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ABSTRACT

Trypsin inhibitor (TI), present in the seeds of a local yellow cultivar of French bean (Phaseolus vulgaris L.), which is native to the
Himalayan region, was tested using the gut enzyme of Spodoptera littoralis. The midguts of cold-anesthetized larvae were dissected and
homogenized in ice-cold 0.1 M sodium phosphate buffer (pH 7.5). The seed extract was tested for TI activity using gut extract. The
Trypsin Units Inhibited (TUI) per gram of seed weight thus obtained were 892.67. TI was purified to near homogeneity by ammonium
sulfate precipitation, ion exchange chromatography and gel permeation chromatography. The level of TI significantly increased in the
leaves of P. vulgaris following mechanical wounding, indicating a strong systemic response of plants to injury. Purified TI was liquefied
in distilled water, coated on cabbage leaf discs and fed to Pieris brassicae larvae along with distilled water-coated control leaf discs. It
showed a marked effect on larval survival and development. Feeding inhibition and lesser fecal matter was observed in larvae reared on
cabbage leaf discs coated with purified inhibitor as compared to control. The feeding bioassays showed that percent mortality of larvae
fed on leaf discs coated with 150 pg and 300 pg of purified TI increased from 53.33% (after one day) to 78.67% (after four days) and
46.67% (after one day) to 90.00% (after five days), respectively. Further, excreta and size of the larvae were much smaller than controls.

Therefore, the gene expressing this protease inhibitor could be used in vegetable crops to confer resistance against insect pests.
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INTRODUCTION

Proteins which act as strong and specific inhibitors of pro-
teolytic enzymes are widely distributed in plant tissues and
termed protease or proteinase inhibitors, or PIs (Liener and
Kakade 1980). They are diverse in number and in specifi-
city towards various proteolytic enzymes (Yehulith 2003).
On the basis of their specificity they have been classified
into four categories viz., serine, cysteine, metallo and aspar-
tyl protease inhibitors. The serine Pls possess two active
sites which inhibit trypsin and chymotrypsin. Serine and
cysteine Pls are abundant in seeds of legumes (Guillamon et
al. 2008) and storage tissues of plants (Reeck ef al. 1997).
The presence of proteins with the ability to inhibit trypsin,
chymotrypsin and other proteolytic enzymes has been de-
monstrated in Phaseolus vulgaris seeds. Trypsin inhibitors
(TIs) were studied in Phaseolus vulgaris cv. ‘Canadian
Wonder’, P. vulgaris (Red Kidney, Pinto, Navy), Phaseolus
lunatus (Hove and King, 1979) and P. vulgaris var. Rosinha
G, (Garbieri and Whitaker 1981). The TI content found in
seeds of P. vulgaris cv. ‘Canadian Wonder’, P. vulgaris

(Red Kidney), P. vulgaris (Pinto), P. vulgaris (Navy) and P.

lunatus was 10.5, 11.6, 3.4, 10.8 and 20.2 mg/g of seed
weight, respectively.

PIs have been proposed to function in regulating endo-
genous proteases during the metabolism of storage proteins
(Richardson 1991) and factors that protect from insect and
pathogen attack (Ryan 1990). The activity of PI on gut pro-
teases attenuates amino acid assimilation and slows the
growth of feeding insects (Jongsma and Boulter 1997). The
proteolytic enzymes in the insect guts are primarily respon-
sible for the breakdown of plant proteins. The proteins are
digested in the insect midgut by digestive enzymes, particu-
larly trypsin and chymotrypsin (Srinivasan et al. 2006) that
are active in slightly alkaline (Lepidoptera) (Terra et al.
1996) to slightly acidic pH (Coleoptera) (Applebaum 1985).

Serine proteases (trypsin, chymotrypsin and elastase endo-
protease) are most active in alkaline (pH 10-12) guts of
Lepidopteran insects (Christeller et al. 1992). So, the serine
protease inhibitors can be used against these insects. Other
species of insects use thiol proteases (cysteine proteases) as
their primary protein digestive enzymes and they can be tar-
geted with thiol protease inhibitors. Several proteases has
been purified and well characterized from many insect spe-
cies viz., Manduca sexta (Peterson et al. 1995), Locusta
migratoria (Lam et al. 1999), Rhyzopertha dominica (Zhu
and Baker 1999), Lasioderma serricorne (Oppert et al.
2002), Spilosoma oblique (Anwar and Saleemuddin 2002),
Helicoverpa zea (Volipicella et al. 2003) and Conogethes
punctiferalis (Josephrajkumar et al. 2007). These studies re-
veal that trypsin and chymotrypsin are the prominent diges-
tive proteases of Lepidopterans and Coleopterans. Pls have
been found to be effective against many Coleopteran (Elden
2000) and Lepidopteran (Liao et al. 2007) pests. Therefore,
a thorough understanding of insect gut proteases is required
for the development of pest resistant transgenics using Pls.
Thus, the natural protective role of PIs against phytopha-
gous insects, and the availability of PI-encoding sequences,
encouraged the development of pest resistance programs
based on PI expression in transgenic plants. Several plant
species have been transformed with the PI genes for con-
trolling insect pest (Michaud 2000). Pest-resistant tobacco
(Johnson ez al. 1989; Marchetti et al. 2000), alfalfa (Tho-
mas et al. 1994), rice (Duan et al. 1996) and potato (Gate-
house et al. 1997; Marchetti et al. 2000), among other
plants, have been developed. TIs could be used in conjunc-
tion with other insecticidal genes such as Bt genes (Zhang
et al. 2002) and other protease inhibitors (Amirhusin et al.
2007) to increase the level and diversify the basis of resis-
tance in transgenic plants. Despite several reports on suc-
cessful protection of plants against insect pests through Pls,
defense strategies based on PI expression in plants has not
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resulted in any commercial application so far.

PIs continue to attract the attention of researchers be-
cause of their increasing use in medicine and crop biotech-
nology programmes (Boulter 1993; Koundal and Rajendran
2003). It has been reported that consumption of P. vulgaris
(black and navy beans) significantly lowered colon cancer
incidence and multiplicity in rats (Bennink 2002). Pls are
also considered as the most potent medications for HIV
(Human immunodeﬁcienc% virus). The drugs developed so
far are indinavir (Crixivan "), ritonavir (Norvir™), nelfinavir
(Viracept”™) and saquinavir (Invirase” or Fortovase™). HIV
uses protease in the final stages of its reproduction (replica-
tion) process. PIs block protease and thus interfere with
HIV reproduction. These drugs may improve symptoms and
suppress infection but do not cure it (Wilson 1997; Nijhuis
et al. 2007). They are frequently investigated with regard to
the bioavailability of nutrients (Piergiovanni et al. 1994),
pest resistance (Todd et al. 2002), and inter/intra-specific
variability (Marconi et al. 1993).

The caterpillars of cabbage white butterfly (Pieris bras-
sicae and Pieris rapae) cause serious damage to commer-
cial crops of Brassicae. They feed on wild or cultivated cru-
cifers (members of the cabbage family) and prefer culti-
vated cabbages and Brussel-sprouts (varieties of Brassica
oleracea), as well as oil-seed rape (Brassica napus). The TI
activity of purified TI from Cassia obtusifolia has already
been demonstrated against trypsin enzyme present in the
larval midgut of P. rapae (Liao et al. 2007). Similar inhibi-
tion of cysteine and aspartyl proteases in alfalfa weevil (Hy-
pera postica Gyllenahl) midgut by biochemical and plant-
derived PIs has been reported by Wilhite et al. (2000). The
serine PI, aprotinin and cysteine protease inhibitor, E64
(trans-epoxysuccinyl-L-leucylamido-4-guanidino-butane)
was administered continuously in artificial diets to neonate
and one-week-old larvae of Listronotus bonariensis and Si-
tona lepidus by Todd et al. (2002). Aprotinin significantly
inhibited the growth of L. bonariensis. E-64 caused signifi-
cant reductions in growth of L. bonariensis and mortality in
S. lepidus.

However, there is no report to date on the effectiveness
of P. vulgaris TI towards the insect P. brassicae. The expe-
riments conducted in the present investigation shed light on
the role of plant PlIs in providing resistance against insect
attack. In the future, the P. vulgaris TI gene may be used to
develop transgenic crucifers resistant to P. brassicae.

MATERIALS AND METHODS
Seeds of bean cultivar and collection of insects

The seeds of P. vulgaris cv. ‘Local Yellow’ were procured from the
Vegetable Research Station, Kalpa, India. The larvae of S. littora-
lis and eggs of P. brassicae were obtained from the Department of
Entomology and Apiculture, Dr. Y S Parmar University of Horti-
culture and Forestry, Solan, India.

Extraction of larval midgut protease of Spodoptera
littoralis

One day-old actively growing lab-cultured 4™ instar S. littoralis
larvae were selected for gut extraction. Four midguts from cold-
anesthetized larvae were dissected out on ice, cleaned with tissue
paper to remove the foodstuff and homogenized with 2 ml of 0.1
M phosphate buffer (pH 7.5) in a chilled test tube, using a glass
rod. The homogenate obtained was filtered through filter paper
(Whatman Grade 1, Diameter 30 mm manufactured by Star Micro-
nic Devices, New Delhi) to obtain a filtrate of S. /ittoralis gut en-
zymes.

Extraction of inhibitor protein

A crude extract of P. vulgaris was prepared according to the me-
thod described by Hajela et al. (1999). Briefly, seeds of P. vulgaris
were ground to a fine powder. The flour obtained was defatted
with acetone (1:10 w/v) and air-dried 3-4 times. One gram of the
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defatted flour was shaken with 10 ml (1:10 w/v) of distilled water
in a shaking water bath for 4 hours at room temperature. The sus-
pension obtained was centrifuged at 10,000 x g for 30 min at 4°C.
The supernatant thereby obtained was used for the TI assay and
further studies.

Trypsin inhibition assay

The TI assay was performed according to the method described by
Hajela ef al. (1999). One ml of the filtered extract of S. littoralis
larval midgut was mixed with 0.1 ml of the crude P. vulgaris ex-
tract (herein referred to as TI extract) and preincubated in a meta-
bolic shaking water bath at 37°C for 10 min, followed by the ad-
dition of buffer I (prepared fresh by mixing 10 ml of 0.1 M phos-
phate buffer (pH 7.5), 4 ml of 0.1 M CaCl2 and 6 ml of distilled
water) and 0.3 ml of a-benzoyl-DL-arginine-p-nitro anilide
(BApNA, Sigma Aldrich, USA). The total volume of the reaction
mixture was 2 ml. The reaction mixture was incubated at 37°C in a
shaking water bath. After 10 minutes of incubation the reaction
was stopped by adding 0.5 ml of 30% acetic acid. In the blank, the
same procedure was adopted except for the fact that BApNA was
not added to the reaction mixture. In the control, the same pro-
cedure was adopted except for the fact that in place of TI extract
0.10 ml of buffer I was added to the reaction mixture. The optical
density of the test and control mixtures was measured at 410 nm
against the blank using a UV/VIS spectrophotometer to measure
trypsin inhibitor activity (TIA). BApNA is an artificial substrate
that reveals the non-inhibited trypsin as it becomes yellow when it
reacts with trypsin (Kakade et al. 1974). So, the trypsin unit inhib-
ited (TUI) were calculated by comparing the absorbance measured
for test mixture and control mixture. The decline in optical density
(OD) monitored at 410 nm as compared to control of 0.01 OD per
minute was taken as TUL

Mechanical wounding of leaves

P. vulgaris seeds were germinated in a pot containing soil in a
greenhouse under natural light. To test the hypothesis that TIs are
wound-inducible, ten leaves of approximately the same stage (~
48.3 cm? surface area) were mechanically wounded by punching
holes (~ 0.25 cm radius) with a paper punch that had been wiped
clean with alcohol. The leaves were detached from the plant by a
single cut with a razor blade 48 hours after wounding. Ten leaves
of a similar stage that had not been wounded were also collected
for use as a control. The leaves were crushed in 0.1 M phosphate
buffer (pH 7.5) (1:1, w/v) and the suspension was centrifuged at
10,000 x g for 30 min at 4°C. The supernatant obtained was used
in a TI assay using trypsin enzyme instead of gut extract as des-
cribed previously for the crude extract obtained from the P. vulga-
ris seeds.

Feeding bioassays

Insect bioassays were performed with P. brassicae larvae using a
purified TI extract obtained from the P vulgaris seeds. TI was
purified to apparent homogeneity with 55.79% recovery using am-
monium sulfate precipitation, ion exchange chromatography and
gel permeation chromatography from the P. vulgaris seeds. The
crude extract was precipitated 70% with ammonium sulphate and
the precipitate dialyzed against distilled water and then subjected
to gel filtration chromatography on Sephadex G-100. Fractions
were collected and monitored for protein content at 280 nm and
also analysed for TI activity. The trypsin inhibition assay was per-
formed using trypsin enzyme (Sigma Aldrich, USA) instead of gut
extract according to the method described under the heading “tryp-
sin inhibition assay”. The fractions showing trypsin inhibition
were pooled and subjected to ion exchange chromatography on a
DEAE Sephadex column. Fractions of 2 ml each were collected
and monitored for protein (Ajgynm) as well as TI activity. The peak
fractions showing inhibitory activity were pooled together and
concentrated by freeze drying at -86°C with an Allied Frost Freeze
Dryer-2. The freeze-dried purified TI samples were used for con-
ducting insect bioassays. The purified inhibitor was liquefied in
distilled water. A stock of purified inhibitor was prepared fresh by
dissolving 10 mg purified inhibitor in 10 ml of distilled water (1
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Table 1 Effect of wounding on leaf TI activity (TIA). Experiment repli-
cated three times.

Leaf damage TIU per ml
Wounded leaf 41.833 £0.635
Normal leaf 31.933 +£0.375
t-value (P<0.05) 23.245

TIU = trypsin inhibitor units

mg = 1000 pg so 10,000 pg of purified TI was present in 10 ml of
distilled water and 1000 pg in 1 ml of distilled water). Three cab-
bage leaf discs (¢ 6 cm, weight ~0.75 g) were coated with 0.15 ml
of liquefied TI (containing 150 pg of purified TI) while another
three cabbage leaf discs (¢ 6 cm, weight ~0.75 g) were coated with
0.15 ml of distilled water alone (control). One hundred and fifty
larvae (immediately after hatching) were collected and the feeding
assay was conducted by feeding larvae of P. brassicae on treated
as well as control leaf discs. Twenty five larvae were kept on each
of the six leaf discs. All larvae were given fresh leaves after 24 h
for 4 days. The % mortality, % leaf area eaten and weight of faecal
matter was recorded after 24 h.

A similar feeding bioassay was conducted using one-week-old
P. brassicae larvae. The experiment was again carried out in three
replicates. Ten larvae were exposed per replication and 0.30 ml of
liquefied TI (containing 300 pg of purified TI) was coated on leaf
discs (¢ 4 cm, weight ~0.3 g). The control leaf discs were coated
with 0.30 ml of distilled water and ten larvae were placed on them.
The larvae were given fresh leaves after 24 h for 5 days. The same
parameters were recorded as above after an interval of 24 h for 5
days.

Statistics

The student’s #-test was applied to the data from the mechanical
wounding experiment because in case of a small sample size (less
than 30) student’s ¢-distribution is applicable. In the above-men-
tioned experiment a paired 7-test (Agarwal 2003) was used for tes-
ting the mean difference of the samples. The experiments were
carried out to find the effect of wounding on TI level. Appropriate
controls (unwounded leaves) were set for comparing with the
treatment. The experiment was conducted in three replicates. The
use of paired samples enabled us to perform a more precise and
accurate analysis. To test the significance the calculated ¢ value
was compared with tabulated # values at 5% level of significance.
The feeding bioassays were laid out in a completely random-
ized Design factorial (CRD factorial) (Cockran and Cox 1992). In

factorial experiments the effect of the number of different factors
can be investigated simultaneously. The experiments were conduc-
ted in three replicates. The F-ratio for the treatments and control is
significant at the 5% level.

Angular transformation is applicable for the data expressed in
percentage. The precise transformation is defined as arcsin square
root of the data (Bhattacharyya 2000). Tables of angular value cor-
responding to percentages are available. For data spreading over a
wide range of percentages angular transformation is used. In the
feeding bioassays there was per cent data pertaining to the leaf
area eaten, hence transformation was applied.

RESULTS

P. vulgaris cv. ‘Local Yellow’ seeds were found to contain
892.67 + 0.333 trypsin units inhibited per gram of seed
weight. This clearly shows that the TI present in seeds of
this cultivar can efficiently inhibit the trypsin enzymes pre-
sent in the guts of Spodoptera littoralis larvae.

The effect of mechanical wounding on leaf T1 activity is
presented in Table 1. The data from the TI assay of woun-
ded and unwounded leaves showed that both leaf types had
TI but that the amount of TI was more in wounded leaves.
The trypsin units inhibited per ml were significantly greater
in wounded leaves than in unwounded leaves.

The feeding bioassay with newly hatched P. brassicae
larvae showed that the larvae were sensitive to purified TI.
The larvae that were fed TI showed a significant reduction
in development and survival immediately after hatching
compared to control larvae (Fig. 1). Reduction in larval
development was judged solely from a reduction in size and
excreta. The percent mortality increased from 53.33% (after
one day) to 78.67% (after four days) on the leaf discs
coated in purified TI. The % leaf area eaten and faecal mat-
ter of the larvae that were fed on TI were significantly less
than the control (Tables 2, 3).

The feeding bioassay with one-week-old P. brassicae
larvae showed that they were also sensitive to the purified
TI (Fig. 2). The percent mortality increased from 46.67%
(after one day) to 90.00% (after five days). The percent leaf
area eaten and faecal matter of the larvae fed on leaves
coated with purified TI were significantly less than the con-
trol (Tables 4, 5).

Table 2 Percent leaf area eaten by P. brassicae larvae placed on leaf discs immediately after hatching. The experiment was conducted three times using a
completely randomized design. Values expressed in the parenthesis are arcsine transformation of percentage data.

Concentration of Trypsin inhibitor (ug) Percent leaf area eaten Mean
©) Number of days (D)
1" day 2" day 3" day 4™ day
Control (0) 320+0.15 4.13+0.13 5.58 £0.04 827+0.12 5.29
(1.79) (2.03) (2.36) (2.88) (2.26)
150 0.77 +0.03 0.58 +£0.02 0.50+0.03 0.47 £0.03 0.59
(0.58) (0.76) (0.73) (0.68) (0.67)
Mean 1.99 2.36 3.04 437
(1.33) (1.38) (1.54) (1.78)
Effect SE(m) CD(o.05)
C 0.03 0.03
D 0.22 0.05
CxD 0.03 0.04

Table 3 Faecal matter (mg) produced by P. brassicae larvae placed on leaf discs immediately after hatching. The experiment was conducted three times

using a completely randomized design.

Concentration of Trypsin inhibitor (ug) Faecal matter (mg) Mean
© Number of days (D)

1* day 2" day 3" day 4™ day
Control (0) 2.77+0.03 437+0.17 4.57+0.12 523+0.15 423
150 0.90 +0.06 1.73 £ 0.07 1.17+0.03 1.00 £ 0.00 1.18
Mean 1.84 3.05 2.87 3.12
Effect SE(m) CD(o.05)
C 0.07 0.15
D 0.10 0.21
CxD 0.14 0.30
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Fig. 1 Feeding inhibition of Pieris
brassicae larvae fed on cabbage leaf
disc coated with 150 pg purified
trypsin inhibitor from immediately
after hatching until 3 days of age.
Left: Larvae grown on leaf without
inhibitor (control). Right: Larvae grown
on leaf coated with inhibitor (treatment).

Fig. 2 Feeding inhibition of one week-old
Pieris brassicae larvae fed on cabbage leaf
disc coated with 300 pg purified trypsin
inhibitor for 3 days. Left: Larvae grown on leaf
without inhibitor (control). Right: Larvae grown
on leaf coated with inhibitor (treatment).

Table 4 Percent leaf area eaten by one week old P. brassicae larvae. Each treatment was replicated three times using a Completely Randomised Design.
Values expressed in the parenthesis are arcsine transformation of percentage data.

Concentration of trypsin inhibitor (ug) Percent leaf area eaten Mean
©) Number of days (D)
1* day 2" day 3" day 4™ day 5™ day
Control (0) 76.33+£0.12 85.10 +0.06 94.87+0.19 100.00 + 0.00 100.00 + 0.00 91.26
(60.89) (67.30) (76.94) (88.35) (88.35) (76.37)
300 27.10 £0.06 18.03 £0.03 14.17£0.17 533+0.17 347+0.15 13.62
(31.37) (25.13) (22.11) (13.35) (10.73) (20.54)
Mean 51.72 51.57 54.52 52.67 51.74
(46.13) (46.22) (49.53) (50.85) (49.54)
Effect SE(m) CD(0,05)
C 0.07 0.15
D 0.12 0.24
CxD 0.16 0.34

Table 5 Faecal matter (mg) produced by one week-old P. brassicae larvae feeding on leaf discs. Each experiment was replicated three times using a

Completely Randomised Design.

Concentration of trypsin inhibitor (ug) Faecal matter (mg) Mean
© Number of days (D)
1" day 2" day 3" day 4™ day 5" day
Control (0) 60.67 + 0.67 64.33 +£0.67 500.33 £0.33 999.70 = 0.33 999.50 +£0.29 524.90
300 1.07 £ 0.67 11.40+0.70 73.33 £ 6.67 30.67 £0.67 20.00 £ 0.00 27.29
Mean 30.87 37.87 286.83 515.19 509.76
Effect SE(m) CD(o.05)
C 1.36 2.85
D 2.16 4.50
CxD 3.05 6.37
DISCUSSION 2003). An elastase-like chymotrypsin was extracted from

The protein was extracted in distilled water following the
protocols of Hajela et al. (1999) and Maggo et al. (1999).
Albumin-like (water soluble) inhibitors have been extracted
from wheat, rye and chickpea in water (Kashlan and Ri-
chardson 1981; Poerio ef al. 1989). However, globulin-type
inhibitors have been extracted in 0.1 M NaCl (Richardson
et al. 1987; Duarte et al. 1992), which may be buffered with
sodium phosphate buffer (0.02 to 0.1 M, pH 6.0 to 7.6) (Ri-
chardson et al. 1986; Sastry and Murray 1987).

The gut extract was prepared in 0.1 M sodium phos-
phate buffer (pH 7.5). Mid gut proteases have been extrac-
ted from many lepidopteran species (Mohan and Gujar
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the guts of Conogethes punctiferalis larvae using 20 mM
Tris HCI buffer (pH 8.0) by Josephrajkumar et al. (2007).
The TI activity of seed extract was measured using BApNA
as substrate and larval gut extract as source of enzyme.
BApNA is an artificial substrate that reveals the non-inhib-
ited trypsin as it becomes yellow when it reacts with trypsin
(Kakade ef al. 1974). The trypsin enzyme present in the gut
extract was inhibited by the addition of PI and the residual
trypsin activity was measured by adding BApNA. The reac-
tion was terminated by 30% acetic acid. The inhibition of
TIs has been determined in a similar manner by Hajela et al.
(1999), Maggo ef al. (1999) and Mulimani ef al. 2002).

The trypsin activity of the gut extract from S. littoralis
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larva was efficiently inhibited by the TI present in the crude
extract of P. vulgaris cv. ‘Local Yellow’ seeds. This indi-
cates the efficacy of TI against this insect pest.

The activity of TI in P. vulgaris leaves in this study sig-
nificantly increased on wounding thereby indicating a strong
systemic response of these bean plants to injury. A similar
type of induction of TIs has been reported in the leaves of
Vigna umbellate T. (rice bean) plants (Maggo et al. 1999).
The leaves of rice bean plants were wounded on the peri-
phery by making pin holes and sampled at different inter-
vals viz, 4, 8, 16, 24 and 48 hours after wounding. The
leaves of unwounded plants exhibited a very low level of
TIA which increased sharply up to 8 hours after wounding.
Thereafter, the activity remained almost constant. Similarly,
PI was induced to accumulate in the aerial tissues of Lyco-
persicon esculentum (tomato) and Solanum tuberosum (po-
tato) plants as a direct consequence of insect damage or
mechanical wounding (Green and Ryan 1972). The findings
that PI accumulates in large quantities in leaves as a result
of insect damage demonstrate that insect behavior can ra-
pidly and effectively influence the protein composition of
plant leaves. The potential threat of the wound-induced Pls
to the metabolism of the insect suggests that its function
may be that of protection against insect attack.

In the present study, the feeding inhibition and reduc-
tion in P. brassicae larval growth was indicated by a sig-
nificantly lower per cent leaf area eaten and lesser amount
of fecal matter produced by the larvae when compared to
the controls. This may be due to direct inhibition of the lar-
val digestive enzymes and consequential depletion of essen-
tial amino acids by the TI. The reduction of larval survival
and feeding found here is similar to that found in other
studies. For example, transgenic tobacco plants expressing
Cowpea Trypsin Inhibitor (CPTI) were found to be resistant
against Heliothis virescens (Hilder et al. 1987). Young trans-
genic plants were infested with newly emerged larvae of H.
virescens (tobacco budworm) in a growth cabinet. After
seven days the larvae were removed, their size recorded and
the extent of leaf damage was measured. Insect survival on
and damage to ~20% of the transformants was clearly de-
creased compared to controls in repeated trials. Schuler et
al. (1998) found that the serine PI, KTi 3 from soybean,
resulted in up to 100% mortality of 1% instar cotton leaf
worms (S. littoralis) when expressed in transgenic tobacco.
In another study, the survival of the larvae of the noctuid,
Helicoverpa armigera, was lower when reared on artificial
diet impregnated with soybean TI (49% survival) compared

to untreated control diet (90% survival) (Shukla ez al. 2005).

On the contrary, the findings of Nandi ez al. (1999) indi-
cated that growth and development of young (3 day-old) H.
armigera larvae were unaffected when fed the leaves of
transgenic tobacco plants expressing very high levels of
Soybean Trypsin Inhibitor (SBTI). However, when the puri-
fied SBTI extracted from transgenic plants was mixed with
an artificial diet, significant reduction in growth of H. armi-
gera larvae was observed. This was explained by the au-
thors as free amino acids and amides present in the growing
plants that could perhaps help the insect overcome the stress
imposed by the presence of the antimetabolite, implying
that the free amino acids and amides present in young to-
bacco leaves may be sufficient to sustain growth and deve-
lopment of these insects even in the presence of SBTI. The
artificial diet, however, contained much less free amino
acids and amides that are not sufficient for sustenance of the
insects. Insects belonging to the order Hemiptera are known
to nourish on free amino acids and amides of plants. This
was not the case in our studies as the bioassays were con-
ducted using cabbage leaf discs. Moreover, the test insect
used in the present studies was P. brassicae. Thus, the pre-
sent findings point to the possibility of using this TI in crop
protection against insect damage.

We conclude that P. brassicae and S. littoralis larvae
could be controlled by the TI present in P. vulgaris L cv.
‘Local Yellow’. The effects of plants transformed to express
the TT on the survival and development of these two insect
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pest larvae would need to be tested to confirm this. The ef-
fect of consumption of TI-transformed crops on human
health is likely to be minimal as local yellow cultivar has
been part of the human diet for a long time.
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