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ABSTRACT: The susceJ}tibility of different inshlrs of Earias I'i/lella (Fabricius) 10 Bacilllls 
'''urillgiellsis (Bt) insecticidal proteins (lC I') was studied. The LC", of Cry 1 All. Cry I Ah. Cry) Ac, 
Cry! C and Cry) E were 108.54, 97.04. Ml.62, 1240.83 and 1335.60 ng/cm', respectively 10 I:'. 
vittella neonates. The order of toxicity of different ICPs tn second and third instal' was CI'yJAc 
> Cry 1 Ab > Cry! Aa. Overlap 95 per cent IIducial limits at LC," of Cryl Aa and CI'Y J Ah showed 
similar toxicity of these toxins to second and third instars of E. \·itrl'l!a. The I}()ssibility of these 
toxins and toxicity parameters in resistance man,lgelllent is discussed. 
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INTRODUCTION 

Bacillus thuringiensis Berliner (Bt) based 
biopesticides are now being increasingly used in 
India in many crops as one of the alternatives to 
chemical insecticides. 8t produces crystalline 
inclusions during sporulation composed of one or 
several proteins known as insecticidal crystal (Cry) 
proteins (lCPs) or o-endotoxins. These toxins kill 
the insects by binding to and creating pores in the 
midgut membranes (Schnepf ct al., 1998). The Cry 
proteins are classified into four main groups, of 
which Cryl and Cry2 proteins are mainly active 
against caterpillars (Crickmore e! aI., 1998). 8t toxins 
are non-toxic to most non-target organisms 
including arthropod natural enemies (Entwistle cf 

al .. 1993). 

Transgenic cotton, engineercd to 
continuously express o-endotoxin fi'om the Bt gene, 
holds great promise for controlling the bollworm 
complex (Barwa!e ct al., 2004). The transgenic 
cotton expressing 8t protein(s) could reduce the 
impact of chemical insecticides and create 
ecologically sOllnd environment without reducing 
crop production as a part of an I PM stratcgy 
(Lutterell and Herog, 1994). 

Determining the baseline susceptibility of 
key pest species to different 8t toxins is essential 
for monitoring the changes in their susccptibility 
over a pcriod oftimc. Several common pcst spccies 
have been selected for resistance to B. 
tllllringicJlsis in the laboratory indicating that 
biological pesticides could suffer the same t~lle as 
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chemical pesticides (Tabashnik 1.:'1 al., 1990; 
Tabashnik, 19(4), Hence studies 011 the 
susceptibility of key pests such as Earias I'iudla 
to the Bt ICPs will be helpful in devising appropriate 
resistance management strategies for Bt 
transgenics. 

MATERIALAND lVlETI-IODS 

Insects 

Earias villella larvae were collected from 
bhendi and cotton fields in Coimbatore and 
Dharmapuri districts of Tamil Nadu. The field 
collected populations were reared on semi
synthetic diet (Gupta ef al., 19(9). They were reared 
in the laboratory for fOllr generations to develop 
diet-adapted laboratory population for bioassays. 

Ht prott.'ins 

The Bt proteins Cry I Aa, Cry I Ab, Cry lAc, 
Cry I E and Cry) C were obtained /i'om Dr. Donald 
Dean, Ohio State University, USA. The 
multiplication and isolation of proteins from E. coli 
strains were carried out in the Insect Biotechnology 
Laboratory, Department of Entomology, Dr. PDK V, 
Akola. Maharashtra. 

Multiplication and Isolation of Bt protein from 
E. coli cultures 

E. coli culture was inoculated in 50 ml Luria 
broth (LB) medium with 50~lg / ml ampicillin and 
incubated at 37°C, ISO RPM overnight. From the 
seed culture, I % was inoculated to a fresh 400 ml 
LB medium with ampicillin and incubated at 37"C, 
ISO rpm for 8 h. After the incubation period, the LB 
mediulll should become thicker in consistency 
along with opacity, which is ready for protein 
isolation. 

The procedure adopted for purification of 
protein from the incubated medium is given below: 

I. To the medium 400~t1 isopropyl thio glycol 
(I PTG) was added and incubated for 2h. Then 
centrifugation was carried out at 5000 RPM 
at 4"C for I 0 min. 
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3. 

4. 

5. 

The pellet was resuspended in 20 1111 of lysis 
buffer (50 mM Tris pH 8.0,50 111M EDTA and 
18'X, sucrose), to this I mg! mllysozyme was 
added and incubated for 2 h with slow 
shaking. Then centrifugation was carried out 
a 500 RPM, 4"C for I 0 min. 

Then the pellet was resuspended in crystal 
wash I (0.5 M NaCI, 2";(, Triton-X) along with 
protease inhibitor trypsin. 

The sample was sonicated for 5 min (2 pulse). 
To this 10 1111 crystal wash I was added and 
centrifuged at 500 RPM. 4"C forI 0 min. 

The pellet was washed three times with crystal 
wash I and crystal wash II (0.5 M NaCl) , and 
finally with sterilized distilled water. Each 
time the supernatant was discarded. 

6. The obtained pellet was resllspended in 10 
ml stabilizing buffer and incubated at 37"C for 
3-4 h. 

7. Then the sample was centrifuged at 10000 
RPM, 4"C for 10 min. The supernatant was 
treated as crystal protein. The toxins were 
stored at -20°C for bioassays. 

Bioassays of ICPs against E. vittella 

Bioassays ofICPs were conducted by surface 
diet contamination (Liao et aI., 2002) lIsing cryo 
vials. The concentrations of Cry I Aa, Cry I Ab, and 
Cry 1 Ae used in the bioassays ranged from 50 - 300, 
50 - 400 and 50 - 175ng I cm2

, respectively. Similarly 
a control was also used. The experiments were 
conducted when the insect stock culture was in F 

~ 

- F
I
, generation. All the components of the semi-

synthetic diet, except formalin were used for making 
the bioassay diet. Approximatelv 1 ml of the diet 
was dispensed into cryo vials (without touching 
the sides of vial) and allowed to settle. After the 
diet solidified the Cry protein was layered on the 
diet surface @ I O~d per vial using a sterile glass 
rod. The vials were allowed to dry for 30 min and to 
each vial a larva was released using a soft: hairbrush. 
Each treatment was replicated tour timcs with 10 
larvae as an experimentalullit. The larval mortality 
was recorded every 24 h, consecutively for seven 
days. Moribund larvae were also considered dead 
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when the observations were terminated. The 
experiments were carried out at 27±2"C 70±5 per 
cent RH and natural day and light periods. The 
mortality data were subjected to prabit analysis 
(Finney, 1971) to calculate median lethal 
concentration (LCo)' LC,)) and fiduciallill1its. The 
prabit analyses were carried out using the statistical 
package for social sciences (SPSS) version 10.0 
SPSS Inc., USA. 

RESULTS AND DISCUSSION 

The neonates were the most susceptible to 

8t ICPs than other instars studied. Among the ICPs, 
Cry1 Ac was the most toxic against all instars of E. 
vittello. The LCO!) and LC,)o of Cry 1 Ac against E. 
villella neonates were 66.62 and 343.05ng ! cmz, 
respectively (Tables I to 3). 

The order of toxicity of different ICPs to E. 
vittella neonates was Cry 1 Ac > Cry 1 Ab > Cry I Aa 
>CryIC>CrylE(66.62 >97.04> 108.54> 1240.83 > 
1335.60ng I cm2

) (Table I). As the Cry I C and Cry IE 
were relatively less toxic to E. vittella neonates, 
they were not evaluated against the late instars. 
The overlapping fiducial limits at LC oo for Cry I Aa 
and Cry 1 Ab reveal that they were almost similar in 
toxicity to E. vittella neonates. The order oftoxicity 
against second instar was Cry I Ac > Cry I Aa > 
CryIAb(l07.96> 161.96> 192.99 nglcm2) (Table 2), 
whereas the order of toxicity against third instar 

wasCryIAc>CryIAb>CryIA:t( 169.96 >197.11 > 
213.27ng ! cmC

) (Table 3). Evcn though variation 
occurred in thc toxicity orCry I Aa and Cry I Ab, the 
ovcrlapping fiducial limits at LC,,, indicatcd no 
significant difference in their toxicity to E. \'iuC/la 
(Table:2 and 3). 

The less toxic nature of Cry 1 C and Cry I E has 
been recorded earlier (Liao ef al., 2002; Chakrabarti 
etal,,199X). 

Susceptibility to bioinsccticidcs typically 
dcclines as thc larvae develop (ilornby and C;ardncr, 
I ()X7). The late instal'S or ('(/(/1'(/ c([wel/a, IJloc/ia 

illlcrplll1ctcl/o, alld /Jc/ic()\'crpa =('(/ have been 
reported to be less susceptible to H. t/1/Ir;lIgicllsis 

than their early instars (A I i and Yotlng, 19<)(). 

Thc more toxic naturc or Cry I Ac to 
lepidopterans was already recorded by Kranthi c{ 

al. (1999a and 2000) and Jalali et al. (2004). 

Mahapatro ('{ al. (200 I) recorded thc LC", of 
Cry I Aa, Cry I Ab and Cry I Ac to 1:'. villella third 
instal' was 224.5, 300.5 and 141.2 ng/cm!, 
respectively. Kranthi e/ al. ( I 99()b ) reported 4-() fold 
variation in the susceptibility of H. l'ittel/a to 
Cry I Aa, Cry I Ah and Cry lAc, 

In the present study, even though vanatlon 
occurred in the toxicity of Cry 1 Aa and Cry I Ab, the 
overlapping fiducial limits at LC,,, indicated thcre 
was no significant difference in their toxicity to 

Table 1. Relative toxicity of B. t/zurillgiellsis insecticidal crystal proteins against Earias vittelltl 
neonates 

Toxin LC,,, 95% fiducial limits LC"5 95(% fiducial limits 'b' (±SE) Chi square 
(ng/cmC) (ng I cm!) (X')" (11-2) 

Lower Upper Lower Upper 

CrylAa 108.54 98.39 119.08 353.35 284.36 490.015 3.20 ± 0.35 3.57 

CrylAb 97.04 87.02 107.35 321.95 232.54 476.29 3.15 ± 0.39 3.9S 

Cry lAc 66.62 52.13 86.56 343.05 198.31 434J~9 3.10 ='= (U4 3.3S 

CrylC 1240.83 1153.73 1331.95 2858.90 2384.69 38615.07 4.53 ± O.()O 2.09 

CrylE 1335.60 1334.37 1531.24 3124.37 2643 . .53 405IJ)c) 4.45 :0: 0.52 2.62 

"In each case, the XC value from the goodness oftit test was less than t<Jbular value (P = OJJ5), II1dlCall1lg that thc data 
fit the probit model 
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Table 2. Relative toxicity of B. tllllrillgiellsis insecticidal crystal proteins against second instar Earias 
vittella larvae 

Toxin LCso 95% fiducial limits LC", 95'1'0 fiducial limits 'b' (±SE) Chi square 

(nglcm") (ng/cm2) (X2)" (11-2) 

Lower Upper Lower Upper 

C1'yIAa 161.96 151.79 172.26 354.56 307.06 440.15 4.83 ± 0.52 2.88 

Cryl !\b 192.99 171.46 216.94 380.88 303.08 677.99 4.57 ± 0.54 2.52 

CrylAc 107.96 97.68 118.60 358.48 287.17 502.00 3.15±0.35 4.42 

"In each case, thex2value from the goodness offit test was less than tabular value (P = 0.05), indicating that the data 
fit the probit model 

Table 3. Relative toxicity of B. tlturillgiellsis insecticidal crystal proteins against third instar Earias 
villella larvae 

Toxin LC,o 95°/., fiducial I imits LC." 95% fiducial limits 'b' (±SE) Chi square 
(nglcm2) (nglcl11:') (X2r' (n-2) 

Lower Upper Lower Upper 

CrylAa 213.27 192.46 234.66 725.37 578.05 1025.95 3.09 ± 0.35 3.n 

CrylAb 197.11 177.70 216.05 628.01 514.66 844.99 3.26 ± 0.35 3.24 

CrylAc 169.96 159.08 181.64 390.86 331.51 504.17 4.54 ± 0.52 2.90 

" In each casc, the x2value from the goodness offit test was less than tabular value (P = 0.05), indicating that the data 
fit the probit model 

E. villella (Table 2 and 3). These resu its 
corroborate that of Mahapatro et al. (200 I). In the 
present study the toxicity of Cry toxins to different 
instars of E. vittella was studied and the findings 
could be useful to maintain toxicity levels in 
transgenic cotton that will manage all the instars. 
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