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Table 1. Change in unit cell parameters with temperature
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significant increase of 8% between 4 and
9°C. Similar studies carried out on ribo-
nuclease and lysozyme show no apparent
structural changes (£0.2%, data not
shown} within the same small, low
temperature range.

This study thus indicates that tempe-
rature-dependent cell changes, even for
small temperature alterations, cannot be
altogether ignored. It is a common crys-
tallographic practice to collect diffraction
data at low temperature as it enhances the
crystal’s lifetime in the beam and thereby
increases the quality of the measure-

ments. The data coliected at different
temperatures are often merged with the
basic presumption that the structure
remains largely unchanged and the data
are 1somorphous. Although true tn most
cases, this may not be universal as
observed in the present case. Therefore, a
degree of caution i1s necessary while
merging data collected at different tempe-
ratures. These observations also under-
line the special features of the CaBP
molecule wherein functional viability
critically depends on large confor-
mational changes.
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Role of carboxylesterase in relation to pyrethroid resistance towards
Helicoverpa armigera (Hubner) (L.epidoptera: Noctuidae)

in Tamil Nadu

Helicoverpa armigera is a serious pest of
many crops in India including cotton. In
India, large-scale failure to control this
pest with 1nsecticides was first recorded
in the major cotton-growing region of
Andhra Pradesh in 1987 (ref. 1). Syn-
thetic pyrethroid is one of the latest
chemical insecticides in the series of
insecticide molecules released in the
Indian market in 1982, Appearance of
pyrethroid resistance in H. armigera has
been reported in Andhra Pradesh'™,
Tamil Nadu*™, Delhi, Punjab and
Haryana®?®. Three types of pyrethroid

resistance mechanisms were identified in
H. armigera®’, ie. reduced cuticular
penctration, decreased nerve sensitivity
and enhanced metabolic detoxification.
Among these, esterases-mediated meta-
bolic detoxification plays an important
role in the dctoxification of pyrethroid
insecticides in H. armigera® and other

insect pests” ‘.. However, the relation-
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ship between pyrethroid resistance and
carboxylesterase in the Tamil Nadu
populations was not known and this
prompted the present investigation. This
information could be relevant to manage-
ment of H. armigera control programmes
and might help in the development of

strategies to overcome resistance to
pyrethroids.
Four different populations of H.

armigera, namely pyrethroid susceptible,
fenvalerate-resistant, cypermethrin-resis-
tant and deltamethrin-resistant were
reared on semisynthetic diets'>. The
resistant individuals were collected
from insecticidal selection pressure areas
of Tamil Nadu under cotton cultiva-
tion. Pyrethroid-susceptible larvae were
obtained from Tamil Nadu Agricultural
University, Coimbatore, The F, genera-
tion larvae were used for insecticide
bioassay and carboxylesterase enzyme
studies.

Bioassays were conducted on third
instar larvae (30-40 mg weight/larva)
using a procedure based on the standard
Heliothis susceptibility test recommen-
ded by the Entomological Society of
America'®. Serial dilutions of technical
grade pyrethroid insecticides (fenvale-
rate, cypermethrin and deltamethrin from
Spic Science Foundation, Chennat) in
analytical grade acetone were prepared
and a 1.0 gl drop dispensed on to the
thoracic dorsal of individual larvae using
a Hamilton repeating dispenser fitted
with a 50 ul syringe. Control larvae were
treated with acetone alone. In each
bioassay, 36 larvae were treated with
different concentrations of insecticides.
In assays including the synergist DEF
was applied as 1.0ul drops to the
mesothorax 13-20 min prior to the insec-
ticide treatment at a rate of 50 pg/larva,
After treatment, each test larva was held
individually at 25 * 2°C with adequate
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Figure 1. Resistance and synergistic levels (a), carboxylesterase activity () and DEF

inhibition {¢) on different populations of Helicoverpa armigera, Resistance Factor (RF) = LDgy
of resistance individual/LDsy of susceptible individual, Synergistic Factor (SF) = LDso without

DEF/LDsy with DEF pre-treatment,

food. Mortality was recorded 48 h after
treatment. Larvae were regarded as dead
if upable to move in a co-ordinated
manner when prodded by a blunt probe,
Control mortality was rare, but where
necessary, corrections were made using

Abbott’s formula’’. Data were analysed
by probit analysis'®.

The fifth instar larvae of [l armigera
were dissected in 1.15% KCl solution
and midguls split Jongitudinally, and
their gut contents removed. They were
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then washed in ice-cold 20 mM phos-
phate buffer (pH 8.0) and homogenized
(500 mg/2 ml buffer) using a glass homo-
genizer in the same buffer. The homo-
genate was centrifuged at 10,000 g at 4°C
for 15 min. Supernatant was used for
both carboxylesterase and its DEF inhi-
bition assays. The carboxylesterase acti-
vity was spectrophotometrically assayed
by the method of Van Asperen'’ and
Devonshire'® with suitable modifica-
tions'”. A standard reaction mixture, i.e.
100 pl of enzyme, 125 ul of o/ B-naphthyl
acetate substrate solution (1 mM) and
1.15 ml of 20 mM phosphate buffer (pH
8.0) was incubated for 30 min at room
temperature. The reaction was stopped by
the addition of 125l of coupling
reagent (mixture of Fast blue B salt and
SDS) and the absorbancy was taken after
15min at 605nm using a spectro-
photometer. The in vitro inhibition of
DEF on carboxylesterase was evaluated
by incubating the enzyme and the
inhibitor, at the appropriate molar con-
centration (8.2 X 107>) for 10 min before
the addition of substrate., The percentage
inhibition was calculated by comparing
the optical density (OD) of the inhibited
samples with that of uninhibited samples.
The amount of naphthol released by
carboxylesterase was calculated using the
standard graph. The amount of protein
was measured by the method of Markwell
et al.”’.

The pyrethroid resistance levels of H.
armigera are shown in Figure 1 g. Com-
pared with susceptible individual, the
resistant individuals had high tolerance
(fenvalerate 38-fold, cypermecthrin 30-
tfold and deltamethrin 14-fold) to selected
insecticides. This tolerance to insecti-
cides could be attributed to the presence
of high esterase activity in this insect.
This fact was also supported by
Ishaaya and Casida®'. In pyrethroid-
resistant individuals, pre-treatment with
the synergist DEF compound showed a
considerable synergistic effect (2.1-5.2-
fold), suggesting that carboxylesterase-
mediatcd metabolic mechanism 15 most
likely a component in the pyrethroid
resistance of H. armigera populations in
Tamil Nadu.

The carboxylesterase activity and its
DLF inhibition of hfth instar larval
nmidgut homogenates of susceptible and
resistant individuals towards both o and
P-naphthyl  acetate as  substrate  was
estimated (Figure 15 and ¢). These
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results revealed that pyrethroid-resistant
individuals had higher amounts of
carboxylesterase activity (1-9-fold) than
susceptible individuals. These findings
suggest that the carboxylesterase cata-
lysing the hydrolysis of the two sub-
strates was present at a higher rate n
the resistant than susceptible individual.
Between two  substrates  tested, o
naphthyl acetate showed higher enzyme
activity than S-naphthyl acetate in both
the individuals. In vitro inhibition of
a- and S-naphthyl acetate hydrolysing
carboxylesterase in  susceptible and
resistant larval midgut revealed that
the DEF 1is a potent inhibitor for
carboxylesterase and sensitivity of this
enzyme was higher in resistant than
susceptible individuals. This was earher
supported by Riskallah’. However, the
variation of hibiion among the
different resistant populations of H.
armigera may be due to the sensitivity of
enzyme Or resistance/susceptible status of
the insect.

The wide vanety of enhanced meta-
bolic route found in the resistant
population when compared with the
susceptible population could be as a
result of exposure to various insecticides
used for controlling this pest in the field
conditions. Thus, the results presented
here clearly show that the levels of
carboxylesterase enzyme are higher in the
resistant 1ndividual when compared to
the susceptible individual and these data
obviously indicate the close correlation
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between pyrcthroid resistance and enhan-
ced levels of carboxylesterase activity. It
can be concluded from this study that
pyrcthroid-resistant populations of H.
armigera in Tamil Nadu have con-
siderable levels of tolerance to pyrethroid
insecticides and this tolerance could be
due to the higher activity of carboxyl-
esterase enzyme in this insect. However,
further detailed studies on the seasonal
changes of pyrethroid resistance as
well as carboxylesterase activity in H.
armigera in the Tamil Nadu ecosystem
are being carried out.

1. McCaffery, A. R., King, A. B. S,
Walker, A. J. and El-Nayir, H., Pestic.
Sci., 1989, 27, 65-76.

2. Armes, N. 1., Jadhav, D. R., Bond, G. S.
and King, A. B. S., Pestic. Sci,. 1992, 34,
355-364.

3. Armes, N. J., Jadhav, D. R. and DeSouza,
K. R., Bull. Entomol. Res., 1996, 86,
499-514.

4, Pasupathy, S. and Regupathy, A., Pestic.
Res. /J., 1994, 6, 117-120.

5. Mehrotra, K. N. and Phokela, A., Pestic.
Res. J., 1992, 4, 59-61.

6. Ahmad, M., Gladwell, R. T. and
McCaffery, A. R., Pestic. Biochem,
Physiol., 1989, 35, 165-176.

7. Gunning, R. V., Easton, C. S., Balfe,
M. E. and Ferris, L G., Pestic. Sci., 1991,
33, 473-490.

8. Gunning, R. V., Moores, G. D. and

Devonshire, A. L., Pestic. Biochem.
Physiol., 1996, 54,12-33.
9. Riskallah, M. R., Pestic. Biochem.

Physiol., 1983, 25, 84-189.

— A ——ll g nlllen e,

10. Chang, C. K. and Whalon, M. E., Pestic.
Biochem. Physiol., 1986, 25, 446

11. Dowd, P. F., Gange, C. and Sparks, T. C,,
Pestic. Biochem. Physiol., 1987, 28, 9.

12. Gunning, R. V., Moores, G. D. and
Devonshire, A. L., Pestic. Biochem.
Physiol., 1997, 58, 155-162.

13. Shorey, H. H. and Huak, R. L., J. Econ.
Entomol., 1965, 58, 522-544.

14. Anon, Bull. Entomol. Soc. Am., 1970, 16,
147-153.

1S5. Abbott, W. S., J. Econ. Entomol., 1925,
18, 265-267.

16. Finney, D. J., Probit Analysis, Cambridge
University Press, Cambnrdge, 1971, 3rd
edn.

17. Van Asperen K., /. Insect Physiol., 1962,
8, 401-416.

18. Devonshire, A. L., Biochem. J., 1977,
167, 675-683.

19. Manikandan, P. and Ravisankar, S.,
Curr. Sci., 1998, 75, 186-187.

20. Markwell, M. A. K., Has, 5. M., Bieber,
L. L. and Tolbert, N. E_, Anal. Biochem.,
1978, 87, 206-210.

21. Ishaaya, I. and Casida, J. E., Environ.
Entomol., 1981, 10, 681.

P. MANIKANDAN*
S. RAVISANKAR*¥

*Entomology Research Institute,
Loyola College,

Chennai 600 034, India
**Department of Zoology,
Kongunadu Arts & Science College,
Coimbatore 641 029, India

CURRENT SCIENCE, VOL. 77, NO. 7, 10 OCTOBER 1999



