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ENZYME ACTIVITIES IN
ORGANOPHOSPHORUS-RESISTANT TOBACCO

BUDWORMS HELIOTHIS VIRESCENS
John A. Harold and James A. Ottea

Dept. of Entomology, LSU Agricultural Center
Baton Rouge, LA

Abstract

Frequencies of profenofos resistance and enzymes activities
associated with metabolism of organophosphorus (OP)
insecticide were measured in larvae of the tobacco
budworm, Heliothis virescens (F.) that were field-collected
from Northeast Louisiana during the 1995 and 1996 cotton
growing seasons.  High frequencies of profenofos resistance
were recorded in all field-collected strains and expression
of resistance was strongly correlated with esterase (EST)
activity toward a-naphthyl acetate but not P450-
monooxygenase (P450-MO) activity toward p-nitroanisole.
Moderate correlations were measured between profenofos
resistance and glutathione S-transferases (GST) activity
toward 1-chloro-2,4-dinitrobenzene (CDNB), but not 1,2-
dichloro-4-nitrobenzene; DCNB.  Finally, there was no
association between profenofos resistance in all field strains
and sensitivity of acetylcholinesterase (AChE) to inhibition
by chlorpyrifos oxon, although in some strains, mean levels
of sensitivity were reduced relative to that of an insecticide-
susceptible strain.  These results suggest that rapid assays
measuring EST activity toward a-naphthyl acetate may be
useful for monitoring metabolic resistance to OP
insecticides in tobacco budworms.

Introduction

The tobacco budworm, Heliothis virescens (F.) causes
significant economic damage to a wide range of field and
horticultural crops (Sparks, 1981).  During the 1995
growing season, H. virescens together with the corn
earworm, Helicoverpa zea, infested nearly 82% of all U. S.
cotton causing 36% of all insect-related losses to this crop
(Williams, 1996).  

Insecticide resistance is a major factor contributing to our
inability to manage populations of this pest (Sparks et al.,
1993).  Insecticide resistance may result from reduced
cuticular penetration, increased detoxication, and/or altered
sites of action of insecticides (Oppenoorth, 1985).  A
number of studies have shown that all three factors may
contribute to OP resistance in tobacco budworms (Sparks et
al., 1993).  In an early study, activity of P450
monooxygenases (P450-MOs; EC 1.14.14.1) in midgut
preparations of OP-resistant tobacco budworms was greater
than that of susceptible insects (Reed, 1974).  In a more
recent study of methyl parathion resistant tobacco

budworms, P450-MO activity responsible for desulfuration
of methyl parathion was lower, and phosphorotriester
hydrolase activity responsible for methyl paraoxon
hydrolysis was higher, in resistant than susceptible insects
(Konno et al., 1989).  Whereas activities of glutathione S-
transferases (GSTs; EC 2.5.1.18) were not different in these
studies, the role of these enzymes in OP metabolism and
resistance is well established (Oppenoorth, et al., 1979).  
Altered sensitivity of acetylcholinesterase (AChE: EC
3.1.1.7) to inhibition by OPs and carbamates has been
measured in strains of the tobacco budworm and is also a
suspected resistance factor (Kanga and Plapp, 1994;).
Sensitivity of AChE to inhibition by methyl paraoxon was
reduced by 19- to 22-fold in larvae and adults of a methyl
parathion-resistant strain of H. virescens (Brown, 1990).
In addition, results from recent studies suggest that
insensitivity of AChE is a major mechanism of resistance
to OPs and carbamates in H. virescens together with
reduced cuticular penetration (Kanga and Plapp 1994;
Brown et al., 1996; Wolfenbarger, 1996).

The objective of this study was to measure actvities of
enzymes associated with resistance to OP insecticides in
laboratory and field populations of H. virescens.  Results
from this study show that activities of esterases (but not
P450-MO) were highly correlated with frequencies of
profenofos resistance.  In addition, high GST/CDNB
activities also were found to be associated with profenofos
resistance although correlations were dependent upon
location sampled.

Materials and Methods

Chemicals
Technical grade profenofos (O-(4-bromo-2-chlorophenyl)-
O-ethyl-S-propyl phosphorothioate: 89%; Ciba-Geigy,
Greensboro, NC) and chlorpyrifos oxon (O,O-diethyl-O-
(3,5,6-trichloro-2-pyridinyl) phosphate: 100%; DowElanco
Inc., Indianapolis, IN) were used for these studies.
Reduced glutathione (GSH), glucose-6-phosphate, glucose-
6-phosphate dehydrogenase, bovine serum albumin
(fraction 5), nicotinamide adenine dinucleotide phosphate
(NADP), p-nitroanisole (PNA), acetylthiocholine iodide
(ATChI), 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB), and
a-naphthyl acetate (a-NA) were purchased from Sigma
Chemical Company (St. Louis, MO).  Phenylthiourea
(PTU), 1,2-dichloro-4-nitrobenzene (DCNB), 1-chloro-2,4-
dinitrobenzene (CDNB), Fast Blue B salt, trichloroacetic
acid (TCA), and potassium chloride (KCl) were purchased
from Aldrich Chemical Company (Milwaukee, WI).
Glycerol (USP grade) was purchased from EM Science
(Gibbstown, NJ).

Insects
Three insect collections were made from unsprayed plots at
the Louisiana State University Agricultural Center's
Northeast Research Station/Macon Ridge location (MRS;
Winnsboro, LA).  Eggs and neonates were collected from
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a domesticated stand of velvet leaf, Abutilon theophrasti
Medicus, on June 13, 1995 (MRS Jun), and from mature
cotton on August 23, 1995 (MRS Aug).  Adults were
collected from Dallas grass, Paspalum dilatatum Poir. on
September 14, 1995 (MRS Sep).  An additional collection
of eggs and neonates was made at the Red River (RR)
Research Station (Bossier City, LA) on August 23, 1995
(RR Aug) from a field treated with four applications of
cypermethrin, and one application each of thiodicarb,
acephate and sulprofos.  Larvae were separated following
head capsule slippage at the end of the fourth stadium and
fifth stadium (day 1-180+20 mg) were selected for
biological and biochemical assays.  Adults were reared in
3.8 l cardboard cartons covered with cotton gauze as a
substrate for oviposition and provided with sucrose (10% in
water) as a carbohydrate source  (Leonard et al., 1988).
Both larvae and adults were held at 27oC, 14:10 LD, and
70% relative humidity.

Results from biological and biochemical assays with field-
collected strains were compared with those from two
laboratory strains.  The LSU-S strain is a reference
susceptible strain that was established from field collections
from cotton in 1977 (Leonard et al., 1988) and has been
reared in the laboratory without intentional exposure to
insecticides.  An OP-resistant strain (OP-R) was established
from the RR Aug F3 strain following selection of larvae
with profenofos.

Biological assay
Susceptibility of H. virescens to profenofos was assessed
following topical application of 1 µl profenofos (in acetone)
to the thoracic dorsum of larvae.  Dose-mortality response
of LSU-S larvae was measured with five doses of
profenofos (10 larvae per dose) and replicated thrice.
Treated larvae were held in 1 oz cups with diet and absence
of coordinated movement of a treated larva within 30
seconds after being prodded with a pencil was considered
as the criterion for mortality, which was recorded 72 hr
after treatment.  Data were corrected for control mortality
(< 3%) using Abbott's formula (Abbott, 1925) and subjected
to probit analysis (Finney, 1971) using a micro-computer
based program (SAS Institute Inc. Cary, NC).  Frequency
of resistance to profenofos in field-collected strains was
assessed 72 hr following topical application of 15.3 µg
profenofos/larva.

Tissue preparation
Tissues from individual larvae were used to measure the
activities of P450-MO (midgut), AChE (head), and GST or
EST (fat body).  Individual larvae were weighed,
decapitated and dissected.  Individual midguts were split
longitudinally and rinsed with ice-cold buffer (0.1 M
sodium phosphate, pH 7.7) to remove gut contents, and
transferred to an all-glass homogenizer.  Fat bodies from
individual larvae were obtained by gentle scraping and
aspiration from the rinsed hemocoel using a Pasteur
pipette.  Midguts and fat bodies were homogenized in

volumes of 500 and 400 µl, respectively, in ice-cold 1.15%
KCl (containing a few crystals of PTU) using 10 strokes of
an all glass homogenizer.  Individual heads were
homogenized in 250 µl of 0.1 M sodium phosphate buffer
(pH 8.0) containing 0.1% Triton X-100.  Homogenates
were centrifuged at 4oC for 10 min at 10,000g (midguts) or
at 12,000g for 15 min (fat bodies and heads).  Resulting
supernatants were held in ice and used in enzyme assays
within 30 min of preparation.

Enzymes assays
Activities of P450-MO toward PNA were measured using
the method of Kinoshita et al., (1966) with modifications
(Hansen and Hodgson, 1971; Kirby et al., 1994).  Reaction
mixtures in duplicate contained (final concentrations in 200
µl total volume): a NADPH generating system consisting of
NADP (0.11 mM), glucose-6-phosphate (2.4 mM), and
glucose-6-phosphate dehydrogenase (0.25 Units), 0.1 M
sodium phosphate buffer (pH 7.7) and enzyme homogenate
(111 µl containing 0.222 insect equivalent (0.085+0.017
mg protein).  Reactions were started by the addition of
substrate (2 µl PNA in ethanol; 0.35 mM final
concentration) and were incubated for 40 min at 27oC.
Reactions were stopped by the addition of 5 µl of TCA
(2.5% final concentration), and reaction mixtures were
mixed vigorously and centrifuged at 10,000g for 5 min at
4oC.  Supernatants (190 µl) were discharged into
individual wells of a microtiter plate (Costar, Cambridge,
MA) that contained 10 µl of 5 N sodium hydroxide, and
absorbance was measured at 405 nm using a Thermomax
microplate reader (Molecular Devices, Palo Alto, CA).
Results were corrected for nonenzymatic activity using
incubations without substrate and generating system as the
control, then converted to pmoles of p-nitrophenol formed
min-1 using an experimentally derived "extinction
coefficient" of 10.41 mM-1 200 µl-1 (Kirby et al., 1994).

Activities of GST toward DCNB or CDNB were measured
following the methods of Booth et al. (1960) or Jakoby
(1978), respectively, as modified by Grant et al (1989) and
Kirby et al. (1994).  Reactions were measured in 96 well
microtiter plates that were prewashed with 2.5% Tween 20
(v/v in water).  Substrate solutions (0.75 mM) were
prepared by mixing sodium phosphate buffer (0.1 M, pH
8.0) containing 15% glycerol with stock solutions of CDNB
or DCNB (50 mM in DMSO).  Reaction mixtures in
individual wells consisted of 200 µl of either DCNB or
CDNB substrate buffer (0.5 mM final concentration), 30 µl
GSH (8 mM final concentration), and enzyme homogenate
(70 µl containing 0.065+0.11 mg protein for DCNB or 5 µl
containing 0.013+0.002 mg protein for CDNB).  Reaction
volumes were made up to 270 µl using sodium phosphate
buffer (0.1 M, pH 8.0).  Reactions were initiated by addition
of 200 µl of either DCNB or CDNB substrate buffer,
incubated at 30oC and the rate of change in optical density
(OD) during the initial 10 min of reaction was measured at
340 nm.  Resulting data were corrected for nonenzymatic
activity using incubations without protein as the control
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and converted to nmol conjugate formed min-1 mg protein-
1 using experimentally derived "extinction coefficients" of
8.5 or 10.09 mM -1300 µl-1 for DCNB or CDNB,
respectively (Grant et al., 1989, 1991).

Esterase activity towards a-NA was quantified using the
assay of Gomori (1953) with modifications (van Asperen,
1961; Grant et al., 1989; Ibrahim and Ottea, 1995).
Substrate solution was prepared by adding 600 µl of a-NA
(0.113 M dissolved in 50% acetone) to a solution of Fast
Blue B salt (18 mg in 30 ml of 0.1 M phosphate buffer, pH
7.0), and then filtered using Whatman #3 filter paper.
Reaction mixtures in individual wells of a microtiter plate
contained 240 µl of substrate solution (2.12 mM final
concentration), 10 µl of homogenate (containing
approximately 0.011+0.003 mg protein; 0.025 tissue
equivalents).  Reaction mixtures were incubated at 30o C
and the change in absorbance during the initial 10 min was
measured at 595 nm.  Data obtained were corrected for
non-enzymatic activity using incubations without protein as
a control.  Changes in OD were converted to nmol/min
using the experimentally derived "extinction coefficient"
(3.825 mM-1 250 µl-1) for the a-naphthol-Fast Blue B
conjugate at 595 nm.

Sensitivity of AChE to inhibition by chlorpyrifos oxon was
measured from larval heads using the method Ellman et
al., (1961) with modifications (Byrne and Devonshire,
1993; Ibrahim and Ottea, 1995).  Homogenates from
individual heads (30 µl containing 0.022+0.004 mg
protein; 0.12 tissue equivalent) were incubated for 10 min
at 30oC in wells of a microplate containing 69 µl of sodium
phosphate buffer (0.1 M, pH 8.0) and 1 µl of 148.8 nM
chlorpyrifos oxon (final concentration).  The concentration
of chlorpyrifos oxon used in these studies was the I80 for
the LSU-S strain as determined in preliminary experiments
(data not shown).  Activities measured in the absence of
chlorpyrifos oxon served as the control.  In incubations
with eserine sulfate, maximum inhibition of AChE activity
(92.1%) was measured at 20 µM and did not increase at
higher concentrations suggesting that the contribution of
general esterases measured in these experiments was
approximately to 9% of activity (data not shown).
Percentage inhibition was calculated as 1-(activity with
inhibitor/activity without inhibitor) X 100. 

Enzyme activities are presented relative to protein
concentration, which was measured using the assay of
Bradford (1976) with bovine serum albumin (BSA)
(fraction V; concentrations corrected for impurities) as the
standard.  Data were subjected to analysis of variance
followed by Tukey's multiple comparison test (P=0.05)
using a microcomputer based program (SAS Institute Inc.
Cary, NC).

Results

Larvae from all field strains showed lower levels of
susceptibility to profenofos than those from the laboratory
reference LSU-S strain (Fig. 1).  In bioassays with larvae
from field-collected strains, mortality measured following
topical application of a diagnostic dose ranged from 6.67%
(RR Aug P1) to 56.67% (MRS Sep F3).  The OP-R strain,
which was selected from RR Aug F3 insects, had
intermediate frequencies of OP resistance (36.67%).

Resistance frequencies in all field-collected strains
decreased in the absence of insecticide selection (Fig. 1).
Loss of resistance was most dramatic in MRS Aug and Sep
strains following two generations of laboratory rearing.
Whereas resistance frequencies in F1 generations of these
strains were similar, resistance in F3 generations from
MRS Aug and Sep decreased 3.25- and 5.67-fold,
respectively.  Similarly, in RR Aug insects, mortality
measured after treatment with the diagnostic dose increased
3-fold in two generations from 6.67% (RR Aug P1) to
20.0% (RR Aug F2).  An additional 2-fold increase in
mortality was measured between RR Aug F2 and F4
generations.

Larvae from all field-collected strains expressed
significantly higher activities of P450-MO than LSU-S
larvae (Table 1).  The highest levels of activity were
measured in MRS Aug F3,  RR Aug P1 and MRS Jun F3
larvae, and were 10.4, 8.7 and 7.5 times greater than
activity in LSU-S, respectively (Table 1).  Activity
measured in OP-R larvae was 7.2-fold greater than that of
LSU-S insects, and was statistically similar to activities
measured in all field-collected strains except MRS Aug F3
and RR Aug P1.  For all strains, P450-MO activities were
not correlated (r2=0.00) with profenofos susceptibility.
Correlations between activity and mortality also were poor
when strains from the two sites collection were analyzed
seperately (r2=0.01 and 0.07 for MRS and RR collections,
respectively).

Effects of laboratory rearing on levels of P450-MO activity
varied in all field-collected strains (Table 1).  For RR Aug
insects, activity decreased significantly from P1 to F2
generations.  A subsequent increase in activity between F2
and F4 generations was not significant.  Similarly, for MRS
Jun and Sep strains, activity decreased following laboratory
rearing although decreases were not statistically significant.
In contrast, P450-MO activity in MRS Aug larvae
increased significantly between F1 and F3 generations. 

Activity of GST toward CDNB also was significantly
higher in larvae from all field-collected strains than that of
LSU-S larvae (Table 1).  Activity was greatest in MRS Sep
F1 larvae (10.2-fold greater than that of LSU-S) and did
not differ significantly from RR Aug P1, MRS Aug F1, or
MRS Jun F3.  Activity of GST/CDNB measured from the
OP-R strain was 7.3-fold greater than that of LSU, and was
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intermediate relative to strains from field collections.
Activity of GST/CDNB from all strains was moderately
correlated with susceptibility to profenofos (r2=0.55),
however, this correlation was higher in MRS (r2=0.75)
than RR (r2=0.23) strains .

Levels of GST activity with CDNB measured in all field-
collected strains were variable following laboratory rearing
(Table 1).  Significant decreases in activity were observed
between MRS Jun F3 and F5, as well as between MRS Sep
F1 and F3 strains.  Activity also decreased between F1 and
F3 generations of the MRS Aug strain, but this difference
was not statistically significant.  For RR Aug strains,
activity of GST/CDNB decreased significantly in the first
two generations (i.e., from P1 to F2) but was similar
between F2 and F4 generation.  

Insects from field collections expressed higher levels of
GST activity towards DCNB than the reference LSU-S
strain, but differences were not as great as those measured
with CDNB (Table 1).  Highest activities were measured in
RR Aug P1 and MRS Sep F1, and were 5.5- and 5.1-fold
higher than those from LSU-S, respectively.  Levels of
GST/DCNB activities in these strains were on par with all
other strains except those of MRS Jun F3 and MRS Sep F3.
Mean levels of activity in OP-R larvae were not different
from those of field-collected strains, and were 4.0-fold
higher than those of LSU-S.  Correlations between
activities of GST/DCNB and profenofos susceptibility were
poor in all strains (r2=0.25) and analyses with individual
sites of collections (r2=0.16 for MRS and 0.33 for RR
strains, respectively).  In contrast to results with CDNB,
activity toward DCNB in strains of field collections did not
change significantly after laboratory rearing (Table 1).

Esterase activities toward a-NA in larvae from all field-
collected strains were significantly higher than those
measured in LSU-S larvae (Table 1).  Highest levels of
esterase activity were measured in RR Aug P1 and F2
strains and were 3.3- and 2.9-fold higher than those of
LSU-S larvae.  Elevated levels of esterase activity also were
measured in OP-R larvae, which were comparable to those
measured in all field-collected strains.  Esterase activities
and profenofos susceptiblity were strongly correlated in
analyses with all strains (r2=0.96), and individual sites of
collections (r2=0.98 and 0.99 for MRS and RR Aug strain,
respectively).  Although variable levels of esterase activity
were measured in larvae from field collections after
laboratory rearing, these differences were statistically
insignificant (Table 1). 

Mean levels of AChE inhibition by chlorpyrifos oxon in
larvae from field-collected strains were not significantly
different from LSU-S except for RR Aug P1 (Table 1).  In
tests with RR Aug P1 larvae, low levels of AChE inhibition
(< 80%) were measured in 83.33% of the individuals (Fig.
2).  In contrast, this low level of inhibition was seen only in
13.33% and 10% of RR Aug Aug F2 and F4 insects,

respectively.  For LSU-S larvae only 3% of test insects
showed levels of inhibition <80% (data not shown).  In
tests with OP-R larvae, mean levels of AChE inhibition
were statistically similar to those of LSU-S, although low
levels of inhibition (<80%) were measured in 16.67% of
test insects.  Poor correlations were calculated between
levels of inhibition and profenofos susceptibility in analyses
with all strains (r2=0.08) and MRS strains (r2=0.09), but
were moderate for strains originated from RR collection
(r2=0.59).  Finally, AChE activity in field-collected and
laboratory-selected strains were significantly higher than
those measured from LSU-S larvae (data not shown).

Discussion

Early detection of insecticide resistance provides a basis for
the management of resistant pest populations (Brewer and
Trumble, 1991) and depends on development of rapid and
sensitive tests.  Rapid biochemical assays coupled with
biological assays are potential tools for estimating both the
intensity and frequency of resistance in the field (Brown
and Brogdon, 1987).  However, use of surrogate (non-
insecticidal) substrates as monitoring tools is imprudent
without establishing a relationship between enzyme
activities with model substrates and insecticide
susceptibility (Ibrahim and Ottea, 1995).  

High frequencies of resistance to profenofos were evident
among the field-populations tested and resistance was
unstable in the absence of insecticides.  Resistance to
profenofos has been shown previously to be prevalent in
cotton fields (Elzen, et al., 1994; Kanga et al., 1994) and
was unstable in field populations of tobacco budworm
(Kanga et al., 1995).  In addition, frequencies of resistance
and enzyme activities differed between the RR and MRS
locations studied here.  Such differences may be the result
of more frequent insecticide applications at the RR
loacation.  In contrast, insects at the MRS location were
collected from unsprayed plots of velvet leaf (MRS Jun),
cotton (MRS Aug) and Dallas grass (MRS Sep), although
effects of host plants or migration to and from neighboring
fields that received insecticide applications were not
evaluated.

Resistance to profenofos was highly correlated with EST
activity toward a-NA suggesting an association between
these enzymes and profenofos resistance.  Similar
relationships have been established in other insects between
EST activities and resistance to OP (Devonshire and
Moores, 1982; Pasteur and Georghiou, 1989; Xu and
Brindley, 1993) and pyrethroid (Gunning et al., 1996)
insecticides, although positive correlations are not always
found (Carlini et al., 1994).  Thus, this esterase assay has
potential as a sensitive biochemical marker for monitoring
profenofos resistance in field populations of H. virescens.
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Activities of GST toward model substrates are often higher
in OP-resistant than susceptible insects (reviewed in Clark,
1989).  In previous studies where multiple strains were
examined, activities toward DCNB were correlated with OP
resistance in the tufted apple bud moth, Platynota
idaeusalis (Carlini et al, 1994) and the diamondback moth,
Plutella xylostella  (Ku et al., 1994).  In the present study,
profenofos resistance was correlated with CDNB but not
DCNB activity suggesting that the enzymes metabolizing
these substrates have different identities and contributions
to profenofos resistance.  Further, correlations were higher
for MRS than RR collections illustrating spatial variation
in expression of GSTs associated with profenofos
resistance.

Spatial variation also was evident in sensitivity of AChE to
inhibition by chlorpyrifos oxon between insects from the
two collection sites.  Sensitivity of AChE to inhibition was
poorly correlated in analysis including all strains.
However, correlations between resistance and AChE
inhibition levels for strains that originated from the RR
Aug were greatest suggesting a linkage between reduced
sensitivity of AChE and profenofos resistance at this (but
not at MRS) site.  Moreover, the correlation was better
when frequencies (instead of mean levels) of AChE
insensitivity and profenofos resistance were compared
(r2=0.69) illustrating a possible contribution of a target site
insensitivity to OP resistance as reported previously in H.
virescens (Brown, 1991; Kanga and Plapp, 1994; Brown et
al., 1996: Wolfenbarger, 1996), Spodoptera littoralis
(Dittrich, et al., 1979), Lygus hesperus (Xu and Brindley,
1993).  

Although levels of P450-MO activity towards PNA were
elevated in all field-collected and OP-R larvae compared
with LSU-S larvae, no correlation was found between these
activities and frequencies of profenofos resistance
indicating that measurement of this activity has no obvious
toxicological significance.  Activities of P450-MO have
been reported to be associated with resistance to OP (Bull
and Whitten, 1972; Reed, 1974) carbamate (Rose et al.,
1995) and pyrethroid insecticides (McCaffery, et al. 1991;
Ottea, et al., 1995) in H. virescens.  In contrast, previous
studies indicate no difference in P450-MO activity in OP-
susceptible and resistant H. virescens (Gould and Hodgson,
1980).  Activity of P450-MO toward PNA also was not
found to be associated with cypermethrin resistance in H.
virescens  (Ibrahim and Ottea, 1995) although P450-MO
plays an important role in cypermethrin detoxication
(McCaffery et al., 1991; Ottea et al., 1995).  

Summary

Profenofos resistance in H. virescens was found to be
multifactorial involving both metabolic and target site
mechanisms.  Elevated levels of EST are associated with
profenofos resistance in strains from both locations sampled
and the utility of this assay as a biochemical marker for

monitoring profenofos resistance in field populations of H.
virescens is being explored further.
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Fig. 1. Frequencies of profenofos resistance measured in field-collected and
laboratory strains of H. virescens using a topically applied discriminating dose
(15.3 µg profenofos/ larva; equivalent to 10X  LD50 of LSU-S strain).

Fig. 2. Frequency of AChE inhibition by chlorpyrifos oxon in RR Aug and
OP-R strains of the tobacco budworm.  Concentration of inhibitor used
corresponds to the I80 of AChE from the LSU-S strain.

Table 1. Levels of enzyme activities and inhibition of AChE by chlorpyrifos
oxon in field-collected and laboratory strains of H. virescens

Strain
P450
MO

GST/
CDNB

GST/
DCNB EST

AChE
Inhibition

LSU-S 77.7d 253e 3.14d 71.6d 87.9ab

OP-R 560bc 836abc 12.5abc 160abc 82.5ab

RR Aug P1 676ab 2370ab 17.3a 239a 71.3c

RR Aug F2 344c 1150cd 12.5abc 206ab 85.6ab

RR Aug F4 508bc 1450bcd 14.7ab 161abc 85.6ab

MRS Jun F3 580abc 2020abc 10.1bc 166abc 88.1a

MRS Jun F5 386c 738d 11.9abc 134bc  80.4b

MRS Aug F1 406c 2030abc 13.3abc 210ab 86.7ab

MRS Aug F3 805a 1500bcd 16.1a 42.0bc 85.2ab

MRS Sep F1 520bc 2580a 13.4abc 200abc 87.9a

MRS Sep F3 463bc 1180cd 8.34c 115c 87.6bc


