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ABstRACT

Hydrolysis of the substrate Hide Powder Azure was accelerated by increas-
ing concentration of the midgut enzyme extract of Chrysomyia chloropyga.
A linear relationship between proteolytic activity and substrate concentra-
tion was established. Optimum temperature of substrate hydrolysis at pH
7.9 was shown to be 400C and activity at different temperatures and at
various incubation periods did not alter the optimum. At the pH range
(3 to 11) and at temperatures of 350, 450 and 550C, the pH activity of the
enzyme extract showed two peaks, a low peak at pH 5 and a high one at pH
8.

The crude enzyme extract was resolved into six protein 'bands by poly-
acrylamide gel electrophoresis. The partially-purified proteolytic fractions
hydrolysed N ex -p- Tosyl=Li-arginine methylester (TAME) and N-Benzoyl
-L-tyrosine ethylester (BTEE) at pH 8.0. Trypsin and Chymotrypsin were
demonstrated in the enzyme preparation.

INTRODUCTION

Studies on blowfly proteolytic enzymes are rather scanty. To date, few
workers have investigated the properties of proteases in the larval midgut
enzyme preparation of blowflies (Hobson, 1931; Evans, 1958; Brookes,
1961). The enzyme preparation of insects have been shown to have optimum
activity at alkaline pH (Fisk, 1950; Tatchell, 1958; Yang and Davies, 1968;
Gooding and Huang, 1969) with few exceptions recorded for digestive pro-
teases of Musca domestica with a pH optimum at pH 3.0 (Greenberg and
Paretsky, 1955). The presence of proteases has also been reported in the
midgut extract of adult Calliphora erythrocephala (Fraser et. al., 1961;
Thomsen and Moller, 1963), whilst Brookes (1961) has further characterized
the larval enzyme extract of Phormia regina by the use of synthetic sub-
strates and detected some enzymes similar to trypsin.

In the present work. we report on some of the biochemical properties of
proteases in the midgut of Chrysomyia chloropyga. a non-biting blowfly
found in close association with the housefly, Musca domestica in Nigeria,
using an ultrasensitive chromogenic substrate.
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MATERI:\LS AND METHODS

Cultures of Chrysomyia chloropyga were maintained in the laboratory in
an illuminated cage (15W bulb). The culture medium consisted of fish and
rice meal and water in the ratio I: I: 1.5 w/v (Anantiko et. al., 1982). Adult
flies were maintained on sugar-soaked' cotton wicks.

For the preparat ion-enzyme ex tract, adult flies were immobilized at a low
temperature for 25 minutes (Yang and Davies, 1968). To hold them in posi-
tion, flies were embedded in melted candle wax on a wax-lined dissecting
dish. They were . latter dissected in insect Ringer solution (Grimstone and
Skaer,'1972) under an illuminated dissecting microscope. Themidguts were
isolated in cold phosphate buffer solution (6. 7x Ia-2M), homogenised in an
all-glass hornogeniser and the homogenate was used as enzyme extract.

Enzyme reactions were performed in 20ml. glass tubes incubated in a
cooled 'incubator (100 -30oC) or in a thermostatically-controlled water
bath (400 -70°e). The incubation time and temperature of the experi-
ment was 1 hour and 370C unless otherwise stated. For most reactions,
6,7xlO-2M phosphate buffer, pH 7,9 or 8.0 was used. The substrate used
to assay general protease activity was Hide Powder Azure. The reaction
mixtures were manually shaken at intervals. The assay reaction to measure
proteases activity was stopped after the requisite time by the addition of
3.0ml. of ice-cold phosphate buffer of appropriate pH and was filtered
through Whatman No. 1 filter paper. Proteolytic activity was measured
using a CE 343 single sample spectrophotometer set at 595nm to monitor
Hide Powder Azure absorbance changes (Briegel and Lea, 1975). Blanks
were similarly obtained but the enzyme extract was added at the end of the
reaction immediately before filteration of the reaction mixture. No bacterio-
stats were used at any stage since they are known 'to inhibit the activity of
some enzymes (Reid, 1965). The linear regression for protease activity and
protein digestion were computed by the method of least squares (Goldstein,
1964).

All chemicals were analytical grade and the Hide Powder Azure was
purchased from Calbiochem - Behring Corporation, Lajolla, California,
C.S.A.

Electrophoretic separation of enzyme extract
Disc gel electrophoresis using polyacrylamide was adopted to achieve

-"solution of the enzyme extract. 7.5% final concentration of acrylamide
vas employed. A volume of 20ll} of the mixture of crude midgut enzyme
, \ tract. tracking dye (concentrated bromophenol blue solution) and sugar
: .i.tion which served to increase viscosity was applied on top of each gel

~ c: current of 2mA per gel applied. Electrophoresis was stopped when the
._,,:i:~g. dye was 5/GLn down the gel. Gels were removed and stained in
: : :'~~sic Brilliant Blue f01 two hours and were destained after twenty-four
.~',;', til the bands separated became deal (Webber and OSl)OI r.e, 19'/ S).
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Characterization of midgut proteolytic enzymes
To identify the protein bands demonstrated above, stock solutions of

specific synthetic substrates TAME (N ex: -p- Tosyl- L-arginine methvlester
HCI) and BTEE (N-Benzoyl-L-tyrosine ethylester) were used (Hummel,
1959). Gels were frozen to a rigid state and were then cut with a razor
blade. The cut bands were transferred to l.Oml. phosphate buffer, homo-
genised and centrifuged (4,000rpm for 20 min.) and the. supernatant was
used as the enzyme fraction.

Hydrolysis of TAME and BTEE
The reaction mixture consisted of 3.0ml. TAME and BTEE solutions and

1.OmI. of enzyme fraction. The mixture was placed in a spectrophotometer
quartz cuvettee (1 em light path) within a thermo-regulated cell holder and
scanner using a Unicam SP 1800 Ultraviolet spectrophotometer. Absorbance
was read at 248nm for TAME and at 258nm for BTEE respectively at
intervals of 30 seconds.

••,

Experimental Regimes
(i) Effect of enzyme concentration

The reaction mixture comprised 20mg substrate per 2.0mI. phos-
phate buffer and different volumes of enzyme extract. The final
volume in each tube W(lS made up to the same volume before the
reaction was commenced.

(ii) Effect of substrate concentration
The reaction mixture consisted of 1.OmI. of enzyme extract and
2.0mI. phosphate buffer incubated with varied quantities of sub-
strate (10,20,30,40,50 and 60mg).

(iii) Effect of variation of temperature
Tubes containing 20mg substrate, 1.Oml. of enzyme solution and
2.0mI. phosphate buffer were stoppered and incubated at rising
10°C temperature increaments from 10° - 70°C.

(iv) Effect of variation of temperature and incubation period
Reactions were stopped at intervals of fifteen minutes incubation at
a range of 10°C incremental temperatures from 20° - 70°C.

(v) Effect of variation of pH and temperature
Reaction mixtures containing 20mg substrate, lOml. of enzyme
solution and 2.0mI. phosphate buffer of different pH (3-11) were
incubated at 25°, 35°,45°,55° and 65°C.
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Effect of enzyme concentration
With Hide Powder Azure as substrate, the relationship between proteoly-

tic activity and enzyme concentration is shown in Fig. 1. The increase in
enzyme concentration shows a corresponding increase in proteolytic activity.

The curve for hydrolysis of different concentrations of "Hide Powder
Azure by the enzyme extract is shown in Fig. 2. The regression line passes
.through the origin indicating that the substrate is readily hydrolysed; the
turnover of substrate increased with an increase in its concentration.
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Effect of variation of temperature
Fig. 3 shows the relationship between proteolytic activity and reaction

temperature. Hydrolysis of the substrate was at a maximum at 40°C. The
37°C assay temperature normally used was on the ascending phase of the
activity curve. A sharp decline in activity occurred on both sides of the
optimum with greater activity from 50° to 70°C than from 10° to 30°C.
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Effect of variation of temperature and incubation period.
In Fig. 4, the activity was relatively low throughout the period of incuba-

tion at 20 0, 60° and 70°C. Activity increased almost linearly with incuba-
tion period at 30°, 40° and 50°C. At the various temperatures used, sub- .
strate was hydrolysed after 15 minutes intubation and the maximum activity
was obtained at 40°C.
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Effect of variation of pH and temperature
Over the pH range (3.0 to 11.0) shown in Fig. 5, the midgut enzyme

extract was assayed for proteolytic activity at various temperatures from
25° to 65°C. At 35°, 45° and 55°C, the pH - temperature curves show a
similar pattern with two distinct pH optima, an acidic one at pH 5 and an
alkaline one at pH 8. Maximal activity was obtained at 4'>°c, whilst activity
was very low at 25° and 65°C.
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Proteinases in the crude midgut extract
Electrophoresis of crude midgut homogenate (60 midguts per a.5m!.

phosphate buffer, pH 8.0 and trisglycine buffer, pH 8.3 respectively) reveal-
ed a number of protein bands present in the extract (Plate O. Six protein
bands were detected in the midgut extract resolved in the two buffer solu-
tions indicating the enzyme preparation not to be homogenous.
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Characterization of the protein bands
Six protein fractions I to VI were obtained from gel electrophoretic

separation. Fractions III and IV hydrolyzed TAME while BTEE was hydro-
lyzed by fractions V and VI. Table I is a summary of the data obtained.
Fractions I and II were not distinct enough for isolation and hence were not
characterize d.

Table 1. Hydrolytic activity of the proteolytic fractions from the midgut
extract of C. chloropyga on specific synthetic substrates. Record-

ings were taken at intervals of 30 seconds.

TAME at 248nm BTEE at 258nm

Proteolytic Fractions Proteolytic Fractions

3 4 5 6 3 4 5 6

0.9400 0.8700 0.8000 0.8400 1.0100 1.0400 0.9900 1.0400

0.9200 0.8600 0.7980 0.8400 1.0000 1.0300 0.9800 1.0300

0.9180 0.8500 0.7900 0.8300 0.9900 1.0300 0.9900 1.0200

0.9000 0.8600 0.7800 0.8300 0.9960 1.0300 0.9750 1.0100

0.8900 0.8580 0.7820 0.8300 0.9960 1.0300 0.9700 1.0000

0.8800 0.8560 0.7820 0.8400 0.9000 1.0200 0.9700 1.0000
• 0.9600 0.99000.8840 0.8500 0.7820 0.8300 0.9000 1.0200

# 0.8700 0.8500 0.7900 0.8300 0.9800 1.0180 0.9620 0.9800• 0.9700 0.98000.8600 0.8460 0.7900 0.8400 0.9860 1.0180

0.8700 0.8460 0.7960 0.8300 0.9900 1.0180 0.9600 0.9500

0.8600 0.8420 0.7900 0.8300 0.9870 1.0200 0.9620 0.9000

0.8600 0.8420 0.7900 0.8400 0.9850 1.0100 0.9650 0.9200

DISCUSSION

The result of the enzyme concentration on proteolytic activity showed
that the midgut extract contained enzymes capable of hydrolysing Hide
Powder Azure. Fig. 1 suggests that the increase in enzyme concentration
linearly corresponds to the amount of substrate hydrolysed as reported for
the midgut protease of Aedes aegypti (Briegel and Lea, 1975). Thomsen and
Moiler (1963) have also demonstrated a linear relationship between the
hydrolysis of sulphanilamide and casein by the midgut extract of adult
female C'!liphora erythrocephala.

The ';;trate concentration activity graph is linear (Fig. 2). This indica-
tes that the substrate concentration used is enough for maximum enzymatic
activity. The increase in protease activity with increasing substrate con-
centration suggests that substrate concentration appears to influence the
protease activity as reported for Spodoptera litura (Ahmad et. al., 1976).
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A sharp temperature optimum of 40°C was obtained as presented in
Fig. 3. This showed that the' assay temperature of 37°C used was on the
ascending phase of the graph. Enzymatic activity is low between .10° and
300e but the increase in activity at 60° and 700e may not be due to
enzymatic activity as enzymes are known to be normally denatured at these
temperatures. It is therefore suggested that the substrate is not stable at
high temperatures hence the release of more Remazolbrilliant blue in solu-
tion and apparent increase in activity. Srivastava and Auclair (1963) reported
an optimum temperature! of 400e for the action of the gut homogenate
of the pea aphid, Acyrthosiphon pisum with alanine and glycine as sub-
strates.

A very low proteolytic activity of the enzyme extract was obtained at
temperatures of 20°, 60° and 70°C and even at various incubation periods
(Fig. 4). At temperatures of 30° to 500e the enzymatic activity increased
with an increase in incubation period, suggesting the suitability of the
temperature range for midgut proteolytic activity

The low enzyme activity at 25° and 650e presented in Fig. 5 probably
suggests that the enzymes are inactivated and denatured at these tempera-
tures respectively. At pH range (3.0 to 11.0) and at temperatures of 35°,
45° and 550e, proteolytic activity is relatively high and optimal activity is
obtained at pH 5 and 8. The optimum at pH 8 reported in this work has
been reported for a number of insects by several workers (Greenberg and
Paretsky, 1955; Fisk, 1950; Gooding and Huang, 1969). Fisk also reported
an acid reaction (pH 5.5) in the crop of mosquitoes fed on 5 percent sucrose
solution and an increase in acidity had earlier been reported in the intestine
of the cockroach following the ingestion of sugar (Wigglesworth, 1928). It
is therefore suggested that the slightly acid pH at 5 is partly due to the sugar
solution administered to the adult flies. The result of our study apparently
shows that two different proteases, having different pH optima, are present
in the crude extract.

In the present study, it has been possible to separate the crude midgut
enzyme extract of C. chloropyga into six protein bands .by electrophoresis.
Yoshitake (1967) also reported six distinct bands from digestive juice of
Bombyx mori using electrophoretic method. Our result therefore supports
the view of other workers who suggested that proteinase is a multiple of
proteolytic enzymes (Gooding, 1966; Patel and Richards, 1960). The protein
bands were all found to migrate towards the anode at the pH used. The
result of the hydrolysis of the synthetic substrates by the bands confirmed
the presence of trypsm-iike and chymotrypsin-like enzymes in the midgut
extract (Gooding and Huang, 1969; Knecht ·M. al., 1974; Kunz, 1978).
Giebel (1971) had similarly detected four proteolytic fractions in the midgut
of adult worker bees with only one fraction similar to chymotrypsin. The
separation technique used in this study clearly revealed the heterogenous
nature of the midgut extract of the blowfly Chrysomyia chloropyga.
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