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Changes in activity of'cholines!erases (ChE) and acetycholinesterases (AChE) were studied 
during the development of Aedes aegypti (L.). Using starch gel electrophoresis, esterase zymo
grams showed 5-12 bands (designated esterases A to F in order of decreasing mobility) concen
trated in two major zones of mobility. The enzyme bands exhibited changes in activity in dif
ferent developmental stages, as well as within a particular stage. Significant changes were re
flected in the loss of esterase A as development proceeded and in increase in esterase F in the 
adult. Quantitative studies showed a sharp increase in AChE in adults; the AChE was concen
trated in the head. In the thorax and abdomen, ChE equalled or exceeded AChE activity. Es-
erine sulfate and diisopropylfluorophosphate (DFP) at 10~->M inhibited the AChE completely 
(colorimetric determination), while on the zymograms eserine sulfate inhibited ester

ases C, E and F, and lO'^M DFP inhibited esterases E and F. 

Nous avons etudii durant le developpement de /'Aedes aegypti le changement de Vactivite des cholineste'rases (ChE) et 
des acetylcholinesterases (AChE). A Vaide d'une eiectrophorese sur geWe d'amidon nous avons obtenu des zymogrammes 
d'est&ases de 5 a 12 bandes (les esterases sont designes de A a F selon leur ordre de mobility) concentres dans deux zones 
de mobilitd majeures. Les bandes enzymatiques demontrent non seulement un changement d'activite" dans differents stades 
du developpement, mais aussi a Vint&ieur de certains stades. Nous avons note des changements significatifs tel que la perte 
de Vestirase A durant la poursuite du developpement et un accroissement de Vesterase F dans le stade adulte. Des etudes quan-
titatives demontrent un accroissement rapide de I'AChE chez I adulte et une concentration de VAChE dans la tete. Dans le 
thorax et I abdomen, ChE egale ou surpasse Vactivite de I'AChE. Le sulphate d'eserine et le fluorophosphate di-isopropylique 
(DFP) d 10~5M suspend Vactivite del'AChE completement (determination colorimetrique), alors que sur les zymogrammes 
le sulphate d'eserine a la mSme concentration suspend Vactivite des esterases C, E et F, et le DFP a cette concentration sus
pend Vactivite des esterases E et F. 

INTRODUCTION 

Acetycholinesterases (AChE) and cholinesterases (ChE) constitute an important enzyme 
system not only physiologically and biochemically but also in pesticidal action (Colhoun, 1963, 
O'Brien, 1967; Freyvogel, Hunter and Smith, 1968). ChE's are the target enzymes in organo-
phosphate poisoning (O'Brien, 1967; Fest and Schmidt, 1973), are primarily involved in car
bamate poisoning (O'Brien, 1967; Corbett, 1974), and are involved in poisoning by cholorina-
ted hydrocarbon pesticides (Sengupta, Sarkar and Ghosh, unpublished results). The esterases 
also seem to play a significant role in the development of adaptation (Sengupta, Basak, Sarkar 
and Ghosh, 1975). The positive relationship between cholinergic system and differentiation 
of the nervous system was reviewed by Smallman and Mansigh (1969). 

Esterases during development have been studied electrophoretically by several authors. 
Though a direct comparison of the results is difficult due to differences in techniques and ex
perimental conditions, certain general inferences can be drawn from these studies. Conspicuous 
changes in the zymogram and isozyme patterns can indicate important alterations in metabo
lism during embryogenesis and metamorphosis (Briegel and Freyvogel, 1971; Simon, 1969). 
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Electrophoretic variations in esterases due to species, sex, and age of adults have also been 
reported (Freyvogel etal. 1968). 

Changes in ChE during metamorphosis have been studied by various workers. However, 
most studies were restricted to a particular developmental stage of an insect species rather 
than a comparative investigation involving all developmental stages. The present study is con
cerned with developmental changes in AChE and ChE, and with the distribution of these in 
the body regions of larvae, pupae and adults of the Guelph strain of Aedes aegypti (L.). 

MATERIAL AND METHODS 

Experimental insects. 

Aedes aegypti (L.) (Guelph strain), originally obtained from British Columbia Research 
Council, Vancouver, Canada, was maintained in the laboratory during the investigations. A 
DDT resistant strain of A. aegypti has been maintained in the laboratory for several years. 

Electrophoretic experiments were conducted with single specimens of second, third, and 
fourth larval instars; one, two, three, and four-day-old pupae; and four, twelve and 35-day-
old adult males and females. 

Tissue Preparation. 

Homogenates were prepared in a miniature glass homogenizer in 25-30 jul saturated solu
tion of phenylthiourea. The homogenate was then centrifuged at 14,500 g for 30 minutes at 
2°C and supernatant used for all experiments. 

Electrophoresis. 

Esterases were studied electrophoretically using the methods of Smithies (1955) and Smith 
(1968). The starch gel was prepared using 10% hydrolysed starch (Connaught Medical Labor
atories, Toronto, Canada) in 4 mM borate buffer at pH 8.6. Borate buffer (0.01 M) at pH 
8.6, was the electrode buffer. 

The electrophoresis was run for 3 hours at 400 V (70-75 mamps) at 4°C. Bromophenol blue 
was the tracking dye. For demonstration of esterase activity the following substrate-stain sol
ution was found to give best results (modified from Beckman and Johnson, 1964): 4.5 ml of 
a 1:1 mixture of water and 1 % a-naphthylacetate in acetone was mixed with 100 ml phosph
ate buffer (0.1 M, pH 6.0) containing 65 mg of Fast blue RR salt. The gels were incubated 
with the stain solution for 60 min at room temperature. For inhibition studies the gels were 
incubated at room temperature with eserine sulfate or diisoprophylfluorophosphate (DFP) 
at 10"5Mfor30 mins before placing in the substrate-stain solution. The gels were then trans
ferred to two wash solutions; the first was ethanol:glycerine:glacial acetic acid: water (1:1:1: 
2), and the second was methanol:water:glacial acetic acid (50:50:1). The gels were washed 
at room temperature long enough to wash out the background colour. After washing, the gels 
were stored in saran wrap. 

Colorimetric determination of enzyme activity. 

Cholinesterases were assayed, by the method of Ellman, Courtney, Andres and Feather-
stone (1961), for 5 min at pH 8.0 (in 0.1 M phosphate buffer) at 25°C in a Beckman DU-2 
spectrophotometer equipped with dual thermospacers. Acetylthiocholine iodide was used as 
one of the substrates at 75 mM, which has been found to be the optimal concentration for 
the present enzyme system (Fig. 1). Propionylthiocholine iodide and butyrylthiocholine io
dide were also used at 75 mM, for the comparative studies. 
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For inhibition experiments the homogenate was incubated with eserine sulfate or DFP 
(10"5M) for 30 mins at pH 8.0, 25°C, before adding the substrate. 

RESULTS AND DISCUSSION 

The major stages in the life cycle of Aedes aegypti Guelph strain were investigated for AChE 
and ChE. The results (Fig. 2-5) indicate that, in general, esterase enzymes were concentrated 
in two major zones of mobility. A total of 5-12 bands were found and may be described as 
being of intense, intermediate or low activity. The bands were designated A-F, in the order of 
decreasing mobility (Fig. 2-5). 

Esterase A was present in the egg, larval and pupal stages as a single weak band (Fig. 2-4). 
It was best represented in the egg stage, was gradually lost as development proceeded, and was 
absent from the adult stage. This may reflect a lessening need for this particular enzyme as 
adult life approaches. Esterase B was present as a single intense band except in a few males 
where it showed weak activity. Esterase C was a single band with intermediate to high activi
ty; it was well represented in the egg stage but was absent from some pupae and from adults. 
Esterase D was an intense band in all stages; in a few specimens it was seen as a double band. 
Esterase E was weak and invariably present in adults. In a few pupae, esterase E was a double 
or triple band. Esterase F, the slowest moving band, appeared as one to four bands with vary
ing levels of activity in practically all developmental stages (Fig. 2-5). Esterase F corresponded 
to cholinesterase enzymes (mobility compared with standard horse serum cholinesterase from 
Sigma Chemicals) and showed less activity in the egg than in the larval stage (when expressed 
in terms of activity per individual). Casida (1956) and Dewhurst, McCaman and Kaplan (1970) 
have demonstrated a many fold increase in house fly AChE activity from egg to larval stage. 
In the pupal stage of A. aegypti a faint additional band (designated as Est e) was observed and 
this band appeared to be characteristic of this stage. 

Freyvogel, Hunter and Smith (1968) observed sex differences in esterase zymograms of 
Anopheles stephensi. However, with A aegypti, I observed no sex differences in the esterase 
patterns, except that the activity of enzymes from females appeared slightly more intense than 
that of males. 

In the present study, changes in levels of AChE correlated well with the general physical 
activity of a particular developmental stage. Thus in larvae and adults which are very active, 
levels of whole body AChE were much higher (6.32 ± 0.705 and 11.12 ± 0.374 Mmoles ace-
tylthiocholine hydrolysed/min/gm tissue respectively) than in the pupae (3.01 ± 0.235). 

Studies of distribution of AChE and ChE in different body regions of larvae, pupae and ad
ults, revealed that the highest concentration of AChE was in the head (Table 1). On the other 
hand the activity of ChE's (using propionylthiocholine and butyrylthiocholine as substrates) 
was usually equal to or greater than the activity of AChE in the thorax and abdomen of each 
stage. 

Using heads of adult A. aegypti, activity of AChE in the DDT resistant strain was lower 
(18.14+ 0.75 jumoles/min/gm tissue) than that of the Guelph strain (23.46 Aimoles/min/gm 
tissue). This difference was observed in 3-4 day-old adults, however the difference became 
insignificant as the adults grew older. Similar observations were made by Babers and Pratt 
(1950). 

In vitro inhibition studies with heads of larvae and adults showed that AChE is totally in
hibited by eserine sulfate and DFP at lO'^M. In electrophoretic studies with homogenates of 
whole bodies, eserine sulfate and DFP at a final concentration of lO'^M inhibited esterases C, 
E, F and E, F respectively. Esterases A and C were inhibited by n-isopropanol. 
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Table 1. Acetylcholinesterase and cholinesterase activities (/nmoles substrate hydrolysed/min/ 
gm tissue) in the Larvae, Pupae and Adults of Aedes aegypti L. (Guelph Strain) 

LARVA PUPA ADULT 

Cone. - (0.075 M) Head Thorax Abdomen Cephalo Thorax Abdomen Head Thorax Abdomen 

Acetylthiocholine 
iodide 

9.97 
±0.92 

4.02 
±0.19 

2.67 
±0.28 

3.79 
±0.54 

3.45 
±0.29 

23.46 
±0.00 

11.19 
±1.05 

3.44 
±0.71 

Propionylthiocholine 
iodide 

2.87 
±0.00 

4.31 
±0.00 

2.15 
±0.39 

1.00 
±0.11 

2.87 
±0.00 

15.37 
±0.53 

8.03 
±0.99 

3.73 
±0.71 

Butyrlthiocholine 
iodide 

0.70 
±0.00 

0.72 
±0.00 

1.72 
±0.00 

0.50 
±0.00 

1.44 
±0.00 

1.15 
±0.00 

1.73 
±0.36 

3.59 
±0.72 
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l*ig. 1. Rate of hydrolisis as a function of substrate concentration (AChE-acetylcholinesterase catalyzed hydrolysis; ASCh-
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Fig. 2. Diagrammatic representation of patterns of esterase zymograms of eggs oiAedes aegypti L. (A-F=Est A to Est F) 
high, HMB medium, V* ** and low,i-.-• -3 activity. Fig. 3. Diagram of patterns of esterase zymograms of different larval in-
stars oiAedes aegypti L. (1,2-lst instar; 3,4-2nd instar; 5,6-3rd instar; 7,8,9-4th instar). Symbols as in Fig. 2. 
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Fig. 4. Diagram of patterns of esterase zymograms of pupae of Aedes aegypti L. (1,2-1 day; 3,4-2 days; 5,6-3 days and 7,8-4 
iays old). Symbols as in Fig. 2. Fig. 5. Diagram of patterns of esterase zymograms of adult Aedes aegypti L. (1-4, males and 
5-8, females). Symbols as in Fig. 2. 
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