STUDIES ON THE DIGESIIVE ENZYMES OF SOME
CARNIVOROUS INSECTS
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Hydrogen-ion-concentration in the alimentary capal of Eipura
pauperala, Crocothemir servilfa servilfa and Harpuctor costuliz ratged
betwoets 5.5t0 6.8, 5. 5t0 6, 5e0d 5 Etp 7.5 respectively, In cnee of -
first oo ineects, the contents of the entirs alimentery eanal and in
Harpastor costalis Stel, that of mid end hind-gut weie pealky acidig,
while the secretion of melivary glands and contenta of Toreegut in the
lattes foawst were slightly alkeline. ;

Qualitative analysis of the digestive enzymes showed that carbohydrases
were abaent in ol the parts of the gut but the proteioaies (Tripsin end
pepin) were present in fore and mid-gat of all the thres test insects.
Selivary glands end hind-gut In all cases were devold of these enrymes,
Quantetive estimation of trypsin showed that activity wes highes in mid-
gut of Empirg peuperata and Crocoskemis serville servitio than in theje
fore-gut, whereas, it was reverss in Hovpacior costalis, The Shyme
distribufion and activity showed that most of the digestlon oceurred in
fore and mid-gat of thesa insects,

INTRODUCTION

Studies on the digestive enzymes of insects are of fundamental importance
for understanding their food and feeding habits, which can ultimately contribute
to successful ¢ontrol of injurious insects; Unfortanately, this aspect has not
received due attention and most of the reports are mere speculations based
on the type of feod taken by the inseots. The digestive enzymes of the following
entomophagons insects were investigatad: Empusa pauperata F. (Preying
mantisy, Crocothemis servilla servilia Drury. (Dragon-fiy), and Harpacror
costalle Stol, (Assassin bug),

Hydrogen-ion-concentration (pH} of the alimentary canal provides
certain conditicus in the medivm in which the tnzymes act on different food
meterials. The pH in different gut regions was also studied to find out a
cotelation between the two,

REVIEW OF LITERATURE

Little work has been done on the digestive enzymes of various inseets
particularly the entomophagons cnes, Bounoure (191%) studied the digestive

Department of Estomology, Faculty of Agricoltuze, West Pakistan Agricuitural
University, Lyallpur, )



hoesTve ExzyMes oF CARNIVOROUS INdBeTS 147
enzymes i Coleoptera and reporied that proteases and lipases were pre-
dominant in most carnivorous beetles. Edwards (i960) while determining
the properties of saliva in assassin bug, plafymeris, fecorded three proteolytic
fractions and a phospholipase. In Corethra, Lucilia and Glossing, proteinases,
lipases and ampylases were recorded from the mid-gut (Gersch, 1952: Hobsan,
1931 and Wigglesworth, 1929), The amylase was nsually present in the salivary
glands of phytophagous and omnivorous insects, whereas only a slight reaction
was recorded in the salivary glands of entomophagous insects hike Lucllig
and Dectfcus (Hobson, 1931; Schlottke, 1927b). In phytophagous and
omnivorous insects most of the proteinases and carbohydrases wers active
in the fore and mid-gut usnally; being parhaps the primary seat of digestion
in these inseets. In entomophagous insects this type of activity appears to be
prevalent only in the mud-gut.

The Hydrogen-ion-concentration in the alimentary canal of various
insects was studied by different workers. As far ag the entomophagous insects
are goncerned, Ballentine (1940), Shinoda (1930) and Swingle (1931} reported
that pH in the alimentary canal of Anisopicrous nymphs, Anax, Libellula

Juctuesa, assassin bug and Vespuwde ranged from 5.0 t0 8.0, 6.8 te 7.2, 5.4 to
5.3, 5.5to 7.3 and 5.3 to 6.1, respectively.

MATERIALS AND METHODS

Adult insects were collected from the field according to the requirements
every time for all the experiments. The experimental insects were starved for

24 hours and were then fed on distilled water for an hour to glear their gut
contents. '

Determination of hydrogen-lon-concenttation in different gat i'egiuns'

Ten individurls of each specics were dissected, their alimentary cagals
removed and divided into three portions: fore-gut, mid-gat end hind-gut.
Salivary glands were also removed. The homogenates of salivary glands and
portions of guts were prepared by macerating in separate watch glasses, Tha
pH was determined by, applying Universal Indicator Paper strips to the
homogenates and comparing the colour of the mmstenﬂd papers with B.D.H,
Standerd Chart.

Preparation of enzyme extract

The alimentacy canal and salivary glands of ten individuals of each species
were dissected in Bodenstein’s Inseet Ringer selution. Each alimentary canal
was divided iato thres portions and macerated for § minutes after adding | ml
distilled water in each case, These tissue homogenates were centrifuged for
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10 avinates, after making the volume up to 5 ml. with distilied water, in separate
tmbes, The supernatant was used for ehzyme determination,

Quelitative defermination of some important digestive en;;rmu

Enzyme extract (9. 5 ml,) along with substrate (0. 5 ml.} and buffer solution
(.23 ml.} was incubated at 34°C. for ¢ hours. The profeinases and carbohy-
drases were detected by subjecting the incubated mixture to Nelson’s techniquo
(Nelson, 1944) and chromatographic technique (Smith, 1960).

Quantltative estimation of trypsin

One ml, of enzyme extract was added to an equal volume of each of the
substrate and buffer solution and then incubated for two hours at MO, After
incubation, 8 ml. of 5 per cent trichloroacetic acid was added and precipitated
pretein was separated by filtration. To a 5 ml. aliquot of filtrate was added
a0 equal volume of 0.5 N sodium hvdroxide and light transmission and optical
density were recorded at mll 450 using Unicam spectrophotometer, The
velocity constant of enzyme activity was calculated as expressed by Charney
and Tomareli (1948) in the following equation:

! G
k - 2.3 log G, where

t == time in minutes,
Cy == Initial reading, and
C4 = Final protein concentration,

Optical density valucs were substituted for ‘C’ values, The initial
concentration {C;) was determined by adding 5 ml. of 0.5 N sodinm hydroxide
to 5 mi. of substrate (diluted tweaty-times with distilled water} and 1 ml, each
of enzyme extract and buffer solution end then reading the colonr of the final
solution. The C; value was determined by sybtracting the optical density of
the trichloroacetic acid filtrate from Cy value. The optical density in case of
initial protein concentration was multiplied by 20 to get the correct Cy value
because it was already diluted 20 times. The calculated K value was multiplied
by 105 to get whole numbers for case of calculations, These valyes were
analysed statistically,

RESULTS AND DISCUSSION

Hydrogen-ion-concentration (pH) in different portions of the alimentary
eanal was recorded and the results are given in Table 1, The PH in the
alintentary canal of Empusa pauperata F., Crocothemis servifia servifla Drury
and Harpactor costalis $tol ranged from 5.5 to .8 5.5tc6,5and 5.8 10 7.5
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respectively, These observations correspond to those of Swingle {1931) on
g dragon-fly, Libelfuly luctuosa and a species of an Assassin bug in which the
pH rangs of the alimentary canal was 5.4 to 6,3 and 3.5 to 7.3 respectively.
But these differ from the observations of Ballentine (1940) and Shinoda (1930)
who reported a pH tange of 5.0 to 9,0 and 6.8 to 7.2 In case of Anisopterous
nymph and Arax, However, the trend was that the pH degreased in the mid-gut
and again there was an increase in the hind-gut and in general the contents of
the alimentary canal were weakly acidic.

Tapre 1.—pH range in differemt gut reégions.

MName of insect Part of alimentary cana} pH tange Average
Emplisa pauperatd Saljvary glands G6.5-4.7 6.57
. - Fore-gut 6. 5—0.8 6.63
Mid-gut 5.5—5.6 5.57
Hind-gut &6.0—6.5 6.30
Crocothemis servijia Salivary glands 5.5—5.8B 5.63
servilia Fore-gut 5658 5.67
Mid-gut 5.5—5.6 5.57
Hind-gut 5.8—6.5 6.10
Huarpactor costalis Salivary glands T.2—-T.4 7.33
Fore-put 7.3—7.5 7.40
Mid-gut 5.8—--6.0 5.90
~ Hind-gut 6.0—5.4 6.23

Studies on enzymes (Table 2) showed that carbohydrases fAmylase,
invertase and maltase) were absent in all the three insects nnder experiment,
while proteinases (trypsin and pepsin) were preseat in the fore-gut and mid-got.
This indicates that thess insects are able to hydrolyse only the orotein conatituents
of their diet or they live on proteinous food only. These results are in line
with the observations of Gersch (1952), Hobson (1931) and Schloitke (1337
a, b) who recorded a general absence of carboliydiases in the alimendary canal
and presence of only the proteinases in the mid-gut of Corethra larve, Lucifia
larva, carabid beetles and predatory Decticus. :

On the other hand, the occurrence of trypsin and pepsin in the fore-gut
and mid-gut of the test insects mlso corresponds with the findings of phyto-
phagoys and omnivorous insects, where these enzymes are usually maet with
in the same region in combination with carbohydrases, as for exanple, Codrd
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TABLE 2~—Occurrence of ensymes in different gut reglons,

Name of insect

Enzymes

Salivary Fore-
glands  gut

Mid-  Hind-
gut gut

Empiisa pouperata

Cracathemls servilia
Servilia

Harpaotor costalls

Lroteinases
Trypsin
Pepsin

Carbolydrases
Amylase
Invertase
Maltase

Proteinasar
Trypsin
Pepsin

Carbohydrases
Amylase
Inveriase
Maltaze

" . Protoinases

. Trypsin
Pepsin

" Carbohydrases

Amylase
"~ Invertase
Maltass

-

+ —
13

4= Shows the presence of enzymes.
— Shows the abssnee of enzymes,

capsid, Dysdercus koenigii, Locusia migratorla, Ostrinla nubilalis, Blattells
germanica, Periplaneta americana, and Acrotelsa collaris (Goodchild, 1952;
Saxena, 1958; Khan, 1963; Bottger, 1940: Wigglesworth, 1927-1928; Swingle,
1925; and Modder, 1964). However, the presence of a weak amylase in the
salivary glands .of Lucifiz larva (Hobson, 1931) and predatory Decticus
{Schlottke, 1937b} cannot be refuted because jt is just possible that the insects
under investigation may have an amylase or any other carbohydrases too weak
to be detected, But the absence of enzymes from the contenis of hind-gut iz
well established. Schlottke (19372) has very clearly indicated that the activity
of enzymes diminishes towards the end of the infestine, being practically absent

from the hind-gut.
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The activity of trypsin was recorded in the test insects and the results
are represented in Fig. 1. The activity of trypsin was significantly higher in the
mid-gut of Crocothemis servifia servifia Drury and Empusa pauperata F, than in
their fore-gut. This observation corresponds to the findings of Schlottke (1937a)

#7
L
St ¥
E .
b4
o
=
E
Z 29
g
H ]
: .[
r
=
w |0
a ; i 2 ; % Fi
FORL-GHT  MID-GUT  FORE:GUT MID=GUT FORE-GUT  MID-GUT
AOCOTHEMIE SERVILIA nga;!;namﬂam EnMpuca paurERATA F
SERvILLA  DiauRY. TOk-

PARTS OF GUT IN THE TEST INSECTS
Flg. 1 Activity of trypsin in test insectes.

with regard to carabid beetles where the enzymes were found te increase in
guantity in the mid-gut. Wigglesworth (1929) noticed a marked contrast in
enzymatic activity of Calliphora and Glossing as in the latter protease was
highly active in the mid-gut and carbohydrases were absent excepting a very
feeble amylase activity in the same region, whereas, in the former amylase,
invertase and maltase were highly active in the mid-gut with only & light
activity of protease, This difference is obvicusly due to the difference in the
pature of food of the two insects; Calfiphora Teeding largely on sweet sub-
etances and Glossing feeding exclusively on blood, This can, however, be
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explained by quoting the example of Chrysops which feeds on both bloed and
nectar and cccupies an intermediate position, Inthis case an active protease
and invertase and a wepk amylase were prozent in the mid-gut (Wigglesworth,
1931).

A higher activity of trypsin in the fore-gut of Harpactor costafis in the
present investigations i3 inferesting and no specualations can be made in this
case due to lack of published work in this direction. However, a comparative
study of predators of different groups as well as of different apecies of the same
genus may prove useful,
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