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ARTICLE INFO ABSTRACT
Article History A lot of pink bollworm (PBW) Pectinophora gossypiella full grown
Received:22/11/2015 larvae were excluded from cotton bolls collected from Sakha, Kafr
Accepted:24/12/2015  El-Shiekh Governorate, Egypt. Larvae were transferred to laboratory of
Bollworms Department, Plant Protection Research Institute, ARC,
Keywords: Dokki, Gizg. Thg .healthy appearance PBW larvae' were placed
Pink Bollworm individually in sterilized glass tubes (2x7c¢m) plugged with cotton wool
PBW under room conditions and observed 2 times/ week. Infected larvae with
P. gossypiella baculuviruses (NPV & GV) were collected. Present study clarified and
Biochemical discussed the pathogenicity of baculuviruses against PBW resting larvae
Histological studies in many views (appearance, histology and biochemistry). Results
Viral Infected indicated that, the activation of PBW chitinase (CHT) at the resting
Scanning period enhances the insecticidal activity of latent baculuviruses. So that
Electron Microscope the baculuviruses overcome apoptosis and prevent ecdysis of PBW
Granulovirus resting larvae. And the scanning electron microscope and histology
Baculoviruses (PgGV)

Nucleopolyhedrovirus (NPV

DNA

micrographs revealed the appearances of this infection as external
scleroticzation, shrinking, swelling and internal degradation of P.
gossypiella organs Furthermore, the biochemical analysis revealed
decrease activity of larval chitinase with increase activity of both N-
acetylglucosamine (NAG) and phenoloxidase. However, the utilizing of
these epizootic baculuviruses as microbial control agents still need more
studies of insect immune, insecticidal evaluation, molecular biology and
environmental safety.

INTRODUCTION

Baculoviruses comprise a large family of arthropod specific viruses, the

Baculoviridae, composed of four genera, the Alphabaculovirus (Lepidopteran-
specific Nucleo polyhedron virus (NPV)), Betabaculovirus (Lepidopteran-Vspecific
Granulovirus), Gammabaculovirus (hymenopteran-specific NPV) and
Deltabaculovirus (Dipteran-specific NPV) (Jehle et al., 2006 (c.f. Holly et al. 2010)).
Ramanujam et al. (2014) reported that Baculoviruses is supposed to play an integral
role in the natural regulation of insect populations but safety of the use of
baculoviruses is still not clear.

Diapuased larvae of Pectinophora gossypiella collected from different localities
in Egypt found to be inoculate naturally with latent viral infestation. These inoculated
larvae exhibited the symptoms of viral infection at the end of resting period.
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DNA probe testes indicated the presence of two baculoviruses, P. gossypiella
GV (PgGV) and P. gossypiella NPV (PgNPV) and the DNA genome is a double-
stranded DNA with molecular weight of 137 kb. The symptoms of PBW viral
infection were recorded in details. Moreover, the percentages of successful emerged
male and female adults from symptomatic PBW larvae were found to be (13.8% &
19.6%) and (17.5% & 24.9%), for the PBW populations of Assuit & Beni Souif,
Governorates, respectively (El-Lebody 1998; El-Lebody & khtaab 2006; and
El-Lebody et al. 2014 ).

Genetic and biochemical studies confirmed that baculoviruses have a gene
encodes an ecdysteroid UDP-glucosyl transferase (egt). This enzyme catalyzes the
transfer of glucose from UDP-glucose to ecdyste-roids, an insect molting hormone.
Expression of the (egt) gene allowed the virus to interfere with normal insect
development so that molting was blocked in infected larvae of fall armyworm,
Soodoptera frugiperda (O'Reilly et al., 1989). While Bhuvana et al. (1995) accepted
the hypothesis that insect chitinase has potential to enhance the insecticidal activity of
entomopathogens. On the other hand, two baculovirus genes, encoding a chitinase
(chiA) and cathepsin (cath), have been described to contribute to the liquefaction of
the larval carcass and the release of occlusion bodies. Chitinase is a chitin-degrading
enzyme with endo- and exomol ecu lar specificity, whereas cathepsin has cysteine
proteinase activity. (Slack et al., 1995; Hawtin et al., 1995). C.f. Valadez-Lirala et al.
(2011) stated that, Insects defend themselves against microbial pathogens by innate
mechanisms, including increased phenoloxidase (PO) activity, but its relationship
with microbial bio insecticides efficacy is little known.

The present work aimed to study some internal biochemical and histological
effects of naturally viral infestation of P. gossypiella as well as the external
inspection by a scanning electron microscope.

MATERIALS AND METHODS

Collection of Pectinophora gossypiella larvae:

More than 1000 blind cotton bolls were collected from cotton fields of Sakha,
Kafr EL-Shiekh Governorate at the end of cotton season 2014. The collected cotton
bolls were transferred to laboratory of Bollworms Department, Plant Protection
Research Institute, ARC, Dokki, Giza. The PBW full grown larvae were excluded
from cotton bolls. The healthy appearance PBW larvae were placed individually in
sterilized glass tubes (2x7cm) plugged with cotton wool under room conditions and
observed 2 times/ week.

Diagnosis of the viral disease larvae:

Through the experimental period the symptoms of viral infected PBW
diapaused larvae were determined according to (El-Lebody & Khtaab 2006).
Biochemical studies:
1-Determenation of chitinase activity:

Substrate preparation and enzyme assay were carried out according to Bade and
Stinson (1981) and Ishaaya and Casida (1974), respectively.
2-Determenation of N-acetylglucoseamine:

It was determined by the sensitive method of Waterhouse et al. (1961).
3-Phenoloxidase activity determination:

Phenoloxidase activity determined according to a modification of Ishaaya
(1971).
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Histological studies:

Microtomical sections of the 4™ abdomen segment of both diseased and healthy
larvae were done according to Gad (1951) and photographed.

Scanning electron microscopic inspection of viral infected PBW diapaused
larvae:

The sympatric larvae as well as health ones were kept in glutaldhyde 4% for 24
hours; then washed with distilled water, dehydration in a series of alcohols and
specimens were coated with a very thin layer (in nm) of gold—palladium using coater,
and subjected to SEM inspection. Scanning electron microscope photo-graph of
cuticle, head capsule, mouth parts, legs of (thorax, abdomen & anal) and anal plate of
a healthy and an infected larva of P. gossypiella were obtained for demonstration and
explanation of the viral effects against the PBW diapaused larvae.

RESULTS AND DISCUSSION

Biochemical effects of viral infection against P. gossypiella:

In this part of study three enzymes were subjected to analysis. Two of these
enzymes are involved in insect moulting (chitinase and N-acetylgluc-osaminidases
(NAG)) and the 3" enzyme is more related to insect innate immune against the
pathogens.

Biochemical analysis of chitinase and N-acetylglucosaminidases (NAG):

Insect chitinases and N-acetylglucosamine are among a group of proteins that
insects use to ecdysis as well as they effect on chitin content. Both enzymes are found
in the moulting fluid. The former enzyme hydrol -yzes chitin into oligosaccharides,
whereas the latter, further degrades the oligomers to the monomer from the non-
reducing end. (Vaaje-Kolstad et al., 2005 C. F. Muthukrishnan 2012). Therefore, one
of the potential functions of NAGs may be to prevent the accumulation of
chitooligosaccharides at concentrations that are high enough to interfere with efficient
degradation of chitin by CHT (Kramer and Muthukrishnan, 2005 C. F.
Muthukrishnan 2012.

The present data in Table (1) indicate that both enzymes in infected larvae were
influenced (14.2 = 0.5 & 1238.6+55.4) compared to healthy one. (23.4+0.5 &
587+£23.3) Ug NAGA / mim / g.bwt.

Table 1: Biochemical analysis of Chitinase and N-acetylglucosamine (NAG) and Phenoloxidase for viral
infected healthy pink bollworm

Enzyme assays

Chitinase (CHT) N-acetylglucosamine (NAG) Phenoloxidase ( PO)
UgNAGA/mim/g.bwt+SD UgNAGA/mim/g.bwt+SD O. D. units/mim/g.bwt+SD
Infected 14.2 £0.5 1238.6+55.4 18.8+2.3
Healthy 23.4+0.5 587+23.3 7.6+0.87

The enzymes of moulting became active at the end of resting stage. The insect
chitinase (CHT) has potential to enhance the insecticidal activity of latent virus. So
that the expression of the virus (egt) gene allowed the virus to interfere with normal
insect development then moulting was blocked and the insect chitinase (CHT) will be
decreased. At the same time, the expression of the virus chitinase (chi A) cause
dissolution of chitin of both the larval skeleton and gut PM. Moreover, the insect
increase its N-acetylgl-ucosamine (NAG) to prevent the accumulation of
chitooligosac charides (degraded chitin by virus chitinase (chi A). This result
confirms the viral infection affects the PBW chitin metabolism and chitin content. In
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this respect, precise regulation of chitin metabolism is a complex and intricate
process that is critical for insect growth, metamorphosis, organogenesis, and survival
(Arakane and Muthukrishnan, 2010 C. F. Muthukrishnan 2012). Also, the precise
control of chitin content is critical not only for the survival of the insect, but also for
optimal function of individual anatomical structures such as wings and other
appendages. (Luschnig et al., 2006; Wang et al., 2006; Arakane et al., 2009 C. F.
Muthukrishnan 2012).

Biochemical analysis of phenoloxidase:

Phenoloxidase (PO) is involved in sclerotization of the cuticle and melanization
associated with nodulation, encapsulation, and wound healing, and may provide
cytotoxic quinonoid compounds to kill opportunistically invading microorganisms
(Nappi and Christensen 2005 (C.F. Valadez-Lirala et al. 2011).

The present result indicate that, viral infected P. gossypiella larvae had about
2.5 times more phenoloxidase activity (18.8 £2.3) than healthy larvae (7.6 £ 0.87) O.
D. units/mim/g. bwt. In this respect, Popham et al. (2004) C. F. Valadez-Lirala et al.
(2011) demonstrated that PO in the plasma of H. virescens might provide
aconstitutive, humoral innate antiviral immune response to Helicoverpa zea single
capsidnucleopol yhedrovirus (HzZSNPV) infection. Kent and Holly (2006) found that
Heliothis virescens larval plasma contains high levels of an antiviral activity against
the budded form of the Helicoverpa zea single nucleopolyhedrovirus (HZS NPV).
And add that In vitro the general inhibitors of melanization and specific inhibitors of
phenoloxidase, completely blocked virucidal activity up to the level seen in controls.
In addition they concluded that inhibitory compounds that diffuse from the lumen
into the haemolymph may inhibit phenoloxidase activity in plasma, and may thereby
alter susceptibility to viral infection.Valadez-Lirala et al. (2011) stated that, insects
defend themselves against microbial pathogens by innate mechanisms, including
increased phenoloxidase (PO) activity. But, its relationship with microbial
bioinsecticides efficacy is little known.

Histological Studies and Scanning Electron Microscope Inspections of

Pectinophora gossypiella (Saund.) Viral Infected Larvae.
A- The inoculated P. gossypiella with viral infestation appeared normal in early and
during diapause stage. In this regard, latent baculovirus virus sequences were only
detected in the fat body of M. brassicae laboratory culture larvae (Hughes et al., 1997
C.F.ENV/JM/MONO (2002)). In addition, Rohrmann (2008) reported that, remarkable
feature of NPV infection is that in some instances the insects can grow and continue
feeding right up until they die. They appear healthy, yet when examined, are heavily
infected with high concentrations of occlusion bodies in their cells and haemolymph.
EGT (a gene of baculovirus) likely contributes to this effect. At the end of resting
period, the symptoms of the latent virus infestation were observed either as dying of
infected larvae; also deformations as larval/ pupal intermediate was noted. Moreover,
dying and deformations of pupal and adult stages were recorded. The percentages of
emerged moths were ranged between 14 to 25% according to their locality (EI-
Lebody et al. 2014).

In present study, histological and scanning electron micrograph of healthy
larvae was placed on the left of plates for comparison with that of infected larvae on
right of plates.

Scanning electron inspection of viral infected PBW larvae revealed the
following points:

The baculoviruses infectetion blocking molting of P. gossypiella:
As shown in plate (1), the external inspection by a scanning electron
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microscope reveal the exclusively presence of old cuticle of viral infested larvae
adhering to and mask new integument at head capsule and anal plate (Figs.1&2,
respectively). Also, Fig. (3) showed the old cuticle around an abdomen leg masked
new integument (noticeable the sensitive hair of new integument at the left of figure).
For this reason the larvae failed to moult. In addition, Fig. (4) show an increase in the
integument thickness where it measured 36.52um compared to (7.5um) of healthy
one (Figs. 4 & 5). Firstly, Kubo et al. (1981), studied insect ecdysis inhibitors from
the East African medicinal plant Ajuga remota (Labiatac) against P. gossypiella and
other pests, They found that, when phytoecdysones, cyasterone and ecdysterone
(ecdysis inhibitors) fed to P. gossypiella ,apparently upset the temporal patterning of
the moulting cycle because hardening (scleroticzation) of the newly synthesized
cuticle occurred before its expansion, so that the previous cuticle remained adhering
to, and thereby masking, the new cuticle. This process repeated itself until individual
larvae were with up to three cuticular head capsules, all of approximately equal size
and all adhering to one another. Secondly, blocking moulting of insect by the viral
infestation may occur according to one or more of following reason (s).

1-O'Reilly et al. (1989) confirmed that, the insect baculovirus Autographa California
nuclear polyhedrosis virus has get gene.

This gene encodes an ecdysteroid UDP-glucosyl transferase (egt). This
catalyzes the transfer of glucose from UDP-glucose to ecdyst -eroids, which are
insect molting hormones. Expression of the (egt) gene allowed the virus to interfere
with normal insect development so that molting was blocked in viral infected larvae
of Spodoptera frugiperda.

2- Bhuvana et al. (1995) accepted the hypothesis that insect chitinase has potential to
enhance the insecticidal activity of entomopathogens.

3- Narayanan (2004) reported that, dissolution of chitin by chitinase (either from
insects themselves or from fungi) is known to perforate peritrophic matrix and
exoskeleton and make insects vulnerable to attack by different pathogens.

The baculoviruses infection caused and external scleroticzation, shrinking,
swelling and internal degradation of P. gossypiella organs:

As shown in plate (2), generally, the baculoviruses infested PBW caused
external scleroticzation and swelling of all organs, (head capsule (Fig.1), thorax legs
(Figs.12-15), abdomen, abdomen leg (Figs.16-19) and anal legs (Figs. 21-22) except
the thorax where it measured 1.99 um (length) & 1.89 um (width). The corresponding
measurements of the healthy larvae were 2.3 um and 2.11 um, respectively. However,
scleroticzation was discussed in the point A. Concerning the internal breaking down
of organs, the author in previous studies recorded a ventral hole between the thorax
and some of first abdomen segments. In present study, the micrograph revealed
flaccidity as a result of breaking down of internal tissue (Fig. 14). In respect of
abdomen legs, (Figs. 18 &19) show degradation of planta so that the crochets full
down in the cavity of internally breaking down of abdomen legs. Also, the crochets of
anal prologs are adhered together while in healthy case they arranged in a curved row
on the anterior margin of the planta pedis.

However, the final step of baculovirus infection is the breakdown of the larval
cuticle and the release of the occlusion bodies into the environment. Two baculovirus
genes, encoding a chitinase (chiA) and cathepsin (cath), have been described to
contribute to the liquefaction of the larval carcass and the release of occlusion bodies.
Chitinase is a chitin-degrading enzyme with endo-and exo-molecular specificity,
whereas cathepsin has cysteine proteinase activity (Slack et al., 1995; Hawtin et al.,
1995 (C. f ENV/IM/MONO (2002)1).
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The baculoviruses infestation caused swelling of fat bodies of P. gossypiella:

Across section of the fourth abdomen segment, show swelling in fat bodies of
moribund PBW larvae as a result of viral infection (Fig. 24).

This part of present study indicates two conclusions:
1-The latent viral infestation of P. gossypiella may due to viruses’ evolved
mechanisms that block the insect apoptotic response and so establish an infection;
where baculoviruses have two classes of proteins, the p35 protein and the IAP which
have been identified and characterized as anti-apoptotic agents (Clem et al. 1991; and
Clem, 1997 C.F.ENV/JM/MONO (2002)). Another mechanism is that, the
baculoviruses (egt) gene may contribute to overcome apoptotic response; where a
common method to reduce the time that a virus takes to kill its host is to delete the
(egt) gene (Rohrmann 2008).
2- The insecticidal effects of viral infestation against PBW may due to tow
baculovirus genes, encoding a chitinase (chiA) and cathepsin (cath), have been
described to contribute to the liquefaction of the larval skeleton. (Slack et al., 1995;
Hawtin et al., 1995 C.F.ENV/JM/MONO (2002). Also, dissolution of chitin by
chitinase either from insects themselves or a pathogen (fungi) is known to perforate
peritrophic matrix and exoskeleton and make insects vulnerable to attack by different
pathogens (Narayanan, 2004).

ACKNOWLEDGEMENTS

The author gratefully acknowledge the senior specialist Esaad M. Mohy El-
Dien for her help with electron micrographs.

REFERENCES

Arakane, Y., and Muthukrishnan, S. (2010). Insect chitinase and Chitinase -like
proteins. Cell. Mol. Life &ci., 67: 201-216.

Arakane, Y., Dixit, R., Begum, K., Park, Y., Specht, C. A. (2009). Analysis of
functions of the chitin deacetylase gene family in Tribolium castaneum. Insect.
Biochem. Mol. Biol., 39: 355-365.

Bade, M. L. and A. Stinson (1981). Biochchemstry of insect differentiation. A system
for studing the mechanism of chitinase activity in vitro. Archs Biochem.
Bibphyscs. , 206: 213-221.

Bhuvana G; Subbaratnam M; Karl J Kramer (1995). Baculovirus-mediaeted
expression of a Monduca sexta chitinase gene: properties of the recombinant
protein. Insect Biochem. Molec. Biol., 25(2)255- 265.

Clem, R. J. (1997). Regulation of programmed cell death by baculo-viruses. pp. 237-
266. In: The Baculoviruses, (LK Miller, Ed.). Plenum Press, New York.

Clem, R. J., Fechheimer, M. and Miller, L. K. (1991). Prevention of apoptosis by a
baculovirus gene during infection of insect cells. Science, 254:1388-1390.

El- Lebody , A. Karima (1998). Ecological studies on boll worms and effect of some
new methods in their control. Ph. D Thesis Fac. Of Agric., Moshtohor Zagazig
University.

El- Lebody, A. Karima and Magda M. Khattab (2006). The first detection of pink
bollworm baculoviruses by DNA nucleic probe test in Egypt. Bull. Ent. Soc.
Egypt, 83: 215-229.

El-Lebody A. Kreema; Dina A. Ahmed and Hemat Z. Moustafa (2014). Some
pathological features of naturally infected field larvae of Pectinophora



Biochemical , Histological Studies of Pectinophora gossypiella (Saund.) 151

gossypiella in Upper Egypt. ENV/IM/MONO (2002).
www.oecd.org/science/biotrac/468/5698PDF. (on line).

Gad, M. A. (1951). The head-capsule and mouth parts in the ceratopogonidae. Bull.
Soc. Fouad Entomo., XXX V: 17-73.

Hawtin, R. E., Arnold, K., Ayres, M. D., Zanotto, P. M., Howard, S. C. Gooday,
G.W., Chappell, L. H., Kitts, P. A., King, L. A. and, Possee, R. D. (1995).
Identification and preliminary characteri-zation of a chitinase gene in the
Autographa californica nuclear polyhedrosis virus genome. Virology, 212-
673-685.

Holly J. R. Popham , James J. Grasela, Cynthia L. Goodman, Arthur H. McIntosh
(2010). Baculovirus infection influences host protein expression in two
established insect cell lines Journal of Insect Physiology, 56:1237—1245.

Hughes, D. S., Possee, R. D. and King, L. A. (1997). Evidence for the presence of a
low-level, persistent baculovirus infection of Mamestra brassicae insects.
Journal of General Virology, 78:1801-1805.

Ishaaya, 1. (1971). Observation on the phenoloxidase system in the armored scale
Aonidiella aurantii and Chrysomphalus aonidum. Comp. Biochem. Physiol., 39
(B): 935-943.

Ishaaya, I. and J. E. Casida (1974). Dietary TH- 6040 alter composition and enzyme
activity of house fly larval cuticle, Pestic. Biochem. Physiol., 4: 484-490.

Jehle, J. A., Blissard, G.W., Bonning, B. C., Cory, J. S., Herniou, E. A., Rohrmann,
G. F., Theilmann, D. A., Thiem, S. M. and Vlak, J. M. (2006). On the
classification and nomenclature of baculoviruses: aproposal for revision.
Archives of Virology, 151: 1257-1266.

Kent S. Shelby and Holly J. R. Popham (2006). Plasma phenoloxidase of the larval
tobacco budworm, Heliothis virescens, is virucidal. J. Insect Science Article,
13:1536-2442.

Kramer, K. J. and Muthukrishnan, S. (2005). Chitin metabolism in insects. In L. 1.
Gilbert, K. Iatrou, & S. Gill (Eds.). Comprehensive Molecular Insect Science,
4: 111-144. Oxford, UK: Elsevier.

Kubo Isao, James A. Klocke and Shoji ASANO (1981). Insect Ecdysis Inhibitors
from the East African Medicinal Plant Ajuga remota (Labiatac) Agric. Bioi.
Chern., 45(8):1925- 1927.

Luschnig, S., Batz, T., Armbruster, K., and Krasnow, M. A. (2006). Serpentine and
vermiform encode matrix proteins with chitin binding and deacetylation
domains that limit tracheal tube length in Drosophila. Curr. Biol., 16:186-194.

Narayanan K. (2004). Insect defense: its impact on microbial control of insect pests.
Current science, 86(6):800-814.

Muthukrishnan, S. (2012). 7 Chitin Metabolism in Insects. (https:// www.k-
state.edu.).

O'Reilly DR, L. K Miller (1989). A baculovirus blocks insect molting by producing
ecdysteroid UDP-glucosyl transferase. Science, 245: 1110-1112.

Popham HIJR, Shelby KS, Brandt SL, and Coudron TA.( 2004). Potent virucidal
activity in larval Heliothis virescens plasma against Helicoverpa zea single
capsid nucleopolyhedrovirus. J. General Virology, 85: 2255-2261.

Ramanujam. B., R. Rangeshwaran, G. Sivakmar, M Mohan and M. S. Yandigeri
(2014). Management of Insect Pests by Microorganisms Review Article Proc
Indian Natn Sci. Acad., 80(2): 455-471.

Rohrmann F. George (2008). Baculovirus Molecular Biology National Centre for
Biotechnology Information. http://www.ncbi.nlm.nih.gov/bookshelf/br.fegi?book=bacvir2008.




152 Kreema A. El-Lebody

Slack, J. M., Kuzio, J. and Faulkner, P. (1995). Characterization of v-cath, a
cathepsin L-like proteinase expressed by the baculovirus Autographa
californica multiple nuclear polyhedrosis virus. Journal of General Virology,
76:1091-1098.

Vaaje-Kolstad, G., Horn, S. J., van Aalten, D. M., Synstad, B. and Eijsink,V. G.
(2005). The non-catalytic chitin-binding protein CBP21 from Serratia
marcescens is essential for chitin degradation. J. Biol. Chem., 280:
28492-28497.

Valadez-Lirala J.A., J. M. Alcocer-, G. Damaslc, G. Nufiez-Mejiald, B. Oppert2e,
C. Rodriguez-Padillalf, and P. Tamez-Guerra (2011). Comparative evaluation
of phenoloxidase activity in different larval stages of four lepidopteran pests
after exposure to Bacillus thuringiensis. J. Insect Science, 12 Article 80.

Wang, S., Jayaram, S. A., Hemphala, J., Senti, K. A. and Tsarouhas, V. (2006).
Septate-junction-dependent luminal  deposition of chitin deacetylases restricts
tube elongation in the Drosophila trachea. Curr. Biol., 16:180-185.

Waterhouse, D. F.; R. H. Hockman and J. W. Mckellar (1961). An investigation of
chitinase activity in cockroach and termite extracts. J. Insect physiol., 6: 96-
112.



Biochemical , Histological Studies of Pectinophora gossypiella (Saund.) 153

Plate 1

Fig. 1: PBW infected larvae cant remove Fig. 2: PBW healthy larvae normal cuticle
premier cuticle, sclerotization & and head capsule.
swelling of head capsule.

Fig. 3: PBW premier cuticle masked new one
and adhere to anal plate.

Fig. 5: PBW infected larvae premier cuticle Fig. 6: Cuticle sclerotization of infected

masked new one at left of Fig.. PBW larvae.
noticeable sense hair and adhere to
abdomen.

Fig. 7: Cuticle of heathlyPBW larvae. Fig. li;viutide section of infested PBW
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Plate 2

Fig. 10: Sclerotization and shrinking torax of
infested PBW larvae.

e

.12 hori leg sclerotization nd
shrinking of infected PBW larvae.

Fig. 14: Thoracic leg of PBW infected larvae
with breaking down of internal tissue.

Fig. 16: Abdomen swelling and sclerotization
of PBW infected larvae.

Fig. 15: PBW healthy larvae thoracic leg.
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ig. 18: Abdomen leg of PBW infected larva
with degradation of planta pedis and
chrochtes failed down into the body
cavity.

Fig. 19: Abdomen leg of PBW healthy larva Fig. 20: PBW healthy larval anal legs
with normal planta pedis and chrochtes. (compare with Fig. (3)).

Fig. 21: PBW healthy larvae anal leg with Fig. 22: PBW healthy larvae anal leg with

degradation of planta pedis and normal planta pedis and chrochtes.
chrochtes adhere together.

Fig. 23: PBW infected larvae fat bodies Fig. 24: PBW healthy larvae fat bodies
swelling and degradation. swelling and degradation.
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ARABIC SUMMERY

Al 8N 5ol Baga il 5 g Y o gSn g Sally andlly das da dua gl i g ApiliasS g a2
Baculuviruses <l g s 4laal)

35l Gl 2 Ay
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Ul A gl S Asdlae s 8 ohaill J s e Gl ol (4e 3550 100 Mon g g
Lala ) il 8 syl Lads o3 ZaSLL) A 3l Gl 300 iy e Jsasll 2014 Ghill au e
il el 5l cysal g sal /G e Weinlia s Jenall Zpmpdall 4 gl o plall cant dabas
AL s A Sy Saddly Gandll il (s AT Cus e il AlaY) (aljel ekl
s chitinase, N-acetylglucosamine (NAG) blii ol 28G5 s glgiugdl Al
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