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Abstract:
Some characters of Amylase and Invertase from mid gut (MG)

hind gut (HG) of adult; male and female dung beetle; Chironitis
arrowt were studied. The pH maxima, the optimal temperature and
Km of these enzymes were determined. Both enzymes were showing the
pH maxima at 7.2 in both sexes of MG and HG .Temperature optima
for these enzymes were occurred at 45°C in both sexes and guts. The
Km values of amylase were 0.47040% (MG) and 0.7272% (HG) in male
and 0.266 %( MG) and 0.888 % (HG) in female dung beetle. For
invertase the Km values were 4.247 X 103M (MG) and 4.58 X 103M
(HG) in male and 849 X 103M (MG) and 3.895 X 103M (HG) in
female. The 50% inhibition of amylase were occurred at 60°C within
23 minutes (MG) and 40 minutes (HG) in male and 29 minutes (MG)
and 41.30 minutes (HG) in female. The half life of invertase at 60°C
was occurred within 16 minutes (MG) and 20 minutes (HG) in male
and 10 minutes (MG) and 17.75 minutes (HG) in female beetle. The
digestion periods of 60 minutes (for amylase in both sexes and guts)
and 80 minutes (for invertase in both sexes and guts) were fitted very
well within the linear part of enzymatic action.
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1. Introduction

Dung beetles are an important component of dung fauna.
Chironitis arrowi is a common true dung beetle found in
South-Western Maharashtra. These dung beetles require dung
as a food source during some stage of their lifecycle. Some
species are generalists, attracted to and feeding on many types
of dung. Others are specialized to groups of animals or, in
extreme cases, use the dung of only one species (stenophagy)
(Halffter and Matthews 1966). Generally, these dung beetles
are more attracted to cattle dung, then to omnivore dung
(Fincher et al. 1970).

We are presently engaging the study of digestive
physiology of dung beetles. The adult beetles and grubs feed on
the liquid and colloidal content of dung. The alimentary canal is
adapted for coprophagy. The activity of most digestive enzymes
1s reflected with degree of adaptation to food components.
Therefore, we presently have worked on starch and sucrose
digesting enzymes of alimentary canal of adults of Chironitis
arrowi.

2. Materials and Methods

Insect Collection

The adults of Chironitis arrowi beetles were collected from
the dung pads (3 to 4 days old) from the grazing fields of
Phaltan region, Maharashtra, India. These adults were
maintained in the laboratory under constant condition.

Enzyme Preparation:
The adult male and females were obtained from the laboratory
stock for the preparation of mid gut (MG) and hind gut (HG)
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enzyme extracts. Homogenates of the pooled tissues were
prepared in 0.9% chilled NaCl, which were cold, centrifuged for
15 minutes at 10000 rpm. Aliquots of supernatants were used
as enzyme source. Homogenates were stored in freezer until
used.

Assay
The activities of amylase and invertase were determined by
using 3-5 dinitrosalicylic acid (DNSA) reagents (Bernfeld,
1955). The aldehyde group formed due to enzymatic action on
substrate reduces the DNSA reagent which was measured
spectrophotometrically at 540 nm (Ishaaya and Swirski, 1970).
The assay mixture for enzymes consists of 1 ml
appropriate substrate, 1 ml 0.1 M buffer of appropriate pH
and 0.5 ml supernatant. The test-tubes were incubated at
appropriate temperature and period of time. The reactions were
terminated by adding 2 ml of DNSA followed 2 ml of distilled
water. The test —tubes were heated in boiling water bath
exactly for 5 minutes. Then tubes were cooled immediately. The
activities for invertase, trehalase, cellulase, inulinase and
salicinase are expressed as pg glucose / mg protein / hr. and for
amylase as ug maltose / mg protein / hr.

Thermolability:

The grubs were dissected in 0.9% saline and their mid and hind
guts were taken out for the enzyme extract preparation. A
portion of enzyme extract was immediately stored in
refrigerator for control purpose. The remaining portion of
enzyme extract was then subjected to high temperature
treatment by keeping the test-tubes containing enzyme in
water both maintained at 60°C for different period time. The
various heat treated enzyme extracts were stored in the
refrigerator, until they were used for experiment.
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The activities of residual enzymes left after heat treatments
were determined by the procedures as described earlier for
respective enzymes.

Protein estimation: The soluble protein content of the
enzyme extract was determined by Lowry et. al. (1951) method
using bovine serum albumin as standard.

Assay mixture consisted of 0.5 ml of homogenate, made
to 1 ml with double distilled water, to this added 5 ml of
Lower’s ‘C’solution. Then after 10 to 15 minutes, 0.5 ml of
Folin-Ciocalteus regent was added. The optical density was
read at 640 nm after 20 minutes.

3. Results:

1) Effect of pH. : Both enzymes were showing the pH maxima
at 7.2 in both sexes of MG and HG.Gr.No.1 and 2.

2) Effect of Temperature: Gr. No. 3 and 4 shows the
temperature optima for these enzymes were occurred at 45°C in
both sexes and guts.

3) Effect of substrate concentration: The relationship
between substrate concentration and rates of hydrolysis for MG
and HG amylase and invertase were studied in both sexes.
The Km values were obtained through line weaver burk’s plot
for these enzymes which are shown in Gr. No. 7and8

4) Effect of Time: The Gr. No.5and 6 shows the digestion
periods of 60 minutes (for amylase in both sexes and guts) and
80 minutes (for invertase in both sexes and guts) were fitted
very well within the linear part of enzymatic action.

5) Thermolability: The effect of higher temperature on the
stability of amylase and invertase are shown in Gr. No. The
50% inhibition of amylase were occurred at 60°C within 23
minutes (MG) and 40 minutes (HG) in male and 29 minutes
(MG) and 41.30 minutes (HG) in female. The half life of
invertase at 60°C was occurred within 16 minutes (MG) and 20
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minutes (HG) in male and 10 minutes (MG) and 17.75 minutes
(HG) in female beetle.

4. Discussion

The pH optima of amylase and invertase in both gut sections of
male and female beetles’ falls within the pH range of
haemolymph and alimentary canal. The pH of alimentary canal
content is ranging from 7 to 7.5 while haemolymph have pH of
7.0 (determined by p H paper method).It is interesting that
amylase and invertase enzymes in present dung beetle, in both
sexes and gut sections, showed optimal pH at 7.2.These
enzymes showed maximum range activity in between p H 6.8
t07.6.This range of maximum activity of these enzymes is very
close to the p H of the alimentary canal, indicating that pH
conditions in mid gut and hind gut are suitable for these
enzyme activity. Similar range of pH for these enzymes were
observed for larvae and adults of Holotrichia, Leucopholois,
Onthophagus, Chironitis, Onitis (Bhanot, 1992; Patil, 1996;
Gaikwad et.al., 1997; Gaikwad, 1998) .However in other insects
like pulse beetle, Tribollium and Tenebrio, acidic pH range for
amylase (4.6 to 5.8) was reported (Poddler and Applebaum,
1971; Applebaum and Conigan, 1965 and Bounocor et. al.,
1976),for Invertase (5.0 to 6.5) was reported in the insects like
cockroach, cabbage butterfly, khapra beetle and locust
(Wigglesworth,1927;Nishide and Kusano,1976;Krishna,1958
and Evans and Payne,1964).

Temperature optima for these enzymes in both guts
sections of this dung beetle showed at 45°C.Similar higher
temperature optima also recorded by Terra et. al. (1977);Day
and Powing,1949;Kusano and Tanabe(1986);Teo and Heng
(1987) and Gaikwad(1998).(for Richnocera americana, Bombyx
mori,  Biattella germonica, Valanga nigriconis, Chironitis
arrowi and Onthophagus catta).
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The Km values of amylase and invertase were calculated from
Line weaver —Burk’s plots. It is important parameter as it
provides valuable information regarding the mode of action of
an enzyme catalyzing the reaction (Conn and Stumf 1963). In
present dung beetle the Km values of amylase were 0.47040%
(MG) and 0.7272% (HG) in male and 0.266 %( MG) and 0.888 %
(HG) in female dung beetle. This indicates MG amylase is more
efficient having greater affinity towards the substrate. In
present dung beetle male mid gut amylase Km value (0.266% of
starch) is lowest then in male hind gut and both the gut
sections of female. In Drosophila melanogaster different
verities showed different Km values for amylase such as 0.9%
and 0.15% of starch (Droste and Zebe, 1974).In Tenebrio
moliter and Calasobruchus chinesis 0.18% AND 0.23% OF
STARCH AS Km values were observed by Poddler and
Applebaum(1971). Similar Km values were recorded in other
dung beetle grub (Gaikwad et. al., 1998).

The Km values for invertase were 4.247 X 103M (MG)
and 4.58 X 103M (HG) of sucrose in male and 8.49 X 10-M
(MG) and 3.895 X 103M (HG) of sucrose in female. These values
indicate that hind gut invertase in female is much more
efficient than invertase of male mid gut and hind gut. Only in
few insects the Km values for gut invertase were determined.
These are 3.92 X103 M for cabbage butterfly larvae (Nishide
and Kusano,1973); 3.04 X 102 M for Valanga (Teo0,1973); 2.337
X 103 M in larval mid gut and 7.789 X 103 M in male mid gut
of Holotrichia serrata (Patil, 1996) 2.43 X 103 M and 7.12 X 10+
M for Chiloloba orientalis (Kumbhar,1996); 8.65 X 103 M and
6.49 X 103 M for Onthophagus catta( Gaikwad, 1998).

The digestion periods of 60 minutes (for amylase in both
sexes and guts) and 80 minutes (for invertase in both sexes and
guts) were fitted very well within the linear part of enzymatic
action. Gaikwad (1998) reported 30 minutes (in Onthophagus
catta).
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The effect of higher temperature on the stability of amylase and
invertase were studied in this dung beetle. The half life of
amylase was occurred at 60°C within 23 minutes (MG) and 40
minutes (HG) in male and 29 minutes (MG) and 41.30 minutes
(HG) in female. The 50% inhibition of invertase at 60°C were
occurred within 16 minutes (MG) and 20 minutes (HG) in male
and 10 minutes (MG) and 17.75 minutes (HG) in female beetle.
The result indicates that Amylase and Invertase enzymes of
hind gut are more heat stable than mid gut.

Effect of pH
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Effect of Time
AMYLASE: Chironiti: i :Chironitis i
ironitis arrowi INVERTASE:Chironitis arrowi g Glucose/mg
14000 g Maltose/mg Protein/Hr. MG
Protein/Hr. MG 3000 Male
12000 - Male
)(x 2500 ug Glucose/mg
10000 4g Maltose/mg )()M Protein/Hr. HG
'/f Protein/Hr. HG 2000 Male
8000 }( Male
1500 - Glucose/mg
6000 iz Maltose/mg b i
Protein/Hr. MG 1000 - Protein/Hr. M@
4000 ~ Female Female
2000 - —=— pg Maltose/mg 500 4 == pg Glucose/mg
0 Protein/Hr. HG 0 Protein/Hr. HG
Female Female
10 20 30 45 60 75 90 0 100 200
Time in minutes Time in minutes
Gr. No. 5 Gr. No. 6
Line weaver —-Burk’s plots
AMYLASE:Chironitis arrowi INVERTASE:Chironitis arrowi
__#MaleMG +Male MG
o
< U "m—/.i M mMale HG
£ 0.0007 § 0.008
g []-[][][]6 Female MG § 0.007 Female
EF‘ - * Female HG /X & 0.006 MG a
0.0005 - Eﬂ 0.005 > Female HG y 2
£ 0.0004 s
2 v £ 0.004 .
Z 0.0003 2
. Z 0.003
20.0002 - ¥ 0.002
S 0.0001 - 57 J
= = 0.001 ~
0 T T 1 =
0 05 1 15 0 ‘ ‘ ‘
0 1 2 3
[1/5] mg of strach/2.5ml [1/5] mg of Sucrose/3 mi
Gr. No. 7 Gr. No. 8

Authors are thankful to the Head, Zoology Department, Shivaji
University, Kolhapur for providing facilities.

REFERENCES
Applebaum S. W. and Conijn A. M. (1965) The utilization of

starch by larvae of the
castaneum. J. Nutr. 85, 275-282.

EUROPEAN ACADEMIC RESEARCH - Vol. I1I, Issue 4 / July 2015

flour beetle,

Tribolium

4793



A. R. Gaikwad, G. P. Bhawane- Study of Amylase and Invertase Activity in Adults

of Chironitis Arrowi (Janssens) (Coleoptera: Scarabaeidae: Scarabaeinae)

Bernfeld, P. (1955).Amylase a and b.In:Colowick S.P.Ed.
Method of entomology. Vo0l.1.149-150. Academic Press,
New York.

Bhanot, P.K. (1992).Studies on some aspects of biology of white
grubs, Ph.D.Thesis, Shivaji University, Kohlapur.
Bornemissza GF. (1960). Could dung eating insects improve our
pastures? Journal of the Australian Institute of

Agricultural Science 26: 54-56.

Buonocore V., Poerio E., Silano V. and Tomasi M. (1976)
Physical and catalytical properties of ~- amylases from
Tenebrio molitor L. larvae. Biochem. J. 153, 621-625

Conn, E. E. and P. K. Stumpf. 1963. Outlines of Biochemistry.
John Wiley and Sons, New York.

Day and Powing, 1949

Droste and Zebe, 1974

Evans W.A.L. and Payne D.W. (1964). Carbohydrases of the
alimentary tract of the desert locust Schistocerca
gregaria Forsk J. Insect Physiol., 10 (1964), pp. 657-674

Gaikwad A.R. (1998).The Biology of some dung beetles of
South-Western Maharashtra Ph.D.Thesis,Shivaji
University, Kolhapur.

Gaikwad. A. R.; Bhawane. G. P.; Patil. S. B. and Disle, S.P.
(1997). Digestive enzymes of Onitis philemon (Fab.)
Grub (Coleoptera: Scarabaeidae: Scarabaeinae). Recent
Advances in Ecobology Research. Vol.I pp 335-357.

Halffter, G. and E.G. Matthews, (1966). The natural history of
dung beetles of the subfamily Scarabaeinae (Coleoptera:
Scarabaeidae). Folia Entomologica, Mexicana, 12-14: 1-
313.

Ishaaya I. and Swirksi E. (1970). Invertase and amylase
activity in the armoured scales, Chrysomphalus
aonidum and Aonidiella auranti. J.Insect.Physiol.
16:1599-1606.

EUROPEAN ACADEMIC RESEARCH - Vol. I1I, Issue 4 / July 2015
4794



A. R. Gaikwad, G. P. Bhawane- Study of Amylase and Invertase Activity in Adults

of Chironitis Arrowi (Janssens) (Coleoptera: Scarabaeidae: Scarabaeinae)

Krishna, S.S. (1958). Further studies on digestion of food in the
gut of Trogoderma larva. 1. Digestive enzymes-
carbohydrases. Physiol. Zool 31:316-323

Kumbhar, S.M. (1996). The studies on digestive system of
Chiloloba orientalis. M.Sc. (P.P.P.R.) Dissertation,
Shivaji University, Kolhapur.

Kusano T. and Tanabe S. (1986). Enzymatic properties of the
midgut amylase activity and its changes during
development in the cabbage armyworm, Mammestra
brassicae. L. Kontyu (Tokyo) 54, 12-24.

Nishide, K. and Kusano, T.(1976). Carbohydrases of digestive
tract of the larvae of cabbage butterfly, Pieris rapae
Boisduval. J. Facul. Agric. Tolttori. Univ. 11: 12-22.

Patil, S.B. (1996).Studies on some systems of Holotrichia
serrate (Coleoptera: Scarabaeidae). Ph.D. Thesis Shivaji
University, Kohlapur.

Podoler, H. and Applebaum, S. W. (1971). The alpha-amylase of
beetle, Callosobruchus chinensis. Biochemistry Journal,
121: 321-325.

Potts & Hewitt, (1973). The distribution of intestinal bacteria
and cellulase activity in the harvester termite
Trinervitermes trinervoides (Nasutitermitinae)

Teo and Heng (1987) The trehalase of the grasshopper Valanga
nigricornis Comparative Biochemistry and Physiology --
Part B: Biochemistry

Terra W. R., Ferriera C. and De Bianchi A. G. (1977) Action
pattern, kinetical properties electrophoretic studies on
an alpha-amylase present in midgut homogenates from
Rhynchosciara americana (Diptera) larvae. Comp.
Biochem. Physiol. 56B, 201- 209.

Wigglesworth, V.B. (1972). The circulatory system and
associated tissues V.B. Wigglesworth (Ed.), The
Principles of Insect Physiology (seventh ed.), Chapman
and Hall, New York (1972), pp. 411-475

EUROPEAN ACADEMIC RESEARCH - Vol. I1I, Issue 4 / July 2015
4795



