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Abstract

Profile study on carboxylesterase induction in Rugters house fly, M. domestica,
was investigated. Hydroprene, a juvenile hormone analog, was topically treated
on the insect. The enzymatic activity, monitored with naphthylacetate, revealed
that the induction was successful in the 6-day-old femle adult flies. Induction
was evidently an age-dependent mechanism. Actinomycin D was used to justify
the increasing enzyme activity was caused by new protein synthesis through trans-
criptional level. The induced isozymes were further characterized electropho-
retically and biochemically. The hydrolytic activity to hydroprene was mostly
distributed in area at cathode end of the gel. However, the induced specific
esterase was unable to be certified because of the low recovery of enzyme activity
from the acrylamide gel. Significance of the induction was discussed.

Introduction

Metabolism of insect growth regulators’ ester by esterase has been intensively studied
in many insect species including: Musca domestica, Phormia regina, Sarcophaga bulluta,
Culex pipiens pipiens, Aedes aegypti, Munduca sexta, Hyalophora ceroia, P. brunmea, Schisto-
cerca vage, Samia cynthis, Tenebrio moltor, Blaberus giganteus, and Solennopsis invicta (Yu
and Terriere, 1973, 1975, 1977a, 1977b; Maa and Terriere, 1983a, 1983b; Terriere and Yu,
1973; Quistad er al., 1975; Weirich and Wren, 1973; Georghiou et al., 1978; Mumby et al.,
1979; Bigley and Vinson, 1979).

Hydroprene, an ethyl ester, was metabolized by both soluble and microsomal esterase
of dipteran species in the order of house fly, flesh fly, blow fly, with the susceptible
housefly being most active (Yu and Terriere, 1977a). The level of juvenile hormone (JH)
hydrolytic activity in the hemolymph or in the microsomal fraction of the dipteran
insects is totally age- or stage-dependent (Yu and Terriere, 1975). In Drosophila hydei
hemolymph, this enzyme was found only in the prepupal stage (Klages and Emmerich,
1979). In lepidopterous insects the highest hemolymph JH esterase (JHEase) activity was
restricted to the last instar larvae (Slade and Wilkinson, 1974; Sanburg et al, 1975). In
Colorado beetle, JHEase occurred during all the stages tested but showed characteristics
change in activity during development (Kramer and De Kort, 1976). Quistad et al. (1975)
found that in Aedes aegypti and Culex pipiens quinque-fasiatus larvae the methoprene ester
is cleaved to give hydroxy acid. Hooper (1976), however, found very low esterase activity
to JH analogues in Culex pipiens larvae. The estimated esterase activity to naphthylacetate
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(NA) was high in the mitochoriion fraction, but was low in the soluble and microsomal
fraction.

As to the reaction of these enzymes with inhibitors, Quistad et al. (1975) indicated
that triorthocresyl phosphate decreased the propertion of methoprene esterases present in
the larvae. Yu and Terriere (1977a) found that diisopropylfluorophasphate inhibited
microsomal esterase activity in flesh fly and blow fly, but not in the house fly. Paraoxon
of 10°M had low inhibitory effect on house fly microsomal esterase, but inhibited these
esterases in blow fly and flesh fly., Maa and Terriere (1983a, 1983b) demonstrated that
the enzyme system metabolizing the JH analogue was possibly composed of several es-
terase, each with a somewhat different substrate preference. It was also indicated that
the soluble JHEase, or the general. NA esterase activity was age-dependent in house fly
and other fly species as well, In this report the author provided some experimental
evidences to illustrate how the hydroprene esterase in a homeostatic condition would
respond to the hydroprene treatment as a mechanism of enzyme induction in housefly.

Materials and Methods

Insect

The house fly used was Rugters, an insecticide resistant strain. It is resistant to
diazinon, an organophosphate compound and propoxur, a carbamate compound. The
resistance is due to a considerable extent to the increased metabolism of these insecticides
by the microsomal oxidase system (Terriere and Yu, 1976).

The flies were reared under constant temperature 24+1°C and a light: dark condition
(16:8). House fly larvae ‘were reared on an alfalfa meal-wheat barn mixture (1:3) and
adults were fed a mixture of powdered milk, sugar, and powdered egg yolk (12:12:1).
The species reproduced normally under these rearing conditions. Stocks of newly emerged
adults of each generation were synchronized with twelve hours for experiments. Adults
were used at various ages depending on the necessity.

Chemicals

All chemicals and reagents were of analytical grade or the best grade available, Cold
and hot hydropréne (ethyl (2E, 4E)-3, 7, 11-trimethyl-2, 4-dodecadienoate 0, 5-(1*C), specific
activity 5-8 mCi/mM) containing 98.4 percent trans, trans and essentially no cis, trans
form, was from Zoecon Corporation, USA. Chemicals for Bray’s counting solution were
purchased from New England Nuclear Corporation, USA. Silica gel G-1, 2-naphthol, 2-
naphthalene acetate, laryl sulfate (sodium laryl sulfate, dodecyl sodium sulfate, approxi-
mately 95%), diazoblue (O-dianisidine, tetrazotized ZnCl; complex, practical grade 30%
pure), phenylthiourea, eserine (physotigmine) para-benzyate mercuribenzate (PHMB, cry-
stalline sodium salt), Actinomycin D, coomassie brilliant blue G-250, were all purchased
from Sigma Corporation, USA. Acrylamide, bis acrylamide, N, N, N, N-tetramethylenedia-
mine, riboflavin, ammonium persulfate, bromophenol blue, all electrophoresis purity grade
were purchased from Bio-Rad Laboratories, USA.

Enzyme source for assay

The hemolymph samples were withdrawn from female adult flies of various ages
according to Maa and Terriere (1983a). At least 100 ¢l hemolymph was pooled for each
sample was then centrifuged into 1,000 g for 15 min. The suppernatant was withdrawn
and the upper lipid layer and the bottom precipitate were discarded. In this study the
hemolymph sample was used immediately as soon as enough samples were collected. The
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soluble fraction of decapted flies were obtained according to Yu and Terriere (1971).
The suppernatant above the 100,000 g pellet, after centrifugation, contained an unknown’
quantity of hemolymph, was obtained from homogenates of insects from which a
hemolymph sample had been taken. There was no attempt to remove remaining
hemolymph prior to the homogenization of the insect. Preliminary assay on these two
tissue fractions showed that about equal titer of esterase activity to hydroprene were
present in both fractions.

Protein content determinaton and esterase assay

Both the determinations were performed as described by Maa and Terriere (1983a)
according to Bradford (1976) and Van Asperen (1962). The inhibitor used for characteri-
zation of esterase were: eserine, to inhibit the choline esterases, and PHMB, to inhibit
the arylesterases. The concentration of inhibition assay was determined to be 10—+ M.
When the inhibitors were used they were incubated with the enzyme sample (hemolymph,
soluble fraction, or enzyme source recovered from gels) for 30 min. prior to the addition
of naphthylacetate.

The concentration of the labeled hydroprene-1*C compound was with 100,000 cpm per
ml. The unlabeled chemical was used for the determination of proper concentration for
the esterase assay. Incubation time was 3 hrs for hydroprene, 30 min. for naphthylacetate.
At the completion of hydroprene incubation, 2.0 ml of distilled water and 14 mil mixture
of ether-ethanol were added to the mixture. After shaking and centrifuging, the solvent
phase was removed. The extraction was repeated twice ether-ethanol mixture. This
procedure recovered all of the added radioactivity. The extracts were combined and’
dried® over sodium sulfate. Aliquots were then evaprated to approximately 0.25ml and
applied on silica gel G thin layer chromatoplates (0.25mmX5 X20cm?). The chromato-
plates were developed unidimensionally with hexane-ethyl acetate (100:15), then with
benzene-ethyl acetate-acetic acid (100:30:3) (Quistad et al., 1975). The radioactive meta-
bolites and unreacted substrates were detected by passing the plates under a radioactive
chromatogram scanner. The zones of radioactivity were scraped from the plates, placed
in scintillation vials with 10.0 ml of scintillation mixture and counted. Recovery of added
radioactivity carried through the complete procedure was more than 75 %.

Enzyme induction

Groups of 50 house flies of 4 to 10 day-old were anethetized with CO, and topically
treated with hydroprene in 1.0 ul acetone. The microdrops were applied to the tip of
of the abdomen. Controls were treated with 1.0 zl acetone. The flies were then released
into the cages with food and water provided. Doses of hydroprene were 10.0, 5.0, or
2.5 pg per fly. The hemolymph and the soluble fractions were collected from the treated
and control flies every twelve hours.

When actinomycin D was used to characterize the induction, the flies were anesthe-
tized with CO. and injected into the thorax through the scutellar sutyre with 1 4l of an
aqueous solution containing 0.1 g of the compound. Controls were injected with 1 ul
distilled water. Neither treatment caused mortality in flies.

Electrophoretic procedures and esterase activity recovery

The disc electrophoretic procedure of Davis (1964) was used. The electrophoresis
was carried on for 4 hrs at 4°C. All the procedures were at low temperature except the
staining. This was modified from Ahmad (1974). The zymogram of the esterase was
examined two days after the two changes of 7% acetic aqueous solution. When it is
necessary for quantitation, the gel was scanned in a photovolt densitometer.
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Recovery of the enzyme from the gels was also done in the cold. The procedure
was modified from Whitmore er al. (1972). The gel was stained with naphthylacetate for
5 min. to locate the peak area. The appropriate gel sections were removed, chopped into
fine pieces for diffusion at 0°C with 2.0 ml of distilled water. After 40 min. for protein
diffusion, the chopped pieces with the aliquate was centrifuged to 1,000g for 15 min.
The supernatants were used for protein determination and enzymatic assay. In most
cases, four major sections of the gels were taken for esterase characterization with
hydroprene as substrate. The soluble fraction as well as the hemolymph, with one fly
equivalent for Rugters strain, was used for each electrophoretic gel. The method for
esterolytic assay was from Yu and Terriere (1975).

Results

Age-profile of hydroprene induction of esterase

Naphthylacetate was used as substrate for monitoring the éctivity of carboxylesterase
induced by hydroprene treatment on adult females of various age. This experiment was
carried on in order to narrow down the proper gate of adult age for induction. Fig. 1
shows that a biphasic status of both induction and depression was observed. Somehow,
the depression was a minor phase and was found only at 4-day- and 7-day-old flies. It
was estimated that the average of depression of esterase caused by hydroprene treatment
on fly was approximately 7%. It is comparatively in significant to the induction of the
esterase.
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Fig. 1. Age-profile of hydroprene induction of soluble carboxylesterase of female
Rugters house fly. Naphthyl acetate was used as the substrate for car-
boxylesterase assay in vitro; each dot represented sample size of 50 flies;
the zero reading was a calibration of control.
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Enzyme induction was initiated with a lower level at 4-day-old female. It climbed
up gradually from 110% of the control during days 5 and 6 to its maximum of 230% at
days 7 and 8, and declined down to about 140% at days 9 and 10 afterward. It seems
that the 6-day-old flies expressed with high enzyme regulation mechanism to hydroprene
induction. It is interesting to know that in normal condition, the Rugters fly has a
maximum esterase activity at day 8 after adult ecloslon (Maa and Terriere, 1983b).

Apparently, hydroprene induction of esterase in this fly strain is age-dependent. An
enzyme assay with hydroprene as substrate revealed that the total esterolytic activity was
at its maximum of 2389 as the control counterpart 36 hrs after treatment. The induc-
tion potential dropped down to 150 to 180% the second day after the treatment on the
6-day-old flies (data not shown).

Induction of esterase through a transcription level

In this experiment hydroprene was used as substrate and the hydroprene esterase was
induced as a regulated enzymes. Actinomycin D was used to block the protein syn-
thesis. The inhibition effect of actinomycin D was checked at 36, 48, and 72 hrs after
treatment. Table 1 shows that flies treated with the inhibitor and hydroprene were with
less esterase activity than those treated with the inhibitor and acetone. This revealed
that hydroprene esterases were induced to 27% of net increase of activity by 36 hrs after
treatment, 72% by 48 hrs, and 65% by 72 hrs. The low esterase induction at 36 hr (data
not shown) was possibly associated with the injury by injection. Conclusively, the in-
duced esterase was at least specifically, although only partially, responded to hydroprene.

Electrophoresis and enzyme recovery

Enzyme source taken from hydroprene-treated and control flies were applied to the
gels for isozyme separation. After the run, the gels were stained for isozyme and were
scanned with a densitometer. The isozymes were visiously sorted into 8 peak areas

Table 1. .Actinomycin D inhibition of hydroprene esterase of Rugters
house flies*?

Duration of p mols hydroprene Enzyme activity %
treatment acid/mg protein/ of controls
Treatments? (hr) 3hr Induction  inhibition
H:0 1.0 gl
Acetone 1.0 gl 48 295.14+13.94 172.0
72 272.9+61.61 164.8
H:0 1.0 ul '
Hydroprene 5 ug 48 507.5+65.31
72 448.1+29.53
Act. D, 0.1 ug
Acetone 1.0 zl 48 346.44:72.78 100
72 442.14-74.72 100
Act. D. 0.1 ug
Hydroprene 5 ug 48 260.84-85.28
72 392.74+13.35

=) 1. Average of duplicates, with 6.0-day-old female flies.
2. Aqueous Actinomycin D given by injection with water alone as control; hydro-
prene given by topical treatment with acetone alone as control.
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Fig. 2. Densitometric scans of electropherograms showing changes of carboxyles-
terase zymogram with treatment or no treatment on Rugters flies. Eserine
and PHMB were used for preincubation; 8.0 21 haemolymph for sample of
the acetone treated larvae, 7.0 ¢l for that of hydroprene treated ones, and
4.0 2 for that of control; arrow indicating the movibility of the isozyme
from anode to cathode end of the gel.

according to their mobility along the gel. These peak areas were furtherly grouped into
four major sections for recovery study (Fig. 2). The electrophoregram paper of the
stained gel with corresponding peak area, or section were cut off. Each peak area or
section of the graph paper was weighed. The weights of the electrophoregram paper was
used for monitoring the hydrolytic activity of naphthylacetate of the corresponding iso-
zymes.

The densitometric electrophoregrams were shown in Fig. 2. Each of them represents
zymograms of esterases from normal adults, adults treated with acetone and adults treated
with acetone and adults treated with hydroprene, respectively. The induction ratio based
on paper weight was calculated.

Table 2 shows that peak area 2, 7 and 8 were with increased weight in hydroprene-treated

Table 2. Estimation of hydroprene induction of carboxylesterase isozymes
by densitometric electrophoregrams»’

Enzyme activity (weight of graph paper)

t?:fk area mg/10.0 gel Enzyme induction
isozymes Hydroprene treated Acetone trested in percentage
1 1.65:NC v 2.33:£NC? 70(—30)
2 5.12+£NC o 3.131NC 163(463)
3 16.37.£1.76 13.4341.38 122(422)
4 11.3040.07 11.75+0.09 96( —4) -
546 7.37£NC 4.67:NC 158(+58)
748 4.75+NC 1.94+:NC 245(4145)

@) 1. Average of duplicates; Naphthylacetate and DBLS for staining, with 10-*M of
eserine and PHMB for preincubation; Isozyme distribution, see Fig. 2.
2. NC; wieght of the paper variation was too light to be counted, .
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larvae. Peak area 1 was with decreasing weight to 70% of its original. There was
not much change being found in peak area of others. It shows that the second peak
area and the combination peak areas of 5 and 6 were with a net increase by 60%.
The induction was most obvious with peak area at cathode end of the gel. The enhance-
ment was approximately two and half folds as the control counterpart. These results
hinted that the net increase of esterolytic activity to hydroprene found in previous assay
was likely to be specific.

Induction causing the maximum weight gained at the isozyme of section 4; peak area
of 7 and 8 was to be justified by an additional experiment in order to certify whether
the isozyme is hydroprene-specific.

The recovery study was unsuccessful because of the low recovery of hydroprene
esterase activity to hydroprene. The protein content recovered from the diffusion of the
slided gel was somehow satisfactory; approximately 73% of the total. Nevertheless, the
recoved activity was found being mostly distributed in the section 4 of the gel. The
recovered titer of the esterase was either low or undetectable in the other sections. This
result would support the assumption on a hydroprene-specific induction on the fly if the
practical problem of low recovery was neglected.

Discussion

As Adams and Edie (1972) indicated, hydroprene has a gonotrophic effect on house
fly ovaries inducing vitellogenesis and a switch-over in the sensitivity of the prothoracic
gland to externally applied JH and its analogues (Cymborowski and Stolary, 1979).
Therefore, it is reasonable to expect that hydroprene may act as JH for JH-ase induction
if JH regulation is involved in a feedback mechanism (Sparks and Hammock, 1979;
Whitmore et al., 1974; Yu and Terriere, and Terriere, 1971, 1973). However, it was also
noted that not all the stages of an insect had the same response to the same inducer.
Whitmore et al. (1972) could only induce JH-ase in Hyalophora pupae and Kramer (1978)
were able to induce the hormone hydrolysis enzyme only in Leptinotarsa diapausing adult.
Similarly, Sparks and Hammock (1979) could induce the hormone esterase activity in
Trichoplusia larvae and Reddy et al. (1979) found that JH reduced esterase and NA
esterase activity in larvae, but induced the enzyme in one day-old pupae.

On the other hand, Mumby et al. (1979) found that carbamates had a low
JH-like activity on dipteran insect, and had an inhibitory effect on house fly JH-ases.
This group of N-alkyl carbamates of 1-naphthol did not show similar effects on other
insect species. Hydroprene has been found to function as a synergis to compete with
natural JH in insect (Slade and Wilkinson, 1974) to inhibit other enzymes (Yu and
Terriere, 1973), or to induce either the general CE-ase or JH-ase activity or both.

The profile study on carboxylesterase induction of Rugters house fly clearly indicated
that several mechanisms were involved with the enzyme regulation. First, it was a age-
dependent phenomenon. The induced enzyme activity was somehow closely parallel to
the esterase activity of the normal physiological stage of the adult fly. The result showed
that the induced esterase activity was low when the fly was newly emerged, and was
high when the fly reached the age for the first reproductive cycle at day 8 after eclosion
(Maa and Terriere, 1983b). Hydroprene application on the fly might provide an accelerat-
ing reaction to the physiological process, for docyte maturation. Therefore, the biphasic
response of esterase induction to the JH analogue, hydroprene, at variously physiological
ages of the fly during the interval of examination should be understandable. Some other
mechanisms, however, may also be involved (Yu and Terriere, 1971; and Terriere and
Yu, 1971).

Secondly, this study revealed that the specific isozyme was enhanced by the treatment



56 Chinese J. Entomol. Vol. 7. No. 1 (1987)

with 10 ug hydroprene. A low dose of hydroprene was found with very minimum enhance-
ment to hydroprene-specific esterase (data not shown). This JH analogue was, on one hand,
being able to induce the synthesis of carboxylesterase and hydroprene esterase (peak area 2,
5,6, and 8), and on the other hand, being with depressing effect to the normal expression
of the other isozymes (peak area 1 area 1 and 4). It might be with no effect to another
group of isozymes, depending upon the dose of the inducer applied, age of the adult fly
for assay, and even tissue fraction used. The dose-dependent variation on hydroprene
induction of esterase activity occurred in this fly might involved in a feedback mechanism.
Detail of this mechanism was not investigated. Different esterase isozymes responded
differentially to same inducer was expectable and has, in fact, been found in other insect
species. Most of the enhanced esterase recovered from the acrylamide gel was, somehow,
comparatively high in esterolytic activity to hydroprene. The withdrawal of this experi-
ment is that the recoved hydroprene-esterase activity was, however, comparatively low.
As the result revealed that the total activity recovered was 52.85 p mole hydroprene acid
formed per mg protein for recovered enzyme source (data not shown) and was 270-290
p mole for the initial enzyme source (Table 1). The low recovery of the enzyme activity
might be due to the loss in the procedures during extraction, diffusion and deactivation
of the esterase. An alternative method with better recovery of the enzyme activity is
necessary for further investigation on induction and confirmation of the substrate-specific
esterase.
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