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Abstract: Investigations were conducted on some aspectsobtdgy, toxicity and
esterase variability of melon flyBactrocera cucurbitae. Time periods required to
develop into adult from egg were recorded 12-23daythe present rearing condition
(28-30 °C of temperature and 70-80% of relative humiditfree types of
insecticides (pyrithroid, organophosphate and tstipieles) were tested against & 3
instar larvae, where malathion was found to be thest toxic followed by
cypermethrin and BT crude extracts. &§r malathion and cypermethrin against the

3% instar larvae were found to be 6.07x1Gnd 8.13x10° ppm at one hour of
exposure respectively. In case of BT crude extriusL G, for 34L, 47L and R1
strains were 2.19, 1.01 and 2.19 mg/ml at 72 hadrexposure in order. 7.5%
polyacrylamide gel electrophoresis was employethvestigate the esterase isozyme
variability of this species in terms of sex, ageups, body parts and pesticidal effects.
Altogether, five esterase bands (Est-1, Est-2 3E8ist-4 and Est-3yere identified in
this species. All five bands were present in femalbereas only four in male
(Est-1 absent). Est-3 was present in all stagdgepfEst-4 and Est-5 only in adults,
while other two bands showed switch on and offguattof expression. Relatively,
higher esterase bands were observed in the angaioof the body (head). All the
bands were predominantly present in the cypernrettifed adults but Est-2 and Est-
3 disappeared from the malathion killed adults.

Key words. Melon fly, Developmental biology, toxicity, Elecpboresis, Esterase
variability
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INTRODUCTION

The melon fruit fly, Bactrocera cucurbitae (Diptera: Tephritidae)is a biologically interesting and
economically very important group of insects timiésts a wide range of plant species causing séosse
to fruits and vegetable cropsnd is a major threat to cucurBit¥he damages result from oviposition in
fruit and soft tissues of vegetative parts of hosding by the larvae and decomposition of plessue

by invading secondary microorganising attacks flowers, fruits, stems and root tisstieat greatly
curtailed the production of economically importdintits and vegetablésThis fly is a serious pest of
fruits and vegetables in all over Banglade§hthe control strategy of which mainly depends @astv
knowledge about the species. Several numbers dfadetare used to reduce direct losses of harvesting
locally grown crops including mechanical, culturbiplogical control and chemical conttolChemical
insecticides are the backbone of insect pest ddrtnal most commonly used insecticides for fruit fly
control includes malathion, cypermethrin, DDT, dmmn, lindane, chlordane etc. Malathion is an
organophosphate parasympathomimetic which bind@wversibly to cholinesterase and widely used in
agriculture, residential landscaping, public reticerareas, and in public health pest control ot

On the other hand, cypermethrin is a synthetictbyo& used as an insecticide in large-scale coriaer
agricultural applications as well as in consumendpcts for domestic purpose©ppositely, BT is
endotoxins that are extracted from different sgamf Bacillus thureingenesis, could be used for the
management of melon fly infestation. Due to drawbat chemical pesticides, biopesticides may be
potential for melon fly control reducing reliance sprayed insecticid&s

Isozymes that are the variants of same enzyme lamastidentical in function, may differ in other y&a

viz. amino acid substitutions that change the glecharge of the enzyme. This forms the basis for
separating different isozymes by gel electropherési be used as molecular markers. Esterases are
hydrolyzing enzyme that may used as bioindicatorsneasure the toxic potency of pesticide residues
usually applied in agriculture. This enzyme is venportant for insecticide breakdown and its isoggm
have been amongst the most widely used moleculgkersafor this purpose. Several studies have been
shown that changes in esterase sensitivity to itidibby organophosphorus and carbamate insecticide
can confer high levels of resistaficé’ Aim of the present investigation was to obsetve general
biology, toxicity effects (malathion, cypermethrBB] crude extracts) and esterase isozyme varigliilit
terms of sex, age groups, body parts and effeqigsticides irB. cucurbitae.

EXPERIMENTAL

Bactrocera cucurbitae was collected from naturally infested fruits arebetables and reared on sweet
gourd, in steel frame cages covered with nylonimeéhe laboratory (Zoological Garden, Department of
Zoology, University of Dhaka) at room temperatu?8-82 °C of temperature and 65-80% of relative
humidity) and esterases were studied in GenetidsMwlecular Biology Lab. of the same University.
Adults laid eggs on sweet gourd and the fertilizgds grew up to"8instar larvae on this. The infested
gourds were then placed on sawdust in medium gileestic bowl covered with two folds of nylon nets t
pupate successfully. Time required for each devetopal stage was recorded and sample from each
stage was identified both in naked eye and withhékp of stereo microscope. Additional food (10%
sugar solution) was supplied in the adult reariages with the help of ringed cotton into petri-gish
After colonizing a sufficient number of adults? Bistar larvae were chosen for toxicity test arftedent
doses of cypermethrin, malathion, several strairi&Tocrude extracts were applied on this. Serihltiin

of cypermethrin and malathion was prepared follgMslant® and BT crude extracts considering the
concentration and volume of sugar solution and Bide extracts. Each dose was wetted with cotton to
facilitate the sucking of adults and to preventsual death at the time of preliminary trial. Cheahic
pesticides (malathion and cypermethrin) were testdy against the 3instar larvae into petridishes in
submerged condition. For larval test against BTeraxtracts, fresh ripped pumpkin was heat treaped
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to molt and each dose was mixed well with moltestt §&0 g). 10 individuals (Binstar larvae/adults)
were subjected to toxicity test at each dose cdration and for explanatory test; each dose was
replicated three times at the same environmentatliion (28-30°C of temperature and 70-80% of
relative humidity). The dead adults were counted te percentage mortalities were calculated by the
following method:

Total No. of dead
% Mortality = X 100

Total No. of exposed

Computations of dose response data was performedBibstat-2009 program based on Finffey
Electrophoretic investigation was carried out 08% .polyacrilamide gels to see the esterase isozyme
variability in terms of Sex, Toxicity, Age group @Body parts followed by Shahjahan et*alSamples
were prepared into separate eppendrof tubes arasised separately in TBE buffer (proportionate ® th
sample weight; 0.016 g ~ 40 pl), centrifuged atQ®gm for 15 min and aliquots from each sample (15
ul) was loaded on the gel slots for electrophotesiEhe electrophoretic bands of esterase isozymes
resulting from stained gels with napthyl acetatesenassigned to increasing numbers based on dexyeas
mobility following RichardsoH.

RESULTSAND DISCUSSION

General biology: Different life stages ¢k, 2" and &- instar larvae, pupae and adults) of melon flyever
observedFigure 1) that required about 12-23 days at present reaondition. Time required to develop
from egg to adult may vary depending on temperaanc geographical distribution viz. it takes 13 slay
at 29° C in Solomon Islantfs Each female deposited approximately 65 whit@tdal eggs, inserted into
fruit that hatched in 2 to 3 days. However, it mayy 1 to 4 day$ All three instars of larvae were
cylindrical-maggot shape, elongated, legless, madoanterior end with mouth hooks, flattened caudal
end and white in color, except that were alteredhigycolor of the food within the alimentary cangthe
first, second and third instar larvae ranged froa ® 4, 5.2 to 6.9 and 7.5 to 11.8 mm in length
respectively. The larval period lasted from 6 todHlys and each stage was lasting 2 or more days on
sweet gourd. The larval period lasts for 3 to 2¢sddepending on temperature and the fidst*’ The
pupae were about 5 to 6 mm in length and variedisacbrown to yellowish brown in color i@tre 1)
that were distinctly ringed by narrow yellow baradsund each segment. They took place in the sawdust
at 0.7 to 1.2 cm beneath the infected host. Inrebtwndition, larvae pupate in the soil at a degitd.5 to

15 cm depending on soil texture and moistufé ¢ The pupal stage lasted from 4 to 9 days that vaay
depending on host speices viz. 7 days on bittercdyand 7.2 days on pumpkiror temperature viz. up to
90 days under cool conditidisThe adult flies were 6 to 8 mm in length withtiist characteristics of
wing pattern, long third antennal segment, redgislow thorax and a distinctive black 'T' pattetrtize
base of the abdomen. Females had a slender pawigokitor, which they used to lay eggs under Hie s

of the host fruit. Oviposition occurred after ab@udays of emergence and adults lived for aboubrtim
Survival of the adult flies may depend on host ssedemperature and sex of the individéafé * 2 In
general, the life cycle of melon fly lasts from 1179 day¥" *°spending about 1.73 days for eggs, 4 to 9
days for larvae, and 7 to 11 days for pdpae

Toxicity: Three types of insecticides were tested agains8thiestar larvae oB. cucurbitae, of which
malathion was found to be more toxic followed bypesymethrin and BT crude extracts (Table 1, 2);,LC
values of malathion and cypermethrin against thén8tar larvae were found to be 6.07x%4,8.77x10

10 6.08x10™ ppm and 8.13x10, 7.86x107°, 2.29x10" ppm at one, two and three hours of exposure
respectively. LG values of malathion and cypermethrin were 7.24x1018x10", 7.68x10 ppm and
0.198, 1.73x16, 1.51x10 at one, two and three hours of exposure respéctff@ble 1 and 2). Probit
graphs obtained from different dose response data shown ifFigure 2.

22 | 1JGHC; 2012-2013, Val.2, No.1, 20-30.



Some.... Md.Abdur Rashid et al.

F @Rashid

3" Instar Larvae

-
g ' ‘. 2" |nstar Larvae
Pupae
"

Adults 1% Instar Larvae

Figure 1: Life cycle of Melon fly,B. cucurbatae (except eggs).
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Figure 2: Adjusted probit values and predicted regressioa dif cypermethrin and
malathion for the exposed3nstar larvae oB. cucurbitae.
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Four strains of BT crude extracts (1i, 04S, 25L 458) were preliminarily applied on adults of mefiyn

to test the susceptibility level. Among these #iStnd 25L were moderately susceptible with maximum
mortality of 25, 5 and 5% respectively. 15S was Basceptible against adults & cucurbitae
(Table 1 and 2). Stark et af’ found similar feeding toxicity of the natural insiemle spinosad in three
economically important fruit fly specie€, capitata, B. cucurbitae andB. dorsalis.

Table- 1: Mortality rate (average of threereplicas) in the 3rd instar larvae of melon fly
(B. cucurbitae) at different concentrations of Cypermethrin and Malathion.

Doses | Cumulative mortality (%) Statistical analysis &8 confidence limits
(ppm) 1h 2h 3h (ppm) 1lh 2h 3h

C M | C M | C M | C | LG 8.13x10 | 7.86x10° | 2.29x10"
Control | 0 0 0 0 0 0 LU | 3.53x10 | 6.07x1F | 2.58x10°
10% 0 0 0 0 0 0 LG L |1.89x10° | 1.02x10° | 2.03x10*
10% 0 0 0 0 0 0 LG 0.198 1.73x10 | 1.51x10
102 0 0 0 0 0 0 M| LG 6.07x10" | 3.77x10° | 6.08x10%
10*° 0 0 0 0 0 0 LG U | 1.51x1C¢ | 8.77x10 | 9.54x10™
107 0 0 0 0 0 0 LG L | 2.44x10" | 1.64x10" | 3.87x10°
10" 0 0 10 | 30 | 30 | 40 L& 7.24x10 | 1.18x10" | 7.68x10
10" 0 0 20 | 20 | 30 | 40| Number of insect exposed = 10
10 10 [ 20 | 30 | 40 | 50| 50| C = Cypermethrin
10° 20 |20 | 30 | 30 | 50| 50| M = Malathion
107 20 |40 | 40 | 70| 70| 80| h=Hours
10° 40 | 60 | 80 | 90 | 100 10¢
10° 70 |80 | 90 | 100/ 100 100
107 90 | 90 | 100| 90 | 100 10¢
10 100 | 100/ 100 100 100 100
1000 100| 100/ 104 100 100 1QO

Fifteen different strains each with three doseBDfagainst the "$instar larvae were observed whekg L
and Ly values of both 34L and R1 strains were 21d&ml and 4.82 mg/ml at 48 and 72 hours of
exposure respectively, where as 47L shown 1.01 ingfd 1.60 mg/ml only at 72 hou(3able 2).
Strains 28S, R2, 1i, R3, 19S, 30S, 31L and 15S wederately susceptible with maximum mortality of
5, 5, 10, 15, 40, 5, 25 and 20 % respectively mgIml of dose concentration, except 1i where thgedo
concentration were 0.66 mg/ml. Rest of the straias not susceptible against these lafaable 1, 2)
that could be explained by the high degree of $ipéygiof each strain oBacillus thuringiensis to host
insectd’. Gujar et af' reported that transgenic cotton that producesciitsgal proteins fromB.
thuringiensis (BT) from a singlecrylA gene and stacked also witty2A gene has provided satisfactory
protection against the damage by the lepidopteotlvbrms.
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Table-2: Mortality rate (average of threereplicas) in the 3rd instar larvae of melon fly (B.

cucurbitae) at different concentrations of different strainsof BT crude extract [Number of

insect exposed = 10, D1 and D2 represent concentration of doses (mg/ml) in 10 gm of sweet
gourd pest and in 10% sugar solution respectively).

Strains| D, Cumulative mortality (%)
24h | 48h| 72h| Strains| 24h 48h 72h Strains 24h  48h  [2h
Control | O 0 0 Controll 0 0 0 Contrgl 0 0 0
34L 1 10 | 10 | 10 | 33S 0 0 0 R3 0 5 15
0.8 0 5 5 0 0 0
0.6 0 0 0 0 0 0
08S 1 0 0 0 47L 0 0 45| 1i 5 10 10
0.8 0 0 0 0 0 30 0 0 0
0.6 0 0 0 5 0 5
28S 1 5 5 5 51S 0 0 0 24s |0 0 0
0.8 0 0 0 0 0 0 0
0.6 0 0 0 0 10 | 20 0 0
R1 1 10 | 10 | 10 | 31L 0 15| 25| R2 5 5 5
0.8 0 5 5 0 0 0 0 0 0
0.6 0 0 0 0 0 0 0 0 0
38L 1 0 0 0 30S 5 5 5 19S 0 20 40
0.8 0 0 0 0 0 0 0
0.6 0 0 0 0 0 0 0 0 0
D, Preliminary trial on adult flies
1i 1 5 10 | 25 | 04S 5 5 5 Statistical analysis*
0.6 0 0 0 0 0 0 | mgm 34L | 47L | R1
0.2 0 10| O 0 0 0 L& 219| 1.01| 2.19
25L 0.7 0 5 5 15S 0 0 0 LEU | 8.01| 1.13| 8.01
0.6 0 0 0 0 0 0 LeL |06 | 094 0.6
0.5 0 0 0 0 0 0 L6 482 | 1.60| 4.82

* After 72 hours of exposure and at 95% confidence limits
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Table- 3: Esterase isozyme variability of B. cucurbatae stained in both a and p naphthyl
acetateson 7.5% polyacrylamide gels.

Parameter Sample Est-1 Est-2 Est-3 Est-4 Est-5 T
Sex Female +++ +++ +++ +++ +++ 100
Male - +++ +++ + +++ 80
Developmental | Adults + + ++ ++ +++ 100
stages Pupae - +++ ++ ++ ++ 80
391l - ++ ++ - - 40
2 1L ++ - + - - 40
Nc - - - - - 00
Effects of Pc ++ ++ ++ + + 100
pesticides Ck +++ ++ +++ +++ +++ 100
Mk + - - + ++ 60
Body parts Head ++ - + - +++ 60
Thorax - - + - ++ 40
Abdomen | - - + - ++ 40
C1i 58 58 92 58 75 70

(-, +, ++ and +++ denote absent, faint, medium and deep stained bands; T1 representsthe frequency
(%) of esterase bands (out of five bands) present in a certain sample of above mentioned species; C1
personatesthe frequency (%) of each esterase band)

Result indicated that thé“dnstar larvae were much susceptible to malathiwh laast to the strains of
BT. Adults were not susceptible enough to the straif BT crude extract in the dose concentratidns o
present study. Maganat al** found that field populations ofCeratitis capitata showed lower
susceptibility to malathion (6- to 201-fold) comedrwith laboratory populations. After certain pedmf
exposure, some sort of inactivity was observedasriortality rates went down but cumulative motyali

yet increasing that could be due to lose of toxigmlal potency of each strdinThe use of pathogens and
their metabolic products for the control of insehtsve been found to be advantageous, such as host
specificity, absence of resistance problem, notufait to environment and non toxic for hunéns

ESTERASE VARIABILITY

Life cycle: Altogether, five esterase bands (Est-1, Est-2,3E&st-4 and Est-5) were found in different
life stages oB. cucurbitae (Figure 3).

Variation in the expression of these isozymes may species to speci@seven strain levél. As for
example, three, four and eight esterase bands faenel in the developmental stagesBofpapayae and
B. columbolae®’, B. dorsalis andB. tau®® andAedes aegypti*® in order.

All the bands were found in adults, where as pw@graklarvae showed four (Est-2, Est-3, Est-4 anebst
and two (Est-2 and Est-3 in%dnstar, Est-1 and Est-3 if"instar larvae) bands respectively. Stage
specific expression of these isozymes was alsoraésen Cimex hemipterus®, Pediculus humanus
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capitis*’, Chironomid&’, B. dorsalis andB. tau®®, Aedes aegypti®*® and many more, where they found a
variety of responses. Switch on or off of the gatir allele was frequent in the above mentionegtiss

that could be due to regulatory mechanisms actinggreement with the requirements of a variable
number of processes in which esterases were imfSlvdmong the five esterase bands, only Est-3 was
present in all developmental stages of the stusleties. Similar results were also found in thedifcle

of B. papayae andB. columbolae®, Cimex hemipterus®, B. dorsalis andB. tau®® and inAedes aegypti®.
Expression pattern of this enzyme indicated thah veubsequent developmental stages the allelic
expression increased that could be helpful to tigarsm to become more resistant against poisonous
agent*.

qi__|;043910.02
,;0.38i0‘01

0.65£0.02 st-

st-4

0.97+0.02 0.99+0.04

st-3 st-3

q_'__71.39i0‘01 1.56+0.02

st-1

1.7240.05
st-117%*

0.37+0.02
0.69+0.04
st-4

0.99+0.02
st-3

0.40+0.00
st-5

0.70+0.02
st-4%7%

1.33+0.00
st-23%

st-1

0.99+0.02

st-3 1.530.02

1.31+0.02
st-2

1.630.00
st-1

Figure 3: Esterase isozyme variability of B. cucurbatae stained in both e and
Bnaphthyl acetates on 7.5% polyacrylamide gels (Plate A: Adult Female and Male
Plate B: Different life stages, Plate C: Insecticidal effects on esterases, Plate D:
Different body parts). Ad, Pp, 3IL, 2IL, H, T Ab, FI, MI, Pc, Nc, Ck and Mk stands for
Adultswithout considering male or female, Pupae, 3rd instar larvae, 2nd instar larvae,
Head, Thorax, Abdomen, Female, Male, Positive control (with sample), Negative
control (without sample), Cypermethrin killed adults and Malathion Killed adults in
order.

Body parts: Altogether, three esterase bands (Est-1, Est-ZFEatd) were found in different body parts
of B. cucurbatae. All three bands were present in head, where ad B&s absent both in thorax and
abdomen. Variation in the expression of these is@gyin different body parts was also observeB.in
dorsalis andB. tau®®, Oreochromis niloticus™ and inHeteopneustes fossilis™. Location and function of the
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various esterases can vary from tissue to tissuk depend on the physiological demands of each
systerf®. Relatively higher esterase activity was founthia anterior part of the body (head) that could be
due to neuro-transmitting activify Many researchers observed frequently the highigcof esterases in
the brain of different speci€s

Male- female: All five bands present in melon flies were foundo® in female, but Est-1 was absent in
male showing a sex specific variability. Certaimtbavas found to be common in both male and femfale o
B. papayae andB. columbolae®, B. dorsalis andB. tau®® that indicated a common function of this enzyme
irrespective of sexual variation. Staining inténsif the bands indicated that esterase activity iigher

in female than male resembling to horn“*fliythat may provide advantages to female against
organophosphate resistarfcé&’. Previous study on mosquito fisBambusia affinis showed that after
certain stages of development, male and femalevitheils exhibited pronounced differentiation in the
expression of non specific esteraée€ontrarily to this, no significant male femaleriation was
observed irPediculus humanus capitis*.

Pesticide: In control group and cypermethrin killed adultd fizle esterase bands were found, but the later
group showed higher esterase activity than theiguewone. Elevated esterase banding patterns wsre a
found in resistant populations dichizaphis graminun®, Myzus persicae®, Bemisia tabaci®® and
Anopheles albimanus™®. On the other hand, malathion treated adults Bsk?2 and Est-3, other bands
were also dully stained. In cypermethrin treatedltaiditensity of each band increased, but decreased
malathion treated adult indicating that the fliesr&vmore susceptible to malathion than cypermethrin
Previous study oB. dorsalis andB. tau showed more or less same restiltSsterases play an important
role in conferring or contributing to insecticidesistance in insects® ®which has been shown Myzus
persiace®’, Culex quinquefasciatus and C. pipiens®’, Lucilia cuprina® and Musca domestica®. When
organisms were treated with insecticides, contisuoerve impulse transmission due to inhibition of
acetylcholine esterase caused them to be shakyntght in turn result sudden death of the organiBhe
condition occurred due to low production of esteras lack of gene that produced these isozymes.
Moreover, the characteristics of each esterasgmnsezould be determined by the addition of specific
insecticide in the process of enzymatic staininggels. Those esterases were inhibited by malathion
(organophosphate) could be grouped as carboxydsst&rbut, it was difficult to represent any straight
forward conclusion regarding the biochemical prapsrof these isozymes and need further investigati

In general, the level of insect esterase were fdoriee highly variable depending on the life stagg,
tissue, hormones, strain, food, environmental d@rdi and numerous other factSrs

CONCLUSION

Knowledge of the life stages along with esteras@ldity and susceptibility to the insecticidesroélon
fly, B. cucurbitae will help us to prevent its infestation in manyoaomically important fruits and
vegetables, but it needs further experimentatighérfield level.
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