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ABSTRACT 

Aliesterases are an important class of B-esterases, which have 

been shown to be correlated with organophosphate resistance in houseflies. 

Little is known of the role of these enzymes in the living insect, and 

their distinction from other carboxylesterases is vague at present, owing 

to their highly non-specific nature. 

In the present work the distribution of aliesterases in various 

parts of a susceptible and an organophosphorus resistant strain of housefly 

has been examined, using histological, titrometric and manometric methods. 

Aliphatic ester hydrolysis due to other B-esterases, namely 

cholinesterase, lipase and peptidase, has been distinguished from aliphatic 

ester hydrolysis due to aliesterase. 

The rate of recovery of aliesterase activity has been studied 

and the nature of recovery after inhibition with organophosphates is 

discussed. 

A method of vertical gel electrophoresis, modified to resolve 

housefly esterases more efficiently than hitherto is described. The pattern 

of aliesterases in a susceptible and an OP-resistant strain have been shal_i 

to differ from those obtained in other strains by previous workers. 

The nature of phosphokinetic esterase in the housefly has been 

studied. This appears to be a dual-enzyme which can act both as aliester-

ase and phosphatase. 
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Aliesterases from various parts of the body of the adult and 

larval houseflies have been separated and their distribution studied. 

Electrophoresis of housefly homogenate that had been treated 

with radioactively labelled organophosphate showed a separation of 

phosphorylenzyme, corresponding to the major aliesterase, present in the 

gut; the significance of this finding is discussed. 

Some in vitro experiments in which radioactive insecticide5 

were used to study the extent of phosphorylation in susceptible and res-

istant strains are described. 

On the basis of the data collected, the possible physiological 

roles of aliesterases as enzymes are discussed. 
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GENERAL INTRODUCTION 

One of the most conspicuous features of the twentieth century in 

the field of preventive medicine and agriculture has been a tremendous 

increase of insect control by chemicals, due to the efforts of applied 

entomologists and chemists. The increasing use of insecticides frequently 

brings about, by a process of selection, the development of resistant strains 

of pest species. The development of insecticide resistance is due to the 

selection of variants carrying genes for resistance. The resistance genes 

are not present in all populations; for example, the caeldrin-resistant 

gene of Anopheles gambiae is restricted to mosquitoes in certain parts of 

West Africa (Elliot, 1959). Same of the housefly strain have failed to 

develop DDT resistance under selection pressure due to limited gene pool 

(Crow, 1957; Merrel and Underhill, 1956). However, the widespread cases 

of resistance in insect species suggest that most of the insect populations 

have already preadaptive genes derived from secular mutation rate. Within 

a few years of insecticidal use, resistance was found to be widespread, thus 

nearly 200 species of insects and acarines had developed resistance by 1966 

(Brown, 1966), and it appeared that they were almost equally divided among 

the pests of agricultural and medical importance. 

The two principal or most widely used classes of insecticides are 

the chlorinated hydrocarbons and organophosphate compounds. Considering 

the chlorinated hydrocarbon insecticides, Dieldrin-resistance now appears to 
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be more common than DDT-resistance, although the cyclodiene compounds have 

been in use for a shorter period of years and less extensively than DDT. 

The high hopes that the use of organophosphate insecticides would 

remedy the problem of resistance to organochlorine compounds have been 

progressively disappointed, and now organophosphate resistance is known in 

many species of insects and mites. Most of the species, which have 

developed resistance are to be found in the Diptera, Hemiptera (especially 

aphids, scales and leaf hoppers) and the Lepidoptera. OP-resistance in 

Acarina (tetranychid mites) is also very well known (Smissaert, 1964). 

The first organophosphates used as insecticides were due to 

Schrader and colleagues in Germany during II World War. They synthesized 

Schradan (1940), Parathion (1944)  and TEPP (1944).  TEPP (Tetraethylpyro-

phosphate) was legally introduced as an insecticide in 1944 in Germany, and 

was used extensively. These organophosphates showed, no doubt, very high 

insecticidal action but sere discovered later to be highly toxic to mammals, 

which limited their use as field insecticides. However, the discovery of 

insecticides like Diazinon and Malathion, with high insect toxicity but low 

mammalian toxicity gave impetus in the greater use of this novel class of 

selective pesticides. This selectivity appears to be due to a different 

balance of activating 	and degrading enzymes in insects and 

mammals. According to O'Brien (1966) the carboxyesterases responsible for 

the degradation of the selective organophosphorus compounds are more effect-

ive in mammals than in insects. Another important feature of the organo- 
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phosphates was found to be their low persistence, which rendered their use 

more safe in the control of insect pests of agricultural importance. 

The advantages of certain organophosphates as 1;ss dangerous field 

insecticides, owing to their selective toxicity and low persistence, have 

been reduced by the development of resistance; further more, the develop-

ment of cross-resistance to organochlorine insecticides is even more alarming. 

March (1959) reported that a strain of houseflies selected for 41 generations 

with Parathion acquired only 7-fold resistance to Parathion, but over 3000-

fold resistance to DDT, 70-fold to Methoxychlor, 1.6-fold to Prolan, 120 - 

fold to Lindane, and over 3000-fold to Dieldrin. Many such instances have 

been reported from time to time. Thus the SKA strain of houseflies at 

Rothamstead, which was selected against Diazinon, developed a resistance 

factor of 220 to Diazinon, more than 1100 to DDT and 79 for BHC (Potter, 

1963). Recently a strain, obtained from SKA strain through consecutive 

selection, shows a resit._ ante factor of 1000 to Diazinon (Sawicki, 196). 

Fortunately, repeated exposures to chlorinated hydrocarbon insecticides 

induces little resistance to organophosphates (O'Brien, 1960). 

It is obviously difficult to imagine an explanation for such a 

phenomenon. The fact that cross-resistance is not reciprocated, seems 

to preclude simple genetic linkage of physiologically independent factors. 

The possibility that some non-specific protection (such as cuticular thick-

ening, or reduction of penetrability of the nerve sheath) is selected by 

the organophosphates, would be an obvious explanation if it were not for 



11. 

the fact that recession of resistance to one class occurs without recession 

of resistance to the other (04 Brien, 1963). It must be that several factors 

contribute to resistance; a non-specifit factor which by itself is useful 

only in protecting against chlorinated hydrocarbons; and one or more groups 

or compound factors. Writing of some protection mechanisms, Farnham et al. 

(1965) showed that Diazinon and Diazoxon injected or applied topically, to 

two strains of houseflies (normal and the SKA organophosphate resistant), 

penetrated less readily into the resistant flies, as indicated by measurement 

of loss from the surface using radioactive Diazinon. Lord et al. in an 

earlier study (1963) had concluded that there were no differences between 

the ganglia (including nerve sheath) of the susceptible and resistant strains, 
• 

which affect resistance. 

Sawicki and co-workers (1966, 1967a, 1967b) analysing the genetics 

of resistance in the SKA strain concluded that factors for resistance to 

Diazinon and DDT were eith: linked or common to both insecticides. These 

authors isolated three factors of resistance to Diazinon and DDT. In the 

SKA strain the great resistance has been attributed to result from the inter-

action of three resistance mechanisms, which separately confer only slight 

resistance. The resistance factor conferring DDT.;ase and low aliesterase 

was found to be on V linkage group, whereas a resistant factor (R3), common 
was 

to DDT and Diazinon resistance/on the III linkage group. A third factor, 

which is a recessive factor for.DDT and segregates with the recessive factor 

of resistance to Diazinon has been provisionally allocated on the II linkage 
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group (Sawicki and Farnham, 1968). The linkage or identity of the factors 

for resistance to these two compounds explains why SKA flies have remained 

very resistant to DDT, although they had been selected with Diazinon for 

over 9 years. 

Organophosphate esters have been shown to be inhibitors of 

cholinesterases and also, a number of esterases, lipases and sane proteo - 

lytic enzymes. Most of the strongly selective organophosphorus insecticldes 

are phosphorothionates (i.e. containing P=S group) and are relatively poor, 

inhibitors of cholinesterase. However, in vivo they undergo enzymatic 

oxidation to the more potent anticholinesterase, phosphate analogues, in 

several tissues of insects and livers of mammals (O'Brien, 1960, 1961). 

Thus, for example, Parathion, Malathion and Diazinon, exert their insect-

icidal action through their activation products, Paraoxon, Malaoxon and 

Diazoxon respectively. Investigations on the action of these substances 

in vitro and in vivo leave little doubt that this toxicity in mammals is 

due to the inhibition of the cholinesterase in the nervous system which 

results in the increase of unhydrolysed acetylcholine which ultimately 

blocks trans-synaptic conduction. Strong arguments have been put forward 

that the toxic action of insecticidal organophosphates is also due to the 

inhibition of the cholinesterase in the insects (cf. Metcalf, 1955). It 

is generally accepted that all insects and mites in the adult or larval 

phase possess a cholinesterase. Recently, however, Shatoury and Woodage 

(1968) have reported a cholinesterase-less mutant of a tetranychid mite. 
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Lord and Potter (1950, 1951) were the first to suggest that 

esterases other than cholinesterase may be important in organophosphate 

poisoning. Using 0-nitrophenyl acetate as substrate, they concluded that 

this ester was being hydrolysed by an enzyme other than cholinesterase. 

The same substrate was studied by Hopf (1954), who concluded that possibly 

one tacetylesterasel is responsible for the breakdown of 0 -nitrophenyl 

acetate and acetylcholine, and found no evidence for the existence of a 

specific acetylcholinesterase. Van Asperen (1959) working with a number 

of choline and non-choline esters (acetylcholine, acetyl Bmethyl choline, 

butrylcholine, benzoylcholine, methyl acetate, ethyl acetate, amylacetate, 

triacetin, phenyl acetate, 0 -nitrophenylacetate, methyl butyrate and 

tributyrin) concluded that all the choline esters are hydrolysed exclusively 

by the cholinesterase; methyl butyrate and tributyrin exclusively by an 

aliesterase and all the other named substrates being hydrolysed by both, 

except 0 -nitrophenylacetate, which is hydrolysed by another esterase which 

differs in being organophosphorus resistant. 

A major breakthrough in this controversy of esterases, came when 

van Asperen and Oppenoorth (1959) discovered that several strains of resist-

ant flies had much less aliesterase than the susceptible flies; in the 

strains they studied the difference was two-fold for tributyrin hydrolysis, 

and up to six-fold for methyl butyrate. They concluded that organophosphate 

resistance and low aliesterase activity are physiologically connected. If 

an organophosphate is applied to the living insect, inhibition of both the 
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cholinesterase and the aliesterase will occur and the degree of inhibition 

will depend on the total amount of the inhibitor picked up or formed, its 

distribution and the rate of reaction with the two enzymes. The choline-

sterase will compete for the organophosphate present, and it may be expected 

that the presence of the aliesterase will lower the amount of free inhibitor 

and thus protect the cholinesterase fran inhibition. It seems difficult 

to reconcile this view with the low aliesterase organophosphate resistant 

flies. 

Further work however suggested that, at least in some strains, 

resistance is probably due to a change in the nature of the enzyme protein, 

which results in a loss of aliesterase activity but enhances the capacity 

for metabolising organophosphates to non-toxic compounds (van Asperen, 1960). 

Van Asperen and Oppenoorth (1960) presumed that organophosphate resistance 

was due to a single gene mutation which causes the synthesis of a phosphatase 

type of esterase instead of an aliesterase which is present in the wild type. 

The nature of this detoxifying enzyme would appear to be phosphatase as 

the action is thought hydrolytic, but shows retention of aliesterase 

characteristics. March (1959) similarly demonstrated a more rapid detax-

ication of malaaxon in vitro by homogenates of a chlorthion resistant strain 

of houseflies. Matsumara and Brown (1961) have ascribed malathion resist-

ance in the larvae of the mosquito Culex tarsalis to a higher carboxyesterase 

activity. Plapp and his colleagues have claimed a faster rate of paracixon 

metabolism in vivo by resistant adult houseflies than by susceptible ones. 
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Menzel et al. (1963) reported more phosphamonoesterase bands in electro - 

phoretic separation of the supernatant of the organophosphate resistant 

housefly homogenate, but could not show the extent of detoxication by these 

enzymes. More recently, Farnham et al. (1965) showed that C14 diazinon 

was decomposed more efficiently by resistant strain of houseflies SKA 

than by susceptible flies. Examination of the data of all these workers, 

however, shows that the differences in detoxication rates, especially in 

vivo, are smaller than might be expected from the observed levels of 

resistance. Winteringham (1962) suggested that it would be unwise to 

regard this evidence of the role of detoxication in insect resistance to 

organophosphates as other than circumstantial. Mengel and Cassida (1960) 

earlier made an interesting suggestion that the cholinesterase of the 

resistant insects is protected by same unknown factor so that inhibition 

is reduced without involving enzymatic detoxication of the insecticide. 

In the past de-ide, much attention has been paid to aliesterases, 

since they were found to be physiologically connected with resistance. 

Nevertheless, the fact is that they are still not well understood enzymes, 

their role in the insect body being completely unknown. 

The characteristics of esterases have been described by Augustinssan 

(1961) and the accepted terminology of these enzymes can be found in the 

Report of the Commission on Enzymes of the International Union of Biochemistry 

(1961). According to this classification, aliesterases belong to the family 

of B-esterases, owing to their susceptibility to organophosphates. Esterases 
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of A-type are not inhibited by organophosphates but they hydrolyse these 

compounds (e.g. phosphatases). B-esterases are sensitive to inhibition by 

organophosphates in low concentrations. The C-esterases (e.g. aromester•-

ases) neither hydrolyse the organophosphates nor are they inhibited by 

these compounds. Almost all of the enzymes hydrolyse substrates like 

44-naphthylacetate to some degree. The B-esterases are further subdivided 

into two main types, Bt and B", on their differential inhibition by eserine. 

B"-esters are eserine sensitive and hydrolyse choline esters (but also 

aromatic esters). They are usually designated as cholinesterase. The 

Bt-esterase usually hydrolyses aliphatic as well as aromatic esters. Low 

eserine sensitive esterases of this type are usually named as aliesterase, 

although lipases belong to the same group. 

More recently peptidases like chymotrypsin and trypsin, have been 

classified as B-esterases, since they are known to perform esterase hydroly-

sis and are organophosphr-.us  suceptible (Cunningham, 1965). Present evi-

dence indicates that the hydrolysis of esters by B-esterases, proceeds 

according to a mechanism which is basically similar for all enzymes of this 

group (Oosterbaan and Jansz, 1965). Much of the relevant information on 

the mechanism of action of carboxylesterases, is derived from studies on 

the mechanism of action of chymotrypsin (Desnuelle et al., 1960). It has 

been shown that during hydrolysis, an acyl-enzyme intermediate is formed 

throughout this group. The formation of a phosphorylenzyme (during 

inhibition) is counterpart of acyl enzyme, with the difference that the 
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reaction is not reversible (Oosterbaan and Jansz, 1965). Thus the earlier 

work on insect esterase action becomes more comprehensible in the light of 

present classification and their close analogy to other enzyme groups. 

The ambiguity of aliesterases as distinct enzymes becomes apparent 

again when compared to lipases. It is very well known that some of the 

esters, e.g. ethyl butyrate, are readily split by mammalian pancreatic 

lipase, which were formerly supposed to be specific to esters of long chain 

fatty acids (C10 18)  ( Schoenhyeder and Volquartz, 1944). A sharper 

distinction was suggested by Desnuelle (1951) who proposed to use the term 

lipase for enzymes which act on undissolved substrates, the term aliesterase 

referring to enzymes acting on substrates in solution. This is highly 

unsatisfactory because triacetin is known to be hydrolysed by lipase without 

any emulsion, while tributyrin can be hydrolysed by aliesterase in emulsion 

form. In a later work, however, Desnuelle (1961) suggested that the term 

lipase covers a large sc,..ies of enzymes hydrolysing mono or poly-esters, 

soluble and insoluble in water. The acylmoeity may be aliphatic or aromati 

and the second moiety alcoholic or phenolic. In other words, the term 

lipase as commonly used is not very different from the term "esterase". 

Again the discovery of a non-specific wheat germ esterase, which hydrolyses 

both undissolved and dissolved substrates,makes the distinction between 

aliesterase and lipase rather vague (Oosterbaan and Jansz, 1965). Tri-

butyrin has been reported by Baker and Paretsky (1958) to be hydrolysed by 

a lipase in the housefly, while van Asperen and Oppenoorth (1959) ascribe 
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it to aliesterase. 

Desnuelle and Savary (1963) reported that most of the substrates 

used for detecting esterase activity can be hydrolysed by trypsin and chymo-

trypsin types of proteolytic enzymes. Thus 1-naphthyl acetate is hydrolysed 

by cholinootora010 and aliesterase and to a lesser extent by lipase and 

peptidases. Again, substrates like phenyl and ethyl acetate are known to 

be hydrolysed by both aliesterase and cholinesterase (Shatoury, 1963). 

In the above paragraph I have already shown the ambiguity of the 

term aliesterase in relation to other esterases of B-group and if we wish 

to understand its physiological significance, then we would have to attempt 

to distinguish these enzymes from other family members. Van Asperen (1959) 

had found that aliesterase was present in the entire insect but predominantly 

in the thorax and abdomen while a more recent work of Shatoury (1963) 

suggested predominance in the gut of the housefly. The following questions 

arise: 

1. Is the hydrolysis of substrates like ethyl butyrate entirely 

due to an independent system of enzyme, an "aliesterase" or is the hydrolysis 

of ethyl butyrate caused by a group of esterases, including an aliesterase? 

In other words, is the "low ester hydrolysis" due to an aliesterase only 

or due to the esterase hydrolysis of other B'-esterases, like lipases. 

2. Substrates like tributyrin have been claimed to be hydrolysed 

by both aliesterase and lipase; is this hydrolysed by both enzymes and if 

so, to what extent by each? 
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3. Do housefly peptidases cause any esteratic hydrolysis as 

claimed recently, and thus contribute to "low aliphatic ester hydrolysis"? 

What are the levels of such hydrolysis in normal and resistant strains? 

4. Is there a true lipase system in the housefly? What are its 

substrates and does the level of lipolytic hydrolysis differ in the normal 

and organophosphate resistant strains? 

5. What is the distribution of aliesterase in different insect 

tissues and what is the quantitative extent in each? 

6. What is the nature of the phosphatase type enzyme, the so-called 

mutant aliesterase, in the organophosphate resistant strain? 

7. If aliesterases occur in different tissues, do they belong to 

the same enzyme species, or are they a heterogenous group of molecular 

species? If so, they may have different specific roles in the biology of the 

housefly, as yet unknown. 

8. Could we separate various molecular species of aliesterase 

(if heterogeneity is discovered) and see if all the isoenzymes react in the 

same way to phosphorylation? How many isozymes are associated with the 

low aliesterase occurrence in the resistant strain? 

In the present work an attempt has been made to answer the above 

queries. Aliesterase activity has been investigated qualitatively and 

quantitatively in a susceptible and organophosphate resistant strain, and 

its activity distinguished from other B-esterases. Also the heterogeneity 

in terms of molecular species has been investigated. We have the view that 
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such studies should help to clarify the present vague status of the aliester - 

ase enzymes in insects. Further characterization of these enzymes seems 

to be an essential step towards understanding their physiological role. 
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INSECT MATERIAL AND REARING METHODS 

Housefly Strains 

Two strains of housefly, a susceptible and an organophosphate 

resistant were used throughout the experiments. The WHO susceptible strain 

(Strain SRS, WHO Standard Reference Strain) was obtained from Pavia, Italy, 

through the courtesy of Professor Milani and was susceptible to organo-

phosphates and organochlorine hydrocarbons. 

The second strain of housefly, SKA, was obtained from Rothamstead 

Experimental Station, where it was selected for 7 years with diazinon 

pressure and developed resistance to a number of organophosphates and high 

cross resistance to chlorinated hydrocarbons. These flies showed a 

resistance factor of 220 to diazinon, more than 1100 to DDT and 79 to BHC 

(Potter, 1963) and similar levels were described by Bashir later (1966). 

Rearing Methods 

The flies were reared at 25°C and a relative humidity of 55%, 

The adults were held in 18 x 18 x 24" cages on a diet of dried milk and 

sugar placed separately in the cage. Dental wick in a vessel containing 

water was placed in the corner of the cage. The eggs were obtained by 

placing a cotton wad soaked in milk solution in the cage. This was usually 

removed after 2 days. Maximum eggs were obtained from 5 - 8 days after 

adult energence. 

The larval rearing medium consisted of a yeast milk diet. This was 
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prepared by taking 120 g. of each ingredient and mixing it thoroughly in a 

litre of water, previously boiled with 6 g. of agar. The mixture was then 

poured into tin bowls and solidified by placing in a cold room for 2 hours. 

The egg pad was placed on the food, covered with sawdust and left 

at 25°C. The larvae when matured pupated in the sawdust, which was sieved 

to separate the pupae. 

Diazinon pressure was maintained on the resistant strain by 

application of diazinon (1 ml. of a 2% w/v) in the food medium. 
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PART I 

HISTOLOGICAL, TITROMETRIC AND MANOMETRIC METHODS 

IN THE STUDY OF THE ESTERASES OF THE HOUSEFLY 
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A. LOCALIZATION OF ESTERASE ACTIVITY IN THE 

HOUSEFLY BY HISTOCHEMICAL METHOD 

INTRODUCTION 

It has been a well known fact for a long time that the housefly 

possesses two kinds of carboxylesterases, cholinesterase and aliesterase 

which are connected with organophosphorus poisoning and the phenomenon of 

resistance. While the physiology of cholinesterase is very well understood, 

our knowledge of the function of aliesterase is very meagre. Since we are 

aiming at a closer understanding, one way is to investigate their distrib-

ution within the insect. An attempt has therefore been made to localize 

these enzymes in various tissues by histochemical methods. No such work 

on aliesterases has been published so far. Since the aliesterases are 

thermolabile, the frozen sectioning technique has been used to avoid loss 

of enzymatic activity. 

MATERIAL AND METHODS 

Insect Material 

A susceptible ..ousefly strain obtained from Pavia, Italy reared 

at 25°C and 55% relative humidity were reared on yeast milk diet as 

described in the section on insect material. For sectioning, the insects 

were randomly collected between 4 - 6 day age group. 

very thin sections. 

Staining Procedures 

Three main staining procedures were adapted, all based on the 
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Sectioning 

The flies were fixed for the block by means of the Frigistor 

technique, which quickly freezes and fixes the live tissue without perceptible 

loss of enzymatic activity. The specimen was held on solid CO2  long enough 

to ensure sufficient condensation of moisture on the surface and then trans-

ferred to the freezing stage at -15°C. The sample (thorax and abdomen) 

was brushed with distilled H2O until it was completely covered in ice. The 

sample was then cut in a block and the freezing stage was fitted to the 

microtome. The temperature of the cutting chamber was maintained at -10°C. 

To avoid rolling of sections, a flat metal piece was held against the cutting 

edge of the blade by a magnet in such a way that there was only roan for the 

section to pass. The section was then picked up by a brush and put on an 

albuminized slide. In order to stretch the section, it was taken out for 

a minute during which time the ice in the section melts, stretching the 

section which adheres to the albuminized surface of the slide. The slide 

was then returned to the deep freeze at -10°C, for subsequent use in staining. 

Most of the staining was carried out from half an hour to three 

hours after sectioning. Thick sections were cut at 24 microns, while finer 

sections were cut at 10 microns. Thick sections helped in estimating colour 

intensity in lightly stained muscles, which appeared almost colourless in 

very thin sections. 

Staining Procedures 

Three main staining procedures were adapted, all based on the 
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enzymatic hydrolysis of 1-naphthyl acetate to 1-naphthol, which was then 

coupled to a diazotized aromatic amine, to form an insoluble, highly coloured 

1-naphtholdiazotate. 

Method I. The first method based on Gurr was as follows: 

A. 1-naphthyl acetate 	0.25 g. 

Acetone 	12.25 ml. 

Distilled H2O 	12.25 ml. 

B. Disodium phosphate 	0.2 M 

C. Reagent A 	1 ml 

Reagent B 	5 ml 

Diazo Red RC 	0.5 g. 

Distilled H2O 	50 ml. 

Filtered. 

The sections were stained for 10 - 15 minutes in snail staining 

tubes and after washing in distilled H2O they were mounted in glycerine. 

The sections faded in 2 days if the section was passed through xylene and 

for this reason mounting in DPX or balsam was avoided. 

Method II. Instead of Diazo Red RC, Nephthanil Blue B was substituted, 

and instead of disodium phosphate, a phosphate buffer for pH 7.0 was used. 

The stain was found to persist if the slides were dehydrated and passed 
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through xyltne for mounting in xylene based mounting media. 

Method III. In the third staining procedure, Fast Blue B salt (Norris 

and Burgess, 1963) was used in the same way as in method II. After staining 

for 10 minutes, the sections were washed in distilled water, dehydrated in 

ethanol, cleared in xylene and mounted in tanada balsam or DPI. 

For comparison, the following control methods were used. 

(1) Inhibition of aliesterase by bathing the plain side of the 

slide under running boiling water for 5 - 10 minutes, before staining. 

(2) Inhibition of esterases by treating with 10-5  M diazinon in 

0.2% aqueous acetone for 5 - 10 minutes before staining. 

(3) Inhibition of cholinesterase by dipping the slide for 5 

minutes in 10 5 14 eserine sulphate. 

RESULTS 

In the first method (using Diazo Red RC), the esteratic site 

was indicated by distinct red coloration of parts of the section (Fig. 2) 

when compared with the control in which no such coloration was obtained 

(Fig. 1). Although according to Gomori (quoted Gurr, 1958) a black colour 

should be obtained, this was only found after nverstaining, normal treatment 

always resulting in a red coloration. Treatment with eserine sulphate 

almost completely prevented the staining of the thoracic ganglion which is 

normally deeply stained red. 
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Fig. 1.  T. S. Housefly thorax showing inhibition of esterases in 

the thoracic ganglion and the gut of housefly by 10 5  IA 

diazinon. 	(X 120). 
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Staining with Fast Blue B salt gave a reddish precipitate but 

overstaining resulted in deep black deposit, Results obtained were similar 

to the above. 

In the third staining procedure using Fast Blue B salt a black 

deposit was obtained at the site of esteratic activity and this gave more 

distinct results (Fig, 3) which agreed with those of the two other methods. 

Heavy staining occurred in the thoracic ganglion due to the 

presence of cholinesterase (Figs. 1, 3) and in the gut due to aliesterase. 

The staining of the intestine is easily seen in the sections of the foregut 

(thorax, Fig. 1, 3), midget (Fig. 4, 6, 7) and rectum (Fig. 5). This 

demonstrates that the mucosal lining of the gut is aliesterase active site. 

Moderate staining of the connective tissues between thoracic muscle bundles 

(Fig. 1) and of subcuticular tissues in the abdomen (Fig. 8) indicates a 

lower level of esterase activity. 

The gonads were always devoid of any trace of activity. These 

results are summarized in Table 1. 



Fig. 2. T. S. Housefly thorax stained to show esterase activity in the 

thoracic ganglion and foregut. Stain Diazo Red RC. (X 80). 

Fig. 3. T. S. Housefly thorax, showing esterase activity as above. 

Stain Fast Blue B salt. 	(X 200). 
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Fig. 4. T. S. Housefly abdomen stained to show esterase activity in 

the midget. 	(X 200). 

Fig. 5. T., S. Housefly abdomen stained to show esterase activity in 

the rectum. 	(X 200). 
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Fig. 6. T. S. 	Housefly abdomen deeply stained showing esterase 

activity in the midgut. 	(X 450). 
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Fig. 7.  T. S. Housefly abdomen deeply stained to show esterase activity 

in the mucosal region of the midgut. 	(X 1120). 
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Fig. 8.  T. S. Housefly abdomen, stained to show esterase activity 

in the subcuticular region. 	(X 4.50). 



35. 

Table 1. Results of esterase staining. 

++++ - very deep stain; +++ - deep stain; ++ - moderate stain; 

+ - faint stain. 

Parts of the 
housefly 

Result.  Control 
(Boiled) 

Organo- 
phosphate 
treated 

Eserine 
treated 

Diagnosis 

Thoracic ganglion ++++ - + - Cholinesterase 

Gut +++ - + +++ Aliesterase 

Connective tissues 
between bundles of 
thoracic muscles 

++ - - ++ Aliesterase 

Subcuticular region 
in the abdomen ++ - - ++ Aliesterase 

Thoracic muscles + - - + Aliesterase 

Gonads - - - - - 

DISCUSSION 

Determination of esterase activity, using 1- and 2-naphthyl 

acetate as a substrate, 1,-s been commonly used by various workers in the 

past decade, especially in staining for esterases after electrophoresis or 

colorimetric techniques. In the case of housefly esterases (after 

electrophoretic separation), this substrate has been used by Menzel et al. 

(1963), Velthius and van Asperen (1963), van Asperen and van Majizk (1965). 
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No work however has been done histochemically to locate the enzyme in 

various tissues, possibly because of difficulties due to the high thermo-

labile nature of these enzymes. Using the freezing microtame technique 

and frozen sections it was possible to fix and cut sections of houseflies at 

-10°C. The entire procedure from live fly to ooetion took about 15 - 10 

minutes. Thus the distribution of ali oateraso could be demonstrated 

apparently without loss of any enzymatic activity. It is apparent from 

the staining that moot of the aliesterase activity in the housefly occurs 

in the gut. Also, it is clear that the mucosa acts as the primary source 

of activity and that the outer muscular layers lacked esterase activity. 

The role of peptidases in the gut Which may hydrolyse esters, is discussed 

elsewhere (section on peptidases)i 

Besides the gut, the enzyme has been found to be present in the 

connective tissue between muscle bundles and subcuticular regions in the 

abdomen. Thus, the activity in the thorax is due to esterases in the 

foregut, intermuscular tissues and to a lesser extent in the muscles. In 

the case of the abdomen, by far the largest activity is due to mid and hind-

guts with a little activity in the subcuticular region. 

It is therefore evident that this enzyme occurs widely in the 

housefly, although it is concentrated in the gut. Unfortunately, hist° - 

chemical analysis cannot tell whether the gut and non-gut enzymes belong to 

the same enzyme species or to two or many separate aliesterases. This 

question could only be resolved after the separation of various components 
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and applying specific substrates and inhibitors. This led to experiments 

on separation of these enzymes by electrophoresis, in whole flies and also 

in various parts of the adult and larval flies. 

SUMMARY 

1. Using 1 -naphthyl acetate as a substrate for esterases, the 

distribution of carboxylesterases in the body of the housefly was studied. 

2. The aliesterase was found to be present principally in the 

gut, but areas of more moderate activity were demonstrated in the connective 

tissues between muscles in the thorax, and subcutieular regions in the 

abdomen. The muscle of the thorax showed very little activity. 

3. In the gut, the mucosal region was shown to be the site of 

the esterase whereas the muscles seemed to be devoid of the enzyme. 

4. No activity could be seen in the gonads. 
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B, STUDY ON QUANTITATIVE DISTRIBUTION OF ESTERASE ACTIVITY 

IN VARIOUS PARTS OF HOUSEFLIES OF SUSCEPTIBLE AND 

ORGANOPHOSPHCRUS RESISTANT STRAINS 

INTRODUCTION 

The present work follows logically from the histochemical study, 

which revealed that aliesterase is not evenly distributed among various 

tissues of the housefly. The findings that the esterase was very much 

concentrated in the gut, with lower activity in muscles and connective 

tissue, gave an impetus to the exploration of the quantitative distribution 

of this enzyme, not possible by staining of the sections. 

The review of literature revealed that van Asperen (1958) studied 

the distribution of esterase activity in the head, thorax and abdomen. We 

have also divided our two different housefly strains in the above three 

portions as well as full Bats dissected out to assay for esterase activity. 

We have for the first time studied the distributional pattern in an organo-

phosphorate resistant strain to see if the pattern is essentially the same. 

MATERIAL AND METHOD 

Insect Material 

Two strains of houseflies, organophosphorus-susceptible SRS and 

resistant SKA as described in the section on insect material and rearing 

methods, were used. 
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Homogenization 

4 - 6 day old houseflies, of susceptible and organophosphorus 

resistant strains, were frozen at -10°C for 60 minutes, and were then shaken 

in a large round flask with small rubber beads. The freezing at this 

temperature renders the insects brittle, which on shaking break into heads, 

thoraces and abdomens. The portions of the flies were isolated from each 

other, through appropriate sieving. Each portion was homogenised in 

distilled water in a waring blender and filtered in vacuum through a muslin 

cloth. The entire operation being carried out at 5°C. For determination 

of esterase activity in the gut, 100 guts were dissected out in ice chilled 

water and immediately homogenized as above. 

Assay of esterase activity in the homogenate  

The esterase activity was assayed according to a titrametric 

method described by Glick (1937) and Alles and Hawes (1940) and adapted 

by Shatoury (1963). The details of this having been described earlier by 

the above author4 only the essentials will be outlined. The total volume 

of assay was 6.5 ml. Ethyl butyrate was used as substrate for aliesterase 

and acetylcholine for cholinesterase determinations. The mixture was 

initially buffered at 7 pH by phosphate buffer, the final molar concentrat-

ion being: 

Phosphate buffer 10-2 M 

Ethyl butyrate 3 x 10-2 M 

Acetyl choline 1.5 x 10
-2 M 



hp. 

To this mixture was added 1 ml. of fly homogenate usually having 

two fly portions. The mixture was incubated initially for 5 minutes and 

then adjusted to pH 7.0 by adding 0.05 M NaOH. It was then incubated for 30 

minutes at 37°C with shaking. The released fatty acid was then titrated 

with 0.05 M NaOH, until pH 7.0 was reached. The amount of alkali utilized 

per insect portion was recorded as an index of esterase hydrolysis throughout 

titrometric estimations. The free carboxylic acid is directly proportional 

to the amount of the substrate hydrolysed. This activity can also be 

expressed as M (micromoles) of substrate split by the homogenate in 30 

minutes. In case of substrates like acetylcholine and ethyl butyrate, 

this has the following relationship: 

100111. of 0.05 M NaOH 5 FM of the substrate split/30 minutes. 

Four replicates of each estimation were taken. 

RESULTS 

I. Cholinesterase. 

In the susceptible strain, activity in terms of 0.05 M NaOH was, 

per head, thorax and abdomen respectively, 82, 15 and 3;u1.(Table 2). 

Considering on a percentage basis on overall esterase activity, it was 

82 per cent. in the head, 15 per cent. in the thorax and 3 per cent. in the 

abdamen (Table ;p. Most of the cholinesterase was therefore concentrated 

in the head. 

The figures obtained for the resistant strain were very close to 



41. 

those obtained for the susceptible strain. Thus the activity in pl. of 

0.05 M NaOH was 85, 14 and 3.75 for head, thorax and abdomen respectively 

(Table 2). This suggests that as far as cholinesterase levels are 

concerned, there is no significant difference in the two strains. 

II. Aliesterase. 

The hydrolysis of ethyl butyrate suggests that there was a big 

difference in the two strains; the hydrolytic activity being very much 

lower in the resistant strain; 178 compared to 619;41. In the case of 

the susceptible strain the activity was distributed in the following way: 

head 69, thorax 240 and abdomen 310 pl, (Table 2). In terms of per cent. 

of overall esterase activity, the head had 11.2 per cent., thorax 38.7 per 

cent. and abdomen 50 per cent. (Table 4). The whole gut homogenate 

indicated that it had 54.9 per cent. of total activity, and as a single 

tissue system it had by far the largest concentration of the enzyme 

(Table 3). 

In the case of the resistant strain, very similar results were 

obtained, except that in the head a little more activity was found. The 

breakdown of activity was: head 28 pl., thorax 66 pl. and abdomen 84 pl. 

(Table 2). On a percentage basis, this corresponded to 15.7 per cent. in 

the head, 37 per cent. in the thorax and 45.5 per cent. in the abdomen 

(Table 4). The whole gut activity showed that it alone had 52.9 per cent. 

of all the esterase activity (Table 4). 
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Table 2. Distribution of esterase activity in the susceptible and 

resistant strains of housefly. + Standard error of mean derived from 

4 replicates presented in Tables 2a and 2b in the Appendix. 

Insect 

portion 

Substrate , 	Activity in pl. of 0.05M NaOH/30 min. 
7 

Susceptible strain 	Resistant strain 

Acetylcholine 82 ± 2.8 85 ± 3.0 
Head 

Ethyl butyrate 49 + 1.6 28 + 1.8 

Thorax 
Acetylcholine 15 + 1.0 1 	14+ 0.8 

Ethyl butyrate 249 + 5.1 66 + 3.7 

Acetylcholine 3.1 + 0.6 3.75 ± 0.6 
Abdomen 

Ethyl butyrate 320 + 6.7 84 + 1.9 

Table 3. Esterase activity in the gut of the susceptible and resistant 

strains of housefly. ± Standard error of mean derived from 4 replicates 

presented in Tables 3a and 3b in the appendix. 

Insect 

portion 

Substrate 	1, Activity in }i1. of 0.05M NaOH/30 min. 

Susceptible strain I Resistant strain 

Gut 
Acetylcholine 

Ethyl butyrate 340 ± 6.4 

1 

90 + 2.0 

Whole 

abdomen 

Acetylcholine 

Ethyl butyrate 
... 

3.5 + 1.0 

315 ± 2.0 
1 

 3.5 + 0,6 

80 + 2.6 



Table 4.  (Derived from Tables 2 - 3). Activity of esterase in each 

portion, as a percentage of totalfay activity. 

Strain of 
Housefly 

Esterase 
1 

Head Thorax Abdomen Gut 
only 

' 	Susceptible Cholinesterase 82% 15% 390 

Strain 	IAliesterase 11.2% 38.7% 50% 	5J..9% 

OP-resistant 	= Cholinesterase 82.9% 13.8% I 	3.6% 

Strain 	Aliesterase 15.7% 37% 	45.5% 52.9% 
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DISCUSSION 

Although both the carboxylesterases cholinesterase and aliesterase 

show a rather broad substrate specificity, ethyl butyrate and acetylcholine 

were used, as they have shown selective hydrolysis. Shatoury (1963) 

reported that ethyl butyrate is exclusively hydrolysed by the aliesterase 

in view of the fact that it is not hydrolysed by the water insoluble 

residue of acetone powder, or head acetone powder which contains very high 

cholinesterase activity. He also demonstrated that all the cholinesters 

were exclusively hydrolysed by cholinesterase. 

The present work has clearly shown that cholinesterase levels 

were the same in both susceptible and resistant strains; the head is by 

far the largest site representing 82 - 83 per cent, of activity while 

the abdomen has a low activity, 3 - 346 per cent. Compared with the 

results of van Asperen (1959) a much higher activity was found in the head 

(82 - 83 per cent./70 per cent.). Activity in the thorax was found to 

be 15 per cent. instead of 25 per cent. 

The results show clearly that the esterase activity is reduced 

many folds in the organophosphorus resistant strain (28.73) towards ethyl 

butyrate as the substrate. This is in agreement with the findings of 

van Asperen (1959) for other resistant strains. The distribution suggests 

that the abdomen had the highest fraction, 50% in the case of the susceptible 

strain to 45.5% in the resistant strain. The thoraces were shown to have 



43. 

38.7% and 37% respectively, Thus a higher esterase activity was found in 

the abdomen than in the thorax, 45 - 50% in the former to 37 - 39% in the 

latter, whereas van Asperen (1959) had reported equal amounts (40% each). 

The head showed 11.2 (susceptible) and 15.7% (resistant) activity. 

By far the most active tissue was the gut, as up to 55% 

(accurately 54.9%) was present in susceptible strain, while 53% (52.9%) 

was present in the resistant strain. This means that in the case of the 

abdomen the main esterase active region is the gut, as most of the gut is 

present in the abdomen, whereas in the case of the thorax the foregut 

should be contributing some activity, whereas the remaining activity 

should be due to muscles and connective tissues. 

These quantitative results are therefore in general agreement 

with my histological work, which suggested that the gut was the most active 

aliesterase tissue, followed by the connective tissues, muscles and 

subcuticular tissues in the abdomen. 



C. INVESTIGATIONS INTOESibRASE HYDROLYSIS DUE TO ALIESTERASE 

AND LIPASE IN AN ORdANCeHOSPHORUS SUSCEPTIBLE AND 

RESISTANT STRAIN OF HOUSEFLY 

INTRODUCTION 

The correlation of low aliesterase level with organophosphate 

resistance in houseflies by van Asperen (1959) has been discussed in detail 

in the general introduction. Of particular interest is the fact that this 

low esterase activity is not only limited to methyl butyrate, but to a 

wide range of substrates, which include aromatic and aliphatic esters and 

triglycerides (van Asperen and Oppenoorth, 1959), though to a varying extent. 

All these substrates were assumed to be hydrolysed by aliesterase and 

consequently the physiological connection between low aliesterase level and 

resistance was explained. One could also assume that such differences 

between hydrolysis rates .f various substrates, could be attributed to the 

possibility that carboxylesterases other than aliesterase are also involved, 

either partially or wholly in the hydrolysis of the substrates. This would 

be quite obvious from the data of van Asperen and Oppenoorth (1959), which 

Showed that the ratio of activity between three organophosphate strains and 

four susceptible strains was on the average 1.0 : 5.7 for methyl butyrate 
and 1.0 : 1.9 for tributyrin. 

Besides the basic work of van Asperen and Oppenoorth (1959) on 

substrate specificities of housefly esterases, two other works were published. 
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An earlier work of Baker and Paretsky (1958) was an attempt to demonstrate 

lipolytic activity in houseflies, and they reported a lipase capable of 

splitting tributyrin, but its activity declined as the carbon chain length 

in the triglyceride was increased. The natural substrates like oils and 

fats were not attacked. This raised speculations as to the mode of 

absorption of insoluble fats and oils from the gut of the housefly. 

Shatoury (1963) reported maximum esterase (aliesterase) hydrolysis in the 

gut of the insect. Our work on histochemical localization also confirmed 

Shatoury's findings, since aliesterase hydrolysis was observed in the gut 

of the fly. 

It therefore appears that most of the esterase hydrolysis of 

substrates like ethyl butyrate, triacetin and tributyrin (van Asperen and 

Oppenoorth, 1959; Shatoury, 1963) was due to aliesterase, while Baker and 

Paretsky 0.958) thought that tributyrin hydrolysis was due to a lipase. 

Both aliesterase and 	(glyceride-esterase) are carboxylesterases of 

very broad substrate characteristics (Schoenhyeder and Volquartz, 1944; 

Desnuelle, 1951, 1961; Oosterbaan and Jansz, 1965) as discussed in detail 

in the General Introduction. Their work suggested that lipase should be 

referred to as an "esterase" rather than a specific enzyme. 

In view of the above facts an attempt has been made by the author 

to study these two types of carboxylesterases in susceptible and organo - 

phosphate resistant houseflies, and to determine the following. 

1. To determine whether there is a true lipase in the housefly. 



If one encints, does it hydrolyse only simple glycerides such as tributyrin 

or is their some tracer hydrolysis of higher substrates like fats and oils, 

which would aid the emulsifiCation of the bulk of unhydrolysed fats and 

oils and thus aid in absorption of these substrates through the gut mucosa. 

2. To determine the extent of lipolytic hydrolysis in susceptible 

and organophosphate resistant houseflies. Are the levels different in 

the two strains as in the case of aliesterase? 

3. To determine the extent of the contribution to esterase 

hydrolysis, particularly of tributyrin by both the enzymes, as apparently 

both hydrolyse this ester. 

MATERIAL AND METHODS 

Insect Material 

The WHO organophosphorus susceptible strain of housefly SRS and 

resistant strain SKA from Rothanstead Experimental Station were used. The 

strains were reared as described previously. Flies in the age group of 

4 - 6 days were randomly collected from the cage at the time of assaying the 

esterase activity. 

Homogenization 

The flies were deep frozen and decapitated by shaking in a jar. 

This decapitation removed most of the cholinesterase activity (about 80%) 

and it is known that there is no other esterase activity in the head 

(Shatoury, 1963). Flies were homogenized in distilled H2O, in an ice- 
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chilled Waring blender for 3 minutes. The homogenate was then quickly 

filtered through muslin, under a vacuum. The filtered homogenate was 

directly used for enzymatic assay. 

Enzymatic assay 

A titrametric method (after Shatoury, 1963) and the Warberg 

manometric method were employed. 

Substrates. Three types of substrates were used. The first 

group consisted of simple aliphatic ester and lower triglycerides, ethyl 

butyrate, triacetin and tributyrin. The second was Tween 80 and the third 

type comprised natural substrates for lipase, namely olive oil and milk fat. 

The latter was obtained by extracting milk with ether, which was then evapor-

ated to obtain yellow oily fat. 

Titrametric assay 

The esterase act-mity was determined by a pH titrometric method 

described in detail in the section on quantitative distribution of aliester - 

ase. In all experiments the concentration of the enzyme used was such that 

the pH at the end of incubation did not fall below 6.5. The synthetic 

substrates were of the following order of concentration: ethyl butyrate 

3 x 10 2 M, triacetin 5 x 10 2  M, tributyrin 1.06 x 10-4 M and trimyristin 

10 mg per estimation. In some experiments where CaC12  (final molarity 0.02) 

was used as an activator for lipase, tris buffer at pH 7 was used. The 

strength of the homogenate was 4 flies/mi. Each estimation had 4 replicates. 
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Manametric assay 

This was also carried out in a total volume of 6.5 ml. as in the 

case of the titrometric assay. As a comparison two other sources of 

lipases were used. The first being an homogenate of blowfly, Phormia sp., 

prepared in the same way as the housefly homogenate, and the second being 

hog pancreas lipase. The latter was obtained by removing fats and muscles 

frau hog pancreas, grinding and then chilling at —5°C in a freezer. The 

chilled pancreas was then ground in a mortar with chilled acetone. The 

acetone removed the fat and precipitated the proteins. This acetone extract 

was allowed to stand in a deep freeze until all the precipitated protein 

settled. The acetone was then decanted and the residue centrifuged for 

5 minutes at 3100 r.p.m. The solid thus obtained dried in vacuo for two 

hours, ground to a fine powder and stored in the deep freeze. The buffers 

used wore as in the titrometric determinations. 

As a reference !-Jurce for lipase, homogenates of blowflies, 

Stomoxvs sp. and Lucilia species were also used in same of the determinations. 

Treatment with organophosphate: inhibition experiments, the homogenate was 

incubated at 27°C with 3.04 14 diazinon (emulsified with a drop of Tween 80) 

for 30 minutes. This molarity was chosen because preliminary experiments 

had shown that above this concentration, the increase in inhibition was very 

low. 
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RESULTS 

The results are summarized below. 

1, Manometric determinations using housefly homogenate and milk 

fat as substrate revealod no hydrolysis. There was no effect of emulsific-

ation with Tween SO (Table 5). 

2. No hydrolysis was observed towards emulsified (through a drop 

of Tween $O) and non-emulsified olive oil and milk fat by homogenates of 

houseflies and Stamoxys species (Table 6). 

3. Using titrometric determinations and a very high concentration 

of enzyme source (i.e. 100 mg hog pancreas lipase/ estimation, 1522 mg 

Lucilia sp./estimation and 324 mg Musca danestica/estimation) using olive 

oil as substrate, it has been possible to show that while hog pancreas lipase 

caused considerable hydrolysis, blowfly and housefly caused very little 

hydrolysis. Although the great bulk of the flies used demonstrated sane 

hydrolysis in the case of houseflies, it was negligible when calculated per 

fly (Table 7). 

4. Manometric experiments using the same enzyme sources as in (3) 

and using the same substrate have also confirmed these findings (Table 8). 

5. Titranetric determinations on esterase activity with ethyl 

butyrate, have shown reduced activity in the organophosphorus resistant 

strain (169 	70.05 M NaOH in SKA strain/688 in susceptible strain). 

Esterase activity with triacetin was always half that of susceptible in the 
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resistant strain (162 : 83 yl) and up to 80% with tributyrin (Table 9). 

6. Titrametric determinations of esterase hydrolysis with 

ethyl butyrate, triacetin and tributyrin after inhibition of esterases with 

10-4 M diazinon, gave very interesting results (Table 10). In the 

case of the susceptible strain it was observed that the rate of hydrolysis 

of ethyl butyrate was reduced by 88.9%, that of triacetin by 64.9% and 

that of tributyrin by 47.1%. In the case of SKA strain the figures were 

different for ethyl butyrate but very netrly the same for triacetin and 

tributyrin. The figures for inhibition being with ethyl butyrate 79.3%, 

triacetin 63.9% and tributyrin 47%. 



53. 

Table 5.- Estimation of lipase activity/4 flies and using milk fat 

as ' siibstra e. 

Substrate 
ml. 

Buffer Emulsifier Activator Activity iftyl. 
of 0.05 Fl NaOH/ 
30 minutes 

0.02 Phosphate - - nil 

0.02 II 1 drop of - 11 

Tween 80 

0.05 II ••• - II 

0.05 ii 1 drop of - II 

Tween 80 
4 

0.2 II - .. II 

0.2 It  1 drop of - 
Tween 80 

0.02 Trid - CaC12 
ti 

0.02 t, 1 drop of 
Tween 80 

it It 

0.05 II - II 11 

0.05 11  1 drop of 
Tween 80 

1, ti 

0.2 HII 
- 

It 

0.2 It  1 drop of IT ti 

Tween 80 
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Table 6. Titrometric determination. Estimation of lipase activity/ 

4 insects. Substrate olive oil, 0.2 ml. Emulsions made 

by adding a drop of Tween 80. 

Insect species 
(enzyme source) 

Suspension (S) 
or Emulsion (E) 

Activator Activity in pl. 	1 
of 0.051M NaOH/ 

30 minutes 

SKA strain S - nil 

(Musca domestica) !I CaC12 
li 

E - It 

E CaC12 
it 

WHO strain S - I, 

(Musca domestica) it CaC12 
II 

E - il 

11 CaCl2 
it 

Blowfly S ii 

(Stamoxys sp.) 11 Ca01
2 

it 

E - II 

ii CaCl
2 

it 
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Table 7. Titrametric determination. Estimation of lipase activity 

using various enzyme sources and 0.2 ml. of olive oil. + Standard error 

of the mean derived from 4 replicates, presented in Table 7a in the Appenilx. 

Enzyme Source Activity in p1. of 0.05M NaOH/30 min. 

Hog pancreas lipase 320 + 6.0 

Blowfly, Lucilia sp. 146 + 5.7 

Musca domestics 23 + 1.0 

Table 8. Mananetric determination (to compare with titranetric deter—

mination, Table 5),of lipase activity using various enzyme sources and 

0.2 ml. of olive oil as substrate. + Standard error of the mean derived 

from 4 replicates, presented in Table 8a in the Appendix. 

Enzyme Source 	Activity in pl. of CO2/30 min. 

Hog pancreas 274 + 4.4 

Blowfly, Lucilia sp. 199 + 4.4 

Musca domestica 7 + 1.6 
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Table 9. Titrametric determination of esterase activity with various 

substrates in organophosphate susceptible and resistant strains of house-

fly. + Standard error of the mean derived from 4  replicates, presented 

in Table 9a in the Appendix. 

Substrate Activity in pl. of 0.051 NaOH/30 min. 

Susceptible strain 	Resistant strain 

Ethyl butyrate 688 + 10.0 169 + 4.5 

Triacetin 162 + 4.9 83 + 4.6 

Tributyrin 170 ± 7.2 138 + 8.7 

Trimyristin - 

Table 10. Titrometric determination of esterase activity of the homo-

genate of susceptible and resistant houseflies, after treatment with 

diazinon. + Standard error of mean derived from 4 replicates, presented 

in Table 10a in the Appendix. 

Substrate I 	Activity in fl. of 0.051 NaOH/30 min. 
1 

1 	Susceptible strain Resistant strain 

Ethyl Butyrate 120 + 7.0 35 + 1.8 

Triacetin 57 + 5.2 30 + 2.8 

Tributyrin 90 ± 4.7 75 ± 3.9 

Trimyristin - 
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DISCUSSION 

Baker and Paretsky (1958) in an earlier work on housefly lipase, 

reported a lipase with maximum activity towards tributyrin, this activity 

decreased with increasing carbon chain length in triglyceride series. Also 

no lipase activity was demonstrated with higher substrates such as Tweens 

and natural substrates such as olive oil. The present work, however, 

suggests that there is extremely little lipase activity with natural sub-

strates such as olive oil and this can only be detected by using large 

quantities of insect material and sensitive assay methods. The insignif-

icance of this lipolysis can be well imagined from the activity recorded 

for a single fly (0.9 yl. of 0.05n NaOH/30 min. = 0.045 pe of substrate 

split/30 min. by titrometric method and 0.3 y1/CO2/30 min. by manometric 

method) 

Assuming that the main constituents of pure olive oil are the tri-

glycerides and the rear'ion is only with one of the esterified chain, 

resulting in a diglyceride after hydrolysis. 
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as seen in Tables 7 and 8. Such a trace activity could easily escape 

detection especially if only a snail number of insects was used in a single 

estimation, and this meagre hydrolysis of fats and oils would seem to be 

of no significance to an individual insect. Hydrolysis of shorter chain 

substrates like tributyrin and triacetin, however, may liberate fatty acids 

which are fairly inert (Lands, 1965) and which may help in emulsification 

of the bulk of insoluble fats and oils in the food of the insect, thus 

aiding in absorption. 

The hydrolysis of substrates of lower carbon chain length, i.e. 

ethyl butyrate, triacetin and tributyrin, seems to involve two esterases. 

One with maximum hydrolysis with ethyl butyrate, an aliesterase, and the 

other a lipase with maximum hydrolysis with tributyrin. 

From the rate of hydrolysis observed, it appears that whereas 

ethyl butyrate is being hydrolysed by an aliesterase (observed from its 

high rate of hydrolysis which is expected from an aliesterase action), 

triacetin and tributyrin :snowing lower rates of hydrolysis, are being 

hydrolysed by other carboxylesterases, either wholly or partially. This 

is further evident from the data of inhibition by diazinon (ethyl butyrate 

hydrolysis reduced by 88.9%, tributyrin by 47.1%). This is in agreement 

with the fact that aliesterase is very sensitive to organophosphates, while 

lipases are phosphorylated at higher concentrations. The different rates 

of inhibition towards these substrates can be best explained if we assumed 

that they are being hydrolysed by two carboxylesterases. It would be 

reasonable to expect that if a substrate is being hydrolysed by both lipase 
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and aliesterase, then the total esterase activity would be less affected by 

organophosphate than if it was being hydrolysed by only aliesterase. 

The inhibition rates are nearly the same for the organophosphate 

resistant strain SKA. The figures for inhibition of esterase hydrolysis 

of the substrates, ethyl butyrate, triacetin and tributyrin were found to 

be 79.3%, 63.9% and 44.7% respectively. 

While there is a great difference between the aliesterase levels 

in susceptible and resistant strains, there is very little difference in 

tributrynase (lipase) level in the two strains. Thus, there is only about 

24.7% esterase activity with ethyl butyrate, there is 80% activity with 

tributyrin, in the resistant strain when compared with the susceptible 

strain. It therefore appears that the lipase activity is nearly the same 

in the two strains and a slightly lower level in the resistant strain may 

be indicative of tributyrin being partly hydrolysed by the aliesterase. 

The work has therefore indicated that the esterase activity level 

in organophosphorus susceptible and resistant strains is mainly due to the 

aliesterase, rather than the lipase. This lipase showed high activity 

with tributyrin but as reported by Baker and Paretsky, the activity fell 

with an increase in carbon chain length of the fatty acid. Thus no 

activity was observed with trimyristin (Cn). However, I have been able 

to show that there is some very little lipase activity with higher tri - 

glycerides, but this cannot be detected in normal assay procedure, unless 

a very concentrated enzymatic extract is obtained. As is evident from 
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Tables 7 and 8. Some hydrolysis of olive oil (a complex of triglycerides 

of higher fatty acids like oleic, palmitic etc.) was obtained, where the 

enzymatic extract of 22 flies were used in a single reaction vessel. 

Considering per fly activity this is negligible and could not be detected 

with up to 4 flies/estimation (Table 5,6).  A review of literature revealed 

that lipases do not necessarily hydrolyse long chain esters like oils and 

fats, but their main function may be to selectively hydrolyse short chain 

esters or monoglycerides, as in the case of intramucosalmonoglyceride 

lipase (Lands, 1965). The natural substrate of aliesterase is not known 

in the case of insects, so the role of this enzyme is entirely unknown. 

The lipase does not seem to have a significant role in the housefly as far 

as could be judged from the insignificant hydrolysis of oils and fats, 

except for possibly facilitating the emulsification of fatty food, through 

the action of fatty acids liberated as a result of hydrolysis of simpler 

triglycerides and some aliphatic esters. 

SUMMARY 

1. Using titrometric and manometric methods, and enzymatic 

extract from a large number of insects, a little lipolytic hydrolysis of 

olive oil was demonstrated, which when considered per insect appears to be 

insignificant. 

2. The rate of hydrolysis of ethyl butyrate, triacetin and 

tributyrin suggested the presence of two carboxylesterases, one an aliester- 
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ase hydrolysing ethyl butyrate and the other a lipase hydrolysing tributyrin 

at a faster rate. The hydrolysis of triacetin appeared to be due to both. 

This was confirmed by inhibition experiments using diazinon. 

3. Although aliesterase activity (with ethyl butyrate) was found 

to be only 24.7% in organophosphate resistant strain, the tributrynase 

(due to lipase) activity was 80%. It is suggested that the lipase level 

is the same in the two strains of housefly except for slightly lower activity 

in organophosphorus resistant strain, which could be due to the fact that 

tributyrin is being partly hydrolysed by aliesterase. 
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D. ESTI:WIC= OW ESTERASE 4CTITITY DUE TO 

PEPTIDASES IN HOUSEFLIES 

INTRODUCTION 

Evidence (discussed in previous experiments) that the gut is the 

primary site of aliesterase activity (Shatoury, 1963; my own histochemical 

work) and the fact that aliesterase is always lower in organophosphate 

resistant houseflies (van Asperen and Oppenoorth, 1959, 1960, 1962), caused 

us to aim at characterization of all kinds of B-esterases (those carboxyl-

esterases which are inhibited by organophosphorus compounds). Peptidases, 

e.g. chymotrypsin, can be considered as B'-esterases, because of their ability 

to hydrolyse carboxyl esters and their sensitivity to inhibition by organo-

phosphates (Cunningham, 1965). Present evidence indicates that the hydro-

lysis of esters by B-esterases (cholinesterases, aliesterases, lipases and 

peptidases like chymotrypsin and trypsin) proceeds according to a mechanism 

which is basically similar for all enzymes of this group (Oosterbaan and 

Jansz, 1965). 

Desnuelle and Savary (1963) reported that most of the substrates 

used for detecting esterase activity could be hydrolysed by the trypsin and 

chymotrypsin type of proteolytic enzymes. Very little work seems to have 

been done on peptidases in the housefly. Greenberg and Paretsky (1955) 

reported the presence of two types of enzymes in adult houseflies. Using 

pH optima as a criterion, they showed one enzyme, intermediate between pepsin 
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and cathepain and another resembling a trypsin. 

In the present work an attempt has been made to see if the two 

esters known to be split by trypsin and chymotrypsin (as pepsin types do not 

cause esteratic hydrolysis), can be hydrolysed by housefly homogenates, and 

further to see if the level of such hydrolysis differs in organophosphate 

susceptible and resistant strains. 

MATERIAL 

Insect material and method of homogenization. 

Two strains of houseflies, a WHO susceptible strain from Milan, 

Italy and an organophosphate resistant strain, SKA, were used. The techniqu-

es of culturing and homogenization of the flies for crude enzymatic extract 

were exactly as described in the previous experiments. One ml. of homogen-

ate having eight flies were used in each estimation. 

Methods 

A. 	Using N -acetyl-L -tyrosine ethyl ester (Ala..) as substrate 

CH CH 2.1 
\ NH 

H COO.C
4- 5 

 

 

(Laskowski, 1955), 

The ester is hydrolysed by a chymotrypsin type enzyme. The 

estimation was carried out in a total volume of 6.5 ml. and a temperature 

of 37°C. The final molar concentration of substrate being 0.018, and the 
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initial mixture was buffered at pH 7 with phosphate buffer (0.0214). The 

flasks were first brought to the.rmal equilibrium by incubating for 5 minutes 
before mixing the contents of the side arm, which contained the substrate. 

Activity was recorded every 10 minutes. In order to check the action of 

tyrosinase on the ester, the homogenate was treated for various time intervals 

ranging from 10 minutes to 60 minutes with 10-14 KCN at 5°C.(chymotrypsin is 

not affected by KCN at this concentration). Homogenate boiled for 10 minutes 

was used as a control. A thennobarometer was also run to correct the control. 

The above experiments were repeated through a titrametric method, 

as described in previous experiments on aliesterase and lipase. All the 

estimations had four replicates. 

B. 	Using Not -Benzoy1-4Larginine methyl ester 

NH = C(NH2) --NH --(CH2 
 ) 3 --CH.COOCH3 

NH.0044 

A substrate (Laskowski, 1955) which is hydrolysed by trypsin. A titrometric 

method based on Laskowski (1955) was used. The reaction was carried out in 

a total volume of 6.5 ml. and the mixture was buffered at pH 7.5 with tris 

buffer (final concentration 0.005 M). NaC12  and CaC12  were added with 

final concentrations of 0.04 and 0.02M respectively. The mixture was 

preincubated for 5 minutes at 37°C and adjusted to pH 7.5 and then allowed 

to incubate for 30 minutes with shaking. This was then titrated with 0.05M 

NaOH to bring back to pH 7.5. The estimations had four replicates. 



65. 

RESULTS 

Incubation of N-acetyl+tyropina oGtor (ATEE) with the homogenate 

did not liberate any CO2  in manometric estimations. Instead of release of 

CO2' as a result of free carboxylic acid after hydrolysis of the ATEE, 

negative activity was observed which was correlated to utilization of 

oxygen, from the system for oxidation oftyrosine group (Ohnishi, 1959) by 

phenoloxidase (tyrosinase). To eliminate this the homogenate was pretreated 

with ID 311 KCN. Further incubation of the tyrosine inhibited homogenate, 

however, did not reveal any substrate hydrolysis (Table 11). The titrometric 

determinations also gave negative results. 

Hydrolytic activity was observed with N-4-Benzoyl-arginine methyl 

ester (BANE) and this showed clearly the presence of a trypsin type of 

enzyme in the housefly (Table 12). Two more observations were made. Firstly 

that the electrolytes NaC1 and CaC12  (after Laskowski, 1955) had no apparent 

effect on the rate of hydrolysis and secondly, the rate of hydrolysis was 

the same in the two strains. 



Electrolytes 

(NaC1 and CaC12) 

pl. of 0.05M NaOH/30 minutes 

Susceptible strain 	Resistant strain 

  

Present 108 + 1.6 105 ± 2.4 

Absent 115 ± 3.5 116 ± 3.5 

66. 

Table 11. Hydrolysis of N-acetyl-t-tyrosine ethyl ester (ATE E). 148110- 

metric estimation; using susceptible houseflies. 

Enzyme Source - Activity 
(CO2  absorbed) 

+ Activity 
(CO2  released) 

First 10 min. 20 min. 30 min. 

Boiled enzyme 	0 0 0 
Susceptible.  

Enzyme (tyrosinase inhibited) 	-2 nil nil 
Houseflies 

Enzyme (with active tyrosinase) 	-104 

Boiled enzyme 0 0 0 
Resistant 

Enzyme (tyrosinase inhibited) -5 nil nil 
Houseflies 

Enzyme (with active tyrosinase) -139 nil nil 

Table 12. Hydrolysis of N-44-Benzoyl-trarginine methyl ester (BAME). 

Titrometric determination. Activity/8 fly. + standard error of the mean 

derived from 4 replicates, presented in Table 12a and 12b in the Appendix. 
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DISCUSSION 

Although Greenberge and Paretsky (1955) had reported a trypsin 

type enzyme, no one had investigated whether these enzymes could hydrolyse 

esterase as in the case of mammals (Laskowski, 1955). We have been able to 

sham that housefly trypsin is quito similar to mammalian trypsin, in that it 

is able to hydrolyse carboxylesterase bond, adjacent to carbon atom having 

the imino group. Furthermore, no difference in the hydrolysis rates in the 

susceptible and organophosphorus resistant strain was observed. This 

indicates that there could be no correlation with low aliesterase activity 

in OP-resistant strains due to peptidases, although Desnuelle and Savary 

(1963) had reported that most of the substrates used to characterize carboxyl 

esterases are hydrolysable by these enzymes. 

No hydrolysis has been observed of N -acetyl tyrosine ethyl ester, 

which is a specific substrate for esterase hydrolysis by mammalian chymo - 

trypsin. The substrate instead of being hydrolysed, was being oxidized by 

tyrosinase, and this was confirmed by complete inhibition of tyrosinase with 

KCN (Ohnishi, 1959). This was again confirmed by the titrometric method, 

where enzymatic activity is recorded in ?l. of NaOH and therefore tyrosinase 

does not interfere. The findings were negative. 

The other peptidase, an intermediate between pepsin and cathepsin 

in the adult housefly (Baker and Paretsky, 1955) was not investigated on 

these lines as we know that this enzyme does not cause any esteratic hydro- 
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lysis. Summing up, our work on peptidases in the housefly suggests that 

there is a trypsin type of enzyme, which is capable (besides its normal 

function of hydrolysing peptide bonds) of splitting esters in the same way 

as mammalian trypsin. Such an activity was equivalent in both strains, and 

therefore is not correlated to the low esterase activity in organophosphorus 

resistant strains, in spite of the fact that most of the esterase activity 

is concentrated in the gut. 

SUMMARY 

1. Using titrametric and manometric methods and specific substrates 

it has been demonstrated that a) a chymotrypsin type enzyme does not exist 

in the housefly and b) that a trypsin type enzyme exists which, like 

mammalian trypsin, can cause hydrolysis of carboxylic esters. 

2. The esteratic property of trypsin was found to be independent 

of esterase hydrolysis of aliphatic esterases, as the levels of this enzyme 

were found to be the same in organophosphorus susceptible and resistant 

strains. 
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E . 13F.C.OVERIES OF ESTRRISIiIS IN ORCIANOPWISPHORUS 

TREATED HOUSEFLIES 

INTRODUCTION 

This work was undertaken with the object of evaluating the rate 

of recovery (enzyme activity vs. time) of aliesterese in flies sublethally 

treated with organophosphate insecticide. Extensive work has been done 

on the recovery of phosphorylated cholinesterases in mammals and insects, 

and this work was carried out to compare the recovery rates of both enzymes. 

To recapitulate, both cholinesterases and aliesterases are 

classified as B-esterases on the basis of their reaction with organophosphates.: 

for example DFP. Esterases of the A type are not inhibited by organo-

phosphates but they hydrolyse these compounds (e.g. phosphatases). B-

esterases are sensitive to inhibition by organophosphates in low concentrat-

ions. The C-esterases (e.g. aromatic esterases) neither hydrolyse the 

organophosphates nor are they inhibited by these compounds. The B-esterases 

are further subdivided into two main types, B' and B", on their differential 

inhibition by eserine. B"-esters are eserine sensitive and hydrolyse 

cholinesters (but also aromatic esters); they are usually designated as 

cholinesterase. The B'-esterase usually hydrolyses aliphatic as well as 

aromatic esters. Low eserine sensitive esterases of this type are usually 

named as aliesterases. 

The organophosphates react with cholinesterases (e.g. acetylcholin- 
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esterase, AChE and butrylcholinesterane3  BuChE) giving, rise to a phosPhorY-

lated enzyme. There are several arguments that the reaction occurs with 

the basic group of the enzyme. The rate of reaction of the organophosphate 

inhibitors with AChE runs parallel with the degree of electrophilicity of 

the phosphorus atoms in these inhibitors (Oosterbaan and Jansz, 1965). The 

phosphorylation of cholinesterase may be regarded as the counterpart of the 

acylation of these enzymes by substrates (like choline esters), the differ-

ence being that in the latter case the substrate is hydrolysed, whereas the 

phosphoryl enzyme would be rather stable in aqueous medium. The phosphoryl 

enzyme which arises from the reaction of organophosphates with mammalian 

cholinesterases, AChE and BuChE is subject to a slow spontaneous hydrolysis 

in aqueous medium. The rate of deinhibition is conditioned by the chemical 

structure of the dialkyl phosphoryl group. The rate of decomposition of a 

series of phosphoryl substituted AChE is in the order dimethyl phosphoryl> 

diethyl phosphoryl> di -n-propyl phosphoryl; diisopropylphosphoryl-AChE 

does not hydrolyse at all (Aldridge, 1953; Aldridge and Davison, 1953). 

This is in contrast to the situation in insects; the ChE inhibition in 

houseflies, does not recover under in vitro conditions regardless of 

dialkyl groups on the inhibitor (van Asperen and Dekhuijzen, 1958; Mengle 

and O'Brien, 1960). Rapid recovery of inhibited ChE was reported in the 

central nervous system of the American cockroach (Chamberlain and Hoskins, 

1951; O'Brien, 1956) and in houseflies by several workers (Smallman and 

Fisher, 1958; Mengel and Cassida, 1958; Mengel and O'Brien, 1960). Some 
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recent work on in vivo recovery of ChE (Stegwee, 1960; Plapp and Bigley, 

1961; O'Brien, 1961) suggests only slight in vivo recovery. The more 

recent work of Brady and Sternburg (1966, 1967) showed slow in vivo recovery 

of ChE and they concluded that it is a result of cholinesterase synthesis 

and not a reversal of inhibited cholinesterase. 

The review of literature on aliesterase in mammals (liver), 

suggests that inhibition with organophosphates (e.g. DFP), may be considered 

to be the counterpart of acylation by substrate as in the case of cholin-

esterase (Webb, 1948; Jansz et al., 1959). During the inhibition with 

DFP a phosphoryl enzyme is formed which in contrast to the acyl enzyme is 

not hydrolysed. Not much work seems to have been done on in vivo recovery 

of aliesterase, after inhibition, and all the work seems to have been 

directed in insects on cholinesterase recovery. In the present work I 

have followed up in vivo recovery of aliesterase along with cholinesterase 

to see if aliesterase recovery in vivo differs at all from cholinesterase, 

although theoretically both carboxylesterases are expected to behave in a 

similar way towards organophosphates. 

MATERIALS AND METHOD 

Insect, material. 

WHO organophosphorus susceptible strain from Milan (Italy) was 

used. The rearing conditions have already been described. 
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PrggnophosDhate irtaib tor.  

A malathion./Bis-(Athrocr-narbcraoy1.1 othvIdimathylthiophosphatV 

9 pure grade was used, as a 2% (v/v) solution in acetone. 

Treatment of flieq. 

The flies werrt expocod to malathion vapours by keeping the glass 

tube containing the flies over a 50 ml. round bottom flack r,ontainine 5 ml. 

of the malathion solution (Fig. 9 ). In a fume cupboard, the flask was 

heated gently by a hot current of air from a hairdrier, to vaporize the 

insecticide. The exposure was until knockdown (LD50) which took one hour. 

The flies were removed in another cage and kept for one hour to let the 

surface malathion be removed by the strong air current. Same flies were 

removed at this stage and put into the deep freeze and others were main-

tained in a cage on sugar and water and samples removed to the deep freeze 

every 24 hours for enzyme assay. 
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Muslin cover 

Fly chamber 

Wire gauze 

Malathion 

Fig. 9. 

Assay of cholinesterase a,x1 aliesterase activities. 

For the assay of the esterase activity, the titrometric method, 

as described in earlier experiments, was followed. For cholinesterase 

assay, the substrate was acetylcholine while for aliesterase, ethyl butyrate. 

Owing to the limited number of surviving flies the number of replicates for 

each estimate was reduced from 4 to 3. Untreated flies (of the same age 

group and maintained on sugar and water in a similar cage) were also assayed 

for enzymatic activity, as controls. 
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RESULTS 

(The results are presented in Tables 13 — 15 and Fig. 10). 

At knockdown (0 hr.), the cholinesterase inhibition was about 62.8% 

with respect to the control, and 33iosterase inhibition was 77.9% with respect 

to the control. An interesting result was obtained in enzymic assay of 

flies, 1 hour after treatment. During this post—treatment period, the flies 

were held in a jet of compressed air to eliminate external free malathion. 

The cholinesterase inhibition in this case was found to be 41.2% of the 

control, while aliesterase inhibition was still very near the knocked down 

flies (0 hr.), 75.5% of the control as against 77.9% of knocked dawn. 

The inhibition figures for subsequent 24 hours after treatment 

indicate that there is considerable recovery in the first 24 hours after 

treatment, in the case of ChE; the inhibition being only 21% as compared 

to 41.2% in 1 hour. By 72 hours the inhibition is 13.9% and recovers very 

gradually until 168 hours (7 days) when 97.9% of ChE is restored as can be 

seen in Fig. 10. 

The inhibition figure for aliesterase, however, differs; there is 

considerable recovery in the first 24 hours, the inhibition being 65.2% of 

control (as against 75.5% in 1 hour after treatment). There is, however, 

not much change in the next 48 hours, but by 96 hours the inhibition is 59.3% 

of the control and in 120 hours it is 57.2%. There is gradual recovery and 

in the last surviving flies the inhibition dropped to 47% by the 9th day, 

while by this time almost all of the cholinesterase has recovered. 
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Table 13. Aliesterase activity in malathion treated and untreated house—

flies. + Standard error derived from 3 replicates presented in Tables 13a 

and 13b in the Appendix. 

Time in Hours 

after Exposure 

Mean activity (ill. of 0.05M NaOH/30 min. 

Treated flies 	i 	Control flies 

0 (knockdown) 145 + 4.6 649 + 11.0 

1 159 + 8.5 649 + 11.0 

24 220 + 6.4 631 + 9.2 

48 248 ± 7.9 672 + 10.9 

92 273 + 6.8 663 + 8.8 

96 258 + 3.5 633 + 10.6 

120 274 + 8.8 640 + 6.8 

144 301 + 6.9 640 + 6.7 

168 334 + 6.5 630 + 5.3 
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Table 14.  Cholinesterase activity in malathion treated and untreated 

houseflies. + Standard error derived from 3 replicates, 

presented in Tables 14a and 14b in the Appendix. 

 

Time in Hours Mean activity (ul. of 0.0514 NaOH/30 min.) 

after exposure Treated flies I 	Control flies 

0 (knockdown) 40 ± 1.8 107 + 4.5 

1 63+ 2.7 107+ 4.5 

24 83 + 3.2 105 + 4.3 

143 81 + 2.4 100 + 5.2 

72 87 + 3.2 101 + 4.1 

96 85± 4.0 95± 5.3 

120 84 + 2.2 93 + 0.6 

144 92 + 1.1 97 + 3.0 

168 96 ± 2.1 98 ± 6.0 
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Table 15. Percentage inhibition of aliesterase and cholinesterase after 

treatment with sublethal dose of malathion. 

Time in Hours 

after Exposure 

Cholinesterase 

Inhibition 

Aliesterase 

Inhibition 

0 (knockdown) 62.r: 77.9% 

1 41.2% 75.5% 

24 21.]% 65.2% 

48 19.0% 64.3% 

72 13.9% 59.9% 

96 11.6% 59.3% 

120 9.7% 57.2% 

1144 5.2% 53.0% 

168 2.1% 47.0% 

DISCUSSION 

As I have already pointed out in the introduction, quite a lot 

of work has already been done on the nature of the inhibition and mode of 

recovery of phosphorylated cholinesterase in insects and the more recent 

work has shown slow recovery of cholinesterase, which has been attributed 

to cholinesterase synthesis and not a reversal of the inhibited enzyme. In 

the absence of very elaborate work on aliesterase, one could presume that 
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the racovery of AliF. (aliesteraee) in organophosphate-treated flies is due to 

replacement by synthesis. The arguments in favour of this assumption being 

based on the similarity of these enzymes; phosphoryl - AliE is formed 

essentially in the same way as phosphoryl - ChE. Our findings indicate 

however, that although both esterases belong to B-group, which have similar 

and fairly stable phosphoryl enzyme bond, differ in the degree of phosphoryl_ 

ation. Thus, at the time of knockdown (0 hr.) as much as 77.9% of the AliE 

was inhibited compared to 62.8% of the cholinesterase. 

Other authors investigating the degree of ChE inhibition have 

reported various levels at knockdown of flies. Thus Mengel and Cassida 

(1958) reported 80% in vivo inhibition of brain ChE of houseflies, while van 

Asperen (1960) has reported 50% inhibition. Recent work of Brady and Stern-

burg (1966) suggested various levels of inhibition of ChE following a sub-

lethal dosage of six organophosphate inhibitors. In one case more than 60% 

ChE was inhibited 12 hours after treatment with the inhibitor. Although 

the point is not made by Brady and Sternburg (1966), the present study 

taken with other authors suggests that knockdown does not necessarily occur 

at the same level of inhibition with all kinds of organophosphates. This 

is a very surprising conclusion which might well repay closer study. 

The results show that there is, during the first 24 hours, 

relatively fast recovery of cholinesterase level from 37.2 to 78.9%; after 

this initial period, the recovery rate is much slower and becomes constant 

for the duration of the experiment, lasting several days.(Fig. 10). 
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24 	48 	72 	96 	120 	144 	168 
HOURS AFTER EXPOSURE 

Fig. 10.  Recovery of esterase activity in malathion treated flies. Activity 

expressed as per cent. of esterase activity in normal flies. 

tj - Cholinesterase activity. 

0 - Aliesterase activity. 
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The simplest interpretations of these results is that there 

are two recovery processes at work: 

(a) For a relatively brief initial period, dephosphorylation 

of some of the inhibited enzyme may be taking place. The rate at which 

this recovery process takes place declines quite rapidly. 

(b) The second process, proceeds at a steady rate for the 

whole period of the experiment, indeed for the rest of the life of the 

treated flies; this linear process is probably a resynthesis of cholinest-

erase. 

By extrapolation of the linear rate of presumed resynthesis 

to zero time, we can obtain by difference a value for the total fraction 

of enzyme in which reversal of inhibition takes place. In the case of 

cholinesterase, the fraction is 39%, while for aliesterase the fraction is 

10%. Thus there appears to be a substantial difference between the rates 

of reversal (hydrolysis) of phosphorylated cholinesterase and aliesterase. 

On the other hand the rates of resynthesis of the two enzymes 

are very similar. 

It could be argued that the first result (at zero time) showed 

a greater degree of inhibition than would otherwise have been the case, 

because of the presence of adsorbed malathion on the body surface. To 

check this, flies were for the first hour subjected to an air stream at 

constant room temperature to remove any superficial malathion. The results 

after this hour showed very little change in the level of inhibition of 
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of superficial malathion had been a significant factor, the aliesterase 

inhibition level would have changed appreciably over the first hour. Van 

Asperen (1960) demonstrated the necessity of protecting against in vitro 

inhibition of ChE and AliE,due to traces of free inhibitor, by adding 

excess substrate while preparing tissues for enzymic assay. Sufficient 

protection of the enzyme against free inhibitor by this method, however, 

depends on many factors, for example, the reaction rate between enzyme-

substrate system and the reaction rate between enzyme-inhibitor system. 

Many of these factors are not known or are inexactly known. Van Asperen 

(1960), for example, found that addition of methyl butyrate did not 

appropriately protect the aliesterase from inhibition by paraoxon and diazoxon, 

In our studies no difference could be observed on addition of substrates 

prior to homogenization. This suggests that either there is not significant 

quantity of free active organophosphate in the insect to interfere with 

assessment of the true extent of inhibition of these carboxylesterases, or 

else very little quantity is present and has escaped detection possibly 

because of the high rate constant for the reaction between ChE and malaaxon. 

Van Asperen (1960) also found poor protection of cholinesterase against 

diazoxon on addition of acetyl choline, no doubt because of the very high 

rate constant for reaction between ChE and diazoxon. It is also known 

(van Asperen, 1960) that a part of the inhibitor will possibly react with 

other compounds in the body or be enzymically broken down, which further 
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reduces the level of any free inhibitor. The inhibition figures for AliE, 

further suggest that there is no significant quantity of free inhibitor, at 

knockdown of flies under our experimental conditions, and our estimates of 

inhibition are fairly close to actual levels in vivo. 

We are bound to conclude that the different initial recovery 

rates of the two types of esterase are true differences and that possible 

traces of free malathion played little or no part in the inhibition recorded 

at zero time. 

SUMMARY 

1. Recovery of aliesterase has been studied in houseflies 

sublethally treated with malathion. The rate of recovery has been found 

to be much slower than that of cholinesterase, which was also followed. 

2. There is some evidence that recovery of both esterases may 

involve at least two processes, one a short term recovery of same part of 

the inhibited enzyme plus a persistent resynthesis. This short term recov-

ery was more pronounced in the case of ChE. 

3. On the basis of similarity of these two esterases and the 

existing knowledge on recovery mechanism for AChE, and even slower recovery 

in the case of AliE, it is suggested that the recovery of most of the 

aliesterase in the housefly is due to synthesis rather than hydrolysis of 

phosphoryl-enzyme. 
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PART II  

ELECTROPHORETIC SEPARATION OF ALIESTERASES, CHOLINESTERASE, 

PEPTIDASES AND PHOSPHOKINASES OF SUSCEPTIBLE AND ORGANO-

PHOSPHATE RESISTANT STRAINS OF HOUSEFLY ON POLYAERYLAMIDE GEL 
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ELECTROPHORETIC SEPARATION OF CARBOXYLESTERASES 

OF HOUSEFLY ON POLYACRYLAMIDE GEL 

INTRODUCTION 

Insect and mammalian esterases have been studied extensively 

during the last decade, primarily because of their implication in the mode 

of action and detoxification of carbaulate and organophosphate insecticides. 

Various methods were employed to study these enzymes including manometric, 

histochemical and titrometric methods by several workers, and have all been 

used in the current study as described in the first part of this thesis. 

One of the major methods of separation of carboxylesterases from other 

enzymic and non-enzymic proteins is electrophoresis, which was of limited 

application until the invention of a proper gel supporting medium by Smithies 

(1955). Compared with paper or free electrophoresis, more fractions are 

resolved and the zones are usually narrower and more sharply defined. Starch 

gel was found to be unique in exerting molecular sieving effect compared 

with agar gel. Starch gel, in which the pore size is controllable, was 

found to have frictional properties which aided separation by sieving at 

molecular level. 

Zone electrophoresis (compared with paper or free electrophoresis) 

in starch gel was extensively used by Hunter and co-workers (1957, 1958, 

1961 and 1964) for producing "zymograms" of enzymes of histochemical interest. 

Markert (1959), Augustinsson (1961), Echobichon et al. (1967) and Venkov 

et al. (1967), working on the electrophoretic separations of various 
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esteranes of vvr•Lobrates, laid tho foundation of the characterization of 

these enzymes through the use of specific substrates and inhibitors. 

Augustinsson (1961), for instance, laid down clear demarcations on concen-

trations of organophosphates and carbamates required to inhibit a certain 

type of esterase. On the basis of his classification, distinctions could 

be made easily between cholinesterases ( ChE), aliesterasos (AliE) and 

aromatic esterases (AromE), and this classification has been found most 

useful. 

Starch and agar gel electrophoretic techniques have demonstrated 

heterogeneity of the carboxylesterases (Laufer, 1960, 1961; Menzel et al., 

1963; Velthius and van Asperen, 1963; Cook and Forgash, 1965; Salkeld, 

1965; Eguchi et al., 1965, 1966; Yoshitake et al., 1966) in various insect 

species. For example, the milkweed bug, Oncoleltus fasciatus ( Dallas), 

was shown to contain 19 esterases (Salkeld, 1965). Although the media 

have yielded good resoluton of insect esterases, kinetic studies have been 

handicapped by the low carrying capacity of the gels and the difficulties 

encountered in recovering the enzymes from the gels. 

A new synthetic medium, Acrylamide, was introduced as a supporting 

medium for zone electrophoresis by Raymond and Weintraube (1959) and sub-

sequently developed by Raymond in collaboration with others (1962, 1964, 

1966). The polyacrylamide gels were found far superior to starch in the 

ease of handling, being less fragile in concentrations as low as 3%. These 

gels provide a rather more uniform average pore size at a given concentration; 



the average pore size being easily controllable by changing the concentration 

of gel; the pore size is inversely proportional (Anonymous, 1967) to the 

square root of the gel concentration. Ornstein and Davies (after Williams 

and Riesfield, 1967) further extended the use of this gel by inventing disc 

electrophoresis. The ease of handling and excellence of separations of 

proteins gave an impetus to researchers in various hospitals for separation 

of sera and pathogenic proteins for diagnostic purposes (1964, Maizel Jr., 

Davis, Clarke, Hammack et al., Kochwa et al., Price et al., Keutel, Nagai, 

Heideman, Vessel and Brody, Goldberg, Zinkham et al., and Tappan et al'). 

However very little work was carried out on insects using this technique. 

Though acrylamide gel zone electrophoresis has been used to study 

nonesteratic proteins of blowfly, Calliphora erythrocephala, by Price and 

Bosnian (1966) there are only 4 reports of its use in insect esterase invest-

igations. Sims (1965) found that whole homogenates of Drosophila virilis 

(Sturtevant), contained 1 esterase while 2 esterase bands were found in 

D. melanogaster (vleigen). Arurkar and Knowles (1967) separated 14 aliester-

ases from the supernatant of 3 stripped blister beetles, Epicauta lemniscata 

(F.) homogenates; again in 1968 they separated esterases in 6 insect species 

and found 10 aliesterases in black beetle, Lpicauta pennsylvanica and the 

American cockroach, Periplaneta americana (L.), 8 aliesterases in the house 

cricket, Acheta domestica (L.), 6 aliesterases in the fall webworm, 

Hyphantrea canea (Drury), 9 aliesterases in the yellow stripped armyworm, 

?rodenia ornithogalli (Guenee), and 6 aliesterases and 2 arylesterases in 
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the bollworm, Heliothis zea (Boddie). 

No separation of housefly esterases through polyacrylamide gel has 

been reported so far. There have been only 3 previous attempts by Velthius 

and van Asperen (1963) and Menzel et al. (1963) to separate housefly ester-

ases in organophosphorus susceptible and resistant strains through the use 

of starch gel and by van Asperen and van Mazijk (1965) in agar gel. Whereas 

Velthius and van Asperen (1963) reported a maximum number of 10 aliesterases 

Menzel et al. reported 4 cholinesterases, 2 aliesterases and 3 arylesterases. 

More recently van Asperen and Mazi.jk (1965) also reported a maximum number 

of 10 aliesterases. The active anodic band of aliesterase of organophos-

phorus susceptible strains (accounting for about 80% of total activity) was 

found to be absent in resistant strains. The missing isozyme in the resist-

ant strain was correlated by Menzel et al. (1963) with the appearance of new 

phosphatase isozymes in resistant strains. Their work was in agreement 

with the theory of van Asperen and Oppenoorth (1960), that the resistance 

was due to a single gene mutation which caused the synthesis of a phosphatase 

type of esterase instead of the usual aliesterase which was present in the 

wild type. However, the electrophoretic separations of Velthius and van 

Asperen and Menzel et al. gave a completely different picture of the number 

and nature of carboxylic esterases. This necessitated the current work, 

using an organophosphorus susceptible strain from WHO and a resistant strain 

SKA in the relatively new polyacrylamide gel, to compare the results of a 

new and superior technique of the separation to the ones previously studied. 
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A broader and more accurate study was intended for the separation of these 

carboxylic esterases in its natural molecular units and reaction specificit-

ies. Also the distribution of these various esterases in different tissues 

and their reaction to various specific substrates and inhibitors has been 

presently studied. 

MATERIAL AND METHODS 

a - Insect material. 

Two housefly strains, one organophosphorus susceptible (WHO) 

from Milan, Italy and another organophosphorus resistant strain SKA from 

Rothamstead. The SKA strain was primarily selected for diazinon but shows 

resistance to most of the organophosphates and cross resistance to chlorin-

ated hydrocarbons (Potter, 1963). The flies were reared at 55% relative 

humidity at 28°C as described previously. The flies for experiments were 

a random collection of 4 - 6 day old adults. 

b - Extraction of enzyme. 

Soluble protein extract was used without further concentration by 

ultracentrifugation or freeze-drying as the proteins become concentrated 

automatically in the sample during electrophoresis, as described further 

on under "Apparatus". A detailed study was made to determine the most 

suitable extraction method giving the highest yield of aliesterase active 

fraction in the total soluble protein extract, with a minimum of dilution 

of the sample. 
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Method 1. 

The soluble proteins from the housefly were obtained by ha'nogen-

izing the insect in an ice-cooled Waring blender for 3 minutes and then 

filtered. The filtrate was assayed for aliesterase activity by the titro-

metric method, in a total volume of 6.5 ml., with a final molar concentrat- 

ion of methyl butyrate (substrate) 6.)+ x 10 	and phosphate buffer for pH 

7.0 at a final molarity of 0.02M. The reaction mixture was incubated at 

37°C for 5 minutes and then adjusted to pH 7.0 by the addition of 0.05a 

NaOH. The reaction was then allowed to proceed for 30 minutes after which 

the acid liberated was titrated with 0.05M NaOH and the esterase activity 

recorded as ?l. of 0.051 NaOH/30 minutes. 

Method 2. 

For extraction of soluble proteins for electrophoresis, either the 

whole flies, abdomens c- thoraces from resistant strain were homogenized in 

a few ml. of distilled H2O as described above. The homogenate was then 

centrifuged at 17,500 G for 30 minutes, at 8°C. The supernatants from 

residues were thus isolated. The activity of each was determined according 

to the above titrometric method, and the activities of various fractions 

from Method No. 2 were compared with those of Method No. 1. The results 

are given in the following tables: 
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Table 16. Aliesterase activity in the supernatant and the residue of whole 

fly (resistant strain) homogenate after centrifugation. + Standard error 

of mean derived from 4 replicatespresenbaiin Table 16a in the Appendix. 

Enzyme Source Total activity in p.l. of 0.05M NaOH/30 min. 

1. Supernatant/fly 103 + 1.4 

2. Residue/fly 106 + 1.8 

3. Total of supernatant and 
residual activity/fly 209 

4. Per fly activity (non - 
centrifuged homogenate) 210.1 + 4.6 

Table 17. Aliesterase activity in the head, thorax and abdomen of resistant 

flies and comparison with activity in supernatant from each, after centri-

fugation. + Standard error of the mean derived from 1. replicates presented 

in the Table 17a in the Appendix. 

Insect part Activity in21. of 0.05M NaOH/30 min. 

Fly activity without 	1 	Supernatant 
centrifugation 

[ 	
activity 

1 whole fly 

1 head 

1 thorax 

1 abdomen 

174 + 4.9 

15 + 0.7 

84.5-+ 1.7 

88 + 2.9 

81 + 1.4 

2 + 0.5 

30 + 2.2 

51.3 + 1.5 
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It appeared from the above uxperiments that about 50% of aliesterase 

activity was recovered in supernatant of housefly homogenates, centrifuged 

at 17,500 G for 30 minutes. It also appeared that a greater recovery 

resulted from abdomen rather than thorax extracts (5 ; 3 ratio). Further 

dilution of the above residues and homogenization, followed by centrifugation 

and separation of supernatant, yielded more soluble aliesterase. It there-

fore appears that aliesterase is partially soluble and a full extraction can 

only be achieved at the expense of increasing volume of the extract. It 

was found that a homogenate of 100 flies, whose heads were removed by shaking 

when frozen in the deep freeze (to remove bulk of cholinesterase), homo-

genized in 4 - 5 ml. of 1120, yield about 50% of the total aliesterase, which 

was sufficient for electrophoretic separation. 

For extraction of esterases from various tissues of the housefly, 

the fly was dissected in ice-chilled 0.02 M phosphate buffer and supernatant 

obtained as described above. 

For extraction of esterases from different tissues of the housefly 

larva, the anal end of the larva was cut open and the fat body and gut pushed 

out by pressing from the anterior end. This left the body wall with muscles 

and tracheae. This was further cut open by a fine pair of scissors and any 

remaining portion of fat body removed under a binocular microscope. The 

haemolymph was obtained by introducing a capillary tube at the cut end (anal) 

of the larva in which most of it flowed through capillary action. 
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c - Electrophoretic Apparatus. 

In the present work, vertical electrophoretic apparatus was chosen 

in place of a horizontal one, because this permitted the use of very dilute 

samples. The protein in dilute samples (usua,13y 50 - 200 ul.), is 

automatically concentrated at the base of the slot before migration in gel 

under the influence of the electric field. The actual apparatus and 

technique were invented by Raymond (1962, 1964) and used by modifications 

by Price (1966) to separate blowfly proteins. Our apparatus is a further 

modification of Price's apparatus to suit our experimental conditions. The 

assembly (Fig. 11, 12) consists of perspex body with carbon electrodes. It 

consists of two buffer tanks, one at the top (e) being the cathode and the 

bottom (d) being the anode. The tanks were connected with a vertical plate, 

having a horizontal ridge to support the gel container (g). The cathodic 

and anodic tanks have capacities of 200 ml. and 300 ml. respectively. The 

dimensions of the gel obtained in the cell wore 120 x 50 x 2.5 mm (Fig. 13). 

A trapezoid-shaped slot former, 10 mm deep with a base 5 mm wide and a top 

width of 10 nun was used as against 7 x 7mm used by Price (published 1968). 

This had a major advantage of allowing the gel former to be eased out 

readily after polymerization of the gel (Fig. 13). The concentration of 

proteins at the base of the slot under the influence of the electric field 

was found to result in a narrower zone than obtained by previous workers, 

which was found to give improved resolution of the bands. The total 

capacity of these sample slots was 200 ul. The advantages of this flat slab 
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Fig. 11. Electrophoresis apparatus. 

a - buffer flow; b - cathode; c - anode; d - anodic 

buffer tank; e - cathodic buffer tank; f - clips holding 

gel holder; g - gel; h - paper bridge; i - connecting gel; 

j - buffer overflow. 
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Fig. 12.  Diagrammatic view of electrophoresis apparatus. 
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f 
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Fig. 13. 	Gel holder. 

a - sample slot former; b - buffer overflow; c - resting ridge; 

d - ventral plate of gel holder; e - gel; f - dorsal plate of 

gel holder. 
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were as follows. 

1. It provided maximum surface area for cooling the gel, permitting 

the technique to be carried out in a cold room at 8°C with ease. 

2. Very dilute samples of proteins could be used, so saving the 

bother of concentration. 

3. A large number of samples of the same protein mixture or 

different samples could be used and results compared in the same gel. 

4. The slab permitted thorough examination of the density of the 

bands, and was superior to tube disc electrophoresis for radiotracer work. 

5. It was suitable for staining as compared with tubular disc 

electrophoretic gels; for a good esterase staining the gel required 

spraying with 1 —naphthyl acetate, which penetrated flat gels more easily 

than a much thicker tube gel. 

A simple constant level device was incorporated in the absence of 

which constant vigilance was required, lest the buffer level drop dangerously 

to expose the upper end of the gel and disconnect from the cathode (Fig.11,12). 

From this device, the buffer was delivered to the cell at a rate which was 

adjusted to maintain a constant level. Using this modification, the 

apparatus once set up required no further attention during the course of an 

experiment and permitted long experiments. 

d — Buffer. 

Buffer employed was as recommended by Raymond. It consisted of 

analytical grade, 
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Trishydroxynethyl amino methane 

Boric acid 

Ethylene diamine tetracetic acid 

disodium salt 

distilled H2O 

5.5 gm. 

2.5 gn- 

1. 0 gm. 

to make 1 litre. 

It yielded a pH of 8.5 ± 0.05. Great accuracy could only be 

obtained by keeping the ingredients in a deosicator permanently. All the 

soluble proteins of housefly were found to move anodically in this system. 

e - Gels. 

Two types of gels were used; a standard uniform gel of 5% and 

variable gel of initial portion of 3% and main portion of 72%. The 

standard 5% gel was made by dissolving 2 gm. of Cyanogum 41, a B.D.H. 

acrylamide grade in 40 ml. of buffer. Two catalysts, ammonium persulphate 

and 2-Dimethyl-amino -ethyl cyanide were placed in another beaker in such a 

way that they did not LI:ix, the concentration of both catalysts being 0.4% 

w/v. The cyanogum solution was then poured over the two and shaken for 

1 minute, until all the ammonium persulphate crystals disappeared. The 

base of the sandwich (gel container, Fig. 12) was previously sealed with 

a strip of plasticine and the gel mixture was now pipetted into the space 

above it until the latter is nearly full. Great care was taken to avoid 

trapping any air bubbles. This technique of mixing the two catalysts with 

cyanogum solution simultaneously, initiated gelling within 5 minutes. 

The second type of gel was a variable gel having an initial portion 1.5 cm. 

long of 3% (w/v), followed by a main running gel of 72% developed by an 
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analogy from Ornstein (1964) who recommended this system for disc electro-

phoresis. This was prepared essentially in the same way as above using 

0.4% (w/v) of catalyst in each case. The gels were allowed to mature for 

2 hours, before the slot former was eased out. 

f - Application of sample. 

The sample of esterase solution, usually 100)11., was introduced in 

each slot and the volume made up with electrophoretic buffer so that the 

sample slots were completely fi11ed. A trace of a marker dye (amidoschwarz 

10 B) when necessary was then added to each sample. A ribbon of gel, cut 

from a spare gel stored in buffer is now introduced into the space above the 

sample slots and is pushed gently down with the end of a spatula until one 

end of the ribbon comes into contact with the top of the sample slot at one 
end 

side of the gel. It is now pressed gently down working along from one/until 

the whole length of the ribbon lies across the top of the sample slots. Buffer 

can now be added to the space above without disturbing the contents in the 

sample slots at all. A piece of filter paper presoaked in buffer is now 

placed in position so that the gel and cathode are in connection. The whole 

apparatus is now put in a cold room at 8°C. 

g - Electrical conditions. 

As in the usual practice of previous workers, both the cathodic 

and anionic tanks were filled with 150 ml. of buffer (same as that of gel). 

This, however, gave an initial voltage of 155 volts at 20 mA current strength 
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and took nearly 52 hours to move the foremost protein band 10 an. away from 

origin. It was, however, found that variations in quantities of buffer in 

the two tanks resulted in a varied initial voltage. Therefore experiments 

were conducted to evolve the best buffer system in an:odic and cathodic tanks 

with a view to obtain a higher initial voltage and thus an increased mobility 

of proteins. Observations on the development of initial voltage with varying 

quantities of buffer in the two electrode tanks indicated that unequal 

quantities of buffer in the two tanks resulted in higher initial voltage. 

100 ml. of buffer wore added in the cathodic tank while 150 ml. in the anodic 

tank, which resulted in an initial voltage of 210 volts at 20 mA constant 

current. Under these conditions satisfactory separation of protein zones 

was obtained from 1 to 5 hours. 

Studies on the rate of migration of proteins in our system indicated. 

that althcugh initially the migration rate is very low, and is accelerated 

with an increase in voltage rise, the relationship between voltage rise and 

rate of movement is not linear as assumed by Ornstein's theory in which 

equation of free-solution electrophoresis are valid for gel electrophoresis. 

This assumption was challenged by Giddings (1962) who showed that taking in 

account the obstructive matrix of the gel, the mobility should not be a linear 

function of the voltage but should fall off as the voltage is increased. The 

present work confirmed Giddings's findings (Table 18 and Fig. 14). 
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Fig. 14..  Rate of migration of proteins during electrophoresis at 20 mA 

constant current and an initial voltage of 210 volts. 
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albumin used 
Table 18. Rate of migration of proteins (front most band of /. as a marker 

at a constant current of 20 mA. 

Time Distance of front most protein band 
from the origin 

Mean 
 distance 

2 hrs. 2.0 2.4 2.5 2.3 

3 hrs. 3.8 4.0 4.2 4.0 

4 hrs. 6.8 6.8 6.9 6.8 

4i hrs. 9.3 9.1 9.0 9.1 

4 hrs. 55 10.0 10.0 10.0 10.0 
minutes 

h - Detection of protein bands. 

After electrophoresis the gel was taken out from the perspex 

sandwthch and transferred to the fixing and staining solution of Amido 

Schwartz-10 B, referred to generally as Amido black. Staining with Amido 

black was found superior to Nigrosin because, although Nigrosin is even more 

sensitive than Amidoblae. (Kohn and Feinberg), awing to its highly coarse 

precipitate nature, the band resolution is not very sharp and also the gel 

has not the same transparency as after Amidoblack staining. A 0.1% solution 

of Amidoblack was prepared in a fixing solution of acetic acid, ethanol and 

water, in the ratio of 10 : 50 : 50 respectively. The gel was usually left 

overnight in the stain and later washed and destained in several changes of 
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fixer solution and stored in acetic acid. The protein bands appeared as 

bluish black zone as compared to a light blue background. 

i - Esterase detection. 

Two principal methods were employed, one in which substrate and 

dye were made in one solution and the other in which substrate and dye were 

used separately. In all cases, the detection of esterases was based on 

enzymatic hydrolysis °foe. -naphthyl acetate toeA -naphthol, which was coupled 

to a diazodyto form a highly insoluble pigment,Ot -naphthol diazotate. 

Method 1. Esterases were detected by flooding the gel in a dying solution, 

containing 2 ml. of 1% naphthyl acetate (prepared in acetone), 500 mg of 

Fast Blue RR, 10 ml. of Na2HPO4  and 100 ml. of distilled H20. The solution 

was then filtered. The gels were immersed for two hours and then washed 

with many changes of distilled H20. The bands appeared very faint and so 

the technique was abandoned. 

Method 2. The gel was sprayed with 2 ml. of 

(a) I% 1-napht'il acetate in 5% aqueous acetone for 30 minutes 

and transferred to Fast Blue RR (0.2%) stabilized in Na2HPO4  (0.05M). 

The results revealed very faint bands. 

(b) I% 1-naphthyl acetate in 20% aqueous acetone for 30 minutes 

and transferred to Fast Blue RR as above. Gave more distinct bands than 

(a). 

(c) 1% 1-naphthyl acetate in 40% aqueous acetone. Gave intense 
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esterase bands. 

(d) l% 1-naphthyl acetate in 60% aqueous acetone less intense than 

It was obvious from the above, that in order to bring 1-naphthyl 

acetate in contact with the esterase a certain percentage of acetone was 

required. 1 -naphthyl acetate is practically insoluble in water and using 

a lower quantity of acetone (less than 40% for 1% 1-naphthyl acetate) 

resulted in removal of the substrate by precipitation on the surface of the 

gel. Acetone was therefore required as a carrier vehicle for the substrate. 

In order to check the possible role of acetone in denaturation of the ali-

esterases, the gels were sprayed with 2 ml. of 10%, 20%, 40% and 80% 

acetone and allowed to stand before spraying of 1% substrate in 40% aqueous 

acetone. Coupling later with dye revealed that spray of acetone up to 40% 

had no marked difference whereas at 80% some loss of activity was observed. 

However in vitro the aliesterases are known to be denatured by acetone; 

one of the reasons why aliesterase does not denature at this concentration 

in the gel, is because the 2 ml. of a 40% (v/v) aqueous acetone is further 

diluted by about 40 ml. of buffer present in the gel itself. Thus an 

overall concentration of about 1.9% (v/v) acetone is present, only if all 

the sprayed substrate medium has penetrated the gel. 

A further improvement in method was brought about by decreasing 

the concentration of the substrate which automatically resulted in further 

decrease of acetone. It was found that if instead of using 1% (w/v) 
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1-naphthyl acetate, it was reduced to 0.25% (w/v), the background coloration 

was reduced considerably as well as the concentration of acetone required 

dropped to 10% (v/v) from 140% (v/v). Further decrease in quantity of 

substrate decreased the efficiency of staining. Therefore the use of 

0.25% 1 -naphthyl acetate, as a substrate spray was made as a standard 

procedure. Most of the reaction was found to occur in the first 30 minutes 

at 20
o
C and further dilution did not improve the results. 

Four different diazo dyes, Fast Blue RR, Fast Blue B, Fast Red RR 

and Garnet GBC in two different buffer systems (pH 7.0 and pH 8.0) were used. 

It was found that much faster coupling occurred by using pH 7.0 phosphate 

buffer. Fast Blue RR yielded the best coupling and also the background 

staining was minimal. It was also observed that under ordinary sunlight in 

daytime, the dye constantly precipitated in phosphate buffer (pH 7.0 and 

8.0) as well as H2
0. If, however, the staining was done at night or under 

artificial light no such precipitation was noticed. Consequently the 

staining was carried out away from daylight. After staining the gel was 

washed in many changes of distilled H2O and cleared in 10% acetic acid. 

After two changes in 10% acetic acid it could be stored in the tris -buffer 

pH 8.5 or 10% acetic acid. 

j - Characterization of esterases. 

(i) Treatment with eserine. Cholinesterases are inhibited at 

10 "JA eserine while aliesterases are not; this selective inhibition was 
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used to distinguish aliesterases from cholinesterases. The gel strips 

after electrophoresis were covered with a solution of eserine sulphate 

101M and left at 20°C for 30 minutes. The gels were then given a quick 

rinse and stained for esterase in the usual way. Appearance of bands 

indicated absence of cholinesterase. 

(ii) Treatment with organophosphates. B type esterases are 

distinguished from other types of esterases from the fact that they are 

inhibited by organophosphates at dilute concentrations. Thus distinction 

can be made between A type, which hydrolyse organophosphates, and C type 

(like aromatic esterase) which neither hydrolyse them nor are affected by 

them. Two organophosphates, tetraethyl pyrophosphate (TEPP) and 0,0,diethyl-

0 -(2-isopropy1-6-methyl-4-pyrimidyl) phosphorothioate (Diazinon) were used 

at concentrations from 10T to 103M. The treatment with organophosphates 

was done in two ways, i.e. in the first case the gels were treated after 

electrophoresis and in the second case the enzymatic extract was treated 

with organophosphate, and the phosphorylated esterases were then separated 

electrophoretically. In the former case the gels were flooded in a fresh 

solution of organophosphate (in the case of Diazinon, the solution had to be 

emulsified with a drop of Tween 20) and left to incubate at 20°C for 30 

minutes. Before staining the gels were given a quick wash with distilled 

H20. Treatment for a longer duration did not increase inhibition. In the 

second case the organophosphate was added to the enzymatic extract and allowed 

to react for 30 minutes after which the treated proteins were electrophorized 
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and stained in the normal way. 

(iii) Location of peptidases. The peptidase zones were 

distinguished from esterase zones by using DL-alanine-B-naphthylamide 

(Nachlas et al., 1957) as substrate. 	0.1% (wr/v) of this substrate was 

sprayed on the gel and later the DL-alanine -B -naphthol, coupled in the same 

way as in esterase staining. It was observed that the coupled product 

was partially soluble in 10% acetic acid, so the stained gels could only 

be preserved in the trio buffer. 

(iv) Location of phosphanonoesterase. A simple technique was 

used to detect phosphokinetic esterases, which could reveal the bands in 

1 - 2 hours, instead of the 5 hours required by the method of Menzel et al. 

(1963) and several lengthy procedures involving many stages as recommended 

by Pearse (1961). Staining was based on the hydrolysis of 0.4% sodium-1-

naphthyl phosphate by phosphomonoesterases to sodium -1 -naphthol which was 

coupled with diazo dye, Garnet GBC salt to an insoluble intense violet 

pigment. The background colouring from free dye against this was yellow. 

Two inhibitory reactions characteristic of phosphatases were carried out; 

one using the thermolabi-ity of enzyme and the other inhibition by KCN. 

In the former case the gel was put in a steam bath for 30 minutes before 

staining. In the other case, freshly made KCN was poured on the gel for 

30 minutes, and washed once with buffer before staining. As activator of 

phosphatases the effect of Mg++ ions at 0.00IM was also studied (Pearse, 

1961). 
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k Mobility measurements. 

Mobilities were referred to the position of BSA (Bovine Serum 

Albumin) which was also shown to correspond to the solvent front (as marked 

by BTB, Bramothymol Blue or Amidoblack) seen as a fine yellow boundary which 

developed during the running of esterase extracts. The electrophoresis was 

stopped when the front reached a distance of 10 cm. from the origin. The 

mobility of individual esterase bands was calculated as a fraction of the 

mobility of solvent front (SF), marked by a marker dye. 

Mobility of esterase 	Distance of central point of esterase band 
band 	from origin (in mm)  

Mobility of SF = 100 mm 

BTB (Bramothymol blue) and BSA had a maximum mobility of 1.0. 

1 - Densitometric recordings. 

The fresh gels were scanned by a Double beam Recording Microdensito- 

meter MK III cs made by Joyce Lobel and Co. Ltd. 

111 - Photography. 

For photography the gels were hydrated in 10% acetic acid, laid 

on a uniform diffused litpt-viewer, and photographed using appropriate 

filters, to reduce background colours. Good results were obtained by 

using Microfile Pan (Ilford) film, developed in ID20 (Ilford) developer. 

With this sensitive method of photography almost all the bands could be 

photographed except Ezi, which was extremely faint. Those bands which have 

been missed have been hand-drawn in zymograms and the relative intensity 
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has been shown through graded dotting. 

RESULTS 

I. Esterases isolated in 5% gel. 

A total number of 10 esterases, all hydrolysing*naphthyl acetate 

were obtained in WHO organophosphorus susceptible strain (Fig. 15). Out 

of the 10 esterases, E1 was observed to be the fastest moving band with an 

average mobility of 0.97 with respect to marker dye. This band appeared 

to be due to most active esterase on visual comparison of the density of 

the zones. The next anodic band E2, very often failed to resolve, because 

of being very faint and narrow, usually concealed by the edges of the very 

dense E1 band. Its true position was revealed by using 7i% gel instead of 

5%, wherein this band can be resolved as a result of more effective molecular 

filtration, due to finer pore size of the gel. It was also resolved in 5% 

gel by using tissue extracts excluding the gut which removed most of the 

esterase E1 and thus made E2 
distinct. E

3 
is clearly resolved as the next 

band. E
4 
and E

5 
occurred as a close pair and more distinct than either 

E2  or E3. E6  occurreu as bands of intermediate mobilities (0.61, 0.535 

and 0.39 respectively), E8 
being more dense. Esterase E9  was found to be 

an extremely faint zone, between origin and E8  and could only be seen in 

freshly stained gels. It was also found to be difficult to photograph. 

10' which remained near origin, was a true esterase band and not due to 

neutral proteins, as demonstrated further in reverse electrophoresis and 
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Table 19. Average mobilities of esterase bands of susceptible strain, 

isolated in 5% gel. 

Esterase 	Minim= distance from 	Maximum distance from 

band 	the origin in mm4 	the origin in mm. 

Average 

mobility 

E10 
00 03 0.015 

E
9 

13 17 0.15 

E8 
31 47 0.39 

E
7 

51 56 04535 

E6 57 65 0.61 

E
5 

85 88 0.865 

E
4 

89 91 0.9 

E
3 

92 93 0.925 

E2 94 95 0.95 

E1 96 98 0.97 

SF 100 100 1.000 

SF denotes solvent front which in actual fact is occupied with marker dye. 



variable gel electrophoresis. 

The mobilities of individual bands are tabulated in Table 19. 

The average mobility values are perhaps nearer the true values as the 

esterase staining tends to give broader bands than the actual proteins, 

because of some diffusion off.-naphthol before coupling with the dye. 

Zymograms of total proteins in our enzymatic extract indicated 

denser areas (Fig. 16) by amido black but absence of distinct bands in place 

of most of the esterases with the exception of esterase El  (stained here 

as protein band P2). This obviously was due to a lower concentration of 

proteins in the esterase zones. This phenomenon has been observed by 

other workers (Menzel et al., 1963; Arurak and Knowles, 1968). One of 

the other reasons which mieht reveal esterases more distinctly whereas 

protein staining may reveal only a faint zone, could be the fact that c%-

naphthol diazotate is more dense and copious as compared to Amidoschwartz 

B precipitate. The most conspicuous feature of protein staining were four 

major bands, two of which compared with peptidases, one corresponding to 

esterase E, and one appeared to/a phenol oxidase (tyrosinase) and had the 

same mobility as the marker dye (or BSA: Bovine serum albumin). 

Peptidases. Staining using DL-alanine-2-naphthyl amide revealed three 

peptidases in adult housefly (Fig. 17). The peptidases P2  and P3  (mobility 

0.45, 0.65) occurred halfway through to the front. These seemed to comprise 

two closely related proteins and could be isozymes for the same enzyme. 
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Fig. 17.  Comparative zymogram of aliesterase, cholinesterase and peptidase 

of normal and resistant strains of housefly. 

A = Aliesterase of normal strain. 

B 
	II 	 resistant strain. 

C = Peptidases of normal and resistant strains. 

Cholinesterase of normal and resistant strains. 
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Peptidase P1  appeared close to the solvent front (mobility 0.93). If the 

peptidases, P2  and P3  are regarded as isozymes then the total number of 

peptidases isolated would correspond to trypsin and an enzyme intermediate 

between cathepsin and pepsin (Greenberg and Paretsky, 1958). 

Reaction to specific inhibitors. All the esterase bands were campletely 

inhibited by tetraethylpyrophosphate (TEPP) at 10 5T4, while diazinon inhib-

ited all the bands except El, which was inhibited partially at 10 41M 

(Fig. 18). Pretreatment of enzymatic extract with organophosphates before 

electrophoresis revealed the same results. Evidence as to the electro- 
of 

phoretic mobility/phosphorylated proteins had come from Amidoblack staining. 

This discovery was the basis of further electrophoretic separations with 

radioactively labelled phosphorylated esterases. 

Characterization with eserine sulphate at 10id indicated that 

all the 10 esterases hydrolysingairnaphthyl acetate were aliesterases and 

that none of them was a cholinesterase. Cholinesterases had been removed 

during extraction procedures. Electrophoresis of fly head soluble proteins 

extracted at 3000 G revealed about six protein bands, out of which one major 

band reacted as cholinesterase as it was completely inhibited by 10-5 

eserine sulphate. The cholinesterase was found to have the same mobility 

as esterase E1 (Fig. 15). 

Esterases of SKA strain. The esterase pattern of organophosphate resistant 

strain SKA, revealed two conspicuous differences (Fig. 17 and 19); the 
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most obvious being the absence of esterases E
6 and E7 

and secondly reduced 

levels of all other esterases. Mobilities of individual bands were 

generally the same except for band E8  which seemed to have higher mobility. 

Inhibition studies with organophosphate and carbamate showed the 

same results as in the case of susceptible strain, except zone E1+2  which 

appeared to be slightly more resistant to TEPP as it could still show some 

activity after inhibition. This was later found to be due to increased 

phosphatase level in this zone. 

II. Esterases isolated in variable gel. 

The results of electrophoretic separation in variable gel, 

comprising an initial 3% gel and the main gel of 71%, revealed improved 

resolution (Fig. 20, 21). The results obtained were such that densito—

metric recordings could be made and quantitative differences observed, 

between the esterase levels of the two strains of houseflies (Figs. 22, 23). 

In the case of organophosphorus susceptible strain, improved resolution was 

obtained of all the esterase bands, particularly the first zone was clearly 

resolved into the two esterases El  and E2. In addition the aliesterase 

Elo  (which had remained rear the origin in 5% gel formulation) moved freely 

through the coarser 3% e1 and was concentrated at the boundary of the 71% 

gel portion. The mobilities were changed with respect to 5% gel but without 

altering the overall pattern. The change in mobility would be expected 

due to increased friction of the finer gel to the migrating proteins, 

through the smaller pores. The differences in the two strains became 
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COMPARATIVE ZYMOGRAM OF ESTERASES 

ELECTROPHORESIS IN VARIABLE GEL 
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Fig. 22.  Densitometer traces of aliesterases of susceptible strain of 

housefly. 

Fig. 23. 	Densitometer traces of aliesterases of OP-resistant strain 

of housefly. 



121: 

more conspicuous as a result of the increased resolution. In the resistant 

strain esterases E6 and E7 
were found to be absent as shown in 5% gel. AU 

the other esterases with the exception of E2  showed reduced activity as 

could be seen from densitometric recordings (Fig. 22, 23).  Esterase E2, 

however, showed higher activity in comparison_ to the corresponding band of 

susceptible strain and thus appeared to be an exception to the "low all-

esterase" phenomenon of organophosphorus resistant strains. 

III.Reverse polarity electrophoresis. Electrophoresis for 41 hours at 20 mA 

in reverse current flow (Fig. 24) revealed no cathodically moving esterases. 

This experiment revealed further that esterase band Elo  was a genuine 

esterase band, and tends to migrate with other esterases towards anode, 

but was stopped by pores of the gel, which were too small for its molecular 

size. In reverse polarity electrophoresis, however, this last band moved 

freely back into the buffer medium of sample slot and was resolved as a 

band at the origin of the connecting gel portion. 

IV. Interaction of esterases with non-enzymic proteins. 

These experimehJs were conducted to see if the esterase pattern is 

affected as a result of interaction with other proteins. In other words, 

could the esterase protein be adsorbed on other inert proteins and thus 

run as various isozymes? Such a study might show whether these enzymes are 

independent chemical units or belong to the same molecular species which is 

being adsorbed on a variety of different proteins, thus appearing as differ- 
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Fig. 24..  Reverse polarity electrophoresis. 
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ent bands. In these experiments, BSA (Bovine serum albumin) and HSG 

(Human serum globulin) were added at the time of homogenization so that 

each protein was present to the extent of 2.5, 5 and 20 ug/100 ul. of 

running sample, singly or together. All the other conditions of electro-

phoresis and staining thereafter being the same as in the previous experi-

ments. The results of interaction with albumin and globulin, singly or 

together did not alter the isozymic pattern. 

V. Esterase pattern of various organs of the housefly. 

Further studies on esterase isozyme pattern of various parts of 

adult housefly excluding head indicated that the pattern was not the same. 

For convenience the dissected parts were grouped in three main types. 

A. Foregut (oesophagus, crop and salivary glands). 

B. Mid and hind guts including Malpighian body. 

C. Muscles, tracheae, connective tissues and gonads. The 

bulk, however, was thoracic muscles. 

The gut portions, i.e. A and B were also used to determine 

peptidases. The result are summarized below. 

1. PreparatiLrls A and B hrtving gut portions largely showed the 

major esterase band El  and the band E10  at origin. The high gut esterase 

activity observed in vitro titrometric assays is due to this esterase (El) 

(Fig. 25, 26, 27,20. 

2. The esterase pattern of C, which largely comprised thoracic 

muscles, revealed all the esterases, except the major esterase El. The 
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COMPARATIVE ZYMOGRAM OF ADULT HOUSEFLY 
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r 

Fig. 27.  Densitometric traces of the aliesterase in the gut of 

housefly (Fig. 26). 

V 

V 

Fig. 28. 	Densitametric traces of the aliesterase in the non—gut 

tissues of the housefly (Fig. 26). 
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esterase activity observed in the thorax in titrometric assays is obviously 

due to combined activity of all these esterases except El  (Figs. 25, 26, 

28). 

3. The peptidase staining suggested three enzymes as in the 

case of whole-fly homogenates. These have been previously discussed. 

Comparison of peptidase pattern with esterase pattern of muscles (Fig. 25) 

removes any doubt. that esterase zones E2 9  are due to these carboxy-

peptidases. The peptidases in the gut occur at places where there is no 

esterase (Fig. 25). 

Briefly, therefore, the detailed study of electrophoretic 

properties of aliesterase of various housefly tissues has revealed that 

there are distinctly two systems of isozymes for the aliesterase in the 

housefly; one comprising the major aliesterase El' 
present in the gut, 

while aliesterases E2 - 10 
contribute to the remaining esterase activity 

in all the tissues other than the gut. 

VI. Esterase Pattern of Houseflz Larva. 

Electrophorer's of various dissected parts of the final stage 

housefly larva ready to pupate, suggests that the esterase pattern is not 

totally different in as much as it comprises 10 bands (Fig. 29). Observ-

ations on the mobility of individual bands as compared to the adult 

revealed differences in the three bands (E5 - 7
) (Tables 20, 21: mobilit-

ies of larval esterases). Besides the differences in mobilities, marked 
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Table 20. Average mobilities of esterase band of the housefly larva. 

Esterase 	Minimum distance 	Maximum distance 

band 	from origin in mm. 	from origin in mm. 

Average 

mobility 

E10 00 03 0.015 

E
9 

21 25 0.23 

E8 33 41 0.37 

E
7 

42 48 0.45 

E6 49 55 0.52 

E
5 

72 82 0.77 

E
4 

89 91 0.90 

E
3 

93 94 0.935 

E2 95 96 0.955 

El  96 99 0.975 

SF 100 100 1.000 
4 

SF denotes solvent front which in actual fact is occupied with 

marker dye. 
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Table 21. Comparison of mobilities of adult and larval aliesterases. 

Average Nobilities. 

Esterase 

band 

Adult Larva % deviation of 

larva from adult 

E10 0.015 0.015 0 

E
9 

0.15 0.23 +35 

E8 
0.39 0.37 -4 

E
7 0.535 0.45 -35 

E6 
0.61 0.52 -15 

E
5 0.865 0.77 -11 

E
4 

0.90 0.90 0 

E
3 

0.93 0.935 +0.5 

E2 0.95 0.955 +0.6 

1 	

El  0.965 0.975 +1.1 
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differences were observed in the zymogram patterns of larval gut and 

muscles when compared to the adult counterparts. Soluble esterases of 

the following portions of the housefly larva were electrophorized: 

1. Fat body; 

2. Gut (fore, mid and hind); 

3. Remaining muscles, cuticle and tracheae. 

The results obtained are as follows: 

1. Fat body lacked the bands E5  and E6  as compared to whole 

larvae. 

2. The gut esterases comprise major esterase El  and E2 - 4* 

Faint bands appeared at places of E5  and E6. 

3, Muscles etc. revealed a different type of esterase pattern 

from that of the adult thoracic muscle, whereas bands E
5 - 7 

were 

present as in the case of the adult. E1 
was also present. Also bands 

E
2 - 4 

were found to be absent in the larval muscles etc. They were 

found to be present in adult non-gut tissues. 

4. The peptidase pattern suggested the presence of one more 

peptidase than in the adult, peptidase F4, which appeared with an average 

mobility of 0.15 (0.9 - 2.1 cm from cathode), and was found to give faint 

esterase activity when d-naphthyl acetate was used as substrate instead 

of dl-alanine-B-naphthylamide. This additional peptidase perhaps 

corresponded to the pepsin type enzyme of the larva reported earlier by 

Greenberg and Paretsky (1958) (Fig. 30). 
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From the detailed study of various organs of housefly larva and 

adult, it appears that the major esterase El, which is widely distributed 

in larval tissues, after metamorphosis to adult, is restricted to the 

gut. Such a change in distribution of this esterase may well be 

biologically significant, however at present the reasons are obscure. 

VII. Phosphomunoesterases of housefly. 

The idea of this work arose from the fact that more hydrolytic 

a,2,tivity .Lawards orgailophospiTatrJs 1J-94.2 ice ::apor60 it c,rganophosphm -o..5 

resistant strains than in susceptible strains. This was originally 

suggested by van Asperen and Oppenoorth (1960) as one of the biochemical 

mechanisms by which some quantity of organg*Losphate is eliminated before 

exerting its toxic action. Oppenoorth (1960) postulated that the 

observed development of resistance of houseflies against organophosphates 

might be due to a single gene mutation which caused the synthesis of an 

A-type (OP-hydrolysing) esterase instead of the usual B -type (OP-suscept-

ible) which is present in the wild type. Menzel et al. (1963) reported 

that the enzymes hydroll,sing naphthyl acid phosphate were more numerous 

(3 isozymes in a resistant strain compared to 1 in susceptible strain) 

and active in the malathion resistant strain. 

In our work 2 phosphomonoesterase bands O?h1  and Ph2) hydro-

lysing 1-naphthyl hydrogen sodium phosphate were obtained in both strains 

of houseflies in 5% as well as 72% gel (Fig. 31). Densitometric observ- 
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on the phosphatase Phi  (anodic band) indicated more activity in organ-

phosphorus resistant strain SKA than in the susceptible strain (Figs. 32, 

33). Another important observation made was that these bands were 

identical with esterases E10 and E2 as they were found to hydrolyse 44-

naphthyl acetate as well. 

It may be considered significant that the esterase E2 showed 

higher activity both as a phosphatase and aliesterase resistant SKA strain 

despite the fact that all the other esterases had low levels. This 

increased activity has been estimated by densitametric measurements of the 

stained bands. 

Further characterization of these phosphomono esterases gave the 

following peculiar results: 

1. Staining, using sodium naphthyl phosphate as substrate and 

with Garnet GBC salt and without any other treatment gave the typical, 

violet phosphomonoesterase bands. 

2. Staining using pretreatment of KCN revealed no bands (typic-

ally phosphatase reaction). 

3. Staining with heat treatment also inhibited all the bands 

(phosphatases are extremely thenmolabile,so are the aliesterases). 

4. Staining with no pretreatment, but substrate prepared in 

0.001 M MgC1, gave fainter than normal bands. This is extremely import-

ant as phosphatases are normally activated in the presence of Mg
++ 
 ions 

at this concentration. Normally the aliesterases (Asperen, 1962) are 
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Fig. 32. 	Densitametric trace of phosphomonoesteraso of susceptible 

houseflies. 

Fig. 33. 	Densitametric trace of phosphomoesterase of OP-resistant 

houseflies. 
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inhibited by Me+  ions. 

The discovery that these esterases /E101(Ph2) and El(Phi)/ were 

capable of hydrolysing botharnaphthyl acetate ander-naphthyl-sodium 

hydrogen phosphate and behaving as an aliesterase and phosphatase towards 

specific inhibitors and activators proved the dual nature of this enzyme. 

Further characterization revealed that like true aliesterases, 

these esterases were extremely eserine sensitive and were observed to be 

completely inhibited at 10 5  M. A further check was made by extracting 

the enzyme at 2,000 G instead of 17,500 G to see if any additional 

enzymes appear, which may have been eliminated at higher speeds used 

previously. In order to give optimum pH for phosphokinetic activity 

(pH 9 to 9.6) the substrate sodium naphthyl phosphate was prepared in tris 

buffer for pH 9.1. The incubation time in the substrate was increased 

from 30 minutes to 2 hours at 21°C, followed by 2 hours in the dye. The 

results revealed the same two esterases in each case as have been dealt 

with before and confirmed the findings that two of the esterases in both 

the strains had phosphokinetic ability as phosphomonoesterases and that 

one of them was prese.., in higher activity in SKA strain. 

DISCUSSION 

The electrophoretic technique used in the current work has 

permitted for the first time the study of the various carboxylic ester-

ases of organophosphorus susceptible and resistant strains of housefly, 
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without the necessicity of concentrating the supernatants, which lose 

their activity if subjected to rather long processes of freeze drying or 

ultracentrifUgation. Aliesterases and phosphatases are known to be 

extremely thennolabile and in my own experience the above methods of 

concentrations have always resulted in considerable loss of enzymatic 

activity. Improvement of vertical gel-slab technique permitted the use 

of very dilute fresh samples of insect homogenate and thus ensuring max-

imum recovery of active enzymes in each ir•action. The housefly ester - 

ases have been isolated in polyacrylemide gel for the first time, therefore 

affording the opportunity of comparing electrophoretic separations of 

other housefly strains in different gel media. 

The separation of a mixture of proteins into various zones is 

known to be due to Isieve' or molecular filtration effect of gel pores 

(Raymond, 1964). The pore size of the gel is inversely proportional to 

the square root of the gel concentration and is therefore greater in the 

weaker gels (Anonymous, 1967). It would therefore appear that the gel 

consistency can be tailored to the dimensions of the molecules to be 

separated. Our attempi, to use a two-gel system for vertical slab, in 

much the same way as in disc electrophoresis has been very successful. 

Although the separation was quite adequate in 5% gel, it was found that 

by using a wider pore gel (3%) as a starting zone and a finer pore gel 

(71%) as main portion much better resolution was obtained. In the two 

gel system normally employed in disc electrophoresis, the migrating sample 
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in coarser gel at the start of electrophoresis becomes concentrat:3 into 

a narrow starting zone at the large pore/small pore interface. Separ-

ation then proceeds as a combination of electrophoresis and gel filtrat-

ion resulting in sharper resolution (Ornstein, 1964). 

A total number of 10 estercises was resolved in the organo- 

phosphorus-suscept 	strain, lYno . s(-31.Aion being sharper in two-gel 

system. Visual obscv&Lions aL 	1.onbity readings indicated that 

the first anodic band Li  was thomu3 	aliesterase. Characteriz- 

ation studies indicated that these .ostei-ase bands were due to aliester-

ase and not cholinesterase or peptidases cepntle of esteratic hydrolysis. 

The peptidases like trypsin (present 	hrnAL3eflies) can hydrolyse most 

of the substrates used for characeri?ing ca2:boxyesterases (Desnuelle 

and Savary, 1963) but in this case they wore found to be distinct"cone 

aliesterases, as they were present with entirely different mobilities in 

i the gut preparation, where only one aliesterase El  was found. The dent-

ity of these ten carboxyesterase as aliesterases is therefore unquestion-

able. 

For the first time quantitative differences have been demon-

strated on the gel between estcrases of a normal and organophosphorus 

resistant strain of housefly SKA. Cf the ten aliesterases in the normal 

strain, eight were found in the FiLii strain; all the esterases from the 

latter strain with the exception of B2  (second from the anode) showed a 

reduced level of esterase activity, as can be seen from densitometric 



recordings. This is in agreement with the fact that the resjoi.an; strain 
one 

showed / quarter the activity to methyl butyrate compared with s;ecept- 

ible strain. My results, however, differ from electrophoretic separ-

ations of Velthius and van Asperen (1963), Menzel et al. (1963) and van 

Asperen and van Majizk (1965). Velthius and van Asperen (1963) and van 

Asperen and llaji7k (l965) repoed .T1f2ximum number of ten aliesterases, 

while Menzel of al. reT,orted o.117 t-wo f.lieL,erases, besides four cholin-

esterases and two erumatic esterases. The present finding of one major 

cholinestera6c 	ten 	is in ;)artial agreement with Velthius 

and Asperen (1963) and Asperen and. Mad.7.1c (l965). However both these 

authors and Menzel et al, reported the absence of major anodic band in 

the resistant strain and thus accounted for lag aliesterase activity. 

They did not observe any differences in other esterases. In the present 

work, however, the anodic band has been found. to be present although in 

reduced level, as is the case with all the other esterases of resistant 

strain with the exception of E2. Instead of anodic band reported as 

absent in resistant strains by several workers, two bands midway between 

cathode and anode wave found to be missing, The slow aliesterase' 

phenomenon therefore appeared in the Shit. strain, not due to the absence 

of a single and most active anodic rand. but due to the absence of two 

esterases and reduction in the activity level of all the other esterases 

with the exception of one. This is presumed to be due to a single gene 

mutation which controlled the whole pattern of aliesterases. 



Another striking difference observed between the two stain 

was in the second anodic esterase, E2. The esterase appeared to be 

unusually more active in the resistant strain. This was unexplainable 

when taking into account the fact that only about a quarter of the 

esterase activity present in the SKA strain and all the other bands show 

considerably reduced activity. Mobility measurements of phosphate 

hydrolysing bands in the two strains showed that the phosphomonoesterase 

Ph1 
is the same as aliesteraseE

2' 
 . and showed higher phosphatase activity  

in the resistant strain than in the susceptible. Similarly phosphomono-

esterase Ph2  appeared to be identical with aliesterase E10. It was 

therefore concluded that phosphomenoesterases Ph1  and Ph2  are identical 

with esterases E2 and E
10 respectively, This is supported by the 

following additional facts. 

1. van Asperen (1960) reported that phosphatase type enzymes 

of the housefly show some esteratic activity towards aliphatic esters 

and also tend to be inhibited by organophosphates showing parental link 

to aliesterase from where they have originated as a result of mutation. 

In other words they tLeorized that mutation of aliesterase results in 

a new species of enzyme behaving; like a phosphatase though still retain-

ing sane esteraso dlaracteristic.'.7: 

2, The phosehatases are known to be activated by 0.001 M Tag 

(Pearse, 1961) ions but instead deactivated the enzyme in the same way 

as aliesterase. 
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In our experiments therefore, it is obvious that the increased 

hydrolysis of phosphoric esters in the SKA strain is not due to an 

additional phosphatase enzyme but due to an increased production of one 

of the esterases already present in the susceptible housefly. These 

esterases appear to be dual esterases, i.e. capable of acting as ali-

esterase for non-phosphoric esters and as phosphamonoesterase for 

phosphoric esters. Thus an increased production of this enzyme would 

increase hydrolysis of phosphoric esters in the resistant strain. 

3. Treatment with 10-5 14 TEPP totally inhibited the activity 

of all aliesterase bands; treatment with 10-4-'14 diazinon totally 

inhibited all but E14.2  (in 5% gel). This band was totally inhibited 

at 10-3 M diazinon. This is in confirmation with my work on esterase 

inhibition in vitro (discussed under lipase) where I have shown that 

diazinon at 10 4M concentration inhibits not all but 88.9% of e&terase 

activity towards ethyl butyrate. 

4, 5. The detailed study of electrophoretically separable 

aliesterases of various housefly tissues has revealed that there aa•e 

distinctly two different systems of isozymes for this enzyme. One 

consists of the major aliesterase present predominantly in the insect 

gut, while the other system consists of nine other isozymes present 

outside the gut. My histological work was the basis of this investig-

ation, as there were indications of the gut as the major aliesterase 

site. The esterase distribution in the larva differs from the adult 



143. 

in that the major aliesterase E1 
of adult is more widely distributed. 

One of the interesting things to note is that although there are same 

esterases present in the fat body, no esterase was detected in the haemo - 

lymph, although it is known that the fat body during insect development 

is the source of several proteins found in the blood (Laufer, 1960, 

Shigematsu, 1960 and Price and Bosnian, 1966). 

6. Enzymic identity of each esterase zone of houseVa,. In the 

past two decades, the chemical and physical nature of enzymic proteins 

was studied by obtaining these in pure crystalline form (e.g. Zinkham 

et al., 1966) and seaming that all of the molecules in the preparation 

were alike in regards to size, shape, amino acid composition and the 

substrates on which they acted. When these crystalline proteins were 

subjected, however, to newer techniques, a heterogeneous population of 

molecules with the same substrate specificity was discovered. This 

and other observations suggested to Markert and Moller (1959) that the 

classification of enzymes based on substrate specificity alone would 

have to be extended. For this reason they proposed the term 'isozyme' 

to describe the various molecular forms in which proteins with the same 

enzymatic specificity may exist within a single organism. Theci-naph-

thyl hydrolysing esterases have been variously referred to as isozymes 

of a particular carboxyterase or, more recently, each one as an indep-

endent esterase. For instance the ten esteratic bands in houseflies 

have been referred to as aliesterases by van Asperen and Majzik (1965), 

also by Menzel et al. (1963) and more recently by Arurak and Knowles 
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(1967, 1968). This recent tendency of referring to each electrophoret-

ically separable zone as a separate aliesterase rather than an isozyme 

of aliesterase has arisen because of the absence of information on react-

ion rate constants for each component towardsCi-naphthyl acetate. It 

would therefore be advisable to refer to them as aliesterases. 

The occurrence of molecular variation for an enzyme, has been 

found to be a general case in living organisms (Paul and Fortrell, 1961).. 

The generalization.may extend to non-enzymatic proteins and polypeptides 

as well as enzymes. For. instance species differences have been demon-

strated (using non-electrophoretic techniques) in adrenocortrophin 

(White, 1957), haemoglobin (Ozawa, 1955), Insulin (Harris et.al., 1956), 

melanocyte stimulating harmone (Ascher, 1960), Vassopressin (Popenoe, 

1950) and lactic dehydrogenase_by Hess and Walter (1961). 

A support for the true molecular identity to various species 

of aliesterases isolated in our separation canes from the fact that the 

electrophoretic pattern was unaffected by the presence of, non-esteratic 

proteins such as albumin and globulin. Since no change was observed 

doubt is cast on the possibility that these isozymes belong to the same 

molecular species, adsorbed on different non-reactive proteins, :Um 

appearing as different bands. 

• According to Paul.and Fortrell (1961), the reason for the 

occurrence of saJnany-  variants of the same enzyme probably lies in the 

existence of large areas of enzyme molecules that can vary greatly 
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without resulting in a serious loss of activity (Richards and Vithayathil, 

1959 and Smith et al., 1958), whereas other areas may be less flexible. 

There are grounds for believing that the active centres of enzymes and 

protein hormone molecules have somewhat rigorous structural limitations 

(Oosterbaan et al., 1958; Smith, 1958; Smith and Parker, 1958 and 

Neurath, 1957) yet findings such as those of Kaplan (1960) and Jolles 

(1960) suggest that even within these areas some variation may be 

canpatible with the same enzyme function. Consequently it is easy to 

appreciate the fact that while many genetic 'mistakes' may result in the 

exclusion of resulting proteins by selective pressure, many others may 

lead to variants that have full enzymatic activity and can persist. A 

number of functionally similar proteins may therefore occur throughout 

the biosphere and certain examples of isozymes may be but a local mani-

festation of this. 

7. Finally a word about the molecular weights of these various 

isozymes. As I have already pointed out in the beginning of this 

discussion, the appearance of zones in polyacrylamide gel is due to mole-

cular sieving effect ui the gel pores. On the basis of the approximate 

size of protein molecules just able to pass through a given concentration 

of gel (Anonymous, 1968) it is suggested that the molecular weight of 

the slowest esterase is near 1,000,000 (106) as this is the size which 

can pass through 3- gel. All the other esterases which could pass 

through 72% gel may have a maximum molecular weight of 300,000 (3 x 105). 
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The most anodic band would be the lighter than the ones near the origin 

of 72% gel. Thus while E6 9  would be nearer to 300,000 range, El  

which is close to mobility of albumin band (Bovine Serum albumin mut. 

67000 + 3000, White, 1968 and Human Serum albumin, mwt. 67000, Ornstein, 

1964) would have a molecular weight approaching 70,000. Bands E2 - 5 

would have intermediate mobilities (70 - 300,000). 

	

Molecular weight approx. 	106 

It 	II 	11 	3 x 105  

II 	11 	K 	3 x 105  

II 	II 	
> 

II 	II 	

7 x 104  

	

approx. 	7 x 104  

A possible explanation to high molecular weight units of 

housefly aliesterase may lie in the fact that they represent aggregation 

of subunits (each with an active esteratic and hence acylation site) 

with approximate molecular weights of 70,000. This has already been 

postulated for mammalian cholinesterase where subunits of 86,000 is 

suggested, while molecules up to 3 x 10
6 are thought to be formed by 

aggregations of these units (Oosterbaan and Jansz, 1965). 

SUMMARY 

1. An improved method of polyacrylamide vertical-slab electro-

phoresis has been developed by modifying the apparatus and techniques so 

B10 

E9 

E6-8 

E2-5 

El 
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that very dilute samples of enzymatic extracts could be used for separ-

ation without the need for preliminary concentrations. Gels of 

varying pore size have been introduced successfully as separating media 

in vertical slab technique and improved resolution obtained, as in the 

case of disc electrophoresis. 

2. Various esterases were distinguished by the use of organo-

phosphates and carbamate compounds as well as specific histochemical 

substrates. Thus cholinesterase, aliesterase, phosphomonoesterase and 

peptidases capable of esteratic hydrolysis were distinguished. 

3. A total number of ten aliesterases were isolated in the 

organophosphorus susceptible strain. Two of the aliesterases were 

found to be dual enzymes as they could act also as phosphomonoesterases. 

In the case of the organophosphorus resistant strain eight aliesterases 

were isolated, all but one showing comparatively reduced levels of 

activity; the one exception was found to correspond to one of the dual 

aliphatic-phosphokinetic esterases. The reason for increased aliphatic 

activity was correlated with increased phosphokinetic activity. This 

particular enzyme appears to take active part in degradation of organ° - 

phosphates. 

4. The study of various tissues of adult housefly revealed 

that the esterase pattern varied. The gut was found to possess the 

most active anodic band. 

5. Study on the various tissues of larval housefly revealed 
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minor differences from the adult with the exception of the fact that the 

active anodic band was of wider occurrence. Larval fat body revealed 

esterases which were not found to be released in the insect blood. 

6. The nature of isozymes is discussed. 

7. Aproximate molecular weights of various aliesterases is 

predicted on the basis of gel filtration. 
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PART III 

RADIOTRACER EXPERIMENTS. USE OF RADIOACTIVE ORGANCPHOSPHATES 

IN THE STUDY OF THE INHIBITION OF ESTERASES IN SUSCEPTIBLE 

AND OP-RESISTANT STRAINS OF HOUSEFLY 



150. 

RADIOTRACER EXPERIMENTS 

INTRODUCTION 

One of the most important aspects of these esterases is their 

comparative response to organophosphates, which would be most interest-

ing from the view point of the mode of inhibition and the part played 

by individual esterases in overall inhibition of aliesterase. In my 

previous work I had found that using diazinon at 10 14M in vitro, 

inhibited up to 88.9% of esterase activity towards ethyl butyrate, after 

which the increase in concentration of diazinon gave only a little 

increase in inhibition. It thus required about 103  PR  diazinon to 

completely inhibit all the esterase activity, as judged by qualitative 

tests, in the polyacrylamide gel. Electrophoresis of diazinon treated 

homogenate and subsequent staining with amidoblack had indicated that 

phosphorylated proteins moved with nearly the same mobility (described 

in electrophoretic separation of esterases). It was therefore thought 

that by using radioactive insecticides the phosphorylated esterases 

could be separated, -atoradiographed and counted and thus the degree of 

phosphorylation of each enzymatic band could be determined. The inhib-

ition of each esterase could then be compared to total in vitro inhib-

ition of esterases in susceptible houseflies and this could be compared 

to the situation in organophosphorus -resistant strain. 

In preliminary experiments P-32 labelled diazinon was used to 
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standardize autoradiographic technique for radioactive zones in the gels, 

also to evolve the most efficient way of recovery of phosphorylated 

proteins from the gel and an appropriate method of radioactive counting. 

As a result of these purely exploratory experiments, efficient methods 

were found and subsequent work was carried on with radioactive, diiso-

propylphosphorofluoridate (DFP). DFP which showed 100% inhibition at 

10-5 DI concentration in vitro, was chosen for two reasons. Firstly it 

is water soluble and less adsorptive on the gel and secondly, it was 

available in two radioactive forms. A tritum labelled (H-3) was found 

to be more suitable for counting experiments, as it did not decay as 

fast as P-32, while a P-32 labelled form was necessary for autoradio - 

graphic work as the ft rays from H-3 are too weak to penetrate the gel 

(H-3,15 0.018 MeV; P-32 	1.71 MeV). 

MATERIAL AND METHODS 

Insect material. 

Two housefly strains, a susceptible and an organophosphorus 

resistant SKA, were used throughout these experiments. The conditions 

of rearing of these flies has been described before. The flies were in 

the age group of 4 - 6 days. 

Homogenization. 

For aliesterase study, houseflies were frozen for 30 minutes 
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at -15°C and shaken in a flask to dedapitate. The decapitated flies 

were homogenised in 0,1 M phosphate buffer for pH 7.0 in cold, and centri-

fuged at 17,500 G for 30 minutes. Fly concentration for both strains 

was 2.7/90 pl. of the supernatant. 

Treatment. 

For autoradiography, P32 labelled diisopropylphosphorofluor-

idate (DFP-1332) with specific activity of 1c/MM obtained from Amersham 

was used. A 104 PI solution was prepared from this. 100 pl. of this 

solution was added to 900 pl. of the supernatant and allowed to react 

for 30 minutes at 20°C. 1 ml of solution was 0.41 mC. IDO pl from 

this treated enzymatic extract was used for electrophoresis in each 

slot, with total activity of 1 pC = 3.7 x 104/' cps. For comparison a 

blank consisting of a solution of DFP in 0.1 M phosphate buffer for pH 

7.0 and activity of 1 pc/100 ul. was used in electrophoresis. 

For study of in vitro inhibition of soluble proteins of house-

flies by DFP and for the electrophoresis of phosphorylated proteins for 

radioactive counting, di-isopropylphosphorofluoridate labelled with 

tritium (H 3) in the 1 and 3 positions (methyl groups) of the isopropyl 

groups, and supplied by the Radiochemical Centre, Amersham was used. 

The specific activity of the source being 1.0 curie/mM and supplied as 

5.441= source/mg. 100 pl. of 10-4  DFP-H3  with an activity of 0.1 mCAal. 

was mixed with 900 u1. of the supernatant, giving a final molarity of 
per 100 ul 

105 and an activity of 1 microcurie/(37,000 cps). The treatment with 

DFP was for 30 minutes at 20°C. 



153. 

Counting methods. 

In counting two different methods were used, method I for the 

in vitro inhibition of soluble proteins of organophosphate susceptible 

and resistant strain and method II for electrophoresis of phosphorylated 

proteins and isolation of protein bands for scintillation counting. 

Method I. From the treated homogenate, uncanbined DFP
-H3 

was extracted 

through hexane, three times. Each time 1 ml. of hexane was mixed and 
five 

thoroughly shaken for/ minutes with treated supernatant. It was then 

centrifuged at 2000 C for 10 minutes. Hexane fraction was removed by 

careful suction and the process repeated three times. The hexane 

fraction extract was finally made up to 5 ml. volume. 

The non-hexane fraction from the above was treated with 2 ml. 

of 0.1 M NaOH to digest the proteins. This was then diluted up to 5 ml. 

Method II. 100 4 1. of treated homogenate was used in each slot for 

electrophoresis. Electrophoresis was done using 5% gel and the procedure 

was essentially the same as described before. After electrophoresis the 

gel was quickly washes; in three changes of 50% acetone and then dehydrated 

after one change of distilled water and cut in strips on a gel slicer, 

by thin wire. The slicer consists of nothing but a crystallizing dish 

with a scale. The cutting was done with a fine razor blade (Fig. 32). 

The cutting was done by usually locating the principal protein bands which 
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Fig. 32. Gel slicing dish. 

had been precipitated by 50% acetone. Altogether seven such portions 

were cut. 

The proteins from each segment were recovered in the following 

way. The gel portions were first frozen at -20°C for 3 - 6 hours. It 

was found that a gel ',..►us frozen, easily homogenized in a hand homogen-

izer. The gel portions were homogenized in 2 ml. of 0.1 N NaOH and 

allowed to stand for three hours, after which they were transferred to 

a centrifuge tube. The homogenizing tube was rewashed with 2 ml. of 

distilled water and the washings added to the homogenizing tube. The 

homogenate was centrifuged at 1200 G for 5 minutes. The protein was 
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thus almost completely recovered in the supernatant, as was proven in a 

preliminary experiment in which recovery of up to 95% was obtained. The 

gel strips could not be used directly for counting as some 40% quenching 

was obtained. The above supernatants were each made up to 5 ml. 

Scintillation counting. 

The counting of the samples was done with a Nuclear Enterprise 

liquid scintillation counter. The efficiency for counting a standard 

tritium source was determined before the counting of the actual samples. 

A self-made reference syurce of DFP -H3 having a theoretical count rate 

of 3700 cps was used. The counting efficiency was found to be nearly 

10% (approx. 370 cps, the random error of counting being 3.2%). 

For hexane fractions (non-aqueous) the toluene-based scintill-

ation liquid, Ne 213, was used, while for aqueous fractions dioxane-

based Ne 220 was used. The standard practice was to add 50 ul. of 

sample to 5 ml. of scintillation liquid. Before each sample a back-

ground count rate was determined by using scintillation liquid only. 

Time for a 1000 counts was recorded so that the Random error does not 

exceed 3.2% (Faires and Parks, 1964). 

Autoradiography. 

After electrophoresis the gel was given two quick washes with 
in 

acetone to remove any uncombined DFP and rehydrated/tris buffer. The 

gel was then sliced into longitudinal strips with the aid of a fine 
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metallic wire, on a gel slicer as described before. Each gel strip was 

then laid on a glass plate and swept by the edge of filter paper until 

the surface of the gel appeared to be dry. Under Kokak safe light 

6B, an X-ray played Ilford Industrial G grade was laid on the gel and 

pressed gently. The glass plate was then lifted off carefully. The 

gel is easily transferred to the X-ray film this way. Again the gel 

was swept with the edge of filter paper to remove excess of moisture. 

Another plate was then laid on carefully from one end so that no air is 

trapped. For good contact of the gel with the two X-ray films, two 

cardboard sheets of the size of the X-ray plates, were put on each side 

and enclosed in an X-ray film holder, tightly held with sellotape. The 

film holder was then placed in the deep freeze at -15°C. If the gel is 

left at the room temperature, then the gel sticks to the film and cannot 

be removed without destroying the emulsion. When development of a film 

was desired, it was taken out of the deep freeze and left at roam 

temperature for about 15 minutes, during which time the ice in the gel 

melted and the gel could be easily removed from the plates. The plates 

were developed after io, seven and fourteen days in contact with the 

gel. Kodak D-19 B developer was used for 6 minutes at 20°C. The 

X-ray plates were then fixed for 10 minutes in lAmfix', washed for two 

hours and dried. 
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RESULTS 

I. Autoradiograohy. 

The results of autoradiography were best obtained in two day-

old exposures. Use of polar organic solvents, for example acetone, indic-

ated that a few washings of the gel prior to exposure helped considerably 

in reducing the background of the gel, whereas acetic acid could not be 

used, as the activity was seen to be decreasing, apparently due to 

hydrolysis of phosphoryl enzyme. The results are summarized as below. 

1. Autoradiographs of the phosphorylated head esterases, 

separated by electrophoresis, revealed one major, anodic, cholinesterase 

band. This had the same mobility as E1 
aliesterase. The appearance 

of the cholinesterase band was similar in both the strains (Fig. 35). 

2. Electrophoresis of the phosphorylated aliesterase indicated 

an active anodic band El, which appeared to be highly phosphorylated. 

There was considerable activity at the origin which could be due to Elo  

esterase and other immobile proteins, showing adsorbed DFP, or even 

actual phosphorylation (Fig. 36). 

Besides the above two active zones, two more but less active 

zones were found. One of them (more near the origin) appeared to be 

E8 on mobility basis, while the other one seemed to be very faint and 

could be due to esterases E7 (Fig. 36). 

The results in the organophosphorus resistant strain were very 

similar, except that the intensities of the faint radioactive band which 
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Fig. 35.  Fig. 36. 	Fig. 37. 

      

Fig. 35. Autoradiograph of fly head cholinesterase labelled with DFP-32. 

Fig. 36. Autoradiograph of aliesterases of susceptible housefly 

labelled IA.,_th DEP-32. 

Fig. 37. Autoradiograph of aliesterases of resistant housefly 

labelled with DFP-32. 

cathode (origin). 

anode. 
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Fig. 38. 	Fig. 39. 

Fig. 38. Autoradiograph of the aliesterase of the gut of housefly, 

labelled wa, 	
32a DFP . 

Fig. 39.  Autoradiograph of Free DFP-32  concentrating at solvent front 

in control experiments. 

cathode (origin). 

+: anode. 
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perhaps corresponded to Fitt  in the susceptible strain was absent (Fig. 37). 

3. Electrophoresis of the treated gut homogenate revealed the 

presence of only the major esterase E1  in both strains, as could be 

expected from previous electrophotetic separation of gut esterases 

(Fig. 38). 

II. In vitro inhibition of soluble proteins of organophosphate suscept-

ible and resistant strains with DFP 
-H3 

The results on the susceptible strain are presented in Table 22. 

Table 22. Free and combined DFP-H3  in the homogenate of susceptible 

strain of housefly. The counts are means derived from 3 replicates of 

1000 counts (the random error being 3.2%). 

DFP-H3 	i 

fraction 

Time per 1000 counts Corrected 	Counts/sec. 
(-Background) 	per total 
Counts/sec. 	sample 

Counts 
/sec. 
/fly Aliquot 1 Background 

Hexane 
fraction 
(Free DFP) 

38.4 sec. 1000.1 sec. 24.75 2475 916.5 

Aqueous 
fraction 
(combined 
DFP) 

108 sec. 	998.7 sec. 8.25 825 305.5 

i 

From the above table it is obvious that: 

a) the ratio of combined and uncombined DFP in susceptible 

strain is nearly 1 : 3; 
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b) considering the specific activity of DFP-H3 and the observed 

efficiency of tritium counting (about 10%), the approximate value of 

combined DFP is 8 x 10 4̀  FM per fly. 

The results of resistant strain are presented in Table 23. 

Table 23. Free and combined DFP-H3  in the homogenate of resistant 

strain of housefly. The cnunts are means derived from 3 replicates of 

1000 counts (the random error being 3.2%). 

DFP -H3 

fraction 
t 
Time per 1000 Counts 

t 
Corrected 

(-Background) 
Counts/sec. 

Counts/sec. 
per total 
sample 

1 
C9unts 
/sec. 
/fly 

. 
Aliquot 	Background 

r 

Hexane 
fraction 
(Free DFP) 

... 

37.7 1498.9 28.151  2815.1 1042.7 

fraction 
, (combined 

209.2 

Aqueous 
 

1500.0 

, DFP)  

4.114 411.4 152.37 

Fran the above data it is obvious that: 

a) the ratio of combined and uncombined DFP in the OP-resist-

ant strain of housefly, after treatment with 105 M DFP, is 1 : 6.8; 

b) considering the specific activity of DFP -H3  and the observed 

efficiency of tritium counting (about 10%) the approximate value of 

combined DFP is 	4.1 x 10-4  1241 per fly. 

Although DFP and other organophosphates are known to react with 
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a variety of proteins and fats in the insect, the differences in the 

recovery of DFP in non-hexane fractions of susceptible and resistant 

strains clearly indicate that total bound DFP in the resistant strain 

was about 5 of that of the susceptible strain. Since it is fairly 

established that one of the most organophosphate susceptible enzymic 

proteins, the aliesterase, is present in reduced quantity in the resist-

ant strain, it is possible to conclude that the observed differences in 

the quantity of DFP in non-hexane fractions in both strains may have 

been to a large extent, if not entirely due to different quantities of 

phosphorylated allesterase. 

III. Results of electrophoresis of phosphorylated soluble proteins, the 

main objective being the determination of the extent of combined DFP  

with El  isozvme as seen in autoradiographs. 

The results of electrophoresis of treated homogenate of 

susceptible strain are presented in Table 24 and those relating to the 

electrophoresis of DFP alone as control, in Table 25. 
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Table 24. Recovery of DFP
-H3  from protein fractions of susceptible house- 

fly in the gel. The counts are derived from 3 replicates of 1000 counts 

(the random error being 3.2%). 

Sample Time/1000 Counts Corrected 	_Counts/sec. 
(-Background) 
counts/sec. 
/aliquot 

/total 	' 
sample 

e. 

Length of 
the gel 
portion 

Counts/10 
sec./mm. No. 

aliquot Background 

1 350.8 1250.0 2.05 205 10 205 	, 

2 313.4 1231.5 2.174 217.4  20 108.7 

3 255.9 1307.1 3.142 314.2 20 157.1 

4 205.0 1236.0 2.855 285.5  25 114.2 

5 258.6 1215.0 2.657 265.7 10 265.7 

6 85.7 ' 1234.5 10.851 1085.1 10 1085.1 

7 = 315.5 ' 1215.6 2.341 234.6  15 156.4 
t 



164. 

Table 25. Recovery of free DFP -H3 (electrophoresis of free DFP) from 

gel portions corresponding to various protein zones, as in Table 25. The 

counts are derived from 3 replicates of 1000 counts (the random error 

being 3.2%). 

Sample' Time/1000 Counts 1 	Corrected 	' 
(-Background 
counts/sec. 
/aliquot 

Counts/sec. 
/total 
sample 

Length of 
the gel 
portion 

Counts/10 
sec./mm. No. 

Aliquot Background 

1 559.0 T 	1300.5 1.000 100 10 100.0 

2 275.4 1246.8 2.026 2D2.6 20 101.3 

3 267.6 1221.0 2.098 209.8 20 104.9 

4 279.4 1266.1 2.790 279.0 25 111 6 

5 536.1 1259.4 1.071 107.1 10 107.1 

6 108.9 1247.1 8.376 837.6 10 837.6 

7 330.1 1231.5 1.810 181.0 15 120.7 

The actual quantity of combined DFP in the susceptible strain 

with various protein zor..6. in the gel is tabulated below. 
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Table 26. (Derived from Tables 24 - 25.) 

Sample Counts /10 sec./mm. 

No. Protein fraction 
(A) 

Free DFP 
-H3 

fraction 
(B) 

Combined DFP -H3 

(A -B) 

1 205.0 100.0 105.0 

2 108.7 101.3 7.4 

3 157.1 104.9 42.2 

4 111.6 114.2 2.6 

5 265.7 107.1 158.6 

6 1085.1 837.6 247.5 

7 156.4 1231.7 35.7 

The results of electrophoresis of treated homogenate of resistant 

strain are presented in Table 27, while electrophoresis of DFP alone as 

control, in Table 25. 
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Table 27. Recovery of DFP-H3 from protein fractions of resistant housefly, 

in the gel. The counts are derived from 3 replicates of 1000 counts. 

(The random error being 3.2%). 

Sample. Time/1000 Counts Corrected 
K -Background) 
countilsec. 
/aliquot 

Counts/sec. 
/total 
sample 

Length of 
the gel 
portion 

Counts/10 
sec./mm. 

No. Aliquot Background 

1 365.1 1262.6 2.111 211.1 10 211.1 

2 332.2 1277.1 2.224 222.4 20 111.2 

3 265.5 1107.0 2.94 294.8 20 147.4 

4 262.1 1239.1 3.007 300.7 25 120.2 

5 461.0 1250.0 1.369 136.9 10 136.9 

6 112.9 1254.7 8.056 805.6 10 805.6 

7 285.5 1277.1 2.719 271.9 15 181.2 
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Table 28. Recovery of free DFP-H3 (as control) from gel portions corresp- 

   

onding to various protein zones, as in Table 24. The counts are derived 

from 3 replicates. 	(The random error being 3.2%). 

Sampli Time/1000 Counts 	! 
4 

Corrected 
-Background) 
counts/sec. 
/aliquot  

Counts/sec. 
/total 
sample 

Length of 
the gel 
portion 

Counts 10 
sec. mm. 

No. 	!AliquotjBackground 

1 526.0 1251.5 1.102 110.2 10 110.2 

2 270.5 1236.2 2.026 202.6 20 101.3 

3 276.5 1285.5 2.098 209.8 20 104.9 

4 221.0 1270.6 2.555 255.5 25 102.2 

5 534.3 1253.1 1.073 107.3 10 107.3 

6 132.2 1248.4 6.763 679.3 10 679.3 

7 321.5 1250.0 1.908 190.8 15 127.2 

The actual quantity of combined DFP in the resistant strain 

with various protein zones in the gel is tabulated below. 



168. 

Table 29. (Derived from Tables 27 - 28). 

Sample 

No. 

Counts/10 sec./mm. 

Protein fraction 
(A) 

Free DFP -H3 fraction 
(B) 

Combined DFP -H3 

(A -B) 

1 211.1 110.2 , 	100.9 
_ 

2 111.2 101.3 9.9 

3 147.4 104.9 42.5 

4 120.2 102.2 18.0  

5 :136.9 107.3 29.6 

6 805.6 679.3 126.3 

7 181.2 127.2 * 	54.0 

The entire results are plotted in Figs. 40 and 41. It is quite 

obvious looking at them that the major site of phosphorylation is El' or 

the most active anodic aliesterase. Unfortunately this active zone is 

also occupied by the solvent front (a concentrated zone of leading ions 

in the solution) where some of the free DFP 
-H3 

is also concentrated perhaps 
non-protein 

due to formation of complex with/substances from the homogenate and other 

leading ions in the buffer system. The overlapping of the zones makes the 

differentiation between activity due to the labelled enzyme and that due 

to free DFP difficult; however, a closer study reveals that activity in 

this zone, is always higher in the electrophoretic separation of DFP-H3 
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Fig. 40.  Histogram of phosphorylated proteins of susceptible strain 

of housefly derived from experiments with DFP
-H3 

 

200. 

z 
O 

100 

50 

• I 

2 3 4 5 6 7 8 9 10 

Fig. 41.  Histogram of phosphorylated proteins of resistant strain of 

housefly derived from experiments with DFP
-H3
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treated homogenate than electrophoresis of only DFP-H3. This is illustr-

ated in Table 30 where actual recovery in three replicates of zone 6 

(Sample No. 6, see Tables 27 and 28) of the zymogram of resistant strain, 

indicates higher DFP in each protein fraction compared with pure DFP 

fraction. 

Table 30. 

Replicate Counts/10 sec. 
1 

No. 	r Protein fraction Free DFP 
-H3 

fraction Combined DFP -H3 

(A) (B) (A -B) 
_ ,... 

I 762.5 630.1 132.4 

II 864.1 745.6 118.5 

III 790.3 662.2 128.1 

Mean 805.6 679.3 126.3 	
,. 

 

Further evidence of phosphorylated E1  band comes from examining 

the autoradiographs of free DFP -H3 electrophoresis, which shows rather 

diffused and fainter active zone, whereas autoradiograph of treated 

homogenate showed more concentrated zone at the site of El  band (Fig. 39). 

The degree of phosphorylation is considerably higher in the 

susceptible strain (Table 27). The second active area is the origin, which 

must be showing either phosphorylation reactions or a combination of both 

adsorption of DFP on non-enzymic components in the homogenate. The third 
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zone which was found to consist of two radioactive zones, perhaps indicating 

phosphorylation of esterases E
8 
and E

7 
in susceptible strain, showed no 

significant differences quantitatively from the corresponding zone in the 

resistant strain showing only one (Es) radioactive zone in the autoradio-

graph. One explanation of this lies in the fact that these bands were 

not measured separately but a zone of gel, 3 - 5 cm. fram the origin, was 

measured in the case of each strain. It could be concluded fram this, 

that although there exists a difference in resistant and susceptible strains, 

owing to the absence of E
7 

in the resistant strain (based on autoradiography) 

the overall activity in the zone of the gel corresponding to these bands 

(E8 - 7
) in both strains of housefly by liquid scintillation counting tends 

to suggest that these enzymes may not be significant in organophosphorus 

resistance. 

The E
1 

isozyme seems important from the phosphorylation point of 

view as it showed almost 50% activity in the resistant strain as could be 

seen in Figs. 40 and 41. 

DISCUSSION 

The results indicate that our attempt to separate various esterases 

after their inhibition with organophosphate, has been very successful. A 

review of the literature reveals that there has been no attempt so far to 

separate phosphorylated proteins, electrophoretically. The success in 

electrophoretic separation of reacted proteins could be most certainly 
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utilized for reactions other than phosphorylation, This technique thus 

affords a new tool to study metabolic pathways and chemical reactions between 

proteins, both enzymic and non-enzymic with a score of interesting chemicals. 

The autoradiography of the electrophoretically separated phosphoryl-

enzymes revealed that some DFP was itself adsorbed on the gel, and could not 

be completely removed under the electric field, although most of the free 

DFP was found to have run into the anodic buffer tank; some also concen-

trated at the solvent front in the gel, where other leading ions concentrate 

during electrophoresis. The adsorption of DFP on polyacrylamide gel was 

obvious when attempts were made to inhibit the enzymes after electrophoresis. 

In such experiments the autoradiographs were absolutely black, showing a very 

high background. Attempts to wash the adsorbed DFP -32 away with the polar 

organic solvents like acetone, did remove some but the adsorption was so 

great that the inhibited bands could not be resolved. The electrophoresis 

of phosphorylated proteins, however, was far better, since the background 

could be lowered sufficiently by using acetone for the bands to be readily 

resolved. Polar solvents like acetic acid could not be used to reduce the 

background because they released some of the combined DFP. A few quick 

washes of acetone, however, were found to be a reasonable aid in resolving 

the radioactive bands in the gel. 

The autoradiographs indicated clearly that the most active anodic 

esterase band E1 was the most phosphorylated enzyme. This zone was 

unfortunately also occupied with free DFP -H3 as seen in the control runs. 
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However, the activity due to labelled enzyme and free DFP could be distin-

guished as discussed in the Results. Scintillation counting revealed 

that this band represented twice as much phosphorylation in the susceptible 

strain as in the resistant strain. 

The next active zone is 3 to 5 cm. from the origin. In auto-

radiographs this appears to comprise two bands, separated well apart; the 

zone near the origin being more intense and therefore showing more phosphoryl-

lation. This zone corresponds to the E8  bands in the susceptible strain 

while the other corresponds to E7. In the case of the resistant strain, 

this zone showed the presence of only one radioactive band corresponding 

to esterase E
. 

This confirms the fact that E
7 
is absent in the resistant 

strain (discussed earlier in 'Electrophoretic separations'). Liquid 

scintillation counting of these zones, however, revealed that phosphorylation 

of esterases E8 - 7 
in the susceptible strain did not differ significantly 

from phosphorylation of esterase E
7 
in the resistant strain. 

The third active zone is the origin itself where a lot of DFP is 

present. There could be several explanations to this, one being the 

adsorption of DFP itself J.nd another being the adsorption of DFP on non-

enzymic proteins, which do not move electrophoretically and thus remain 

more or less near the origin. The basis of such complexes could be 

adsorption or even phosphorylation, as it has been demonstrated already that 

some of the proteins (non-enzymic) from plasma and red cells are labelled 

after injection of human subjects with non-toxic doses of DFP 
-32 

(Cohen 
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and Warring, 1954). 

The electrophoretic separation of gut esterases after phosphory-

lation also revealed that the major site of phosphorylation in organo-

phosphorus susceptible strain was the esterase El. The radioactive zones 

E6 8  which appeared in the whole body homogenate did not appear. These  

results thus confirmed earlier work which suggested that in the gut of the 

houseflies the most active band wds the esterase El. 

In vitro experiments on the homogenate of the housefly revealed 

that if the entire aliesterase of the housefly is inhibited, then the 

phosphorylated proteins in the susceptible strain were quantitatively twice 

as great as in the organophosphorus resistant strain, SKA. It is 

interesting to note here that although on the basis of phosphorylation (if 

we assume one active site/enzyme molecule) twice as much aliesterase is 
while 

available in the susceptible strain as in SKA, / .on the basis of ethyl 

butyrate hydrolysis more than three times aliesterase is present in the 

susceptible strain (activity in yl. of 0.05 M Na0H/30 min./fly being 619 

susceptible strain, 178 resistant strain, SKA). There could be but one 

explanation to this pher. ,enon. We know from our work on electrophoresis 

of these esterases that the aliesterase of the housefly is of heterogeneous 

molecular nature and comprises a system of perhaps closely related proteins. 

It may be that following a mutation, one of the active constituents respon-

sible for optimum ethyl butyrate hydrolysis is reduced, whereas the most 

susceptible esterase (i.e. El) whose rate of hydrolysis of ethyl butyrate 
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is lower is not reduced to the same extent. This is a mere hypothesis and 

may have some entirely different explanation. 

The above conclusions on these in vitro experiments are based on 

the assumption that during electrophoresis the phosphorylated aliesterase 

did not hydrolyse significantly, however, such a possibility cannot be ruled 

out. This type of work therefore needs further investigation, especially 

with different conditions of electrophoresis in which the leading ions 

in the conducting solution (where free DFP was present) are resolved from 

the leading protein band. This would thus clearly distinguish between 

activity due to free DFP and combined DFP. 

SUMMARY 

1. A new method has been found to characterize the various 

molecular species of aliesterase, which consists of the separation of 

radioactively labelled phosphorylated esterase by electrophoresis. This 

method could be exploited to study chemical behaviour of an individual 

constituent of a single enzyme. 

2. It has been found, through autoradiography of phosphorylated 

enzymes, that out of ten aliesterases in the housefly, that• which binds 

most organophosphate poison is the esterase El, followed by minor activity 

of esterases E8 - 7
. Extremely little activity is shown by the radioactive 

zone corresponding to esterase E7  in the susceptible strain and is absent 

in the resistant strain of housefly. 
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3. Actively phosphorylating band esterase E1 
is present largely 

in the gut, and so the gut is the most active site of phosphorylation of 

esterases other than cholinesterase by organophosphates. Since quantit-

ative differences have been found in resistant and susceptible strains 

in the housefly due to this major enzyme, it is concluded that this is 

the most active aliesterase associated with the build-up of organo - 

phosphate resistance. 

4. On the basis of liquid scintillation counting, the resistant 

flies showed about 50% phosphorylated proteins compared to the suscept-

ible strain. The significance of this finding has been discussed. 
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GENERAL DISCUSSION 

The present work has clearly confirmed that there is a distinct 

enzyme, aliesterase, in houseflies, causing almost 100% hydrolysis of 

esters such as ethyl butyrate, and this enzyme can be clearly disting-

uished from other carboxy esterases of the B -group such as lipases and 

peptidases. It has also been demonstrated that the 'low esterase' 

activity encountered in organophosphorus resistant strain, is entirely 

due to aliesterases and that there is no contribution from the esterase 

activity of other B-esterases, the lipases and peptidases. 

The investigation into the nature of lipase activity has 

revealed extremely little hydrolytic activity towards fats and oils, 

This activity could only be detected in extremely concentrated housefly 

hamogenates. An earlier work of Baker and Paretsky (1958) had shown 

no such activity. Regarding substrates such as Tributyrin, this was 

found through organophosphate inhibition to be hydrolysed by both ali-

esterase and lipase and not by lipase (Baker and Paretsky, 1958) or 

aliesterase (van Asperen, 1959) alone. It is assumed that a little 

hydrolysis of fats a/A oils and triglycerides would help in the emulsif-

ication of the bulk of non-hydrolysed fats, in the free fatty acids. 

It is considered that such an emulsification must be the main mechanism 

of absorption of fatty material through the alimentary canal of this 

insect. 

Studies on the distribution of aliesterase activity showed up 
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to 85% of total activity to be present in the trunk (thorax and abdomen 

only) of the two housefly strains. These figures are higher than those 

of an earlier work by van Asperen (1958) who reported 75% activity using 

some other housefly strains. My conclusion is that this indicates a 

genetic difference. The aliesterase activity of the gut was found to 

be more than half (Ca 55%) of the total activity, in confirmation with 

our histochemical findings. It appears that the remaining 45% is 

widely distributed in connective tissues, muscles etc., a result also 

in agreement with histological work. 

Investigations of the pattern of recovery from malathion 

inhibition reveal that aliesterase in the housefly recovers more slowly 

than the cholinesterase. As can be seen from my work there is same 

evidence that recovery of both esterases may involve at least two 

processes, one a short term recovery of same part.  of the inhibited 

enzyme plus a persistent resynthesis. This short term recovery is more 

pronounced in the case of cholinesterase. 

Electrophoretic separation of soluble esterases using poly-

acrylamide gels has , Juonstrated the heterogeneity of aliesterase in 

houseflies. It has been demonstrated that a total number of ten 

esterases, all reacting as aliesterases can be resolved in the suscept-

ible strain, but only eight in the SKA organophosphate resistant strain. 

I have found that low aliesterase activity in R-strain is not due to 

the absence of the major anodic aliesterase band as reported by Menzel 
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et al. (1963) and van Asperen and van Majizk (1965) but due to the 

reduced levels of seven aliesterases out of eight present. The anodic 

band is present in the R -strain. Again the results of Menzel et al. 

(1963) are very conflicting as they reported as many as four cholin-

esterases and only two aliesterases, in contrast to the work of Velthius 

and van Asperen (1963) and van Asperen and van Majizk (1965) who reported 

only one cholinesterase and a maximum number of ten aliesterases. Our 

findings are in general agreement with van Asperen's work, as far as 

the isozymic nature of ChE (cholinesterase) and AliE (aliesterase) is 

concerned. The absence of the major anodic aliesterase band in R-flies 

was attributed by Menzel et al. (1963) to the appearance of two more 

phosphatase bands in the R -strain, as compared with the susceptible. 

Their findings were in agreement with the mutant-aliesterase hypothesis 

of van Asperen and Oppenoorth (1960). As I have already pointed out 

the zymogranmatic picture of R-strain SKA is different from that 

previously reported for other strains. We conclude that the hypothesis 

that the reduction in aliesterase activity typical of organophosphate 

resistant strains is d_e to the absence of one major aliesterase - a band 

(as postulated by van Asperen and co-workers) is not universal for all 

R-strains. 

The enzymatic nature of increased phosphatase activity is 

different in the SKA strain from other strains previously studied by 

Menzel et al. (1963). Their findings were that the low aliesterase 
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activity is due to absence of a major aliesterase (anodic) which is 

replaced by mutated, phosphatase-type enzyme. Thus they showed three 

phosphomonoesterase bands in R-strains compared to two in susceptible 

strain. In our work this pattern was not found. First of all the 

major anodic band (aliesterase E1) was present in R-strain and seven out 

of eight bands present in the R-strain showed reduced level of activity. 

The exceptional esterase E2  showed higher esterase acti7ity in the 

resistant strain, 	than the corresponding enzyme 

in the susceptible strain.. 

Mobility measurements of phosphate hydrolysing bands in the 

two strains showed that the phosphomonoesterase Ph1 
has the same mobility 

as aliesterase E2 and Ph2 
the same as E10. In the resistant strain, 

the band Ph1 
showed higher phosphokinetic activity. This hand is 

identical with aliesterase E2, which also iibited a higher aliesterase 

activity than the corresponding band in the susceptible strain, I 

therefore concluded that phosphomonoesterases Phi  and Ph2  were identical 

with aliesterases E2  and Elo  respectively. This is supported. by the 

following additional . acts. 

1) van Asperen (1960) reported that the phosphatase of house-

fly (accounting for 1 - 20 hydrolytic activity) show same esteratic 

activity towards aliphatic esters and also tend to be inhibited by 

organophosphates at higher concentrations, a feature unusual for a true 

phosphatase. According to him this showed a parental link to aliester- 
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ase from which the phosphatase may have originated as a mutation. In 

other words he theorized that a mutation of aliesterase resulted in a 

new species of enzyme behaving like a phosphatase though still retaining 

some aliesterase characteristics. 

2) True phosphatases are known to be activated by 0.001 MMel-

ions but in our work were instead deactivated slightly. The aliesterases 

are known to react in this way to Mg*  ions. 

3) van Asperen (1960) demonstrated that the phosphatase was 

as thermolabile as aliesterases. 

In the light of the data that I have presented, it appears that 

the two phosphomonoesterases present are in fact enzymes of dual substrate 

characteristics, i.e. they hydrolysed 1-naphthyl acetate as well as 

naphthyl phosphate, and therefore appeared both as an aliesterase and a 

phosphatase. This additional property (to act as a phosphatase) of 

one of these isozymes is responsible for increased hydrolysis of toxic 

phosphoric esters in R-strain. The hydrolysis of phosphate esters, 

probably follows the same pattern as carboxylesters by aliesi-,e:c.,1se. An 

acyl-esterase intermecUlte is formed which then reacts with water directly 

to liberate the acid and daughter products of the ester. This is the 

mechanism of B-esterases to which aliesterase belong but in the case of 

phosphatases, the phosphoryl enzyme must form an intermediate complex 

with water before liberation of the phosphate (Oosterbaan and Jansz,1965). 

If this second ability (to form complex with H2O to bring a proper contact 
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on the enzyme surface near enzyme phosphoryl bond) can be acquired by the 

aliesterase, then it could also function as a phosphatase. It would 

therefore explain the dual nature of the enzyme, i.e. phosphatase in 

the sense that it hydrolyses organophosphatic esters but through a 

mechanise basically similar to that followed by aliesterase. This would 

completely explain the aliesterase properties of the phosphatase of the 

housefly. 

Out of the various aliesterases separated, the most anodic 

esterase E1, appears to be the most active, from visual as well as the 

densitometric observations. 	This is further confirmed from 

radiotracer work, involving electrophoretic separation of phosphorylated 

esterases. This clearly indicated that the anodic band E1, was the 

most organophosphorus susceptible esterase. Furthermore, this esterase 

was found in the gut, suggesting that the gut was the site of the most 

important organophosphorus-susceptible aliesterase. Occurrence of 

esterase (other than lipase) capable of splitting short chain aliphatic 

esters can suggest an eliminatory role. Thus it is well known that 

the sintramucosalmon:,61yceride lipase' in mammals, rapidly hydrolyses 

the short chain esters and this selectively results in the removal of the 

shorter esters. Since they are not readily activated and re -esterified, 

they are eliminated from the portal circulation and do not appear in the 

haemolymph. Since aliesterase can hydrolyse monoglycerides etc. and is 
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present in the gut in intramucosal region(as shown histochemically), 

we could assume that they take part in the removal of undesired esters. 

Regarding the other aliesterases, they seem to be more generally 

distributed throughout the insect. There are two possibilities; either 

all of them have one physiological function or else each one or each group 

(from their appearance in pairs and groups on the zymogram) has distinct 

physiological functions. We have to date no information on the natural 

substrates for these enzymes, but looking at their substrate specificities, 

we feel that perhaps the various isozymes act differently on different 

substrates. Housefly aliesterases, considered as a whole, hydrolyse 

ethyl butyrate readily but ethyl acetate almost negligibly (Shatoury, 

1963). We might assume from this result that this is owing to the fact 

that butyrates are preferred to acetates, but again naphthyl acetate 

is hydrolysed very rapidly, and phenyl acetate more than ethyl:Acetate. 

If these results were due to one enzyme, we might expect that butyrates 

would hydrolyse faster than propionates, which in turn would hydrolyse 

faster than acetates; but naphthyl acetate breaks the rule. Again a 

higher aromatic group _esults in higher esteratic activity (i.e. naphthyl 

faster than phenyl), while a lower aliphatic radical results in higher 

activity (methyl butyrate is hydrolysed faster than ethyl butyrate). 

These conflicting results can be explained most simply if we assume that 

they are due to a mixture of various aliesterases (as shown by electro—

phoretic separation) showing various order of preferences towards carboxyl 
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(acetate or butyrate etc.) or acyl (naphthyl, ethyl etc.) moeities. This 

would explain easily why naphthyl acetate is hydrolysed as fast as ethyl 

butyrate, while ethyl acetate is not attacked. This would be in complete 

agreement with the electrophoretic separation of various independent 

aliesterases. 

If we can accept the fact that aliphatic ester and aromatic 

ester hydrolysis in the housefly is due to a number of different ali-

esterases, then we can theorize that these are present in various tissues 

to hydrolyse lipids and other aliphatic esters, and each aliesterase or a 

group of aliesterases is involved in selective hydrolysis of a certain 

kind of carboxyesters. The hydrolysed products either serve the purpose 

of elimination (as intramucosal monoglyceride lipase of mammals) of 

undesired short chain esters, or else the hydrolysis serves the purpose 

of integrating some fatty acids into a metabolic cycle. Unfortunately 

nothing more conclusive can be said at this stage in the absence of 

knowledge of the natural substrates for these enzymes, although it is 

known that aliesterases hydrolyse such variety of esters as fatty acid 

esters (up to C12  as F. yl number) butryl lactones, acylesters of naphthol, 

acyl esters of glycerol and monoglycerides (Oosterbaan and Jansz, 1965). 
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GEMRAL SUMMARY 

1. Histochemical work on housefly carboxylesterases has shown 

that aliesterase activity is found principally in the gut, and to a 

lesser extent in the epidermal cells region in the abdomen, intermuscular 

connectives in the thorax and flight muscles. 

2. Using titrametric methods, it was demonstrated quantitat-

ively that the gut was the most active site of aliesterase activity and 

it accounted for about 54.9% of the total esterase activity towards 

substrates like ethyl butyrate. The organophosphorus resistant strain, 

SKA, exhibited only 28.7% of esterase activity of the susceptible strain. 

3. In the resistant strain the distribution of aliesterase 

activity in the insect body was nearly the same as in the susceptible 

strain, except that slightly higher aliesterase activity was present 

in the head. The relative percentages of total activity contributed 

by head, thorax and abdomen in the susceptible strain were 11.2%, 38.7% 

and 50% respectively, and in the resistant strain, 15.7%, 37.0%, and 

45.5% respectively. 

4. Using titrametric and manometric determinations it was 

shown that the lipase in housefly caused extremely little hydrolysis of 

higher triglycerides, fats and oils; this activity was so low that it 

could be detected only in the combined extracts of very large numbers of 

flies. 
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5. On the basis of different rates of hydrolysis of two 

substrates, ethyl butyrate and tributyrin and their different level of 

inhibition by the organophosphate diazinon, it was concluded that two 

carboxy esterases, i.e. an aliesterase and a lipase, were involved. 

While ethyl butyrate was entirely hydrolysed by aliesterase, tributyrin 

was hydrolysed by both, though to a greater extent by the lipase. No 

significant difference was found between the susceptible and organo - 

phosphorus resistant strains as far as the esterase hydrolysis due to 

lipase was concerned. 

6. An investigation into the possible role of peptidases in 

the hydrolysis of certain esters gave negative results. It was, however, 

found that a trypsin type of peptidase was present in the housefly which 

could hydrolyse specific carboxyesters having an arginine or lysine 

group. This hydrolysis could not be related to the 'low aliesterase' 

phenomenon in resistant strain, as the level of such a hydrolysis was 

found the same in both the strains. 

7. An attempt to study the nature of the rate of recovery of 

aliesterase, revealed .nat the aliesterase recovery in vivo was slower 

than the cholinesterase recovery. There is some evidence that recovery 

of both esterases may involve at least two processes, one a short term 

recovery of sane of the inhibited enzyme plus a persistent resynthesis. 

This short term recovery was more pronounced in the case of ChE. 

8. The work on distribution of esterase activity in various 
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parts of houseflies, in a susceptible and organophosphorus resistant 

strain, and studies on esterase hydrolysis by lipase and peptidases has 

clearly indicated that a distinct class of B -esterase, an aliesterase, 

is present in the houseflies and is predominant in the gut. This 

esterase is the only one to be responsible to the low aliphatic ester 

hydrolysis in the organophosphorus resistant strain. 

9. The electrophoretic separation of various esterases in 

the housefly on polyacrylamide gel has shown that there are as many as 

ten aliesterases in the susceptible strain; the most active being the 

anodic band. Two of these aliesterases also showed very weak phospho 

kinetic properties. In the organophosphorus resistant strain SKA, 

eight out of ten enzymes were present. The active anodic band was 

present, but all the esterases except one showed reduced levels of the 

enzymic activity. The low aliesterase activity was thus not due to 

the absence of the active anodic band in the SKA strain (contrary to the 

findings of other workers in other organophosphorus resistant strains) 

but due to reduced levels of seven out of eight esterases. 

10. One of 	isozymes of aliesterase E2,which was present 

unexpectedly in higher quantity in the resistant strain, was found to be 

a dual enzyme, as it also showed phosphatase activity. Another isoenzyme 

(E
10) less active in the SKA strain, also had this dual nature in both 

susceptible and resistant strains. These esterases were capable of 

hydrolysing both 1 -naphthyl acetate and sodium-naphthyl phosphate. A 
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higher level of the aliesterase activity of this enzyme E2  in the resist-

ant strain was correlated with a higher phosphatase activity. 

11. Besides the aliesterase, one major cholinesterase and 

three peptidases were demonstrated. 

12. It has been shown that the gut was the major site of the 

most active anodic aliesterase band, El, while the other esterases 

occurred elsewhere in the insect, in muscles and connective tissues. 

13. The total number of esterases in the housefly larva was 

the same as in the adult but with slightly different mobilities. The 

distributional pattern within the larva varied from that of the adult. 

The gut not only had the major anodic aliesterase, El, it had at least 

three more esterases. The fat body possessed esterases, but unlike 

the situation in other insects, it did not release any of these esterases 

in the haemolymph. 

14. There were four peptidases in the larva, compared with three 

in the adult. 

15. It was further demonstrated that the esterase bands were 

isolated, very probabl; possessed distinct identities and were not due 

to the adsorption of a single enzymatically active protein on a range of 

non-enzymic proteins. Thus the presence of large quantities of the 
serum 

proteins,bovine serum albumin and human,/ globulin did not affect the 

esterase pattern. 

16. On the basis of gel filtration, a sequence of electrophoresis 
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of proteins of different molecular dimensions through various pore sizes 

of the gel, approximate values for the molecular weights of various 

aliesterases has been predicted. 

17. Whereas the esterase activity towards carboxyesters was 

nearly four times greater in the susceptible than in the resistant 

strain, estimates of the quantities of soluble proteins reacting with 

DFP -H3  in homogenates (i.e. 'bound' phosphate) showed a factor of only 

two. 

18. A new method is described for studying inhibition of each 

aliesterase isozyme with organophosphates. This followed from the 

discovery that the phosphorylated proteins moved electrophoretically at 

the same rate as untreated enzymes. The autoradiography of P
32 labelled 

DFP-phosphorylated esterases revealed that the active anodic esterase, 

E
l' 

was the most organophosphate susceptible, as judged by the quantity 

of phosphate bound, followed by two more isozymes (in the case of the 

resistant strain only one, corresponding to Es), in which smaller 

quantities of bound phosphate were detected. No bound phosphate could 

be detected associate'. with the remaining isozymes. 

19. Liquid scintillation counting of esterase zones, inhibited 

with tritium labelled DFP, indicated that almost twice as much activity 

was present in the most anodic and active aliesterase, E1, in the 

susceptible strain, compared to the resistant strain. There was no 

significant difference in the extent of phosphorylation due to other 
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isozymes, in the two strains. 

20. It is therefore obvious that out of ten isozymes of ali-

esterase enzyme in the susceptible strain, and eight isozymes in the 

resistant strain, only one major anodic esterase appears to be partic-

ularly important, as it is phosphorylated to a much greater extent than 

the others. This esterase is predominantly present in the gut of the 

housefly. 

21. The possible role of the different esterases hydrolysing 

EX-naphthyl acetate is discussed. It is suggested that the different 

aliesterases are not true isozymes but have different substrate specific-

ities. There is some evidence which may support this hypothesis. 
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APPENDICES 

Table 2a. Distribution of esterase activity in susceptible houseflies. 

Insect 

Portion 

Substrate 

1 

lActivity injul. of 0.05M Na04/30 min. 

I 1 	II III 	Iv 

Head 
Acetylcholine 87  78 89 80 

Ethyl butyrate 47 , 	53 50 46 

Acetylcholine 15 17 16 	12 
Thorax 

Ethyl butyrate 243 250 210 	263 

Acetylcholine 3 	t 	3 5 	1 	2 
Abdomen 

 i 

. 
Ethyl butyrate 335 	305 313 327 

Table 2b. Distribution of esterase activity in OP-resistant houseflies. 

Insect 

Portion 

Substrate Activity in pl. of 0.05 M NaOH/30 min.1 

I 	f 	II 	III 	IV 

Acetylcholine 80  .87 83 90 
Head 

Ethyl butyrate 	32 3o 24 26 

Acetylcholine 12 16 15 13 
Thorax 

i Ethyl butyrate 60 76 61 67 

Acetylcholine 	4 5 	2 
Abdomen 

Ethyl butyrate 	85 81 89 81 
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Table 3a.  Esterase activity in the gut of susceptible houseflies. 

Insect 

Portion 

Substrate 

I 

Activity in p3— of 0.05 M NaOH/30 mind 

I II 	III 	i 	IV 

Gut 
Acetylcholine 

Ethyl butyrate 327 355 	333  345 

Whole 

Abdomen 

Acetyl choline 

Ethyl butyrate 

4 

302 

6 

318 

2 

313 

 2 

327 

Table 3b. Esterase activity in the gut of OP—resistant houseflies. 

Insect 

Portion 

Substrate Activity in )I1. of 0.05 M NaOH/30 min. 

I 	f 	II 	1 	III IV 

Gut 
Acetylcholine 

Ethyl butyrate 

— 

87 

— 

I 
	

90 

— 

 94 

— 

85 

Whole 

Abdomen 

Acetylcholine 

Ethyl butyrate 

5 

74 

3 

77 

2 

85 

3 

83 
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Table 7a. Titrometric estimation of lipase activity using various 

enzyme sources. 

Enzyme Source Activity in pl. of 0.05 M NaOH/30 min. 

I II III 	IV 

Hog pancreas lipase 315 325 334 306 

Lucilia sp. 154 132 140 158 

Musca domestica 25 23 24 20 	i 

Table 8a. Manometric estimation of lipase activity using various 

enzyme sources. 

Enzyme Source Activity in i1. of CO2/30 minutes 

I II 1 	III IV 

Hog pancreas 283 268 265 280 

Blowfly 208 205 191 192 

Housefly 11 5 8 4 
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Table 9a. Titrametric determination of esterase activity using various 

substrates in houseflies. 

Strain Substrate of 0.05 M NaOH/30 min. 

I II III 	IV 

OP-susceptible Ethyl butyrate 708 673 668 '?02 

Triacetin 162 174 161 150 

Tributyrin 183 157 182 158 

Trimyristin nil 	I nil nil nil 

OP-resistant, Ethyl butyrate 180 169 168 158 

SKA Triacetin 90 76 92 74 

Tributyrin 155 120 150 126 

Trimyristin nil nil ' 	nil nil 

Table 10a. Titrometric estimation of esterase activity of the homo- 

genate of houseflies, treated with diazinon. 

Strain 

I 

Substrate ).11. of 0.05 M Na0H/30 min. 

I I 	II 	i 	III IV 

OP-susceptible Ethyl butyrate 
Triacetin 
Tributyrin 

A Trimyristin 

130 
67 
100 
nil 

110 
65 
81 
nil 

134 
49 
96 
nil 

106 
47 
83 
nil 

' OP-resistant Ethyl butyrate 
Triacetin 
Tributyrin 
Trimyristin 

4D 
32 
70 
nil 

32 
27 
79 
nil 

35 
37 
67 
nil 

33 
24 
84 
nil 
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Table 13a. Aliesterase activity in the normal flies. 

Time in hours 

after exposure 

Activity in p3- of 0.05 M NaOH/30 min. 

I II 	III 

0 665 628 655 

1 it It II 

24 616 630 648 

48 660 670 648 

72 660 649 679 

96 629 653 617 

120 637 630 653 

144 651 642 628 

168 625 642 630 

Table 13b. Aliesterase activity in the treated flies. 

Time in hours 

after exposure 

Activity in 311. of 0.05 M NaOH/30 min. 

I 	II  III 	
. 

0 142 139 154 
1 150 144 171 	1 
24 216 212 233 
48 236 245 263 	. 

72 279 280 259 
96 261 251 262 
120 261 271 	, 291  

144 	, 305 310 287 
168 342 339 321 
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Table 14a. Cholinesterase activity in the normal flies. 

Time in hours Activity in pl. of 0.05 M NaOH/30 min. 

after exposure I II III 

0 108 1-0i 113 1 
0 

1 o It ti 

24 96 109 109 

48  109 99 91 

72 93 107 102 

96 87 93 105 

120 92 94 92 

144 96 ,95 90 

168 108 89 96 

Table 14b. Cholinesterase activity in the treated flies. 

Time in hours 

after exposure 

Activity in pl. of 0.05 M NaOH/30 min. 

I 	II 	i 	III 

0 37 39 43 

1 59 61 68 

24 82 89 78 

48 78 86 80 

72 93 78 88 

96 75 87 84 

120 82 81 88 

144 92 94 89 

168 92 95 100 
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Table 16a.  Aliesterase activity in the supernatant and residual 
fractions of housefly homogenate after centrifugation. 

Enzyme Source Activity in pl. of 0.05 M NaOH/30 min. 

I I 	II III 	IV 

Supernatant/fly 101 107 101 103 

Residue/fly 102 104 110 108 

Per fly (non-centri- 
fuged homogenate) 

212 220 198 211 

Table 17a. Recovery of aliesterase activity in the supernatant of 

head, thorax and abdomen of housefly hanogenate. 

Enzyme Source Activity in pl. of 0.05 N NaOH/30 min. ' 

I II 	I 	III IV 

Whole fly 187 164 170 175 

Abdomen 84 82 94 92 

Thorax 86 84 80 88 

Head 15 16 16 13 

Whole fly (supernatant) 80 85 80 79 

Abdomen (supernatant) 50 52 55 48 

Thorax (supernatant) 28 25 35 32 

Head (supernatant) 3 2 3 0 
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