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ABSTRACT

The present study investigated the growth inhibitory potential of partially purified protease inhibitors from Subabul (Leucaena
leucocephala) on Common cutworm Spodoptera litura (Fabricius) which has attained major pest status in India. Second instar
larvae given treated diet (25, 50 100, 200, 400 and 800 pg/ml) showed a decrease in larval period with increase in concentration
when compared with control whereas total developmental period increased at lower concentrations but decreased at 400 and
800ug/ml in comparison to control. The percentage pupation and emergence of females was inhibited and longevity of adults
was reduced with increase in concentration. Percentage of male emergence increased significantly at highest concentration in
comparison to control. No egg laying was observed at 400 and 800ug/ml concentrations. A significant decline in percent hatch-
ing upto 200ug/ml was noticed. The relative growth rate, consumption rate and efficiency of conversion of ingested and digested
food was significantly reduced. The present findings clearly confirmed the potential of the inhibitor for pest control.
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INTRODUCTION

All organisms when attacked by their enemies use effec-
tive counter measures to defend themselves. Plants have
also evolved mechanisms to cope with predatory insects
and pathogens. Exploiting these mechanisms will undeni-
ably contribute towards enhancing insect pest resistance.
Plants produce different types of proteins to protect them-
selves from their enemies especially phytophagous insects.
There are numerous examples of these proteins like serine
and thiol protease inhibitors, amylase inhibitors, lectins and
enzymes (Hilder and Boulter 1999). These proteins interrupt
pest’s essential amino-acid metabolism by inhibition of pro-
tein digestion (Hilder et al., 1992). Many insects particularly
those belonging to the order Lepidoptera depend on serine
proteases like trypsin, chymotrypsin, and elastase as primary
protein digestive enzymes. Much research has focused on
exploiting this plant defense mechanism for crop protection.
Studies using artificial diets incorporated with plant-derived
PIs targeting a particular class of proteinase(s) in the insect
gut have established that these proteins retard growth and
development in Lepidopteran pests (Boulter, 1993; Pandey

et al., 2014). Transforming plant genomes with these pro-
teinaceous Pls provides an ecofriendly and safe approach to
pest control (Reckel et al., 1997). However, because of the
variability of the insect proteinases and the restricted range
of action of the proteinase inhibitors (Ortego et al., 1996),
the expression of a particular PI in plants may not yield the
desired result and therefore might not be an excellent candi-
date for biotechnology. Thus there is a continuous search for
new inhibitors that are competent to combat pest adaptation
via antimetabolic activity.

Subabul which belongs to family Leguminoceae, is an or-
namental tree used as fodder and firewood. It is reported to
exhibit inhibitory activities for plasmin, human plasma kal-
likrein, trypsin, chymotrypsin and factor XIIa (Oliva et al.,
2000). Previous study on STI showed significant reduction
in growth and larval development of Helicoverpa armigera
by Bhavani et al., 2007. We examined the effects of Sub-
abul protease inhibitors on the growth and development of
S. litura larvae. Furthermore, we investigated the effects of
this inhibitor on food consumption, absorption and utiliza-
tion, as well as its effects on the midgut and fecal proteolytic
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activity of larvae fed on an artificial diet, corroborating novel
data on adaptation/resistance of insects to proteinase inhibi-
tors. S. litura is a polyphagous noctuid commonly known as
the cluster cater- pillar, tobacco cutworm and tropical army-
worm. The larvae have a wide range of host plants of over
40 mostly dicotyledonous plant families, resulting in 69%
reduction in yield. It is a polyphagous pest of many forage
crops and vegetables in China, Japan and has recently at-
tained the status of a moajor pest on agricultural crops in
India (Gokulkrishnan et al., 2012). In India, S. litura is found
more in the fields of ground nut, tomato, chilli, bhendi and
cotton (Elumalai et al., 2010).

MATERIALS AND METHODS

Partial purification of Pls

Mature Subabul seeds were collected from university cam-
pus and defatted using acetone (1:10) w/v for 2h then air
dried for 15mins. Defatted seed powder (1:20) w/v was
stirred for 1h at room temperature with extraction buffer i.e.
0.1M sodium phosphate buffer, pH7.5. This slurry was then
centrifuged at 12,000rpm for 30mins at 4°C. Total soluble
protein was incubated at 70°C for 10mins followed by cen-
trifugation at 12,000rpm for 30mins at 4°C. Precipitates were
dissolved in minimum amount of extraction buffer and were
dialyzed against same extraction buffer using a membrane
(cutoff M 12000-14000 Da) for 24h at 4°C. The dialyzed
sample was treated as partially purified PI which was then
subjected to further analysis of protein content as well as for
trypsin inhibitory activity.

Trypsin inhibition assay

Protienase inhibitory activity was determined according to
Paulino da Silva et al., 2001 using BApNA (N-a-benzoyl-
DL-arginine p-nitroanilide) as substrate.

Protein estimation

Protein estimation was done both in defatted and partially
purified preparations by the method of Lowry et al., (1951)
using bovine serum albumin (BSA) as the standard, for pre-
paring various test concentrations (25, 50, 100, 200, 400,
800ug/ml) for bioassay and nutritional assay studies.

Insect culture

Egg masses and larvae of S. /itura were collected from the
cauliflower fields around Amritsar (Punjab), India and sub-
sequent generations were reared in the laboratory at 25+2°C
temperature, 65+5% relative humidity (RH) and 12:12 (D:
L) photoperiod. The rearing was carried out in glass jars
(15ecmx10cm) on castor leaves. Rearing on artificial diet was
done as reported by Koul et al., (1997).

Bioassay studies

All experiments were conducted in B.O.D. incubator main-
tained at conditions mentioned earlier. Bioassay experiments
were conducted as described by Vasudev and Sohal (2013).
The various concentrations of partially purified PIs used
were 25, 50, 100, 200, 400 and 800pg/ml. There were 6 rep-
lications with 5 larvae (n=210) in each replication for each
concentration.

Nutritional analysis

Nutritional indices of S. litura were determined by following
the procedure of Koul et al,, (2005). Dry weights of larvae,
diet left and fecal matter were taken by incubating the larvae
at the end of experiments at 60°C for 72h inside an incuba-
tor. Nutritional indices thus obtained were calculated as pro-
posed by Waldbauer (1968) using dry weights.

Statistical analysis

All the bioassays and nutritional assays were performed in
six replicates and the values were represented as mean + SE.
The data were subjected to analysis of variance (ANOVA).
Statistical differences were determined by Tukey’s post hoc
test.

RESULTS

Proteinase inhibitors partially purified from Subabul exhib-
ited 14.86 trypsin inhibitory units (TIU) per mg protein with
92.43% inhibitory activity against bovine trypsin (Tablel).

Bioassay studies

The effect of STI was noticed on developmental physiology
of S. litura larvae when they were weighed in their final lar-
val stage after feeding on diet supplemented with different PI
concentrations. Larval weight decreased in a dose depend-
ent manner where they weighed 363.4mg less at 800ug/ml
in comparison to control (Table 2). Also, an increase was
observed in larval period with increase in concentration of
STI supplemented diet fed to the second instar larvae. At
low concentrations of 25 and 50pug/ml no drastic increase
was noticed, whereas at 800pg/ml larval period prolonged
significantly by 2.68days in comparison to control larvae
(Table 2). Prepupal mortality was noticed at 400 and 800pg/
ml (Fig. 4a). Rearing of larvae on diet amended with STI
adversely affected %pupation as only 36.67% larvae pupated
at the highest concentration in comparison to 86.67% pupa-
tion observed in the larvae reared on control diet (Table 2).
Pupal duration showed no particular trend as it increased at
lower concentrations (25-100pug/ml) but with increase in PI
amount in diet (200-800ug/ml), it decreased significantly
when compared with control (Table 2). Pupal weight de-
creased effectively at all the concentrations when compared

[
u Int J Cur Res Rev | Vol 7 « Issue 18 « September 2015



Vasudev et. al.: Evaluation of partially purified subabul protease inhibitors as bio insecticidal tool with potential for the control ...

with control (Table 2). The pupa formed at 400 and 800pg/
ml concentrations were small in size (Fig. 4b).

The adverse effect of STI in its partially purified form was
also observed on male and female emergence along with
their performance. While the female emergence decreased to
34.52% of the control, the percentage of males emerged from
treated larvae was 1.97 times more than control at highest
concentration (Table 3). Longevity of adults declined signifi-
cantly by 4.11days at 800pg/ml when compared with control
group. The number of eggs laid by adult females emerged
from treated larvae was 593.30/female at 200pug/ml in com-
parison to control where 939.20eggs/female were laid. At
high concentrations, no egg laying was seen by emerged fe-
males. Also the eggs laid by emerged females from treated
larvae were not much viable as only 33.33% eggs hatched at
200pg/ml (Table 3).

Aberrations in adults were more pronounced at 400 and
800pug/ml concentrations where adult half emerged from
pupa or adults with deformity in wings were more often seen
(Fig. 4c andd).

Nutritional indices

Nutritional analysis indicates considerable effect of partially
purified protease inhibitors from Subabul on food utilization
by S. litura. As is apparent from Table 4, there was note-
worthy decline in relative growth and consumption rate of S.
litura larvae as well as efficiency of conversion of ingested
and digested food after ingestion of PI treated diet. Amended
diet resulted in 47-80% reduction in RGR over the control.
With the increasing concentration of STI, the RGR reduced
significantly in comparison to control. Similarly, significant
reduction in food consumption rate was recorded where it
showed negative correlation with concentration. The con-
centrations of 400 and 800ug/ml caused 67.38 and 82.36%
reduction in RCR over control. Adverse effects of partially
purified PI were also recorded on ECI and ECD parameters.
Both decreased significantly as concentration of PI increased
in diet. Approximate digestibility (AD) increased in a dose
response manner in all the treatments when compared with
control (Fig. 5A). Metabolic cost to metabolize the ingested
PI increased as the amount of PI in diet increased and was
maximum (91.20%) at 800pg/ml in comparison to control
(43.97%) (Fig.5B).

DISCUSSION

Partially purified Subabul Pls affected negatively growth
and development of S. /itura. Similar findings have been re-
ported by Pompermayer et al., 2001 where soybean inhibitor
in its partially purified form significantly affected the growth
as well as development of Diaterea saccharalis larvae when

given in artificial diet. Also trypsin inhibitor partially puri-
fied from Theobroma cacao seeds at 0.25% increased the
larval and pupal period resulting in morphological abnormal-
ities in adults of D. saccharalis and Anticarsia gemmatalis
whereas in Heliothis virescens it caused a significant decline
in pupal weight (Paulillo et al., 2012). The larval stage in
Lepidoptera is an actively feeding stage whereby they ac-
cumulate efficiently all the nutrients present in the food. Any
disturbance in essential nutrient accumulation efficiency will
directly affect the larval weight and size which clearly ac-
counts for the negative impact of PI on later life stages of S.
liura as has been observed in the present study. Since achiev-
ing a critical weight is essential for pupation, the delayed
larval period observed in the present work could be due to
less consumption of diet by the larvae of S. /itura indicating
the antifeedant nature of the extract.

The decrease in the weight of the pupae formed from larvae
of S. litura fed on STI diet seems to have adversely affected
the reproductive capacity of the emerged females. Achieving
high pupal mass is significant as there exists a strong associ-
ation between adult body weight and its reproductive poten-
tial (Tammaru et al. 1996a). Negative effect on fecundity and
fertility has previously been documented on S. litura with
partially purified PIs from B. oleracea (Vasudev and Sohal,
2013). Any interference in the protein assimilation at larval
stage subsequently affects the egg laying capacity of female
moths and morphological deformities in adults. Less fecun-
dity at higher concentrations, less number of female adults
at all treatments, absence of egg hatching at high concentra-
tions in present study could be accounted for by the less bio-
availability of protein or amino acids in food or inability on
part of the insect to assimilate the digested food.

Similar impact of PIs on nutritional indices of lepidopteran
larvae has been reported by several researchers (Da Silva et
al., 2012; Mittal et al., 2014; Singh et al., 2014). Nutrition-
al indices and its analysis can form the basis to understand
the behavioral and physiological aspects of insect-plant in-
teractions (Lazarevic and Peric-Mataruga, 2003). Our data
showed that S. litura larvae fed on STI diet had a low rel-
ative consumption as well as growth rate which indicated
that less food was utilized by the larvae. This index shows
that the feeding rate is directly connected to larval weight
(Srinivasan and Uthamasamy, 2005). Our findings also dem-
onstrated a dose dependent decrease in mean larval weight
which correlates with the decrease in RCR. Consecutively
the larvae took a longer time to pupate and were smaller in
size, weighing much less than control which was evident
from the low RGR, ECI and ECD. As a result the fecundity
and longevity of the adult moths was also severely affected.

ECI which is generally a measure of an insect’s capacity to
utilize the food ingested for growth and development (Koul
et al., 2004) was highest for control and lowest for high-
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est treatment. This indicated a sign of poor availability of
proteins in diet supplemented with PI. Change in ECD also
points towards the overall increase or decrease of the propor-
tion of digested food metabolized for energy (Koul et al.,
2004). In the current study, the larvae fed on the PI amended
diet had reduced value of ECD which suggests that these lar-
vae were actually not as competent in turning digested food
into biomass. Approximate digestibility indicates ability of
an insect to absorb food through the stomach wall. Increase
in AD is an indicative of attempts made by insect to make up
for inferior nutritive value of the food and to accomplish the
desired growth rate.

CONCLUSION

In conclusion, partially purified Subabul proteinase inhibi-
tors showed strong anti metabolic and growth inhibitory ac-
tivity against major pest S. /itura. Dietary utilization experi-
ments clearly revealed the growth deterrent impact of the PI;
thereby signifying its possible importance to control insect
pest populations. These results indicate that future finding of
PI from non host plant can be of great importance in environ-
ment safe pest management programmes.
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Table 1: Partial Purification of protease inhibitors from mature Subabul seeds

Defatted 100 7.40 33.3 3333 4.50
sample
Partially puri- 85 2.24 33.3 2830.5 14.86

fied sample

0.57

0.50

0.077 59.80 100 1

0.223 92.43 87.71 3.30

TIU- Trypsin inhibitory units (One unit inhibits 50% trypsin activity), *the obtained values were compared with control where trypsin
inhibitor was replaced with 50mM Tris/HCI buffer, pH 8.2 and was carried out after each step of Pl extraction
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Table 2: Larval and pupal weight, larval and pupal duration, and total life period in S. Jitura when the larvae were fed on artificial
diet incorporated with different concentrations of STI

Control 706.70+21.90*  428.80+7.89° 10.45+0.42° 86.67+4.222 566=1.15%® 26.30+0.93%
25 680.00+20.80*  377.50+23.80% 10.38+0.45°  90.00+4.47¢  8.07+0.38° 28.10=0.422
50 673.3014.50¢  362.00+=15.10%° 10.561+0.30°  80.00+7.30*  7.30+0.19° 27.20+0.30%
100 550.00£28.90° 296.17=7.12° 11.60=0.57% 70.00+12.4%  593+0.75% 26.46+0.34%
200 458.33+8.33*  279.70+12.80% 11.77+0.44%  63.33+8.03*  4.35+0.58> 25.47+0.28
400 416.60+8.30*  251.90+40.10% 11.85+0.38% 53.30+12.3®  3.95=0.47" 23.66+0.38%
800 343.30+23.50¢ 183.83+9.51° 13.13+0.61%  36.67+8.03° 2.28+0.39° 22.43=+0.48¢
F- value 55.32** 17.60** 6.08** 4.89** 10.05** 16.08**

The averages followed by the same letter do not differ statistically between themselves, Tukey’s test (p<0.05), **= Significant at
1% level

Table 3: Longevity, percentage of female and male emergence, fecundity and percent hatching in S. litura when the larvae were
given artificial diet incorporated with different concentrations of STI

Control 11.02+1.672 70.00+1.29° 36.67+2.47% 939.20+70.302 87.66+0.912
25 10.37+0.21%®  73.33+1.05° 31.67+=1.05° 861.70+48.90% 47.33=0.95°
50 10.15+0.20*  60.83+0.83° 42.50+1.12« 720.00+40.40°° 45.00+1.05°
100 10.04+0.26*®  52.50+1.12° 47.50+1.12° 671.60+40.40 37.50+1.71°
200 8.98=0.26%° 45.83=1.54¢ 49.17+2.01° 593.30+29.30° 33.33x£1.67°
400 7.83+£0.25, 39.00+1.34¢ 58.33+3.80° - -

800 6.91+0.15° 24.17+1.64 72.33+1.052 - -

F- value 6.86%* 167.01** 44.80** 9.96%* 258.42**

The averages followed by the same letter do not differ statistically between themselves Tukey's test, (p<0.05), **=Significant at
1% level

Table 4: Nutritional indices of S. litura when given artificial diet supplemented with various concentrations of Subabul PI

Control 1.406+0.222 3.74=0.16° 67.36+2.922 56.05+2.942
25 0.748=+0.07° 3.06+0.22% 37.23+1.11° 23.62+1.12°
50 0.728-+0.03° 2.64+0.19 34.29+1.25° 23.61+1.27°
100 0.6660.04% 1.91+0.28% 31.09+1.15¢¢ 22.00+0.86°
200 0.6120.04°° 1.75+0.29% 24.90+1.38« 18.46+1.46°
400 0.477=+0.02% 1.22+0.11¢% 18.01+1.81¢% 16.91+1.99°
800 0.280+0.05° 0.66+0.18¢ 13.47+2.07¢ 8.79+0.75°
F-value 13.70** 23.50** 98.73** 82.67**

The averages followed by the same letter do not differ statistically between themselves Tukey's test, (p<0.05), **=Significant at

1% level
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Figure 1: (a) Prepupal mortality, (b) difference in pupa size and (c) morphological deformities in S. litura at 400 and 800ug/ml
concentrations
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Figure 2: (a) Approximate digestibility (AD) and (b) Metabolic cost (MC) in S. litura larvae when reared on artificial diet containing
different concentrations of Subabul PI. The bars represent means +S.E, R?- Coefficient of determination
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