl
on growth and development of larva. For each treatment,
three replications were maintained at the rate of three larvae
per replication. Observations were made on the weight of
larvae (daily), pupae and adults, duration of each life stage
and malformations, if any.

Data Analysis

Experiment was conducted at completely randomized design
(CRD). Data were subjected to square root transformation and
were statistically analyzed using SPSS for windows (version
16) software to carryout ANOVA. Grouping of data were
done by using Duncan’s Multiple Range Test (DMRT)EL,
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Results and Discussion

Effect of EVPI and MbPI on larval weight of S. frugiperda
When FAW larvae were fed with PI treated leaves only for 3
days from day 3 to 5after hatching, there was no significant
difference observed in larval weight until pupation (Table 1).
The larval weight gain in treated larva ranged from 358.69 to
406.23 mg and in untreated larva, it was 393.49 mg. It may be
due to the larval adaptations through enzyme loss by
production of more digestive enzymes/ Pl insensitive
enzymes. B found that when the larvae of S. frugiperda were
fed on artificial diet along with Kunitz trypsin inhibitor from
Entada acacifolia (EATI), the midgut trypsin and
chymotrypsin activity was increased upto 40 and 30 per cent
respectively. They also found that PI insensitive trypsin and
chymotrypsin genes i.e. SfTry5, SfTry7 and SfChy5 were
transcribed during the study. When the larvae of S. exigua
were fed with potato proteinase inhibitor 11 (P12) transgened
tobacco leaves chronically (from late second instar to final
instar), the larval growth was not affected, which may be due
to the production of PI insensitive trypsin enzymes in the
larval gut . Whereas in our study, when EvPI and MbPI
were fed chronically to S. frugiperda, there was significant
reduction in larval weight compared to control (unpublished
data).

Effect of EvVPI and MbPI on pupal and adult weight of S.
frugiperda

The pupal weight of S. frugiperda ranged from 185.12 to
191.77 mg. In case of adult weight,it was 94.54 to 104.78 mg
(Table 2).Similar to the larval weight of S. frugiperda, there
was no prominent difference in the pupal and adult weight.
When S. frugiperda fed EATI in a chronic manner, there was
no difference in pupal weight, adult emergence and life-cycle
Bl The same results were observed when the S. frugiperda
larvae fed transgenic maize plants expressed with soybean
proteinase inhibitor genes [*4. While doing transcriptome and
quantitative RT-PCR of the midguts of 6" instar S. frugiperda
after ingestion of soybean proteinase inhibitors (SPI) rich diet
for 48 h, the upregulation of constitutive protease genes and
production of SPI insensitive proteases were observed [,
Hence, this may be the reason for non-significant difference
between treatments in the developmental stages of S.
frugiperda. While, in our study, the S. frugiperda larvae
feeding with EVPI and MbPI chronically, reduction in pupal
and adult weight was observed (unpublished data).

Effect of EVPI and MbPI on developmental periods of S.
frugiperda

The developmental time like larval, pupal periodsand adult
life span of S. frugiperda were not differed due to the
treatments and it was ranged from 13 to 13.31 days, 8.0 to 8.8
days and 11.3 to 12.0 days respectively (Table 3).While, the
chronic feeding of EvPI and MbPI extended the larval period
of S. frugiperda at higher concentrations (unpublished data).
When the larvae of S. frugiperda fed on artificial diet
incorporated with kunitz-type inhibitor of Platypodium
elegans seeds (PeTl), the larval period was extended, but
there was no difference in pupal and adult period 1%,

Partially purified EvPl and MbPI on malformities of S.
frugiperda

During the study period, larval and adult malformations were
observed inS. frugiperda when fed on partially purified EvPI
and MbPI (Plate 1). There was no malformation in pupal
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stage, but there was mortality of pupae. There was 10 %
larval malformation in combination treatment (EvPl 6% +
MbPI 6%), 10 % pupal-adult malformation in 3% and 6%
MbPI, 20 % adult malformation in EvPI 6% and 10 % in EvPI
3% and MbPI 1%. Pupal mortality was observed as 12.5 % in
MbPI 6 % and in combination treatment and adult emergence
was reduced upto 12.5 percentage in these treatments (Table
4). This may be because of the energy loss during the adaptive
process in larval period like over expression of proteolytic
enzymes and production of Pl insensitive enzymes. As extra
energy and nutrients exploited in the enzyme production in
larval stage, there may be less availability of nutrients for

http://www.entomoljournal.com

pupal and adult development and this might have led to

malformations.

From the present study it was concluded that, partially
purified proteinase inhibitors from E. variegata and M.
balsamina did not inflict significant effect on the growth and
development of S. frugiperda when fed only for short period
(3 days). This may be due to the development of adaptive

mechanisms in larvae to

overcome enzyme loss. However

slight malformations were observed in treated larvae. Hence

the Pls from E. variegata

and M. balsamina shall be used for

the development of transgenic plants.

Table 1: Impact of partially purified EvPlo-so and MbP13o-g0 0n larval weight of S. frugiperda due to acute feeding

*Mean fresh weight of the larvae (mg)
Treatment Fed with treated leaf Fed with untreated leaf
D3 D4 D5 D6 D7 D8 D9 D10 D11
EVPI 1% 0.4+0.06 1.2+0.07 3.840.02 9.7+0.81|29.1+1.45| 76.3+4.16 | 134.143.39 |257.5+14.44/396.7+29.50
(0.63) (1.09) (1.95) (3.11) (5.39) (8.73) (11.58) (16.05) (19.92)
EVPl 3% 0.4+0.03 1.1+0.07 3.6+0.17 9.640.62 |29.3+1.25| 79.0+7.15 | 145.1+7.65 | 256.9+6.49 (406.7+42.84
(0.66) (1.07) (1.89) (3.10) (5.41) (8.89) (12.05) (16.03) (20.17)
EVPI 6% 0.5+0.05 1.1+0.10 3.9+0.83 9.2+1.05 |28.3+1.91| 68.7+3.06 {130.5+19.98(251.0+12.12|359.2+51.48
(0.69) (1.06) (1.98) (3.03) (5.32) (8.29) (11.42) (15.84) (18.95)
MbPI 1% 0.5+0.02 1.1+0.09 4.2+0.54 9.9+0.89 |26.9+1.75| 78.1+5.32 | 141.748.30 |262.0+28.15|396.8+71.87
(0.67) (1.06) (2.05) (3.15) (5.19) (8.84) (11.90) (16.19) (19.92)
MbPI 3% 0.5+0.02 1.2+0.07 3.5+0.13  |10.2+0.87|29.4+3.79|83.1+16.11|135.5+14.92|234.6+21.60| 386.0+9.62
(0.69) (1.08) (1.88) (3.19) (5.43) (9.12) (11.64) (15.32) (19.65)
MbP! 6% 0.5+0.03 1.2+0.03 4.1+0.29 9.3+1.16 |29.5+3.46| 75.8+7.66 | 140.548.95 | 248.9+9.00 |389.8+16.80
(0.68) (1.08) (2.02) (3.04) (5.43) (8.71) (11.85) (15.78) (19.74)
EvPI 6%+ MbPI | 0.5+0.05 1.2+0.04 4.2+0.27 9.4+1.05 |29.9+2.25| 78.8+1.97 | 140.345.80 | 247.4+8.66 |383.5+23.17
6% (1:1) (0.67) (1.09) (2.04) (3.07) (5.47) (8.88) (11.85) (15.73) (19.58)
Untreated check 0.5+0.03 1.1+0.10 3.9+0.62  |10.0+0.84(29.8+2.00| 78.1+5.94 |131.0+11.76|245.1+14.79|394.0+23.00
(0.71) (1.06) (1.98) (3.16) (5.46) (8.84) (11.44) (15.65) (18.6)
Mean 0.5 1.2 3.9 9.6 29.0 77.3 137.3 250.4 389.1
SEd NS (0.03) NS (0.03) NS (0.07) NS (0.13)|NS (0.18)| NS (0.36) | NS (0.38) | NS (0.43) | NS (0.85)
*Mean values of three replications are represented as mean +* standard deviation; Figures in the parentheses are square root transformed
values;D3- Day 3 (age of the larva), and so on;SEd: Standard Error of the difference; NS: Non-significant.

Table 2: Impact of partially purified EvPlo-s0 and MbP130-90 on larval weight gain, pupal and adult weight of S. frugiperda — Acute feeding

Larval weight gain over initial Pupal weight* Adult weight*
Treatment welght> (mg) ma) 4(mg)
EvPI 1% 396.30 185.28 + 3.9 (13.61) 101.0 + 17.36 (10.03)
EVPI 3% 406.23 191.77 £5.6 (13.85) 96.64 + 6.28 (9.83)
EVPI 6% 358.69 185.12 + 2.4 (13.61) 94.54 +7.49 (9.72)
MbPI 1% 396.38 184.41 +11.4 (13.58) 101.97 + 14.36 (10.08)
MDbPI 3% 385.51 185.62 + 6.5 (13.62) 103.85 +4.21 (10.19)
MDbPI 6% 389.37 185.42 +4.1 (13.62) 100.67 + 3.75 (10.03)
EvPI 6%+ MbPI 6% (1:1) 383.00 187.91 £4.9 (13.71) 104.78 + 10.97 (10.23)
Untreated check 393.49 186.58 + 7.7 (13.66) 94.57 +5.80 (9.72)
SEd - NS (0.20) NS (0.41)

*Mean values of three replications are represented as mean + standard deviation; #Figures in the parentheses are square root transformed values;
SEd: Standard Error of the difference;NS: Non-significant.

Table 3: Effect of partially purified EvPI and MbPI on Larval period, pupal period and adult longevity of S. frugiperda— Acute feeding

Treatment Larval period (days)* Pupal period (days)* Adult period (days)*
EVPI 1% 13.11+0.19 (3.62) 8.0+ 0.0 (2.83) 11.3+1.53 (3.37)
EVPI 3% 13.11+0.19 (3.62) 8.7+0.25 (2.95) 11.7+0.57 (3.42)
EvPI 6% 13.060.42 (3.61) 8.8+0.63 (2.96) 11.7+1.15 (3.42)
MbPI 1% 13.31+0.04 (3.65) 8.7+0.33 (2.94) 12.0+1.0 (3.46)
MbPI 3% 13.11+0.19 (3.62) 8.6+0.51 (2.92) 11.7+0.57 (3.42)
MbPI 6% 13.03+0.29 (3.61) 8.3+0.25 (2.88) 11.3+0.56 (3.37)

EvPI 6%+ MbPI 6% (1:1) 13.00+0.00 (3.61) 8.4+0.13 (2.89) 11.7+0.57 (3.42)
Untreated check 13.08+0.14 (3.62) 8.4+0.35 (2.90) 11.3+1.16 (3.37)
Mean 13.10 8.47 11.6
SEd NS (0.19) NS (0.30) NS (0.12)

*Mean values of three replications are represented as mean + standard deviation; #Figures in the parentheses are square root transformed values;
SEd: Standard Error of the difference; NS — Non significant.
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Table 4: Effect of partially purified EvPI and MbPI in causing malformations in different life stages of S. frugiperda — Acute feeding

Malformation (%) in different life stages Adult
Treatments Total Corrected_ emergence
Larva | Pupal —adult Adult malformations pupal mortality percentage
EVvPI 1% Nil Nil Nil Nil Nil 100
EvPI 3% Nil Nil 10 10 Nil 100
EvPI 6% Nil Nil 20 20 Nil 100
MbPI1 1% Nil Nil 10 10 Nil 100
MbPI1 3% Nil 10 Nil 10 Nil 90
MbP1 6% Nil 10 Nil 10 12.5 87.5
EVPI 6% + MbPI 6% (1:1) 10 Nil Nil 10 12.5 87.5
Untreated check Nil Nil Nil Nil Nil 100
n = no. of larvae used in the study

Larval malformation in combination
treatment (EvP1 6% + MbPI 6%)

6%

Pupal - adult malformation in MbPI

Adult malformation in EVPI 6%

Plate 1: Malformations observed during the study
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