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Abstract
Esterase enzyme is closely related to diapause termination in silkworm Bombyx mori. A  

comparison of racial and ontogenic variation with regard to alpha and beta esterase enzyme 
was carried out by using gel electrophoretic techniques. The results reveal that there is a low 
enzyme activity of these enzymes in diapausing races and high activity in non-diapausing 
races not only during egg stage but also during overall life cycle of the insect.

Introduction 
It is well documented that structure of 

genes can be examined indirectly through using 
their products (Ferguson, 1980). Further, 
though the advantage of using biochemical char
acters to refine aspects of systematics were 
recognised by Nuttall (1901) and Bateson 
(1913), with the advent of gel electorphoresis, 
one can precisely identify the gene action. Thus, 
this technique is widely being used (Markert, 
1963). In silkworms there are reports of using 
gel electrophoretic techniques to identify non 
specific esterases (Eguchi et al, 1965), protein 
patterns (Kai & Hasegawa, 1972), to analyse 
protein extracted with disulfide cleaves of co
coons (Qamo, 1973 & 1978). By using same 
technique, it is also documented that gene for 
esterase enzyme is located on 11 th chromosome 
(Gamo, 1978). Apart from the above, esterase 
enzyme is of prime importance in sericulture 
and is known to play a key role in determining 
diapause in silkworms (Kai & Hasegawa, 1972 
a & b, 1973, Kai & Nishi, 1976, Kai & Haga, 
1978, Kai etai, 1 981 ,1982 ,1984 a, b, 1986, 
1987). A s most of above findings are based on 
the work on the eggs of diapausing/non- 
diapausing types, an electrophoretic investiga
tions was undertaken to estimate esterase en

zyme activity at various developmental stages 
of the silkworm Bombyx mori L. in polyvoltine, 
a non-diapausing egg producing strain and a 
bivoltine strain, known for producing diapausing 
eggs.

Materials and Methods 
Polyvoltine race. Pure Mysore and a 

bivoltine race, Kalimpong-A-Q drawn from 
germplasm bank of Sericulture Research Project 
(WBA) Department of Studies in Zoology, Uni
versity of Mysore, Manasagangotri, Mysore-570 
006, India formed the material for the present 
investigations. The eggs collected on the egg 
sheets and the larvae hatched therein were 
maintained by following standard rearing tech
niques of Krishnaswami (1986). Individual sam
ples of each of the ten developmental stages 
viz., egg, I instar, II instar, III instar, IV instar, 
V  instar male pupa, female pupa, male moth 
and female moth from both the races was pre
pared by homogenizing at the rate of 40  mg of 
body weight per 2 ml of distilled water sepa
rately. In the HI, IV and V  instars as well in 
pupal and moth stages, the homogenate was 
prepared by using dilution technique to make 
the concentratiop of the homogenate to be 40 
mg in 2 ml. Later, each of the samples was
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subjected for polyacrylamide gel electrophoresis 
as described by Davis (1964) and modified by 
Hegde (1979). The gels obtained were sepa
rately stained to locate alpha esterase and beta 
esterase enzymes following procedures of Ayala 
etal. (1972) and the zymograms were prepared. 
Based on the intensity of the enzyme band, they 
were classified into 'dark' ’moderate' and 'faint' 
activity zones.

Results and Discussion
The zymogram pattern for alpha and beta 

esterase enzyme obtained by gel 
electrophoresis, at different ontogenic stages 
of Pure Mysore and Kalimpong-A races is rep
resented in figures 1 -4. In each zymogram, the 
first column represents the overall enzyme ac
tive zone found at the various developmental 
stages, while the other columns indicate the 
enzyme activity at that particular developmen
tal stage. Differential activity of the enzyme is 
depicted by 'dark' 'moderate' and ’faint' bands. 
The size of the band is directly proportional to 
the enzyme active zone found on the gels.

The zymogram (Fig. 1) exhibits that Pure 
Mysore race has a total of 13 alpha esterase 
zones in its life cycle, I instar, II instar and fe
male moth have a single weak alpha esterase 
zone. While in IV instar, there are 6 zones of 
alpha esterase activity. In kalimpong-A, there 
are 12 alpha esterase active zone (Fig.2). I instar 
larvae of Kalimpong-A race shows a single weak 
alpha esterase active zone. While, IV and V 
instar larvae exhibits 5 zones each. Further, in 
total there are 6 strong alpha esterase activity 
zones in Pure Mysore in comparison to only 4 
strong alpha esterase activity zone in Kalimpong- 
A  race.

With regard to beta esterase activity, 
Pure Mysore race has 15 active zones (Fig. 3), 
of which 6 are strong, 6 are moderate and 3 
are weak in their activity, compared to 
Kalimpong-A, where there are only 10 beta 
esterase active zone (Fig. 4), of which 5 are 
strong, 3 are moderate and 2 are weak in ac
tivity.

The zymograms (Fig. 1-4) also exhibits 
that, in both the races, alpha as well beta

esterase activity is more during larval stages, 
during which most of metabolic activities will 
be in a peak stage in silkworms.

The polyacrylamide gel electrophoretic in
vestigations were undertaken not only to iden
tify differential esterase enzyme activity at 10 
different developmental stages in poiyvoltine 
Pure Mysore and bivoltine Kalimpong-A races 
of silkworm Bombyx mori, but also to ascer
tain esterase activity is more in non hibernating 
poiyvoltine races that in hibernating bivoltine 
races of silkworm B. mori.

It is well documented that in oviposited 
eggs, esterase activity is high in non-diapausing 
eggs and low in diapausing eggs (Kai & 
Hasegawa, 1972a, b). The low esterase activ
ity in diapausing eggs was found to enhance 
immediately after hydrochloric acid treatment 
to the silkworm eggs to avoid diapause (Kai & 
Hasegawa, 1972b). Further, the exposing of 
the diapausing eggs to chilling temperature of 
5° for varying period also increased the esterase 
activity in silkworm eggs (Kai et at. 1981,1986, 
1987). It is likely that elevation of esterase 
activity would be needed for active resumption 
of morphogenesis (Kai & Nishi, 1976).

The differential enzyme activity encoun
tered in the present investigations may be at
tributed to differential gene action for the said 
enzyme during various developmental stage.

Almost all findings of earlier authors are 
the results of the studies on diapausing/non- 
diapausing eggs. Where as, the present studies 
were carried out at 10 different developmental 
stages of the life cycle of the silkworm from 
egg to moth stage.

The present studies not only corroborates 
the findings of Kai & Hasegawa (1972 a, b) by 
recording 4 alpha and 3 beta esterase enzyme 
zones in non-hibernating Pure Mysore eggs com
pared to 3 alpha and 2 beta esterase active 
zones in diapausing Kalimpong-A eggs, but also 
reveal that there are 13 alpha esterase and 15 
beta esterase active zone in Pure Mysore race, 
compared to a total of 12 alpha esterase and 
10 beta esterase active zones in Kalimpong-A 
in whole of their life cycle. Thus indicating 
higher esterase enzyme activity in non-
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Ftg. 1 -4  1) The alfa esterase activity in different developmental stages of pure Mysore race of silkworm
Bom byx mori L. 2) The alfa esterase activity in different developmental stages of Kalimpong-A race of 
silkworm Bombyx mori L. 3) The beta esterase activity in different developmental stages of pure Mysore race 
of silkworm Bombyx mori L. 4) The beta esterase activity in different developmental stages of Kalimpong-A 
race of silkworm Bombyx mori L.



diapausing silkworms compared with that of 
diapausing silkworms not only during egg stage 
but also during entire life cycle.
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