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Esterases have been gaining importance in 
pesticide residue detection and identification 
(i, 2, 3, 4, 5, 6, 7, 8, 9, i0). The activity of 
some esterases can be inhibited by nanogram 
amounts of pesticides and selectively inhibited 
by certain pesticides (6, i0). The use of liver 
esterases from avian and mammalian species has 
shown promise in TLC (thin-layer chromatographic) 
determination and confirmation of certain inhibi- 
tors (6). Liver esterases of different species 
have been reliably differentiated by starch-gel 
electrophoresis (Mendoza and Hatina, unpublished). 
The electrophoretic patterns of esterases were 
affected by pH and concentration of starch and 
buffer used in preparation of gels. This paper 
describes starch-gel electrophoresis of liver 
esterases selectively inhibited by pesticides. 

Materials and Methods 

Bridge buffer - Approximately 0.3 M boric acid 
pHs 8.6 was prepared with NaOH. 

Gel buffers - The tris buffer [tris (hydroxy- 
m~hyl) aminomethaneJ of differe~ molarities was 
made with HCI to the desired pH just before use. 
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Extraction of esterases - The esterases were extracted 
from fresh r~-vers of male Rhesus (Rh) monkey, chicken, 
and turkey, steer, barrow, and wether by the method 
previously reported by Mendoza et al. (6). The aqueous 
2000-~ supernatant used in this study was generally used 
for TLC (6). 

Preparation of the gel - In each gel, 26.25 g of hydro- 
lysed starch--~ob-~in--~le from Connaught Medical Research 
Laboratories, University of Toronto, Canada) per 250 ml 
of buffer was used. The procedure of Smithies (ii) was 
generally followed. 

E!ectrophoresis - The gel used was 8 x 108 x 186 mm. 
Three power supplies of equivalent performance (two 
with 150 mA and 500 v capacities, obtained from Gelman 
Instrument Co., Michigan; and one with 150 mA and 
400 v capacities, Heathkit, Model PS-4) and platinum 
electrodes (i mm in diameter) were used. The 
bridge buffer was used twice only and was replaced 
daily. The paper bridges (each with 5 layers of 
Whatman No. 1 filter paper) were replaced every third 
day. 

The gel was prepared for sample application by 
cutting vertical slots approximately 8 mm long and 5 
cm from the end of the gel. The strip wetted with 
approximately i0 ~liters of enzyme solution was 
inserted into the slot. The paper strips were 
removed after 15-min electrophoresis under 160 v and 
before a 300-v power was applied. Electrophoresis was 
terminated when the brown borate line travelled 8 cm. 

Staining procedure - The gel was incubated for 10 min 
in a solution of ~-naphthyl acetate and Fast Blue RR 
(~). The gel was then flooded with cold water and 
was fixed in a solution of methanol: acetic acid: 
water (5:1:5). 

To determine the effect of pesticides on the 
activity of different liver esterases, 450 ~i of each 
enzyme solution was incubated with 50 ~I of 0.2 M 
methyl parathion, diazinon, carbaryl, Dyrene, or--tepa 
in methanol at 37~ for 30 min. 

Results and Discussion 

For convenience, the term band was used to mean 
either esterases or isozymes hydrolyzing a-naphthyl 
acetate. In this experiment, however, no attempt was 
made to characterize components of the bands. 
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Effect of temperature. Fig. 1 shows a zymogram 
typical of liver esterases incubated at 0, 24, 37, 48, 
60, and 70~ for 30 min. After incubation at 24-48~C, 
beef, pig, or chicken esterases showed activity com- 
parable to those in an ice-bath, whereas sheep, turkey, 
and monkey esterases showed increased activity. At 
60~C, pig, chicken, and turkey esterases showed only a 
slight decrease over the control. After 1 hr at 70~ 
further inactivation of pig liver esterases and complete 
inactivation of chicken esterases were observed. Com- 
plete inactivation of beef, sheep, monkey, and turkey 
esterase was noted after 30 min at 70~ The results 
obtained were comparable to the effect of heat treat- 
ment on amidase activity of the liver of wether (13). 

Fig. 2 shows that zymograms of beef, pig, sheep, 
monkey, chicken, or turkey liver esterases incubated 
at 37~C for 30 min were comparable to those of ester- 
ases incubated for 60 min. The zymograms were on 
starch-gels made with 0.02-M tris HCI buffer at pH 7.5. 

Effect of pesticides on liver esterases - Fig. 3 
(A-C) shows zymograms of liver esterases incubated with 
pesticides at 37~ for 30 min. In this experiment, 
Dyrene heated with methanol was studied only with the 
pig and sheep esterases although recent data (Mendoza 
and Wales, unpublished), showed that it was inhibitory 
to other liver esterases. 

Beef esterases (Fig. 3A). The major esterase 
bands s--~ed resistance to inhibition by 0.02-M methyl 
parathion, diazinon, tepa, or freshly dissolved Dyrene 
in acetone-methanol, the exceptions being the fastest 
bands of esterases treated with methyl parathion, 
carbaryl, and diazinon. The slowest moving esterase 
bands were strongly inhibited by 0.02 M carbaryl. 
The fastest band was slightly inhibited by tepa and 
was not affected by Dyrene that was dissolved with 20% 
acetone in methanol. Slightly increased activity was 
observed with methanol-treated extracts (blanks). 

Sheep esterases (Fig. 3A). Strikingly 
different results were obtained with sheep liver 
esterases incubated with 0.02-M methyl parathion, 
carbaryl, diazinon, heated Dyrene, and tepa. Methyl 
parathion and tepa did not affect esterases while 
carbaryl strongly inhibited the activity of inter- 
mediate bands and slightly inhibited the slowest 
moving band. Diazinon weakly inhibited the slow- 
moving bands but strongly inhibited the fastest- 
moving band. The heated Dyrene inactivated ester- 
ases almost completely. 
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Fig. i. A zymogram typical of liver esterases incuba- 
ted for 30 min. Outlines of the bands are traced with 
india ink to improve the contrast; solid lines indicate 
dark bands and broken lines indicate weak or light 
bands. This zymogram is of beef esterases incubated 
at the following incubation temperatures: from left 
to right -- control (ice-bath), 24, 37, 48, 60, and 
70~ The gel was made with 0.02-M tris-HCl buffer 
at pH 7.5 
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Fig. 3A. Zymograms of liver esterases incubated at 
37~C for 30 min. Outlines of the bands are traced 
with india ink to improve the contrast; solid lines 
indicate dark bands and broken lines indicate weak or 
light bands. From left to right of each gel are zymo- 
grams of esterases treated with water, methanol, 
methyl parathion, carbaryl, diazinon, Dyrene, and tepa. 
Concentrations and pH of buffer used in preparation 
of gels are in parenthesis. 
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Chicken esterases (Fig. 3B). Chicken liver 
esterases were strongly inhibited by 0.02-M methyl 
parathion or diazinon, followed by 0.02-M carbaryl. 
Weak enzyme inhibition was observed with 0.02-M tepa 
or Dyrene dissolved in acetone-methanol. Chicken 
liver esterases incubated with methanol showed no 
increase in activity over the control. 

Tur__~ esterases (Fig. 3B). Strong inhibition 
was obtained-with the turkey liver esterases incubated 
with 0.02-M methyl parathion at 37~ for 30 min. 
Both 0.02-M carbaryl and 0.02-M diazinon selectively 
inactivated the fast-moving band. Dyrene, freshly 
dissolved in acetone-methanol, and tepa had negligible 
effect on this esterase. Methanol slightly activated 
turkey esterases. 

Wig esterases (Fig. 3C). Strong inhibition 
was observed with pig liver esterases incubated with 
0.02-M methyl parathion or diazinon. Carbaryl at 0.02-M 
had a slight inhibitory effect on the main bands. 
Freshly dissolved Dyrene in acetone-methanol and tepa 
did not inhibit esterases. However, when the methanol 
solution of Dyrene was heated, complete inactivation of 
esterases was observed. 

Rh Monkey esterases (Fig. 3C). Diazinon at 
0.02 M gave the strongest inhibition of monkey 
esterases incubated at 37~ followed by 0.02-M 
methyl parathion or carbaryl. Dyrene, freshly dis- 
solved in acetone-methanol, and tepa negligibly 
inhibited the esterase bands. Methanol had no effect 
on esterases. 

Conclusion 

The studies presented here indicate that selective 
inhibition of liver esterases or bands by pesticides 
can be evaluated rapidly by starch-gel electrophoresis. 
The liver esterase inhibition - starch-gel electro- 
phoretic procedure described may be useful in screening 
pesticides with selective or specific toxicity to a 
particular species. A similar method has already been 
used to demonstrate the relation of esterase inhibition 
with acute organophosphorus poisoning in pheasants 
(14). The ability of Dyrene heated in methanol to 
strongly inhibit liver esterases is noteworthy and will 
be reported elsewhere. 
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Fig. 3B. Zymograms of liver esterases incubated at 
37QC for 30 min. Outlines of the bands are traced 
with india ink to improve the contrast; solid lines 
indicate dark bands and broken lines indicate weak or 
light bands. From left to right of each gel are 
zymograms of esterases treated with water, methanol, 
methyl parathion, carbaryl, diazinon, Dyrene, and tepa. 
Concentrations and pH of buffer used in preparation of 
gels are in parenthesis. 
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Fig. 3C. Zymograms of liver esterases incubated at 
37~ for 30 min. Outlines of the bands are traced 
with india ink to improve the contrast; solid lines 
indicate dark bands and broken lines indicate weak or 
light bands. From left to right of each gel are 
zymograms of esterases treated with water, methanol, 
methyl parathion, carbaryl, diazinon, tepa, and Dyrene. 
Concentrations and pH of buffer used in preparation of 
gels are in parenthesis. 
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