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ABSTRACT

To study the effects of induced tolerance in silkworm Bombyx mori L. against nuclear polyhedrosis virus
a hybrid silkworms were used. The silkworms were fed with known amount of inactivated nuclear
polyhedral inclusion bodies (PIBs) thrice at various time intervals for induction of tolerance followed by
the challenge inoculation with known amount of live PIBs. The silkworm larvae of the control, induced,
induced followed by live PIBs inoculated and live PIBs inoculated batches were collected daily with a
regular interval of 24 h for haemolymph collection. The collected haemolymph was subjected for
qualitative analysis of amylase, superoxide dismutase and beta esterases. Among the experimental
batches significant variation was observed. SQuch changes in the experimental larvae, depicting the
possible defense cellular adjustment of the host in response to killed as well as live viral inoculum. Also,
the results pave light towards use of induced tolerance in silkworms against the dreaded nuclear
polyhedrosis.
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INTRODUCTION

The silkworm,Bombyx mori, lost its natural resistance against varietiesilofients because of continuous
domestication since time immemorial. These pathegmused an annual crop loss up to 40%, which
runs to the loss of several crores of rupees. dilalvorm diseases, the crop loss due to NPV lenb
reported to an extent from 32.9 to 55.3 &d most common in summer sed&sdrhough the insects
exhibit both humoral and cellular immune respongairest various pathogens, no immune system is
effective against viral infectioissome attempts have been made to immunize insgttsNPV*>°"
Also, in the tissues of insects various biochemiphlysiological and cytomorphological alteratiorssc
be observed with an infectious dise&3&'"*?as well as after induced tolerafite Most of the
biochemical studies associated with nuclear polgded in silkwormBombyx mori is limited to activity
of transaminasé$™® highest activity of DNA synthesis in fat bdflylowered synthetic activity of silk
protein in the silk gland celi§ and increased number and survival period of hagtag®, effects of
NPH on biomoleculé8 and effect of induced tolerance on haemolymphaimet amylase and succinate
dehydrogenasésHowever, studies combining induction of toleraméth biomolecules are rather scarce.
Hence the present investigation was undertakemiat@mpt to acquire information on the effects of
induced tolerance against nuclear polyhedrosis smaymes of amylase, superoxide dismutase and
esterases.

MATERIALS AND METHODS
A commercial hybrid PM XCSRJ) silkworm was selected for the present investigatDisease free
layings of pure breeds were obtained from the Geasmp, Department of Studies in Sericultural
Sciences, University of Mysore, Mysore, India anel lhybrid was prepared in the laborat8ryhe
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silkworm rearing was conducted in the laboratbrifhe Nuclear Polyhedral Inclusion Bodies (PIBs)
were collected from the field, confirmed, multiglién the laboratory and purifi&d Finally, the stock
suspension was prepared which contained 7.125%pd§hedral inclusion bodies per ml. Enumeration
of polyhedral inclusion bodies was done by follogvikeuber's haemocytometer. For the induction of the
tolerance, polyhedral bodies were treated in 2%n&bdehyde solution for 24h at 301+°C twice and
used.

The mulberry leaves of Mariety were washed with sterile distilled wated aurface sterilized with 70
per cent ethyl alcohol using sterile cotton wadefthe leaves were cut to square shape (£pama 0.1

ml inactivated PIBs suspension (from the stock @3B x 10/ml PIBs suspension in sterile distilled
water) was uniformly smeared, shade dried and ahabpp required size and fed to the silkworms. Such
type of inoculation was carried out thrice,, at the age of third instar second day, agaiteatage of
fourth instar second day and also, at the agdftbfifistar first day. This was followed by treatrhevith
0.125 ml of live PIBs (from the stock of 1.36 Xifll) on second day of fifth instar. Suitable unteea
batches were also maintained. All experimentallsgavere maintained with 50 worms in triplicatee Th
control batches, induced batches, induced folloletive virus treated and live virus treated batchee
mentioned as C, A, AT and L respectively.

The larvae during fifth instar were collected dailigh regular interval of 24 h. The abdominal legsre
punctured and the haemolymph was collected in ancl@re cooled 1.5ml mciro centrifuge tubes
containing 0.1mM thiourea to prevent oxidafircentrifuged at 3000 rpm for 5 minutes in a caplin
centrifuge at 5°C and preserved in a deep freez@0aC as stock and it was used whenever required.
The total protein present in haemolymph was deteetfit. Bovine serum albumin was used as standard
protein.

The qualitative analysis of isozymes of three ereymiz.,, amylase, superoxide dismutase and beeta
esterase was carried out in Native Poly Acrylantede Electrophoresis (PAGE) with the discontinuous
buffer system. A uniform quantity of protein (1@) from each batch was loaded to each slot.

Activity staining ofa-amylase ¢-1, 4-glucan-4-glucanohydrolases; EC 3.2.1.1): géls, soon after the
removal, washed in running distilled water followglthe incubation in 1% starch in 40mM phosphate
buffer pH 7.0 at 37° C in a rotary shaker for 3(h.mfter incubation, the gel was placed in lodide
solution (5mM }-Kl in distilled water) for 15 min or until negatvbands appeared

Activity staining of Superoxide dismutase (SOD, EQ5.1.1): The gels, soon after the removal, were
washed in running distilled water followed by timeubation in 100 ml 50 mM sodium phosphate buffer
pH 7.8 containing 50 mg NBT, 1 mg riboflavin an@26 ml TEMED for 30 min in dark. Then the
solution was poured off, gels were placed in détilwater and illuminated under a fluorescent ldorp

15 min or until the desirable transparent (achrichagands clearly appeared in a dark blue backgfSun
Activity staining ofp esterase (EC 3.1.1.1): The gels, soon after tmewval, washed in running distilled
water and incubated in the following solution Caimotary shaker at 37°C in dark for 20 min or uthig
bands appeared. After the appearance of bandedltan was stopped by the addition of 2-3 ml gllaci
acetic acid.

Solution A was prepared by dissolving 25 mg naphthyl acetaté iml of acetone followed by the
addition of 1 ml water and 12.5 ml of 0.5 M sodiphosphate buffer pH 5.9.

Solution Bwas prepared by dissolving 25 mg fast blue RRisakt ml of solution A followed by the
addition of 12.5 ml 0.1 M sodium phosphate buffir5.

Solution Cwas prepared by mixing solution A and B.

After the appearance of bands, the gels were sdaanelyzed and photographed in a gel scannerdilb
Laurmat Bioprofil image analysis system).

RESULTS AND DISCUSSION
The electrophoretic separation of isozymes of asgylasuperoxide dismutase and esterase exhibited
variation in Rf. volume, height and area of thedsaThe results of amylase, superoxide dismutage an
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esterase gel analysis for Rf values are presentéable 1. The amylase zymogram of control, induced
induced followed by live PIBs inoculated and liviB® inoculated batches are presented in the figlires
and 2. The amylase is one of the digestive enzyhwsever the role of haemolymph amylase is not yet
knowrf’. According to Wyaff, it may participate in the degradation of glycogernaemolymph. Two
major isozyme fractions were observed in controlvaf as attenuated sets with almost same Rf value
when the mean value was considered. In the attedfatiowed by live PIBs inoculated sets and live
PIBs treated sets, slight variation was observethé beginning of the pathogenesis both the frastin
live PIBs inoculated sets are more prominent whampared to remaining experimental sets. However,
as disease progressed the intensity of the samegraasially reduced. In case of the attenuated and
attenuated followed by live PIBs treated batchas a&ixhibited variation in the intensity of the band
This indicates the interference of pathogen onntle¢abolism of the host/depicts the altered metaboli
status of the host to resist the multiplicatiorhaf virus.

Table 1: Results of Amylase, Superoxide diamutasend Esterase Gel Analysis for Rf value

Experimental | Band | 3“day Aday | S'day | @day | 7'day | &day | 9" day
Batches No.
AMYLASE
1 0.265 0.268 0.255 0.262 0.168 0.15y 0.172
c 2 0.295 0.299 0.285 0.292 0.200 0.198 0.196
1 265 0.262 0.265 0.258 0.169 0.169 0.163
A 2 295 0.299 0.295 0.292 0.214 0.204 0.196
1 0.265 0.255 0.255 0.258 0.149 0.154 0.166
AT 2 0.289 0.285 0.289 0.292 0.198 0.199 0.193
1 0.258 0.255 0.262 0.258 0.157Y 0.15y 0.163
L 2 0.289 0.297 0.295 0.289 0.2138 0.191 0.190
SUPEROXIDE DISMUTASE
C 1 0.438 0.495 0.505 0.509 0.509 0.585 0.600
A 1 0.466 0.491 0.509 0.512 0.572 0.592 0.604
AT 1 0.484 0.491 0509 | 0505 0577 0.60p  0.604
1 0.488 0.495 0.509 0.495 0.585% 0.600 0.611
L 2 - - - - - - 0.592
ESTERASE
1 0.265 0.258 0.223 0.217 0.221 0.20% 0.228
c 2 0.458 0.466 0.424 0.388§ 0.397 0.381 0.375
3 0.527 0.527 0.477 0.436 0.442 0.436 0.483
1 0.265 0.250 0.216 0.221 0.212 0.231 0.287
A 2 0.477 0.458 0.413 0.391 0.385 0.381 0.375
3 0.525 0.500 0.470 0.442 0.442 0.436 0.429
1 0.261 0.231 0.212 0.221 0.208 0.231 0.240
AT 2 0.473 0.443 0.405 0.391 0.401 0.37% 0.375
3 0.519 0.504 0.470 0.4472 0.446 0.433 0.436
1 0.258 0.231 0.208 0.221 0.212 0.231 0.208
L 2 0.473 0.436 0.398 0.391 0.385% 0.372 0.375
3 0.519 0.477 0.462 0.444 0.436 0.433 0.439

Superoxide dismutase is an essential componertieérdéfence mechanism against the effects of the
superoxide radicles, O°. The zymograms of superoxide dismutase are prxémfigures 3 and 4. One
major fraction with an Rf of 0.438 was noticed bird day and the same was recorded increased Rf as
the development progressed and similar trend waseabin the remaining experimental sets. However,
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in case of attenuated and attenuated followed \®y RIBs treated sets, variation in the intensity of
isozyme fraction was noticed. In case of live PiBsculated sets the intensity of the band increased
addition a new isozyme fraction with Rf 0.411 wapeared on last day of larval life only in live BIB
inoculated sets. This clearly indicated that thiviig of superoxide dismutase might be triggerarkiie
immunization as well as immunization followed byeliPIBs treatment.

Esterases are a group of enzymes which catalyzéyttelysis of various types of acetyl esters. The
zymogram of beeta esterases are presented iresiguand 4. In the initial stages of pathogendss t
isozymes of esterase in live PIBs inoculated setved more prominent; however, at the later stages i
was significantly reduced. Esterase A appears tdsely related to the stimulation of embryogesési
Bombyx mori®. Probably, during pathogenesis this might try taintain healthy status of the host. In
addition, on 9 day the isozyme of Rf. 0.208 was prominent in IR#s inoculated set only when
compared to remaining experimental sets. As theagis progressed, the intensity of bands were pale
when compared to control, because of non avaitgbilf sufficient precursors to synthesize enzyme
protein, as they were diverted to viral metabolism.

Hence, the present investigation clearly indicatest the information obtained from the biochemical
experiments may be used during breeding of diseasistant silkworm strains. In addition, the
information gathered from this research work cdmiies to basic virology in general.

3rd DAY 4th DAY 5th DAY 6th DAY

C A AT L C A AT L cC A AT L C A AT L
_ _ ’ s

Figure 1: Zymogram of amylase from haemolymph of PM X CSR2
silkworms. Lanes: C-Control, A-Induced, AT-Induced
followed by Live PIBs inoculated and L-Live PIBs
inoculated batches.

7th DAY 8th DAY 9th DAY

Figure 2: Zymogram of amylase from haemolymph
of PM X CSR2 silkworms. Lanes: C- Control,

A- Induced, AT-Induced followed by live PIBs
inoculated and L- Live PIBs inoculated batches.
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3rd DAY 4th DAY 5th DAY 6th DAY
c A AT L C A AT L C A ATL C A AT L

Figure 3:Zymogram of superoxide dismutase from haemolymph
of PM X CSR2 silkworms. Lanes: C-control, A-Induced,
AT-Induced followed by live PIBs inoculated and

L-live PIBs inoculated silkwormm batches

7th DAY 8th DAY 9th DAY

¢ A AT L. C A AT L C A AT L

Figure 4: Zymograms of superoxide dismutase
from haemolympg of PM X CSR2 silkworms.
Lanes: C-Control, A- Induced, AT- Induced
followed by live PIBs inoculated and

L- live PIBs inoculated batches

www.ijpab.com 52



3rd DAY 4th DAY 5th DAY
¢ A AT i © A AT I © A AT L

Figure 5: Zymograms of beeta esterase from
haemolymph of PM X CSR2 silkworms.Lanes: C-Control,
A-Induced, AT- Induced followed by live PIBs
inoculated and L- Live PIBS inoculated bactches.

6th DAY 7th DAY 8th DAY 9th DAY
c A AT L C A ATL C A AT L C A AT L

Figure 6: Zymogram of beeta esterase from haemolymph
of PM X CSR2 silkworms. Lanes: C-Control, A- Induced,
AT- Induced followed by live PIBs inoculated and
L-Live PIBs inoculated batches.

www.ijpab.com 53



Mahesha H. B.et al Int. J. Pure App. Biosci. 2 (2): 48-55 (2014) ISSN: 2320051

ACKNOWLEDGMENTS

Authors wish to thank University Grants Commissidlew Delhi, India, for financial assistance and
University of Mysore for extending the facilities ¢arry out this work.

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES
Nataraju B., Datta R.K., Baig M., BalavenkatasuahaM., Samson M.V. and Shivaprasad V.,
Studies on the prevalence of NPV in sericulturabarof Karnatakdndian J. Seric., 37 (2): 154-158
(1998)
Christi M.Z. and Sohaf K.A., Studies on the polytadliseases of silkwormBombyx mori L. in
Jammu and Kashmir statedian J. Seric., 29: 155-157 (1990)
Yao Hui-Peng., Wu Xiao-Feng. and Gokulamma K., yrdil activity in the mulberry silkworm,
Bombyx mori L., J. Zhejiang University Science A, 7 (2): 350-356 (2006)
Carbone D. and Fortuna E., La vaccinazione deiibd&lseta,Terza Nota Preventiva. 11: 204-210
(1932)
Gargiulo F, Ulteriori ricerche sul giallume del bata seta. Treatmenti immunizaipll. Lab. Zool.
Agr. Bachicol Milano., 4: 103-112 (1932)
Nataraju B., Shivaprasad V. and Datta R.K,. Studiesdevelopment of an oral vaccine against
nuclear polyhedrosis in silkworBombyx mori L., Sericologia, 40 (3):421-427 (2000)
Mahesha H. B., Rahamathulla G. and Thejaswini R.Studies on the tolerance against nuclear
polyhrdrosis in silkworm Bombyx mori L and its blmmical aspectd.JBPAS, 2(7): 1501-1512
(2013)
Martignoni M. E., Pathophysiology in the insedsn. Rev Entomol. 9: 197-206 (1964)
Sujak P., Ziemnicki K., Ziemnicka J., Lipa J. Jda@bbuchowicz L., Acid and alkaline phosphatase
activity in the fat body and midgut of the beet wgrmworm, Spodoptera exigua
(Lepidoptera:Noctuidae), infected with nuclear pagrosis virusJ. Invertebrate Pathol., 33: 4-9
(1978)
Mahesha H. B., Cytogenetic and biochemical stuitiesfew races oBombyx mori L., treated with
cytoplasmic polyhedrosis virus and a mutadgeim.D. Thesis, University of Mysore, Mysore, India
(1997)
Mahesha H. B., Thejaswini P. H. and Honnaiah SfedEtfof cytoplasmic polyhedrosis on
haemolymph proteins of silkworBombyx mori L. Ann. Entomo.l, 18(1): 27- 32 (2000)
Mahesha H. B., Thejaswini P. H. and Honnaiah SedEfof cytoplasmic polyhedrosis on amylase
and succinate dehydrogenase activity levels invsitkn Bombyxmori L. Entomon.,27(3): 269-279
(2002)
Mahesha H.B. and Thejaswini P.[%tudies on induction of resistance against nuclear polyhedrosis
in silkworm Bombyx mori L and its biochemical ~aspects. In: National Conference on Recent Trends
in Animal Physiology, , University of Mysore, Mysgr29- 30 October 2009.
Ramaiah T.R. and Gowda V. T., Effect of polyhedsasih the haemolymph transaminases in the
silkworm Bombyx mori L. Curr. <ci. 1: 7-9 (1970)
Gowda V.T. and Ramaiah T., Effect of induced potifesis on haemolymph transaminases in the
larva of the silkwornBombyx mori. J. Invertebrate Pathol. 28: 271-272 (1976)
Shigematsu H. and Noguchi A., Biochemical studiesttee multiplication of nuclear polyhedrosis
virus in the silkwormBombyx mori. J. Invertebrate Pathol., 14:143-149 (1969)
Watanabe H. and Kobayashi M., Effect of virus itifat on the protein synthesis in the silk gland of
Bombyx mori. J. Invertebrate Pathol., 14: 102-103 (1969)
Balavenkatasubbaiah M., Nataraju B., Thiagarajaand Datta R.K., Haemocyte counts in different
breeds of silkwormBombyx mori L. and their changes during the progressive indectif BmNPV.
Indian J. Seric., 40 (2):158-162 (2001)

www.ijpab.com 54



Mahesha H. B.et al Int. J. Pure App. Biosci. 2 (2): 48-55 (2014) ISSN: 2320051

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

Mahesha H.B., Krupa H.P. and Thejaswini P.H., Effef nuclear polyhedrosis on some
biomolecules of silkwornBombyx mori L., Indian J. Seric., 48 (2): 126-132 (2009)

Narasimhanna M.N.Manual on silkworm egg production. Published by Central Silk Board, India
(1988)

Krishnaswami S., New technology of silkworm rearif@entral Sericultural Research & Training
Institute Bulletin No. 2, Central Silk Board, India23 (1978)

Balakrishnappa Y.K. and Honnaiah S., Isolation padfication of cytoplasmic polyhedrosis virus
from Bombyx mori L. J. Mysore University, SectB XXXII: 331-333 (1992)

Mahesha H.B., Thejaswini P.H. and Honnaiah S., Hdgmph proteins of F1 progeny raised from
ethyl methanesulfonate treated silkwadBambyx mori L. Indian J. Seric., 39 (2): 139-144 (2000)
Bradford, M.M., A rapid and sensitive method foe tuantitation of microgram quantities of protein
utilizing the principle of protein dye-bindingnalytical Biochemistry. 72: 248-254 (1976)

Rothe G.M., Electrophoresis of Enzymes: Laboratoeghods. Springer Verlag, New York (1994)
Zhengjun Xia., Detection of Stenocarpella maydisniaize, physiological changes induced by
infection.Ph.D. Thesis, University of Durban, South Africa (2000)

Tanaka Y. and Kusano T., The haemolymph amylageitgctluring development of the silkworm
Bombyx mori L. J. Sericult. <ci. Japan, 49: 95-99 (1980)

Wyatt G.R., The biochemistry of sugars and polysaddes in insect®dv. Insect Physiol., 4: 287-
360 (1967)

Guptha, A.S., Webb, R.P., Holaday, A.S. and AlRD., Overexpression of superoxide dismutase
protects plants from oxidative stress. Inductionoetarbate peroxidase in superoxide dismutase-
overexpressing plantBlant Physiol., 103: 1067-1073 (1993)

Kai H. and Nishi K., Diapause developmentBombyx eggs in relation to esterase A actividy.
Insect Physiol. 22: 1315-1320 (1976)

www.ijpab.com 55



