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ABSTRACT

Peach fruit fly, Bactrocera zonata (Saunders) is a destructive pest of horticultural crops in Egypt. The
aim of the study is to find a natural eco-friendly control bioagents of this insect. The entomopathogenic
fungus, Beauveria bassiana (Bals.) infected the immature stages of this insect and viewed concentration
dependent patterns. Flies were the most susceptible stage of the fungal infection. Enzymatic activity measures
of B. bassiana endorsed chitinase, protease and lipase activities. Biochemical analysis of infected larvae showed
increases and decreases and decreased in total proteins, carbohydrates and lipids. An extreme increase in
phenoloxidase level was recorded after 24 and 48 hours from infection. Acetylcholinesterase showed a decrease
after 24 hours from infection followed by an increase after 48 hours. B. bassiana could be included in IPM
programs as a control agent against B. zonata.
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INTRODUCTION

Peach fruit fly, Bactrocera zonata (Saunders)
(Diptera: Tephritidae) is a destructive polyphagous pest that
infest most of the horticultural fruit (Allwood et al., 1999).
Efflaton, in (1924) recorded the pest in Egypt for the first time
supported with description then it disappeared. The pest
restored its activity at early1990s; and established in Egypt
lately at the same decade (EI-Minshawy et al., 1999).The pest
causes a direct loss to different horticultural crops affecting the
agricultural Egyptian economy. Producers use chemical
pesticides to protect fruit crops from this pest infestation.
Pesticides residues act as an obstacle in front of fresh fruit
export as many importing countries refuse the consignments
according to their public health standards. The use of chemical
pesticides not only affect the natural environmental balance
negatively but also it harm human health. On the same point
of view, increase of agricultural pests threatens food industry
and human safety, so, there is a tendency to control these pests
by their biological enemies. Fungal diseases in insects are
common and widespread and often decimate insect
populations in spectacular epizootics. Virtually, all insect
orders are susceptible to fungal diseases. Entomopathogenic
fungi are associated with insects living in diverse habitats,
including fresh water, soil, soil surfaces, and aerial locations.
Beauveria bassiana (Bals.) is a natural inhabitant of the soil,
an obligate parasite of several insect species (Zimmermann,
2007b) and one of the most virulent biological agents infecting
dipteran insects at their different stages(Castillo et al., 2000;
Quesada-Moraga et al.,2006; lbrahim et al., 2014 and
Soliman et al, 2014). The cuticle is penetrated by a
combination of mechanism pressure from the appressoria and
the action of cuticle degrading enzymes, such as lipase,
protease and chitinase (St-Leger, 1987 and St-Leger et al.,
1995). As fungal conidia reach the haemocoel, the host is
killed by some combination of mechanical damage produced
by fungal growth, nutrient exhaustion and toxicosis (Gillespie
and Claydon, 1989). The aim of this work is to figure out the
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effect of B. bassiana on the apparent immature B. zonata
stages (full-grown larvae, pupae and flies). In addition,
estimation of B. bassiana enzymatic activity to penetrate the
larvae followed by studying the biochemical changes occurred
due to fungal infection.

MATERRIALS AND METHODS
Peach fruit fly, Bactrocera zonata (Saunders)

Peach fruit fly, B. zonata full-grown larvae, pupae
and flies were obtained from the laboratory colony reared in
the Horticulture Insects Research Department (HIRD), Plant
Protection Research Institute (PPRI), Dokki, Giza, Egypt.
The insect larvae reared using artificial larval rearing
medium according to the technique of Tanaka et al.,
(1969).The flies were fed on regular diet (sugar and
enzymatic yeast hydrolysate in ratio 3:1, respectively in
addition of water source) according to El-Sayed (1979).
Entomopathogenic fungus, Beauveria bassiana (Bals.)

The fungus B. bassiana (Bals.) was isolated from the
white fly, Bemisia tabaci in Shargiya governorate, eastern
delta, Egypt (Ibrahim, 2006).

Fungal cultures

Blastospores cultures of entomopathogenic fungus,
B. bassiana produced by inoculating conidia into Sabouraud
dextrose broth according to Gabarty et al., (2013). A series
of concentrations of 2.3x10%, 2.3x105, 2.3x10%, 2.3x10” and
2.3x 108 conidia/ml were prepared to investigate their effect
on B. zonata tested stages. Suspensions were held overnight
on ice at 4°C to prevent germination of conidia before use in
experiments. Suspensions checked before use in bioassays
(Yeoetal., 2003).

Effect of B. bassiana on full-grown larvae, pupae and
flies of B. zonata
Full-grown larvae and pupae

Mortality of full-grown larvae of B. zonata tested in
sterilized cups measured 5x10x3 c¢m containing 50g of fine
sand sieved through 2 mm sieve. B. bassiana conidial
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concentrations  (2.3x10%, 2.3x10°, 2.3x10%, 2.3x107and
2.3x108 conidia/ml) were incorporated with the sand using
small sprayer. The sand was mixed with spatula to guarantee a
well conidial distribution. Ten full-grown larvae of B. zonata
freshly popped from the larval medium placed on the surface
of the treated sand in each cup allowing them to burrow
naturally into it. The cups closed with pieces of muslin and
rubber bands. Each concentration replicated five times and
other five replicates without conidia ran in parallel as control
treatment. After 48 hours, the treated individuals were picked
up from sand, washed with distilled water and kept in non-
treated cups until flies’ emergence. Unemerged individuals
were kept in sterilized Petri dishes (9cm) accompanied with a
piece of moistened cotton at 25C in complete darkness for
mycosis confirmation (Ekesi et al., 2002). The same steps
were done for testing one-day old pupae except that treated
sand was divided into two portions; the first acted as a cradle
for laying pupae on it and the other was a cover.
Flies

One-day old flies of B. zonata were subjected to test
with five conidial concentrations, 2.3x10% 2.3x10°, 2.3x106,
2.3x107 and 2.3x108 conidia/ml of B. bassiana. Sterilized
transparent plastic jars measured 20 cm in diameter and 30
cm height were used for this experiment. The jars sprayed
with concentrations separately and left for an hour for
complete dryness before entering flies’ regular diet to avoid
food fungal contamination. Twenty-five flies regardless the
sex were transferred gently using aspirator in each jar
allowing them to move on the sprayed dried walls. The jars
were closed with pieces of muslin and rubber bands. Each
conidial concentration was replicated five times and other
five replicates sprayed with water only ran in parallel as
control treatment. Fungal treatments were kept at 25 + 2 °C
and 75 % RH cabinet. The control treatments were kept
under the same conditions in another cabinet. Dead flies
were counted and collected daily for mycosis confirmation.
Estimation of B. bassiana extracellular enzymatic activities

The extracellular enzymes, chitinase, protease and
lipase activities of B. bassiana were determined by plate
assay method (Hankin and Anagnostakis, 1975). Enzymatic
rate or Enzymatic activity index of chitinase, protease and
lipase were calculated determined according to (St-Leger et
al., 1997) with this formula:

( Colony diameter + halo diameter)

Enzymatic Activity index =
. ate ity index Colony diameter

Enzymatic index value of >1.0 indicates enzymatic
activity.
Biochemical effects of B. bassiana on full-grown B. zonata
larvae

The concentration, 2.3x108 of B. bassiana was used
for studying its effect on certain biochemical aspects (total
protein, total carbohydrates and total lipids contents). In
addition, the activity of the enzymes, acetylcholinesterase and
phenoloxidase on full-grown B. zonata larvae were measured.
Biochemical assays
Estimation of the total protein, carbohydrate and lipid
contents

Total protein content of B. zonata larvae was
determined  spectrophotometrically according to Bradford
(1976). Protein content was expressed as mg protein/gm fresh
body weight. Total carbohydrate content in B. zonata larvae
was quantitatively determined according to Dubois et al.,
(1956). Total carbohydrate was expressed as mg glucose/gm

fresh body weight. Total lipids of B. zonata larvae were
determined according to Knight et al., (1972). Lipids content
was expressed as mg lipids /gm fresh body weight.

Insect Enzymes assays (Phenoloxidase and Acetylcholine
esterase)

Phenoloxidase (PO) assay was estimated by the method
of Cotter and Wilson (2002) with certain modifications. A
100ul sample and 400ul of PBS (Phosphate Buffer Saline)
mixture was added to 100l of 20mM L-Dopa. The increase in
absorbance was measured at 475nm with 1min interval for 30
minutes. The amount of PO in the sample was calculated where
one unit is the amount of enzyme required to increase the
absorbance by 0.001 per minute.

The acetylcholine assay was carried out according to
Ellman et al., (1960) as follows: The insect sample prepared
in phosphate buffer (pH 8.0, 0.1 M) (10ul sample into 100
I buffer). The suspension was pipetted into a cuvette. 25 pl
of 0.01 M the reagent dithiobis-2-nitrobenzoic acid (DTNB)
were added {39.6 mg of DTNB were dissolved in 10 ml
phosphate buffer pH 7.0 (0.1M) and 15 mg of sodium
bicarbonate}. Finally, 20 ul of the substrate acetylcholine
bromide (3mM) were added to this cuvette. Changes in
absorbance at 412 nm were recorded for at least 10 min.

The enzyme activity was calculated by using the
following formula according to Bali and Kaur (2013):

E ( AA =V J 4

ctivi =|l—|x d
nzyme activity Exd=vx At f
Where:

AA = Change in absorbance. E = Extinction coefficient (3.6mM“*cm?).
V= Total volume of assay mixture (in ). d = Light path.
At=Time for which change was observed (in minutes).

v =Volume of Sample (in pl). d.f = Dilution factor.

Statistical analysis:

Mortalities were corrected using Abbot’s formula
(1925) then subjected to ANOVA using MAXStatPro v.3.6
statistics software (2015).Toxicity values the of the
entomopathogenic fungus, B. bassiana were determined by
Bakr E. LDP line software (2005).

RESULTS AND DISCUSSION

Effect of B. bassiana on full-grown larvae, pupae and
flies of B. zonata
Data obtained were significant at significance level 95%
and P<0.05. Mortality percentages showed that B. bassiana
different conidial concentrations were able to cause death to all
tested B. zonata (larval, pupal and flies stages) (Tablel).
Table 1. Effect of B. bassiana conidial concentrations on
B. zonata different stages
B. bassiana conidia/ml
2.3x10° 2.3x10° 2.3x107
Mean % of full-grown larval mortality + SE
4490+0.25 56.10+0.41 78.61+0.20 89.71+0.24
F=99.82, P<0.0001, df=5,29
Mean % of one-day old pupal mortality+ SE
40.23+0.23 42.86+0.34 55.10+0.37 71.43+0.25
F=64.65 , P<0.0001, df=5,29
Mean % of one-day old flies mortality+ SE
81.39+0.29 83.50+0.23 87.35+0.57 93.81+0.41
F=155.57, P<0.0001, df=5,29
*Means are significant at the significance level 95%, P<0.05.

Mortality percentages were concentration dependent.
Toxicity values of B. bassiana based on LCsy and LCy
revealed its ability of to cause death to all B. zonata stages
specially flies that were the most susceptible stage to

2.3x104 2.3x108

40.11+0.32

30.61+0.44

58.33+0.33
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infection followed by full-grown larvae and one-day old

pupae (Table 2). The highest mortality pattern appeared in B.

zonata treated flies of with B. bassiana.

Table 2. Toxicity of B. bassiana to different stages of B.
zonata

Stage LCso LCw slopetSE 2 P

Full-grown larvae  8.2x10° 1.1x10% 0.251+0.04 5.94 0.1148
One-day old pupae 3.6x10° 5.1x10 0.250£0.06 1.24 0.7925
One-day old flies  3.5x10? 7.0x107 0.248+0.18 2.18 0.5345

Beauveria bassiana different conidial concentrations
were able to cause death to all tested B. zonata stages (larval,
pupal and flies). These results coincide with those of Ibrahim et
al,, (2014) and Hussein et al., (2018) who tested susceptibility
of Mediterranean fruit fly, Ceratitis capitata (Wiedemann) and
peach fruit fly, B. zonata larvae and pupae to different
concentrations of B. bassiana that resulted in varied
concentration dependent mortality patterns. Entomopathogenic
fungi penetrate its insect host via cuticle that covered by a thin
layer of lipids usually composed of a mixture of very-long
chain hydrocarbons together with variable amounts of fatty
alcohols and fatty acids. These lipids act as a protection for
insects from desiccation, penetration of chemical or biological
insecticides (Juarez, 1994). The infecting fungus has ability to
degenerate cuticular hydrocarbons by using them as a source of
carbon for energy production and fusion into fungal
components (Napolitano and Juérez, 1997). A host-pathogen
interactions provide somewhat an explanation into the
dynamics of the highly attacking and resistant co-evolutionary
arms that race between entomopathogenic  fungiand
their pest hosts. However, the host enhances its capabilities via
excluding the pathogen or bandage the wounds caused by the
damage inflicted while the pathogen responds with immune
evasion and utilization of host resources. B. bassiana showed
pathogenic activity against tested immature stages (full-grown
larvae, pupae and flies) of B. zonata with different levels. The
degree of host resistance depends on combine effects of the
cuticle's thickness (David, 1969), the tensile strength imparted
to the cuticle by the system of chitin lamellae and the degree of
cuticle hardening by sclerotization (Hassan and Charnley,
1989). Insects have heavily sclerotized body segments are
usually invaded via arthrodial membranes or spiracles
(Charnley, 1989).Percentages of larval and pupal mortality
reflected that B. bassiana was able to overcome the resistance
of some treated individuals. Tsakas and Marmaras, (1990),
studied larvae and pupae of C. capitata and demonstrated that
three haemocyte polypeptides in the larval integument may be
involved in cuticle sclerotization that may prevent infection.
This point may explain the variation of B. zonata larval and
pupal mortality. The variation in susceptibility of B. zonata
larvae and pupae to B. bassiana infection may be due to
individual differences related to larval feeding or even genetics.
Percentages of mortality seemed to be influenced by fungal
concentration. It could be expected that when the number of
adhered conidia increase, they could produce more amounts of
cuticle degrading enzymes and overcome the defense action of
the host stage followed by penetration and toxins production
and finally death of the host. The highest mortality pattern
appeared in B. zonata treated flies of with B. bassiana. These
findings are in agreement with Castillo et al., (2000) and
Quesada-Moraga et al., (2006) who reported 100 % mortality
in flies of C. capitata and other tephritids by B. bassiana
infection. No doubt, the topographical features of each treated
stages have played an important role in enabling B. bassiana
conidia to adhere to the epicuticle. Flies body that covered with

a large number of setae and hairs varied in thickness and length
that may keep the conidia of B. bassiana adhered to the
epicuticle. Gomez et al, 1997 examined the conidial
attachment of Metarhizium anisopliae on the southern green
stinkbug, Nezara viridula nymphal stage and found that
conidia were stucked in areas covered with large number of
setae (antennal tips, apical portions of tibia and tarsi). Both
topography and chemistry of the cuticle affected adhesion and
germination of the conidia. Galhoum (2017) studied B. zonata
flies cuticular hydrocarbons that formed from alkenes, alkanes,
monocyclic hydrocarbons and alkynes. Pedrini et al., (2013)
stated that B. bassiana is able to grow on straight chain alkanes
up to n-C33 as a single source of carbon and energy. The
fungus use monooxygenases to degrade insect hydrocarbons
alkanes using terminal oxidation to alcohols, which are further,
oxidized by alcohol and aldehyde dehydrogenases, whose
production can enter [-oxidation pathways. In conclusion,
differences in induced mortality rates among B. zonata stages
may be due to differences in the conidial attachments onto the
insect cuticle, germination or to the suppression of the host’s
defense system Chandler et al., (1993).
Estimation of B. bassiana extracellular enzyme activity
The entomopathogenic fungi activity depends on the
ability of its enzymatic equipment consisting of lipases,
proteases and chitinases, which are in charge of breaking
down the insect’s integument. B. bassiana extracellular
enzyme activity was considered as an important factor for its
virulence. B. bassiana enzymatic index values for the three
extracellular enzymes were 42.0mm for chitinases
production followed by proteases with value of 30.6mm and
25mm for lipases production (Table 3).
Table 3. Estimation of the three extracellular enzymes
produced by B. bassiana.
Extracellular Enzymes Enzymatic Index (mm)

Chitinases 42.00
Proteases 30.60
Lipases 25.00

Beauveria bassiana extracellular enzyme activity
was considered as an important factor for its virulence. The
presented results are in agreement with the findings of
Dhawan and Joshi, (2017) who mentioned that B. Bassiana
showed highest extracellular chitinase activity and was more
pathogenic against their hosts. Chitinase is the most important
enzyme to degrade the chitin polymer of the insect cuticle that
could be correlated with the virulence of B. bassiana.
Protease was considered as an important enzyme in the
infective process of entomopathogenic fungus (Mustafa and
Kaur, 2009). B. bassiana produced large quantities of protease
that degraded the proteinaceous material and the solubilized
proteins that then degraded by amino peptidases and
exopeptidases to form amino acids served nutrients needs for
the fungus. Extracellular proteases produced by B. bassiana
may be involved in the pathogenesis, thus, proteases may act
as an important key factor governs virulence in B. bassiana
against host (Dhawan and Joshi, 2017). Li et al., (2009)
proved that lipases are the first enzymes synthesized by the
entomopathogenic fungi that hydrolyze the ester bonds of
lipoproteins, fats and waxes at the interior of the insect
integument and significantly contribute to the cuticle
penetration and initial release of nutrients. Hence, lipases may
assist B. bassiana and support the role of proteases to degrade
the proteinaceous material and finally, chitinases degrade the
network of chitin the main structural component of the
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exoskeleton in the walls, so that the cuticle lose rigidity and
facilitating penetration.
Biochemical effects of B. bassiana on B. zonata full-
grown larvae

In the present study, biochemical changes occurred
in the larval total protein, carbohydrate and lipid contents
during the course of B. bassiana infection were presented in
Table (4). The total protein content of the treated larvae
increased as compared to control treatment after 24 hours and
48 hours. The highest increase in total protein content was
recorded after 48 hours days post infection where it was about
1.4 folds more than control. A significant decrease in means
larval total carbohydrate content was observed at 24 and 48
hours after infection compared to control treatment. The
values told that the decrease of carbohydrate content was
directly proportional with exposure time (Table 4). The larval
total lipids content increased significantly at the use of B.

bassiana as compared to the control treatment. The recorded
total lipids content after 24 hours increased by 3.5 folds than
control and was higher than that recorded at 48 hours of full-
grown larvae exposure (Table 4).

Effect of B. bassiana on full-gown larvae detoxification
enzymes of B. zonata:

The obtained data presented in (Table 5) showed that
the activity of phenoloxidase in the treated larvae increased
significantly by 1.5 folds than control after 24 hours of
exposure to B. bassiana while its highest activity recorded
after 48 hours by 12 folds as compared to control. Data in
(Table 5) revealed that, a significant decrease in
acetylcholine esterase activity in full-grown larvae after 24
hours of exposure to B. bassiana as compared to control
treatment while increased after 48 hours of exposure. There
was a significant difference in acetylcholine esterase activity.

Table 4. Effect of B. bassiana 2.3x10° conidial concentration on the B. zonata full grown larvae metabolites

Period after Mean biomolecule content + SE (mg/g fresh body weight)

exposure Control Total proteins Control Total lipids Control Total carbohydrates

24 hours 81.90+1.35 85.93+1.74 1.934£0.07 6.67 £0.233 22.40+1.102 13.1+0.702

38 hours 92.01+0.20 119.6745.24 1.93+0.07 347£0.173 22.40+1.102 16.23+0.633
Biochemical changes of the treated larvae larvae treated with the two pathogenic fungi, B. bassiana

occurred in the total protein, carbohydrate and lipid
contents during the course of B. bassiana infection. The
increase of total protein content is confirmed with the findings
of Silva et al., (2005)who studied the larvicidal effect of M.
anisopliae isolates against Aedes aegypti L. that showed a
high variability of total protein production after 24, 48 and 72
hours of treatment. El-Badawy et al., (2018) stated that only
fungus B. bassiana caused increase in haemolymph protein
content of the treated S. littoralis 5 instar from 1% day to
4" day compared to control. On contrary, Nada, (2015)
reported that the total protein level of adult N. viridula
treated with M. anisopliae were significantly decreased
than the treatment with B. bassiana, after 24, 48 and
72hrs.Thus, the increase of protein synthesis of treated B.
zonata larvae may indicate the possibility of forming a
humoral immune system to detoxify the fungal toxins
(Wilkinson, 1976). The decrease of carbohydrate content was
directly proportional with exposure time. Nirupama, (2015)
mentioned that total carbohydrates content level in the
haemolymph of B. bassiana treated Bomyx mori 5" instar
larvae showed normal value in the 1% day and decreased
gradually towards the end of 5" day in inoculated batches.
Also, El-Badawy et al.,(2018) cleared that a significant
decrease was recorded in 2" 3Y%nd 4%day of fungal
infection of S. littoralis SMinstar with B. bassiana compared
to control. The decrease in total carbohydrate content in
larvae treated with B. bassiana may be referred to a state of
physiological starvation. The decrease in the total
carbohydrates of larvae treated with B. bassiana may be
considered as energy reserves required for defense
reactions and other vital processes. Levels of carbohydrates
decreased in haemolymph and attributed to carbohydrate
excessive utilization that required for fungus development
and growth (Mallikarjuna et al., 2002).

The recorded total lipids content after 24 hours was
higher than that recorded at 48 hours of full-grown larvae
exposure. The results are agreement with the results of
Gabarty, (2011) who cleared a significant increase in the
total content of lipids in the greasy cutworm, A.ipsilon

and M. anisopliae as compared with control. EI-Badawy et
al., (2018) confirmed that a significant increase in the total
content of lipids in the larvae of Spodoptera littoralis
(Bois.) treated with four entomopathogenic fungi (M.
anisopliae, P. lilacinus, L. antillanum and B. bassiana)
compared to untreated larvae. In contrast to results of the
present study, Nada, (2015) showed that total lipids
decreased significantly when adults of N. viridula treated
with M. anisopliae during 24, 48, 72 hours. Changes in the
amounts of lipids could be due to the upset of the homeostatic
mechanism in insects by fungus (Oguri and Steele, 2007).
Lipids are fundamental for structural components of cells
and serve as a source of metabolic energy. The infection
progress by a pathogen in the host tissue can be monitored
by studying the degree of variation in metabolic
constituents (Rajitha and Savithri, 2014).The increase and
decrease in the proteins, carbohydrates and lipids contents
of treated larvae after inoculation due to infection by
pathogen of fungi have an important role in B. zonata
development. Infections of B. zonata with B. bassiana tend
to its stimulated protein, carbohydrate and lipid utilization
in order to meet requirements of toxic stress. Several
biochemical and physiological alterations caused in insect
tissues owing to pathogenic infections (Shigemitsu and
Noguchi, 1969). The present findings support that infection
with B. bassiana had different effects on B. zonata larvae,
particularly as they changed haemolymph nutrients
contents (e.g. carbohydrates, lipids and proteins).Under
fungi infection there are correlation between the changes in
the concentration of these bio-molecules and the degree of
their absorption, inter conversion and utilization and the
high toxicity of the B. zonata larvae. The results indicated
fungi infection caused physiological and biochemical
changes in the B. zonata. Metabolic changes play an
important role in understanding the interaction between the
host and pathogen as a part of a survival strategy and this
tend to dramatically changes in the composition of insect
haemolymph, thus abnormal development of insect caused.
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Table 5. Effect of B. bassiana 2.3x10° conidial concentration on the specific activities of phenoloxidase and
acetylcholinesterase of B. zonata full-grown larvae.

Period after Mean specific enzyme activities (1U/gm fresh body weight)+ SE

exposure Control Phenoloxidase Control Acetylcholinesterase
24 hours 1280.00 + 105.99 1783.33£72.65 159.00 + 2.65 149.67

48 hours 1280.00 £ 105.99 14166.00 + 902.56 159.00 +2.65 164.33 +2.96

#: 1U: International unit (the amount of enzyme that under defined assay conditions will catalyze the conversion of 1 # mole of substrate /min.)

Acetylcholine esterase enzyme activity (Moles/pl hemolymph/min)SE ,
There was a very high significance between
phenoloxidase activity at 24 and 48 hours measuring activity
periods. Results of Ali et al., (2016) indicated a significant
increase in the activity of phenoloxidase of larvae of S. littoralis
with all fungal isolates after 1,2, 3 and 4 days, as compared with
controls. Other studies supported and confirmed the present
results, Gabarty et al., (2013) found that injecting of LCsp
concentration of both B. bassiana (0.4 x 10° spores/ul) and M.
anisopliae (8x10%spores/ul) to the last 5™ instar larvae of S.
littoralis significantly increased phenoloxidase,
prophenoloxidase activities after one day. The results of Bali
and Kaur, (2013) in haemolymph of 39, 4% and 5" instar larvae
of S. littoralis showed significant increase in PO level after 24
hours of infection with 4.0 x 10% and 2.0x107 spores/ml
compared to control. Zibaee et al., (2011) suggested that B.
bassiana strongly affect the cellular immune reaction and
phenoloxidase activity of the sun pest, Eurygaster intergriceps.
The defensive responses to fungal infection lead to elevated
levels of phenoloxidase and other enzymes (James et al., 2003).
Moreover, Vergas-Albores and Plascencia (2000) found that
upon fungal infection, a complex compound induces
degranulation and the activation of prophenoloxidase. The
increase in levels of PO may help to suppress microbial
infection during the time interval (Hagstrum, 1983). The
increasing of acetylcholine esterase activities after 48 hours
when B. zonata larvae were treated with B. bassiana may be
due to increased secretion of the fungus toxins in hemolymph of
B. zonata larvae. This result coincides with those obtained by
El-Gendy et al., (2014) when tested Bio-fly (B. bassiana
biopesticide) on B. zonata flies. Our results also come in
agreement with Zibaee et al., (2009) who reported a decrease in
acetylcholine esterase activity after treating sun pest E. griceps
larvae with B. bassiana. Also, Ali et al., (2016) found that in
comparison to the injected larvae by the different isolates of
fungi ( B. bassiana, L. mantillanum, P. lilacinus and M.
anisopliae) caused greater acetylcholine esterase activity of
larvae of S. littoralis than the larvae in control treatment after 1,
2 and 3 days. Inhibition of AChE causes accumulation of Ach
(acetylcholine) at the synapses, so that the post-synaptic
membranes remain in a state of permanent stimulation, which
results in paralysis, ataxia, general lack of coordination in the
neuromuscular system and eventual death (Singh and Singh,
2000). The activities of AChE were increased after the fungal
infection of insects” larvae. The increase of AChE activity in the
case of B. bassiana may be due to increase the secretion of the
fungus toxins in hemolymph of insect larvae. The enzymatic
defense in insects, detoxification enzymes play significant roles
in eliminating exotic compounds and maintaining normal
physiological functions (Li et al., 2007). Thus, insect infection
with entomopathogenic fungi sharply affect enzyme activities
mediating degradation and detoxification of xenobiotics of
different origin as a defense mechanism. Overall, enzymes have
many functions and can mediate repair processes, detoxification
of pathogenic products, and/or metabolism of biologically
active compounds. Hence, changes in their activity can have an
impact on biological and physiological processes (Serebrov et
al., 2006). The defensive responses to B. bassiana infection lead
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to activation of enzymes. This may be caused by an impact on
the role of enzymes in insect resistance to entomopathogenic
fungi or they succeeded to suppress fungal infection and fungi
failed to complete their life cycle within the insect.

CONCLUSION

The results of this study clearly indicated that B.
bassiana could infect B. zonata different apparent immature
stages and flies. Mortality of treated stages showed
concentration dependent patterns. Biochemical tests assessed
that B. bassiana caused a sharp disturbance in the protein,
carbohydrates and lipids contents. Consequently, B.
bassiana can use as an ecofriendly alternative of the
synthetic chemical insecticides against B. zonata. The larval
metabolite disturbance caused by B. bassiana could cause
physiological imbalances in the host that lead to changes in
enzyme activities and a reduction in haemolymph protein,
carbohydrates and lipid contents. This may refer to that B.
bassiana Kill its host via depletion of energy reserves. The
increase in phenoloxidase level after the exposure to B. bassiana
reflects the larval resistance facing the fungal infection.
Acetylcholine esterase decreased and increased expressing a
disturbance in the physiological processes due to fungal
infection. However, more researches needed to investigate
the in vivo and in vitro determination of virulence factors of
entomopathogenic fungi.
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