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Summary

Mealybug (Drosicha stebbingi Green) is voracious pest of the mango orchards. It causes heavy quality
losses and low production of mango fruit (Luhanga & Gwinner 1993). The research was conducted to control the
pest. Isolation, purification and characterization of amylase from mango mealybug were performed. Amylolytic activity
was 365U/ml in crude homogenate of D. stebbingi whereas in acetone precipitation sample activity was 680 U/ml.
The optimum pH and temperature for amylase activity was 6.4 and 50-60 °C, respectively. However, amylase activity
was maximum at 3% of substrate (starch) concentration. Enzymatic activity was inhibited by Pb*", Na'*, Hg®", Ni**
and Cu? but Ca®" enhanced the enzymatic activity. Natural plant extract like Datura (Datura alba), Neem
(Azadirachta indica) and citrus (Citrus reticulata) inhibited the amylolytic activity. Molecular weight of amylase was 26
kDa measured by sodiumdodisylsulphate-polyacrylamide gel electrophorasis (SDS-PAGE). Purpose of the research
was to evaluate the isolation, purification and biochemical characterization of the digestive enzyme of mango
mealybug. The experiment provides better understanding about digestive physiology of mealybug for its efficient
control. Biochemical characteristics of digestive amylolytic activity in adults of mango mealybug may open new
horizons for its control.
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Ozet

Mango unlubiti (Drosicha stebbingi Green) mango bahgelerinde oburca beslenen bir zararhdir. Mango
meyvesinde agir kalite kaybi ve disik Uretime sebep olmaktadir (Luhanga & Gwinner 1993). Bu ¢alisma zararlinin
kontrolii igin yapilmistir. izolasyon, saflastirma ve amilaz karakterizasyonu Mango unlubitinden yapilmistir. Amilolitik
aktivite D. stebbingi ham homojenat iginde 365U / ml iken aseton i¢inde ¢okeltme 6rnek aktivitesi 680 U / ml olmustur.
Amilaz aktivitesi icin optimum pH ve sicaklik sirasiyla, 6.4 ve 50-60 °C olmus, bununla birlikte, amilaz aktivitesi,
maksimum alt-tabaka (nisasta) konsantrasyonunun% 3’G olmustur. Enzimatik aktivite Pb2 +, nA1- +, Hg2 +, Ni + 2 ve
Cu + 2 tarafindan énlenmis, fakat Ca + 2 enzimatik aktiviteyi arttirmistir. Datura (Datura alba), Neem (Azadirachta
indica) ve narenciye (Citrus reticulata) gibi dogal bitki ekstraktlari amilolitik aktiviteyi engellemistir. Sodiumdodisylsulphate-
poliakrilamid jel elektroforez (SDS-PAGE) ile dlglilen amilaz molekil agirhgi 26 kDa olmustur. Arastirmanin amaci
izolasyonu, saflastirmayr ve mango unlubitlerin sindirim enziminin biyokimyasal karakterizasyonunu degerlendir-
mektir. Bu galisma unlubitlerin etkin kontroll i¢in, unlubitlerin sindirim fizyolojisinin daha iyi anlasilmasini saglar.
Mango unlubitlerin erginlerindeki sindirim amilolitik aktivitesinin biyokimyasal 6zellikleri zararlinin kontroll igin yeni
ufuklar acabilir.
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Introduction

Fruit is an imperative portion in the agriculture sector. Mango (Mangifera Indica L.) is well known for
its excellent exotic flavor and usually referred to as the king of fruit (Sivakumar et al. 2011). Over all India is
at the top following by China and Thailand. Pakistan is footing at 4" place in mango production by sharing of
1784300 metric ton, which contribute about 13.9% in the world’s total production (MINFAL 2010).

Insect pest of mango attack the mango orchard and consume the important nutrients from the plant
body. Damage by insect pests and diseases in mango while mango Mealybug was reported to cause
serious damage to various fruit trees, especially mango, in Benin, Ghana and Togo (Agounkeé et al. 1988).
Even though in Pakistan mango mealybug (Drosicha stebbingi) is one of the serious pests attacking on the
fruit trees (Prasad & Singh 1976; Yousuf 1993). In case of fruit trees, due to the attack of insect pest the
yield is reduced severely. Tandon and Verghese (1985) reported that mango mealybug is dangerous for
mango fruits. It is not only the pest of mango tree but it also attacks more than 70 other plant (Narula 2003;
Tandon & Lal 1978). Furthermore, majority of the survey showed that mango mealybug is the main pest of
mango and caused major losses to the fruit of mango (Bokonon-Ganta et al. 2002).

Mango mealybug have the tendency to infest the diversity of the fruit and ornamental trees in
including mango for example, peach (Prunus persica), papaya (Careica papaya), plum (P. domestica)
and all citrus cultivars. During peak infestation mango mealybug has been reported in different forest
trees and huge amount of crawler and female get approach to tree Dalbergia sisso, Bombyx ceiba, Ficus
religiosa, and Populus abla via stem (Khan 2001).

a-Amylase is one of the most important enzyme encountered in microbes, higher and lower plants,
and animals (Kadziola et al. 1993). Amylase is one of the key enzymes involved in digestion and
carbohydrate metabolism in insects. These enzymes different origins including bacteria, mammals,
nematodes and insects have been purified and their physical and chemical properties characterized
(Mohammed 2004; Oliveira-Neto et al. 2003; Rao et al. 2005; Zoltowska 2001).

This study aims to undertake the purification and biochemical characterization of a-amylase
sourced from the digestive tract of Drosicha stebbingi (Green) the mango mealybug, in order to gain a
better understanding of its digestive physiology and to investigate a new potential good source of IPM for
the mango mealybug. It will also help in reducing the incremental used of conventional insecticides.

Materials and Methods

Insect collection

Mango mealybugs were collected from different sources like stem, twigs and branches of mango
tree and as well as from other ornamental trees at University College of Agriculture, University of
Sargodha. Collection was done during the month of February to April in 2011 at a variety of temperatures
between 25°C to 40°C and in 55%-70% humidity. These Mango mealybugs were stored at 4°C, for
further experiments. Insect were identified as Drosicha stebbingi (Homoptera: Margarodidae).

Preparation of crude enzyme

50g of 33 individuals of mealybug were first washed in order to remove the mealy powder from the
insect body and dried by spreading them on layer of filter paper. Mealybugs were homogenized by using
mortar and pestle with regular addition of the buffer of 0.2M sodium- phosphate (pH 7.0) and overnight at
room temperature (Rehman et al. 2009). Homogenized mixture was centrifuged in centrifuge machine at
10,000 rpm for 15 minutes. The pellets were air dried and dissolved in 10 ml of 0.1 M sodium phosphate
of (pH 7.0) This was also stored at low temperature at 4°C. Then 50 ml of filtered homogenate was added
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to 200 ml of ice-cold acetone at 4°C overnight to precipitation of protein enzyme. Chilled acetone was
used during protein precipitation so that the heat released in this process would not denature the
enzymes. Next day mixture was centrifuged at 10,000 rpm for 15 minutes. The pellets were air dried and
dissolved in minimum quantity of 0.2 M sodium-phosphate buffer of pH 7. The sample was stored at 4°C
and used as a crude enzyme source.

Screening of Enzyme Activity

To screen the amylase activity in the crude protein extract a modification of Congo Red Plate
Assay Rehman et al (2009) was used. Amylase activity was confirmed by observing the cleared zone
formation around the sample well against a red-stained background on agar plates. Pre-sterilized plates
were used for substrate agar plate assay. Agar gels were prepared by mixing 5 ml of 3% agar and 5ml of
3% starch for amylase activity. Then 5 ml of 0.1 M sodium phosphate buffer (pH 6.0) was mixed with 10
ml substrate — agar mixture. About 15 ml of agar gel solution was poured in petri-plates and gel was left
to solidify. After the solidification, wells were made in the center of the agar plate and loaded the enzyme
with the volume 100ul. Substrate — agar plates along with enzyme were incubated over night at 37°C.
Next day plates were stained with 0.1% Congo red for 15 min at room temperature, followed by de-
staining with Sodium Chloride (1.0 M) for 30 minute with gentle shaking.

Total Protein Estimation

Total protein in the sample was measured using the dye binding method of Bradford (1976) using
bovine serum albumin as a substrate using modified method of (Rehman et al. 2009). To prepare dye binding
reagent 100 mg Coomassie Brilliant Blue G250 (shandon) was dissolved in 50 ml of 95% ethanol following by
mixing it with 100 ml of orthophosphoric acid. The solution was diluted to 1.0 liter by adding distilled water and
filtered the dye twice to remove undissolved particles. For protein estimation 2.5 ml of dye binding reagent was
added to 100 pl of protein sample and absorbance was measured at 595 nm against reagent black after 5
minutes. The reagent blank was prepared by dissolving 100 pl of distilled water and 2.5 ml of dye binding
reagent. Then the concentration of protein was calculated by plotting the standard curve.

Measurement of Enzyme Activities

Enzyme assay was performed by measuring the amount of reducing sugar by using modified 2.2-
dinitrosalicylic acid method (DNS) taking the glucose as standard (Rehman et al. 2009). DNS reagent
was prepared by using 10 g of 2.2 — dinitro salicylic acid method (DNS) dissolved in 200 ml 2.0 M sodium
hydroxide (NaOH) followed by addition of 500 ml of 60% sodium-potassium tatrate. Both solutions were
mixed, made the final volume of 1000 ml and filtered the solution. To estimate reducing sugars produced
by enzyme reaction, concentration of the released glucose was measured from a standard glucose curve
enzyme activity (U/ml) was determined (Rehman et al. 2009).

Amylase Assay

Reaction mixture was made by adding the 100 ul of the crude enzyme sample solution to 0.5 ml of
starch (3% w/v) and 0.5 ml of 0.1 M Phosphate buffer (pH 6.5) mixture. The mixture was incubated
overnight a 4 °C. After incubation, 3 ml of DNS reagent was added to the enzyme mixture and incubated
in boiling water bath for 15 min. Absorbance was measured at 540 nm against reagent blank prepared by
adding 100 pl distilled water, 0.5 ml of 3% starch and 0.5 ml of phosphate buffer of pH 6.0.

Characterization of Enzyme Activity
pH Profile

To determine the pH profile of amylase and cellulase activity, the enzyme assay was carried out
using buffers of different pH. Citrate buffer from pH (3.0-5.6) and phosphate buffer from pH (5.8-pH 8.0)
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were used. The assay was performed by adding 100 pl enzyme and mixed in 500 pl 3% starch and 500
I of buffer pH (3.0-5.6) and pH (5.8-8.0) for the amylase activity. Cellulase activity assay was carried out
by taking 100 yl enzyme was mixed in 500ul 2% CMC and 500 pl of buffer pH 3-5.6 and pH 5.8-8.

Temperature Profile

In order to determine the optimal assay temperature, the reducing sugars released from the starch
was assayed at temperature 4°C to 80°C by DNS method as described above. The reaction mixture was
prepared by adding 100 yl enzyme sample in 0.5 ml 3% starch and 0.5ml sodium phosphate buffer pH
6.0 for the amylase activity but the cellulase activity required 100 pl enzyme sample in 0.5 ml 2% CMC
and 0.5 ml sodium phosphate buffer pH 5.8. The absorbance was taken on 540 nm against the reagent
blank.

Effect of Substrate Concentration

For amylolytic activity, effect of substrate concentration was studied using different concentrations
of starch ranging from 1.0 % - 5.5 % in the assay mixture (100 ul of enzyme sample was mixed with 1.0
% to 5.5 % starch and 500 pl of buffer (pH 5.8). Than reaction mixture was incubated at 50 °C. For the
cellulytic activity, we studied the effect of different substrate concentration of CMC ranging from 0.5 % -
3.5 % with the reaction mixture (100 pl of enzyme sample was mixed with 0.5 % to 3.5 % CMC and 500
I of buffer pH 5.8). Than reaction mixture was incubated at 50 °C.

Effect of Metal lons on Enzyme Activity

Different metal ions were used to study their effect on amylase enzyme. Effect of metal ions on
digestive enzyme (amylase) were studied using different concentrations mercury (Hg*), calcium (Ca®"),
strontium (Sr**), nickel (Ni**), cobalt (Co®*), copper (Cu®*), lead (Pb**), sodium (Na*) and potassium (K)
were used in reaction mixture.

In reaction mixture 100 yl of enzyme was mixed with 0, 100, 200, 300, 400 and 500 ppm
concentration of metal ions from HgCl,, CaCl,, SrCl,, NiCl,.6H,0, CoCl,.6H,0, Pb(NOj3),;, CuCl,.2H,0,
NaCl, and KCI. Mixed gently, add 500 ul of buffer of pH 6.0 and 500 ul of substrate (3% starch for
amylase activity), Incubated it overnight at 50 °C temperature. After this 3 ml of DNS was added in each
reaction mixture. Boiled the reaction mixtures in pre-heated boiling water and filtered it. The reading of
reaction mixtures were taken at 540 nm. DNS was taken as blank and control reaction mixture includes
100 pyl of enzyme, 500 pl of substrate (3% starch for amylase activity) and 500 pl of buffer (pH 6.0).

Effect of Natural Inhibitors

Inhibition of enzyme activities of Drosicha stebbingi other than with metal ions can also be take
place with natural inhibitors like Datura (Datura alba), Neem (Azadirachta indica) and citrus (Citrus
reticulata) plant extracts.

Preparation of Extract from Plant Origin

Fresh leaves of Datura, Neem and peel of citrus fruit were collected from the different areas in
University College of Agriculture, University of Sargodha, Sargodha, Punjab, Pakistan in the July 2013.
By distilled water peel and leaves were properly washed and then air dried to original weight. Then
weighed quantities of leaves and peel of citrus were homogenized in buffer of sodium phosphate (pH
7.0). 50 g of fresh leaves of Datura, Neem and peel of citrus were taken, properly washed then air dried
and weighed. Air dried leaves of Datura, Neem were grounded into fine powder, then 20 grams of
powdered leaves homogenized in 100 ml of methanol respectively with gentle shaking for 72 hrs. After 72
hrs filter the mixture and allowed it to dry at 40 °C. 100 mg of filtered dried leaves powder dissolved in 10
ml of distilled water and make the concentrations. To determine the effect of natural substrates, reaction
was carried out containing the 100 ul of enzyme with varying concentrations of natural plant extracts.
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Purification of Enzyme

Protein purification amylase activity was purified using the chromatographic techniques. The crude
enzyme sample was fractionated at 4°C using the swollen sephadex G-75 suspension, packed in a
column (1.6 x 16 cm). The amylase activity and protein concentration were determined by enzyme assay
in collected fractions. Active fractions having amylase activity were pooled and subjected to ion exchange
chromatography for further purification. Active fractions were loaded into ion exchange column (0.8 x 15
cm) packed with the DEAE-sephadex gel and equilibrated with Tris-HCI buffer. Sample was loaded and
the bound proteins were eluted by a linear gradient of 0-0.5 M NaCl in Tris-HCI buffer (pH 8.5). A total of
55 fractions (2 ml each) were collected. Protein concentration and enzyme activity were determined in
each fraction by dye binding assay (Bradford, 1976) and DNS method. For estimation of protein 2 ml of
bradford reagent was added to 0.5 ml of each fraction, absorbance was noted at 595 nm and
concentration was determined by using the BSA standard curve. Active pooled fractions were stored at
4°C.

SDS-page

SDS-Polyacrylamide gel electrophoresis (PAGE) was performed under non-denaturing conditions
(Sami & Akhtar 1990). Active fractions from ion exchange chromatography were subjected to
electrophoresis. After electrophoresis gel was cut in two strips vertically. One strip was placed onto
substrate agar plate to locate the position of amylase activity on gel. Substrate agar gel plate was
prepared using the 3% agar and 2% starch, mixed with buffer of pH 4.8. After incubation for 3 h at 40°C,
gel strip was removed followed by staining and detaining of substrate agar plate with 0.1% congo red dye
and 0.5 M sodium chloride respectively.

Results
Screening for Amylase Activity

Enzyme sample from Drosicha stebbingi was added in the starch agar plates and incubated for 24
hours. Staining and de-staining of agar plates with potassium iodide solution. Amylolytic activity was
observed. From the assay it is conformed that amylase enzyme is present in the crude protein extracted
by observing the white zone development around the sample well against a black stained background on
assay plates (Fig. 1).

S,

-

-

Figure 1. Agar plate assay of Drosicha stebbingi indication the existence of amylolytic activity by formation of white
zone in centre of plate at pH 5.8.
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Total Protein Estimation

The total crude protein from the D.stebbingi was estimated before the acetone precipitation and
after precipitation with the ice cold acetone. The standard curve of protein plotted by using the BSA as
standard. The protein present in the sample of mango mealybug before acetone precipitation was about
360 pug/ml while in the case of acetone precipitated sample total protein was estimated about 720 pg/ml
from the standard protein curve.

Determination of Amylolytic Activity (Enzyme Assay)

Amylolytic activity from the protein sample of D.stebbingi was measured by using the standard
curve of glucose. Amylolytic activity was 365U/ml in D.stebbingi crude homogenate whereas in acetone
precipitation sample activity was 680 U/ml.

Characterization of enzyme

Effect of substrate concentration

Figure 2 showed the different levels of amylase activity at different substrate concentration. Firstly
activity of amylase enzyme increases at substrate concentration from 1% to 3%. Maximum enzyme
activity was at 3% to 3.5% starch concentration. Then after that amylase activity started to decrease from
3.5% t0 5.5%.

Absorbance (540nm)

Starch Concentration (%)

Figure 2. Effect of substrate concentration on Amylase activity of enzyme of Drosicha stebbingi.

Effect of pH profile on amylase activity

pH profile for the amylase activity was evaluated for getting the optimum activity of enzyme. In the
case of amylase enzyme of the D.stebbingi, activity was observed to maximum at 6.4 pH. Minimum value
of enzyme activity showed that highly acidic medium is not best suited for the amylase activity (Fig. 3).
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15

Absorbance (540nm)

0.5

Figure 3. pH profile of Amylase activity of enzyme sample of Drosicha stebbingi.

Temperature Assay
Effect of Temperature on Amylase activity

To investigate the change in activity of amylase enzyme was studied by keeping enzyme amount
constant at different levels of temperature. Results indicated that at temperature 4°C to 30°C amylase
activity was very near to the ground but peak and maximum activity of enzyme was observed at
temperature 50°C and 60°C but onward there was a stepping decline in amylase activity till the
temperature up to 90°C (Fig. 4).
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Figure 4. Temperature profile of Amylase activity of enzyme sample of Drosicha stebbingi.
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Effect of metals ions
Effect of lead lons

To investigate the change in activity of amylase enzyme was studied by keeping enzyme amount
constant at different lead ions concentration. Results indicated that at 400 ppm to 500 ppm amylase
activity was very near to the ground but peak and maximum activity of enzyme was observed at 0 ppm
but there was a steeping decline in amylase activity from zero to onward till 500 ppm (Fig. 5).

Effect of Cobalt lons

Graph showed the different levels of amylase activity at different ions concentration of cobalt.
There was no significance change in the activity of amylase enzyme after zero ppm of cobalt ions. Graph
illustrated that amylase enzyme activity was shown to be the constant at different ppm solution of the
cobalt ions (Fig. 5).

Effect of Mercury lons

Graph showed the different levels of amylase activity at different mercury ions concentration.
Inhibition of amylase enzyme is high at different mercury ions concentration and activity remains constant
from 300 ppm concentration to onward. Graph illustrated that maximum enzyme activity was at zero ppm
of the metal (Fig. 5).

Effect of Calcium lons

By varying the concentration of calcium ions activity of the amylase enzyme was observed. There
was increase in amylase activity by increasing in calcium ion concentration but the maximum activity was
observed at 500 ppm concentration of calcium ions (Fig. 5).
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Figure 5. Effect of some cations on Amylase activity of enzyme sample of Drosicha stebbingi.
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Effect of Sodium lons

Graph showed the different levels of amylase activity at different concentration of sodium ions.
Activity of amylase enzyme has the peak values at zero ppm of sodium ions. Graph illustrated that
amylase enzyme activity was decreased by increase in ppm solution of the sodium ions (Fig. 5).

Effect of Potassium lons

Cellulase study of the D.stebbingi indicated that enzyme activity have the variation with respect to
the different levels of potassium ion. Analysis showed that there was a significant relationship between
cellulase activity and metal ion concentration, while making elevation and depression by curve. Enzyme
activity indicated the peek value at 200 to 300 ppm (Fig. 5).

Effect of Nickel lons

The effect of nickel ion was observed by different concentration of nickel chloride from 0 to 500
ppm. Impulsive decrease occurred in the amylase activity just after the 0 ppm. At the end from 300 to
500 ppm the activity of enzyme become the constant (Fig. 5).

Effect of Strontium (Sr) lons

The effect of Sr ions to amylase enzyme activity of the D.stebbingi were studied. Curve showed the
maximum inhibition of cellulase at 0 ppm of Sr ions. After that surprising increase occurred in cellulase
activity at 100 ppm to 200 ppm. After that activity little bit increased but remained constant from 300 to
500 ppm (Fig. 5).

Effect of Copper lons

Effect of copper ion on the amylase activity of D.stebbingi was studied. Different concentrations of
copper were subjected to the reaction mixture. Maximum activity of the amylase enzyme was at 0 ppm of
copper concentration. After 0 ppm drastic decrease in enzyme activity occurred from 100 ppm to onward
but amylase activity remained constant from 300 ppm to 500 ppm of copper ions (Fig. 5).

Effect of natural plant extracts
Effect of datura extract

Effect of Datura extract on the amylase activity of D.stebbingi was studied. Different concentration
of extract was subjected to the reaction mixture. Maximum activity of the amylase enzyme was at 0 ppm
of Datura extract. After 0 ppm drastic decrease in enzyme activity occurred from 100 ppm to onward (Fig. 6).
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Figure 6. Effect of some plant extracts on Amylase activity of enzyme sample of Drosicha stebbingi.
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Effect of Neem Extract

Effect of Neem extract on the amylase activity of D. stebbingi was studied. Different concentration
of extract from 0 mg/ml to 100 mg/ml was subjected to the reaction mixture. Amylase activity has variation
with respect to different concentration of Neem extract. Amylase activity was decreased first as increase
in Neem extract concentration from 0 mg/ml — 20 mg/ml. After it little bit increase occurred and then
enzyme activity started to decline with minimum enzyme activity at 100 mg/ml (Fig. 6).

Effect of Citrus Peel Extract

Effect of the citrus peel extract was observed with varying the concentration from 0 mg/ml - 100
mg/ml. Results indicated that enzyme activity have the variation with respect to the different concentration
of citrus peel extract. The decrease in amylase activity was observed as increase in extract concentration.
Maximum enzyme activity was observed at 0 mg/ml while the minimum amylase activity was at 80-100
mg/ml (Fig. 6).

Purification of Enzyme
Gel Filtration Chromatography

The acetone precipitated crude concentrated enzyme sample was subjected on sephadex G-100
column for the Gel-filtration chromatography. Fractions were evaluated by 0.2M phosphate buffer of pH
7.0. The enzyme activity and protein concentration were determined in each fraction.

Gel filtration Chromatography for the amylase

All samples were evaluated for the protein concentration and amylase activity. Peak fractions
having the maximum protein concentration were lying from 10-25 with the climax absorbance 2.28 nm at
21no fraction. But the highest amylase activities were at two places within the graph at 14, 15, 16, 17, 18
and 21, 22, 23, 24, 25 & 26.These samples were collected for the further purification (Fig. 7).
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Figure 7. Purification of enzyme activity of Drosicha stebbingi by Gel Filtration Chromatography. And Amylase activity
in Gel Filtration fractions.
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lon-Exchange Chromatography

The partially purified sample was fractioned on a DEAE-sepharose chromatographic column.
Active pooled fractions from the gel filtration were loaded. Elution was done with increasing gradient of
NaCl (0.05-0.5M) in 0.05M Tris-Cl buffer (pH 8.0). The fractions were analyzed for protein concentration
and enzyme activity. Protein concentration was high in the following fractions; 18, 19, 20, 25, 26, 43, 44,
45, 46 and 48.

lon-Exchange Chromatography for Amylase

lon-Exchange fractions were analyzed for the amylolytic activity. Maximum values were at the
fractions no 25, 26, 27, 40, 41 and 42. Active fractions were pooled and SDS-PAGE was done to
calculate the molecular weight of the protein (Fig. 8).
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Figure 8. lon Exchange Chromatography through a DEAE-Sephadex column, Elution was done at 0.5 ml/min with
linear salt gradient. And Amylase activity in lon-Exchange fractions.

Molecular Weigh Determination

By the SDS-PAGE molecular weight of amylase for mealybug was determined that is 24 KDa (Fig. 9).
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Figure 9. Amylase activities on SDS-PAGE.

Discussion

Mango mealybug (Drosicha stebbingi) is a voracious pest of mango, which was chosen for the
biochemical studies of digestive enzymes. Our study consisted on the isolation, purification and
characterization of the amylases of the mealybug. From different localities of Sargodha district the
samples were collected and stored at 4 °C for the further processing. After the identification of the
specimens, samples were subjected for the screening of amylolytic activity. For the amylase an assay
was preformed with the crud sample, precipitated by the acetone. After the staining with Kl solution, the
activity was observed by the presence of white zone development around the sample well against a black
stained background (Fig. 9).

Amylase may either be produced by the mango mealybug as genes of the amylase enzyme are
also possessed by other invertebrates like some insect, mollusks and nematodes (Watanabe & Tokudat
2001). P.citri also posses the endoglucanase activity (Rehman et al. 2009). Mehrabadi & Ali (2009)
screened alpha-amylase activity from the Eurygaster moura larvae.

It has been evaluated that in the case of amylase, maximum activity was observed at 3 % of starch
as also described that optimal amylolytic activity was observed at 2% of starch (Shalom & Pratten 2008).

Amylase results of previously studies showed that E.Maura has amylase peak activity between 6.5-
7 (Mehrabadi & Ali 2009). As our work indicated that at pH 6.4 amylase of mango mealybug showed its
maximum activity. It means for proper action of amylases there should be slightly acidic medium.

At 50 °C temperature, maximum activity of amylase was observed in the mango Mealybug. As it is
reported in the literature that lowest and highest temperature ranges that possess the alpha-amylase
activity are 25-30 °C and 100-130 °C respectively (Chary & Reddy 1985).
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Amylase activity of the D. stebbingi was somewhat decreased after remain constant. It may be due
to increased in concentration of B-marcaptoethanol which leads to break Cys-Cys disulphide bridge and
inhibit the activity of enzyme.

In the case of metal ions both amylolytic activity was affected by different concentration of the
metal ions. In the presence of lead, mercury, sodium, nickel, and cupper the amylase activity was
decreased. In the case of potassium and strontium firstly amylase activity was decreased but later on the
activity was increased by increase in ion’s concentration. While the exposure of calcium stimulated the
amylase activity probably due to the reason that amylase is a metalloenzyme and consisting calcium ion
as a cofactor so it provides stability to the structure of amylase enzyme. As mentioned in paper that ca®
was reported to increase a-amylase activity of an alkaliphilic Bacillus sp. ANT-6 (Burhan et al. 2003). In
the presence of cobalt ion there were not any effect observed at the amylase activity.

In this preliminary research leaves of Neem, Datura and peel of citrus were used to check the
effect on amylase. All the extracts showed the potential inhibitory effect on the amylase activity. Now it
requires further investigation on other natural inhibitors by isolation and purification. This may leads to the
production of cost effective natural pesticides.

Since these enzymes belong to the digestive system of pest, therefore activity of these enzymes
would indicate the feeding behavior of the insect. It has been noted that activity of these enzyme are
prone to change in the environment and also affected by the quality of cell sap (xylem fluid). Since it
directly feed on the young twigs and tender branches, therefore the activity of these enzymes were tested
over the range of abiotic stress such as temperature stress and inorganic salts stress. These stresses are
now common part of over mango orchards range, due to abrupt change in the climate and irrigating the
mango orchards with poor quality of water (Azevedo et al. 2003). The change in climate and irrigate on
the mango orchard with low quality of water, affect the quality of the xylem fluid and this xylem fluid would
eventually affect the mango mealy bug population. It also correlated the change in xylem or cell sap due
to irrigating water, polluted with heavy metals. Akhtar et al (2000) collected the samples from various
orchards from Pakistan of four varieties dosehri, langera, chonsa and substention buldap of macro (Na,
K, Ca and P) and micro (Fe, Zn, Cr, Cd and Pb) elements. It was concluded that the high concentration of
these metals may be due to irrigation from industrial flowing and sewerage water. Furthermore it was also
indicate that concentration of heavy metals in the Pakistan which is very high than normal concentration.

It is noted that the mango crop absorbed substantial amount of heavy metal such as Cd, Pb and Zn
in the leaf and twigs due to vehicular intensity, near the orchard. He concluded that amount of heavy
metals exceed to the safe limit. Therefore the studies were carried out to check or determine the impact
of heavy metals concentration over the key digestive enzymes of the Mealybug.

As result, inhibition effects of different plant extracts and heavy metals are evaluated in this
experiment. Plant extracts may be used in the field directly (or as solute with other chemicals) as foliar
spray. A lot of work is being done on heavy metals as control of insect pests through bitrophic
interactions. Suitable formulation may be formulated in future.
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