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Biological Activity and Characterization of
Nucleopolyhedrovirus Isolatesof Spodopteralitura

C.M. SenthilKumar,1;� R.J.Rabindra1 andN. Sathiah1

Geographicalisolatesof Spodoptera litura (Fabricius) (Noctuidae: Lepidoptera)nucle-
opolyhedrovirus (SpltNPV),collectedfrom differentpartsof India andmaintainedat Tamil
Nadu Agricultural University, were comparedfor their biological activity and subjected
to RestrictionEndonuclease(REN) analysis. Neonateand secondinstar bioassaystudies
revealedsimilarity in biologicalactivity asshown by theoverlapping�ducial limits of LC50

values.However, thereweredifferencesin yield amongisolates:signi�cantly higheryields
wereobtainedfrom isolatesUAS andCBE thanfrom the BARC isolate. REN analysisof
the four isolateswith Pst I, Hind III, Bam HI and Eco RI enzymesindicatedgenotypic
variation amongthe isolates. Basedon the commonalityof the bands,the isolatescould
bebroadlydivided into two groups:isolatesAU andCBE formedonegroup,andtheother
groupcomprisedUAS andBARC basedon geneticrelatedness.
KEY WORDS:Baculovirus; biologicalactivity; geographicalisolates;restrictionenzymes;
Spodoptera litura; S.litura NPV; yield.

INTRODUCTION

The tobaccocaterpillarSpodoptera litura (Fabricius)(Noctuidae: Lepidoptera)is a
polyphagouspestdamaging112 cultivatedcrop plantsin tropical andtemperateregions
(28). Chemicalcontrol hasoften failedandthis pestis reportedto have developedresis-
tanceto many of the commerciallyavailable insecticides(22). Nucleopolyhedroviruses
(NPVs) are capableof originating natural epizootics in lepidopteranpopulations(4)
and have beenrecognizedas importantpestcontrol agentsbecauseof their insecticidal
propertiesandtheir safetywith respectto theenvironmentandnon-targetorganisms(20).
In India, theoccurrenceof NPV of S. litura wasrecordedasearlyas1969(33). Reports
onanucleopolyhedrovirusin S.litura andits potentialasa viral agentin pestcontrolhave
beenpublishedfor cropssuchas tobacco(32), banana(35), cauli�ower (6), blackgram
(24), cowpea (38) and cotton (21) in India. Extensive work has beencarried out on
identi�cation (11), characterization(9), formulation (5), safety to non-target organisms
(34),massproduction(29) and�eld ef�cacy (10) in India. Thevirus is mass-multipliedin
vivo in S.litura larvae(35,36).

The developmentof S. litura nuclear polyhedrosisvirus (SpltNPV) into a potent
biopesticideagainstS. litura makesit essentialto studythegeneticdiversityof SpltNPV,
selectvirulentstrainsof thevirusandformulateit to preservethecharacteristics.Existence
of geographicisolateshas been reportedby several authorsfor many baculoviruses.
GenotypicvariantsamongNPV of differentSpodopteraspp.havebeenrecorded,including
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S.litura (9), S.littoralis (Boisd.) (8), S.frugiperda(Smith)(2) andS.exigua(Hubner)(4).
However, to enhancevirus yield, massproductionat a reasonablecost is an important
factorin assessingthepotentialof SpltNPVfor commercialdevelopmentinto amarketable
product (40). Developmentof effective strainsof NPV is one of the options that can
offsettheinherentdif�culties of baculoviruses.Theproductionof suchimprovedstrainsin
suitableformulationswill beof immensevaluein controllingtheinsect.

In thepresentstudyweevaluatedthepathogenicityof differentisolatesof SpltNPVby
larval bioassay, comparedtheocclusionbody(OB) yield, andcharacterizedtheseisolates
usingrestrictionendonucleaseanalysis.

MATERIALS AND METHODS

Insects A stablecolony of S.litura establishedin theBio-controlLaboratoryof theDept.
of Agricultural Entomology, Tamil Nadu Agricultural University (TNAU), Coimbatore,
was usedduring the investigations. Standardlaboratoryprocedureswere followed to
maintaina disease-freestock. Theenvironmentalconditionswere25� 2� C, synchronized
with naturalphotoperiod;therelativehumiditywasmaintainedat75–85%.

Virus isolates TheSpltNPVisolatesof Indianorigin usedin this studyweremaintained
in theDept. of Entomology, TNAU. Virus-infectedsinglecadaversderivedfrom different
sources,viz.,Coimbatore(CBE),collectedfrom the�eld; anisolatefrom BhabhaAtomic
ResearchCentre(BARC), Mumbai (about1500km distantfrom Coimbatore);an isolate
received as a gift from the University of Agricultural Sciences(UAS), Bangalore(350
km distantfrom Coimbatore);andoneisolatefrom theDept. of Entomology, Annamalai
University (AU), Chidambaram,which was 365 km distant from Coimbatore,were
includedin REN analysis. Sincethe samplesof different isolatesof virus were stored
undervaried temperatureconditions,for variousperiods,an initial serialpassageof the
respectiveviruswasmadein latefourthinstarS.litura larvae.Virus-infectedcadaverswere
collected,placedindividually in sterileeppendorftubes,andsemi-puri�ed by differential
centrifugationat 21 g and2040g rpm for 1 and15 min, respectively. Thevirus pelletwas
�rst homogenizedin distilledwaterandthestrengthof theOB wasassessedusingadouble
ruledNeubauerhemocytometer. Thesampleswerediluted100-to 1000-foldandcounted
(13) by phasecontrastmicroscopy (� ve countsperhemocytometerandthreesub-samples
per suspensionweremeasuredto reducecountinganddilution errors; the isolateswere
storedat–20� C until use.Biologicalactivity of threeisolates,viz., CBE,BARC andUAS,
wascompared,whereasthefourth isolate,AU, wasincludedin RENanalysis.

Bioassays Laboratoryassayswereconductedto evaluatethe pathogenicityof different
SpltNPVisolatesusingneonateandsecondinstarlarvae.

Neonatelarval bioassayTheassaywascarriedagainstneonatelarvaein groups.Plastic
polypotsof 2.7 cm basaldiam, 4.3 cm top diam and4 cm heightwere�lled with semi-
syntheticdiet lackingformaldehydeto a heightof 7 mm. Theeffectivesurfaceareaof the
dietwas660.79mm2. Theviral concentrationstestedwere76,15,3, 0.6,0.1and0.02OB
mm� 2. An aliquot of 10 � l suspensionwasappliedon the surfaceof the semi-synthetic
diet andspreaduniformly with a polishedandblunt endof a glassrod. After 15 min, 15
neonatelarvaeof S.litura werereleasedinto eachpolypot,cappedandkeptinverted.Each
treatmentwasreplicated� ve timesandincubatedat 25� 1� C. Theexperimentincludedan
untreatedcontrol.
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Mortality was recordedat 6-h intervals from the secondday until the sixth day of
treatment,afterwhich theexperimentwasterminated.

Secondinstar bioassayFive-ml glassvials �lled to onethird with semi-syntheticdiet
lacking formaldehydeweretreatedwith virus by the standarddiet surfacecontamination
method. SecondinstarS. litura larvaeof uniform ageandsizewere releasedinto vials
treatedwith 10 � l OB suspensionof differentisolatesof differentconcentrations,viz.,393,
79,156,3, 0.6,0.13OB mm� 2. Larvaewerereleasedindividually into vials andplugged
with cottonwool. Eachtreatmentwasreplicatedthreetimeswith tenlarvaeperreplication.
After inoculation, the larvae were incubatedat 25� 1� C. The observationson mortality
wererecordedfrom thethird dayuntil thetenthdayat 12-hintervals.

Virus yield fr om isolates Pre-weighedearly �fth instarlarvaeof S.litura wereinitially
starved for 2 h andallowed to feedcompletelyon semi-syntheticdiet plugs(15–20mg)
treatedwith 1-� l viral suspensionsof different isolatesfor another2 h. Larvaethat fed
fully on thediet plugsfor 2 h weretransferredto freshdiet in 5-ml glassvials. Aliquots
of different concentrations,1� 106, 5� 105, 2.5� 105 OB per larva, were usedin this
experiment.Eachtreatmentwasreplicatedthreetimeswith tenlarvaeeach.Virus-infected
larvaewerecollectedindividually, weighed,andtheOB yield wasassessed.

REN analysisof isolates RestrictionEndonuclease(REN) analysisof SpltNPVisolates
wascarriedoutaccordingto themethodsdescribedby SmithandSummers(39)with slight
modi�cations.Aliquotsof 1-ml suspensionsof thevirussamplescontainingca1� 109 OBs
weretakenin eppendorf(microfuge)tubesandspunat 11,750g for 5 min to form a pellet
of thevirus. Thepelletwasre-suspendedin distilled water(120 � l), to which wasadded
25 � l EDTA and3 � l of proteinaseK, andincubatedat 37� C for 1.5 h. The OBs were
lysedby incubationin 1M Na2CO3 (75 � l) for 15 min, adjustedwith 25 � l of 10%SDS,
andincubatedat 37� C for 30 min andthencentrifugedfor 4 min at 8160g to form pellet
fractionsof intactpolyhedraremainingin thesuspension.TheDNA wasextractedwith an
equalvolumeof tris-saturatedphenol,agitatedgentlyfor 5 min,andcentrifugedat11,750g
for 5 min, thenwith anequalvolumeof 25:24:1tris-saturatedphenol:chloroform:isoamyl
alcoholandagainextractedwith anequalvolumeof 24:1chloroform:isoamylalcohol.The
extractedDNA wasdialyzedat 4� C for 36 h, with the buffer (1� TAE buffer; tris base,
glacialaceticacid,EDTA, distilled water, pH 8.3)changedthreetimesat12-hintervals.

Restrictionenzymesemployedin thisstudywereusedaccordingto themanufacturer's
recommendation.Suf�cient quantityof DNA, 10x enzymebuffer, 1.5 to 2.0 � l of enzyme
were pipettedinto a cleantube, stroked repeatedlyand digestedat 37� C for 4 h. The
digestionwas then haltedby addingstoppingmix (40% Ficoll (w/v), 0.1M EDTA pH
8.0,0.05%(w/v) bromophenolblue,0.5%(w/v) SDS,andmadeup with distilled water).
Following restrictionenzymetreatment,sampleswereelectrophoresedin 0.4%agarosegel
with 1� TAE buffer at 22 volt and30 mA currentovernight. DNA bandsstainedwith
ethidiumbromidewerephotographedin an UV-transilluminator(UVP) usinga Polaroid
directinstantcamera(Copal,DS 34).

Statistical analysis Analysis of variancewas carried out by completelyrandomized
design(31)andmeanswereseparatedby leastsigni�cant difference(LSD). Medianlethal
concentrationwasestimatedby probitanalysesasdescribedby Finney (14). Differencesin
mortality wereconsideredsigni�cant when�ducial limits did not overlap.Themolecular
weight of the fragmentswas calculatedbasedon log molecularweight of co-migrating
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lambdamarker and 1 kb ladderfragmentsand their migration distances.Basedon the
informative loci obtainedwith singledigestionby Pst I, Hind III, BamHI andEco RI,
cladogramsof SpltNPV were constructedby PhylogeneticAnalysis Using Parsimony
(PAUP) (41).

RESULTS AND DISCUSSION

Bioassayfor pathogenicityand OB yield Currenttrendsin theuseof insectpathogenic
virusesfor crop pestmanagementemphasizeselectionof isolateswith highervirulence.
While it is not alwayspossibleto obtainisolateswith highervirulencein a closelyrelated
genomicgroup, distinct variationsin the genomicpro�le have beenobserved within a
genomicgroup of NPV. In the presentstudy, the biological activity of isolatesdid not
vary signi�cantly as re�ected by overlapping�ducial limits of LC50 valuesin different
bioassays(Tables1 and2). Previous studieshave shown that biological activity among
geographicisolatesvaried from no differenceto large differences(3,12). Brown et al.
(3) comparedMamestra brassicae(L.) MNPVs isolatedfrom differentgeographicalareas
andfound that the biological activity of the isolateswas indistinguishable.Caballeroet
al. (4) comparedfour S.exiguaNPV isolatesthatoriginatedfrom differentlocationsand
identi�ed an isolate,SeNPV-Th, to be morevirulent thanthe others. Berrettaet al. (2)
characterizedfour geographicalisolatesof S.frugiperda,but thebiologicalactivity of the
differentisolatesdid notdiffer signi�cantly.

Fig. 1. Restrictionendonuclease(REN)analysisof SpltNPVisolateswith PstI (tracks2-5)andHind
III (tracks6-9). 1-� DNA cutwith Hind III; 2 and6 – AU; 3 and7 – BARC; 4 and8 – UAS; 5 and9
– CBE; 10– kb ladder.
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TABLE 1. Probit analysesof concentration– mortality responseof neonatelarvaeof Spodoptera
litura to SpltNPV(S.litura nucleopolyhedrovirus) isolates

SpltNPV
isolates

Totalno. of
insectsused

� 2 z

(n-2)
Slope('b' � S.E.) LC50

(POBy

mm� 2)

Fiduciallimits

CBE 395 6.578 1.331� 0.112 0.483 0.356–0.661
BARC 349 2.522 1.621� 0.197 0.437 0.318–0.594
UAS 326 1.021 2.534� 0.297 0.683 0.539–0.854

z All linesaresigni�cantly agood�t (P< 0.05).
y Polyhedralocclusionbodies.

TABLE 2. Probitanalysesof concentration– mortalityresponseof secondinstarlarvaeof Spodoptera
litura to SpltNPV(S.litura nucleopolyhedrovirus) isolates(150insectsusedpertreatment)

SpltNPV
isolates

� 2 z

(n-2)
Slope
('b' � S.E.)

LC50 (POBy mm� 2) Fiduciallimits

CBE 3.488 0.975� 0.144 56.14 31.765–111.796
BARC 3.471 0.952� 0.143 56.93 31.885–115.540
UAS 1.558 0.887� 0.138 64.54 34.912–139.830

z All linesaresigni�cantly agood�t (P< 0.05).
y Polyhedralocclusionbodies.

TABLE 3. Virusyield obtainedfrom differentisolatesof SpltNPV(Spodoptera litura nucleopolyhe-
drovirus)

Isolates Dose
(POBz per
larva)

Cadaver
weight(g)y ;x

Yield perlarva
� 109 POBx;w

Yield perg
bodyweight
� 109

POBx;w

UAS 1� 106 0.392c 1.471f 3.752e
(0.626) (9.117) (9.574)

5� 105 0.409b 1.933de 4.718d
(0.640) (9.286) (9.674)

2.5� 105 0.417b 5.395a 12.952a
(0.646) (9.732) (10.112)

BARC 1� 106 0.297e 1.666e 5.585c
(0.545) (9.222) (9.747)

5� 105 0.405bc 2.421c 5.988c
(0.636) (9.384) (9.777)

2.5� 105 0.418b 1.933de 4.624d
(0.647) (9.286) (9.665)

CBE 1� 106 0.349d 2.470bc 7.074b
(0.591) (9.393) (9.850)

5� 105 0.409b 2.836b 6.965b
(0.639) (9.453) (9.842)

2.5� 105 0.442a 2.222cd 5.066d
(0.665) (9.347) (9.702)

Isolates� Dose
S.E.D. 0.00517 0.31100 0.02062
CD (0.05) 0.01085 0.06535 0.04333
CD (0.01) 0.01487 0.08955 0.05937

z Polyhedralocclusionbodies.
y Figuresin parenthesesaresquarerootvalues.
x Within columns,�gures followedby acommonletterdonot differ signi�cantly at P=0.05.
w Figuresin parenthesesarelog10 transformedvalues.
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Fig. 2. Restrictionendonuclease(REN) analysisof SpltNPVisolateswith BamHI (tracks2-5) and
EcoRI (tracks6-9). 1-� DNA cut with Hind III; 2 and6 – AU; 3 and7 – BARC; 4 and8 – UAS; 5
and9 – CBE;10 – kb ladder.

Fig. 3. Cladogramof four Spodoptera litura nucleopolyhedrovirus (SpltNPV) isolateswith pro�le
generatedby thefour restrictionenzymes.

However, Abul-NasrandElnagar(1), Hugheset al. (19) andEbling andKaupp(12)
have reportedthedifferentialbiologicalactivity of baculoviral isolatesin their studiesand
identi�ed differentactivity classes.
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Yield fr om isolates Little is known of the relationshipbetweenthe biological activity
and yield (17,37). In the presentstudies,highestyield was obtainedfrom isolateUAS
(5.4� 109 OB per larva) followedby CBE (2.84� 109 OB per larva) (Table3), but all the
isolateswereon a parwith eachotherin pathogenicitystudies.Woodet al. (44) obtained
a strainof Autographacalifornica NPV by meansof mutagenesisthat wasmorepotent
thantheparentandalsoproduceda greatervirus yield. Lynn et al. (23)selected17clones
from theAbington(MA, USA) strainof thegypsymothNPV andfounddifferencesin both
productionof virusaswell asbiologicalactivity againstLymantriadispar(L.) larvae.

Many authorshavestudiedtheimportanceof larval weightduringdiseasedevelopment
(26). Maximum OB yield of 1.3� 1010 g� 1 of body weight was obtainedat the lowest
inoculumdoseof 2.5 � 105 OB per larva, indicatingeffective conversionof insect into
virus polyhedra. Although no signi�cant differencein pathogenicityof the isolateswas
noticed, the differencein yield may be due to the rapid conversionof insectbody and
therebymaximizingof theyield. In general,higherproductivity hasbeenobtainedwhen
cadaver weight was higher (30). In our studies,higher cadaver weight and increased
yield per gram of body weight was observed in the UAS isolateat the lowest doseof
inoculum (0.417g,1.3 � 1010 OB g� 1 of body weight) when comparedwith the other
isolates(Table3). Therefore,in a virus productionsystemthechoiceshouldbefor strains
with high pathogenicityas well as productivity. Simple host–pathogenmodelsidentify
parameterssuchasproductivity, speedof kill, transmission,andpersistenceasbeingcentral
to describingthebasicreproductive rateof thevirus (16). In orderto becompetitivewith
traditionalpestcontrolmethods,baculovirusesmustbecosteffective. At presenttheonly
viableoption for large-scaleproductionof baculovirusesis throughin vivo replicationof
thevirus,mostoftenin thehomologoushostrearedonarti�cial diet. Productionin vivo is
straightforward,but yieldscanbehighly variable,ascancosts.This variability is critical
to the economicsuccessor failure of baculovirus production. Even for non-commercial
ventures,optimizationof virus yields is crucial to minimizing costs(7). Hence,in large-
scaleeconomicproductionof NPV, whenthereis nodifferencein thepathogenicityamong
isolates,the choiceshouldbe for isolateswith high yield in order to maximizethe virus
productionandto minimize thecostof productionandapplication.By usingthe isolates
yielding moreOB per larva, thenumberof larval equivalents(LE's) requiredfor spraying
will bereducedandconsequentlythecostof productionwill bereduced.

Characterization of SpltNPV isolates Restrictionenzymeshave beenusedfrequently
to identify and characterizeclosely relatedgenotypicvariantsof baculoviruses. It is a
valuablemeansfor identi�cation or descriptionof baculovirusesandhasprovedto bevery
usefulnot only for distinguishingamongdistinctNPV species,but alsobetweendifferent
strainsof one virus, or even different genotypeswithin the samevirus isolate(43). In
the presentstudy, REN analysisof the viral genomewith the endonucleases,viz., Pst I,
Hind III, Bam HI and Eco RI, indicatedgenotypicvariation amongthe isolates(Figs.
1, 2). The four isolatesseemedto be broadly divided into two groupsbasedon their
restrictionpro�les. The estimatedgenomesizesgeneratedby the four enzymesrevealed
polymorphismsamongthe isolates.With Pst I, 20 bandsrangingfrom 28.40to 1.43kbp
wereobserved anda fragmentsizeof 12.21kbp wasfound to be a commonco-migrant
for the four isolates.IsolatesAU andCBE hadthreebandsin common. IsolateAU had
a uniquebandof sizes,10.79,10.09,7.37, 2.63, 1.84 and1.43 kbp, which wereabsent
in the other isolates. IsolateBARC hadbandsof size22.45,14.75,7.97, 3.49 kbp and
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isolateUAS hadbandsof size28.40,4.79,3.11,2.85kbpthatwerenotcommonfor others.
Similarly, CBE hadfragmentsof size16.30,4.21,2.24kbp, which weredistinct for the
isolate. The Hind III digestrevealedminor polymorphismbetweenisolatesBARC and
UAS but the genomesizeof isolatesAU andCBE was found to be similar. Following
digestionwith BamHI andEcoRI, nocommonalityof bandsappearedfor thefour isolates.
Theoccurrenceof genotypicvariantsin thesamevirus from geographicallydistinctsites
is commonfor NPVs, which differ only in the positionof a few DNA fragmentsin the
REN pro�le (4). Variousreasonshave beenattributedfor thesevariationsamongisolates.
This maybedueto point mutation(4), acquisitionof hostDNA inserts(15),deletionsand
reiterationsin in vivopropagatedviruses(25).

Differencesobserved in the total molecularweightof genomicDNA within thesame
isolatesfor digestionwith differentenzymesmay be dueto the changesin the mobility
patternand also to the numberof fragmentsgeneratedby different enzymes. Earlier,
Hat�eld andEntwistle(18)foundisolateswith similarmobilitiesandfragmentationfor one
digestshowedheterogeneitywith anotherdigest.Tjia etal. (42) foundstrikingdifferences
in theREN patternsof theA. californica NPV andsuggestedthat thevariability might be
dueto geneticheterogeneityor highfrequency of recombinationbetweenthehostandviral
genome.Vlak (43)attributedthesegenotypicvariationsto thebiologicalvariationbetween
the virus, like morphology, hostrangeandbiological activity. Geneticdistancebetween
theisolateswascalculatedfor theindividualenzymesand,in addition,pooledanalysiswas
made. The meanandthe absolutedistancesrangedfrom 0.418to 0.619andfrom 56 to
83, respectively. The distancebetweenisolatesAU andCBE waslessthanthat between
otherisolates.Similarly, thegeneticdistancebetweenisolatesBARC andUAS wasfound
to belessthanthatbetweenotherisolates.A treeof consistency index 0.642wasobtained.
Although differencesin geneticdistancebetweenthe isolateswerenoticedfor different
enzymes,a cladogramrevealedthe fact that isolatesCBE andAU weresimilar and the
other two isolates,BARC andUAS, might have formed from a single rooteddivergent
group(Fig. 3).

The presentstudy has shown up the divergencein the SpltNPV isolates. While
the searchfor isolateshas focusedon identifying geneticallydistinct forms exhibiting
higherpathogenicity, studiesof isolatesto increaseOB productionhasnot beencarried
out. In this investigation,we have found that even in a closely relatedgenomicgroup,
variationin productivity could be obtained.Furtherstudiesshouldaim at increasingthe
pathogenicityby selectionfor additionalparameterslike UV andfoliage factortolerance,
besidesproductivity. Thismaybeachievedby thedevelopmentof additivessuchasoptical
brighteners,whichenhanceinfectionandpersistence(27).
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