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ABSTRACT

ibilit'r measurements were performed on lai','ae of the cotton leafrvorm,
r with two Bacillus thuriengensis authentic strains; Br subsp. kursraki (HD-lj
ocidt"n (60.5). The;rrotoxin (= 130 kDa), the active toxin (= 615 kDa) in rhe
cation and the vegetative insecticidal protein (= 88 kDa) were ,confirmed by
getative insecticidall protein (vip3A) can be detected in the g;rowth media.
mput:d with respect to the Lc-p lines statistical parameters (slope & chi2).
determined at different exposrue periods. In gene,ral, the FID-l -Vip3A toxin
Spo'aloptera larval instars than the tested Cry toxins (entontocittas (60.s; and
toxicity is dependant on the larval instar age.

ve insecticidal protein, spodoptera littoralis, Bacillus thur ienge,ns is.

INTRODUCTION

The wide
environment and
affect beneficial in
chemicals so that
expendlitures (more
annual loss reaches
pests are responsib

crops or to even de

It is generall
to the environment,
aware of the side
cornerstone of the
Peferoen, l9c)2).

o1' synthetic compounds creates an excessively high pressure on the
rbilizes the existing ecological balance. Chernical pesticicles generally

cts a.s well as pest species and insects tend to, acquire resi:;tance to the
w pest problems rapidly developed. Moreover, notwithstanding the huge

ten billion dollars annually) on production of synthetic chemicals, the
7yo of the total crop and its cost is estimated at 300 billion clollars; insect
for ).3Yo of the loss (Thomas, 1999). Although more specific and less stable

protectants are conti
consumption of syn
technologies in ord r to rr:duce the use of synthetic compounds without increasing the loss of

ease the loss.

accqrteC that Bt is a harmless organism and that it does not pc)se any threat
rartors, or consuroers. As the public and environmentalists b,ecome more

ffectr; of some synthetic pesticides, Br's safety is expecte,c to form a
antic;ipated market increase of Bt-based bio-irrsecticides (l_,ambert and

Brtcillus thurlngiensis is a gram-positive, rod-shaped, aerobic bacterium measuring from
2- 5-pm long by f-um wide. Most rstrains are motile, moving by peritrichor.rs fla=gellae.
Biochernically, seve]ral strains of B. thuringiensrs resemble B. irrrrr,' but the preserice ,:f
entomocidal crystali (parinporal bodies) is accepted as evidence t.hat B. thurin.giensis as a
separate specres (Lerinox a:td Duke, 1997).

Bacillus thurlngien'sts toxins are a diverse group of proteins with activity against insects
of different orders (L{epidoptera, Coleoptera, Diptera) and alio against pther inyerteb::ates such as
nematoCes. Their primary' action is to lyse midgut epithelial cells b;r inserting into tl-re target
membrzure and formling. p,ores. Among this group of proteins, mernbcrs of th; 3-Donrain C).y
family are used worlpwidr: for insect contro!, and their mode of action has been characterized in
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uously developed to reduce the ecological hazard created by us;ing them, the
.etic <:hemicals has starte.d to decrease. Hence, it is necessary to desicn new
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srlme detail. Phylogenet c analyses established that the diversity of the 3-Domain Cry farrtily

evolved bv the indepe t er'olution of the three domains and by swapping of domain Ill among

toxins. Like other pore-f, rmin51 toxins (PFT) that affect mammals, .Bf toxins interact rvith specific

rr:ceptors l,:rcated on the
binding res;ru|1ing in the
Bravo et ai.,200',1).

host cell surface and are activated by host proteases following receptor

rmation of a pre-pore oligomeric structure that is insertion con-illetent (

The crystal is co pose<l of a protein of dimer approximately 230 kilo-Daltons (kDa). This

is composed of two ma cornponents, each about 130-140 kDa M.W. (Aronson el a,!.,1986).

by prroteolytic enzymes in the alkaline midgut of susceptible la.rvae toI'he protein, is hydroly
yield activr: toxins of 55 58 kDa (Oppert, 1999).

Recently, a new famit.f of insecticidal proteins produced during its vegetative stags of
:ticicliil proteins "\/ips") has been identified. 'fhe Vip3A Frossessesg,roMh (vegetative r

insecticidal activ:ity agai a ',,,ide spectrum r:f lepidopteran insects and disrplays acute'bioactivit)'

towards the black cut (IICW), fall arrnyworm, and cotton leafv''orm, Vip3A aflilrds 260

fbld-higher insecticidal
active agajtnst thr: BCW
prrotein that is secreted
indicated that Vip3A I

eoithelial cells resulti
susceptible insects are t
Irurthermore, it hLas a I
2001).

The present study was

3A) with the crystalli
clemands a:rd to s;hed so

Inscct:

Larvae of the c

R.icinus cttmmunis L.,

,z nl o nro c i cl,us (60. 5 ) obtarined from

ctiv:i1ies than some cry1A proteins, which have been rcporterl to be

The Vip bears no similarity to delta-endotoxin, and it encodc,s 88kDa

nto l:he supernatant fluid of .Br culture. Histopathological obsr:Ivations

rl by susceptible insect caused gut paralysis and complete lysis orr

in larval death. This suggests that the midgut epithelial ceils of
prirnary target for the Vip3A insecticidal protein (Milne et al. 2008).

cross-resistance with B. thuringiensis crystal (Cry) toxins (Fang et al.,

imed to compare thr: potency of the vegetative inrsecticidal prctein (Vip
(Crir toxins) of llacillus tlntreingensis againsri Spodoptera littoralis

e lig;lrt and strengthen our activities in adopting biopesticides.

MATERIAf,S AND METHODS

ton .eafworm, S. r!ittoralis (Boisd.) were rearerJ on casto:' c,il leaves,

The strain rvas obtaiucd f::om the

of Agriculture Researclh Center,
r,Jing to eldefrawi et a1., 1964.

,A,gricultute Gerretic gine,:r Research Irrstitute (AGEzu)

Ministrv c l Asriculture.

B/ strains:

Tv''o aulhentic strain:; of Bt were tested. Bt subsp. kurstaki (HD-l) & llt subsp.

AGTizu.

Bacteriol,o,gical media:

AII media were
(AGDW) at 15 Ib/sq. I

mader up in glass deionized distilled water and slerilized by autoclaving

for 2(r minutes.
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Luria-bertani (LB)

Tryptone l0 gm, Y
to pH i/.2, then aut
addition to 2t/o vgvy,

TP media:

Solution I: Trypt
3.4 gnr, and lilHPO

A) Salt solution s

gm FeSiOa), 5, ml we

B) CaC:12 solr,rtion st
pH of the'me,lia was

Terrific broth med

Tryptone l2;gm, Y
were dissolve,d in

Spores and tr-end

.Bt inoculum
into LEI underr steril
Streaking for single
sporulation ( fravers
shaking; at 200 rpm
microscopy fbr libe
cultures were harves
cooling centrifuge.

The pellets
times in sterilized i

a general proteases
intervals) to release
and 40o/o out put) an

were estimated after

Dried powd
precipitation method
pellets rslurry with
gradual addition of h
3500 rpm for 15 mi
and 3 times deioni
Edwards' lyop,hilizer

Prepar:rtion of the

Lnsecticidal p
which proved to

OJ
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medii:r:

st exlract 5 g-, and Nacl 5 gm were dissolved in one liter (AGDW) adjust
laverJ and stored at 4 oC. Solidified media contains the same c,onstituents in

oc;laved and poured in agar plates.

10 grn, Soluble stalch 10 gm, Yeast extract Z gm, Glycerol 5 gm,KH2PO4
4.35 1;m rvere dissc,lved in one liter (AGDW).

: one liter contains (24.6 gm MgSOa,0.4 gm MnLSOa, 2.8 gm,ZnSOa and 4
add up to one liter of solution I.

k: orre liter contains (36.6 gm), 5 ml were added to one liter solution I. l'he
adjui;led to 7.2, autoclaved and stored at 4 oC,

ex.tract 24 gm, G.lycerol 4 g-, KHzPOq 2.31 gn, and K2Hp{)a 12.54 gm,
liter (AGDW), and the pH value adjustedto 7.2.

xin preparation:

f botlr autlrentic strains Bt kurstaki HD-l and entomocidus 60.5 were seeded
conclitions, spread onto solidified LB media and incubated for 24-4g hr.

colony was perfomred. Single colonies were ino,culated into fp broth for
et a1,,, 1987) in batc;hes of media in lL flasks and incubated a.t 30 "c with

'72.'96 hr. cultures were harvested after 12 hr and were checked by light
ion of spores and crystals. After complete cell lysis '*,as a,chieved, the

b'y centrifugation at 5500 rpm for 30 min at 4 oc using IEC-CRU 50cr0

'urashed with NaCI/EDTA solution (lM NaCl-10 mM EIDTA), three
-cold AGDW containing imM phenyl methyl sulphonyl fluorid,: (pMSF) as
inhibi lor and suspe;nded in AGDW and then sonicated for zlmin (5 sec.
rystarls from intact bacteria, using heat systems sonicator (set at 70o/o duty
kept frozen at -20 "C. The protein concentration in the crystal preparations

he cry stals were diss;olved in 100 mM NaOH.

rs c,cntaining 6-endotoxin were prepared by the lactose-acetone co-
(Dulrnage, et al., 1970; Robacker, et al., 1996) via centrifugation of the
itiorr of l/10 of its original volume of 5%o lactose solution followed by

gh purity acetone (4-6%) with continuous stirring. Solution is centrifuged at
at 4 ''c. The pellet (6-endotoxin preparation) is rvashed once rvith acetone
d FI'o, resuspended in deionized water and finally lyophilized using

strlred' frozen, under nitrogen.

ative insecticidal protein (Vip3A):

rl was partially purified from supernatant of Bt kurstaki llrD-l strain,
\i ip3A (Guttmann and Ellar, 2000), according to Estruch et al. (1996).
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Culture was [rown for 2 houu at 30 "C in Tenific media. Supernatant was collectt:d by

for 20 min using IEC-CRU 5000 cooling centrifugc. Proteins

werr: precipitated with saturated solution of 70o/o ammoniutl srrlLfate

centrifugation at 5000
presented in lhe supernatan
(salting out).

The precipitated protein w
resuspended in minimum
against deionirzcd water (4

han,r:sted by centrifugation (5000 r.p.m, for 20 mLin.). The pe llc,t was

lum,: of 20 mM tris-HCl buffer, pH 7.5, and dialyzcd overniglit

ancl molecular rveight of
ter vr.th 4 changes), lyophilized and kept frozen uurtil use. fhe purity
toxin have been con,firmed by electrophoresis (SDS-PAGE).

Electrophorcsis (S)DS-PA

Toxinr; identificati n hars' been carried out using SDS-PAGE technique accordin;g to

(5 -il.t) pl based on protein conc.) of toxin preparation u'et'e heated

I volume of 2X sample buffer (2% SDS, 10% giycerol, 3M tris-llCi,
(Laemmli, 19'70). A.liquots
(100 "C, l0 min) w;Lth eq

pFI 8.8. 5 % ll-merr:aptoet anol r'fJ-Me) and 0.t)02% bromophenol blue) ancl submittecl to l0%
SDS-PAGE u'ith an acry
Ellar 1983).

ide ,' N.N methvlene bio acrylamide ratio of 1Ct0 : I (Tltomas and

Bio-assay of .lll toxrins:

disc was dipped inl.o the t scrlution for l0s (Aboul-Ela et al., 1993), to ,ensure an cven leaf

surf'ace covererge, hcld ly t.o allow excesi; solution to drip off, and plaoed on a rack to dry'.

wr:re offered to the larvae previously starved for (2-4 hr) ancl iel'tAfter 2 hr dr:iing ti;me, lea

under controlled conditi
each plastic cup covered

(27 .= 2 "C) for 2 <lays. Each treatment in 3 replicates, 10 lanvae tn

cloth and tied with rubber bands. Survivors u,ere transferreri with

Bio-asr:;av Dlocedur
-l ' '

instars (2no, 3'o and 4tn) we
assessing toxicity (lJheiton
(Tang, et al., 1996), since
the diet incoqroration me

Each Loxin vvas

vortex mixer lbr I rnin.

fresh untreated castor oil
counts were recorded dail
morlality was; calculated fi

Abbott equation (A.bbott,
t9s2).

Concentration-mo rtality
and e nto moc id tts ((i0.5) :

The sLrsceptibility
trvo BI authentic s'.rains;

strains depends on the lite
is worth to rrrJte that, Cry
(Sneh et al., 1981; Visser

were carried out itccording to Dulmage (19i3). Spodoptera larval
use<l for all assays in 3 replicates. Leaf-dip technique was usr:d, for

et al ,1993) and spores and insecticidal crystallline proteips til{JPs)

f-dipping technique simulates natural conditions more closellr than

ed in GDW that corrtain triton X-100 as detergent, and mixed'r"ith a

tor oi.leaves were cut into discs (2cmt) (Mansour et a\.,1966). llach

eavers to clean cups; and kept under the same conditions. Mortality
for '7 days for crystalin toxins and 4days for Vi;p 3A toxin. F'ercent

r eaclL concentration and corrected for natural mortality accorcling to

925). The mortalitl' data were subjected to Protrit analysis (Finney,

RESULTS

spolrse of the Spodoptera larryal instars to Iit-. kurstuki (l.ID-l)

easuJements were performed on larvae of the cotton leaf*'ornl witlt
t kurstaki (HD-l) and Bt entomocidus (60.5). iSelecting these trvo

re ''vhere S. littorttlis larvae are susceptible to CrylC, and Cri'lE' It
to:xin is producecl by B. thuringiensis vars. enlontocidu.y. Q,i:cttt'cri

ai., 1988). CrylE is produced by B, thuringien'sis vars. kenyue and

l9?0) arrd The t{D-l straitt of B. thuringiens'is subsp. htr:;tuki is

C
?t

I
denclrolinuts (\/au .Rie et
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irel products for control of lepidopteran pests in agriculture and forestrywidely used

Fig. ( l):
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of shake fla

kurst,aki and

ration crude Bl-toxins against the molecular weight markers. Aliquots of the

tive protein were ele,ctrophoresed on l}Yo polyacrylamide gel. (A) (3row'th curve

cultrrre "time of hours after inoculation. (B) Expression of cry toxins from Bt

on,r<tcidus (60.5) (lane l, molecular weight markers;; lane 2, kurstaki HD-l and

i/rrs (60.5). (C) Expression of Vip3A from B/ kurstaki HD-l (larrc l, rrrolccularlartc J, arl
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weilght markers,

sulfate dialysis).

2, supernatant afi.er dialysis arrd lane 3, supernatant before arnrrroniurn

(t)onovan et al., 2:001 ) ide this subsp. secreted the vegetative insecticidal protein (Esrlruch e/
200lli)al., 1996) which displays xiclty to a broad range of lepidopteran pests (Mi.tne et al.,

The initiation of rorulation was determined by direct microscopir: observation and by
the presence of 6-,:ndotoxins. cryl type proteins could be r:retectedanalyzing cell peliets fo

almost at the late stase f the r;tationary phase, during and after sporulation. Dried lyophilized
powders containing 6-e o)(rns were prepared. With known protein concentration, toxin
powder was suspended in
of the TB media were tak

deionized water for the toxicity experiments. Samples from the, culture
n tllnugh,cut its growth curve "sporulation Phase". The Br insr:cticidal

proteins of two st.rains c n be <letected in the growth media, the protoxin (= 130 kDa) and the
active toxin t'=66 l.:Da) confirmed by SDS-PAGE in the cell pellet after rsonication (Fig. 1.8)

Results of the to y cr1'the two strains are presented in Table (1) for kurstuki HID-l and
f'able (2) for: entomocidu (60.:;) against Spodoptera larval instars. Median lethal concentration

ed vgith respect to the LC-p lines statistical parameters (slope Zi: Chi2).values (LCso) were com
J'hese were deten:rined t diflbrent exposur,e periods. The toxicity of tested .Bl toxinLs were
decreased with the ad
against the 2no instar I
EntomociduJ' was tnore to ic a6lirinst the 2nd instar than the 3'd and 4th instars by 1.6 and I lL .'.?- after
7 days of exposur,:, ivelr,. The LC5e values of ^Bt Kurstaki were 581.3, 635.7 and i'911.2

4tn instar larvae after 7 days of exposure, respectively. On th.e otherppm against the 2"o, 3
hand the LC,;o vah"res of

_,1 @

nel:rt of larval instar. Whereas kurstaki HDI Crv toxin u,as ntore toxic
ae than 3'd and 4tl' instars by l.l and tj.6 fold, respe:cr.ively.

3'd and 4tl' instar larvae
entomocidus (60.5) again
Bt kurstarki.

characterizecl where it

entainocidus (60.5) were 542.6, 886.6 and 6047 .1\ ppm againsr the 2"u,
fter I'days of eXpr35111s, respectively. In general, the toxicit.l of Bt
the larval instars of S. littoralis larvae was hisher than the to>ricitv of

Insecticidal activity of -Vip:3A protein against Spodoptera larval instars:

Vip3r\ insecticidal protein (partially purified) was analyzed b1, SDS-Expression of the
PAGE. Samples from
sporulation (Fig. LA).

errific broth culture were taken throughout itrs grou'th curve and

partially purified Vip3A insecticidal protein ca.n be detectecl in non
concentrated supematant in ttris culture durirrg logarithmic phase as early as 12 - 15 hrs after
initiatins the, culturre. It hed its maximumL level during early stages of stationary phase and
remained at hish levels d ing and alter sporulation.

Vip preparation s assayed for insecticidal activity against Spodoptera larvae. lJ/here

kurstaki HD-1 rvas partially purified, lyophilized and kept at -20"C.supernatant l:roln the stra
T'hre reconstituted protein was e.ctive against ,Spodoptera larvae, and the a,;tive conrponr:nt r.vas

firme<l by SDS-PACIE after and before dialysis (F:ig. l.C).

Several supernat ts fi'om this strain were active asainst differe;nt SpodoDter,:r larval
instars. Subsequent purifi tion from the partially purified preparation was identified as a nrajor
protein with an estimat moler:ular mass of 88 KDa. Obviously there is a correlation ."vith the

y. Ste.ges of Spodop'teralarval mortality were determined as a r:esult ofSpodoptera Iarvae mortal
treatment u ith varied
preparation against the
(3). Vip3A rvhich had

ncentrations of Vip3A. Concentration-depended response to this
tplera larval instars at different exposure times are sho*,n in 'l'ablc

n ide:rtified were more toxic asainst the 2"d instar than the 3"' zLud 4"'
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instars by 2.5 and
LC5s values of V
respectivell,.

.3 fo[d aft.er 4 days of exposure, respectively. After 4 days ol.exposure, the
3A rvere 453.18, il18.99 and,33zz.475 ppm against the 2"0, j'o and 4,n,
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didn't exhilbit any xicity against 4th instar at the same time.

DISCUSSION

Pes(icides
H:::y::T:T:i11:T,."ral pouurants in that they are used detiberatelyfor th,e purllose of

I"ll::,li:":: t'- .; rr; il; !#ffiil #':"#,"f ;::i::ilcides behighl'y sele,ctive, rvrltvruvr _ul
'1ing target organisms while leaving nontarget organisms unharmed. In

In general,
testecl Cry toxins
respectivel'y for
com;rared 'with e

realit.g, mos;t pestic
be weight against
pesticides are con
urban pests. A m
environment rvh
be consider,sd in th
judgerJ by the most

ln many co
While proi,'iding
problems: health h
lncrease reslstance
requir,ed to achie

Among the
transgenic pJants ba

From .4cadetnia ro pesticide Industry conference, 24-25 l\ularch 2010
f Pesticide chemistry & Technology, Fac. of Agric. Alexandria Univ. Egvpt

the FLD-l-\'ip3A toxin is more toxic against spodoptera larval instars than the

3::,,.:?:o\s,(60.5) yl^tyrltalri HD-l) approximately by ll, and 4.1 folcl
lnsl:ar and by 3 *{ 3.2 fold respectively forr 3rd irnstar ar-rd by 19 fold',tr'ir^i'i, 

ttillt

es ale not so seleclive. In considering the use of-pesti"id"r, thc, benefits must

l,t ^tj,to 1: 
h:-* h.ealth and envirorinental qualtity. Among the benefits of.I o{'vector borne disease, increased agriculture productivitl, 

^nd 
control of.jor risrk is environmental contaminatioi, especiaily transrocatr-rrr4r uurrrilr'rna'on, especlauy translocation within thepestir:ides may entr:r both food chains and natural wateruyrt.,or. Factors to

rege'rd are persistence in the environment and potential frir bioaccumulation
precise and accurate analytical procedures.

ntriersr in the world, agriculture plant protection relies heavily on pesticides.ffecti'g control, clhemical p"tti.ia.r have produced major well known
zardsl to humans ancl animals, destruction of nitural biotic contr:ol agents and

:*X:T^"_..: tlt:i:: *d, subsequently,. the rsteady i"";;;,'; if,;;;"*
environmental
spite of a mrore t

due to pests varies
our world. This
methods by interve tion of the advancements in discoveries of the nonchemical alternatives.

reas'nable control. ultimately, as we mentioned earlilr, these lead to minyl9Tt,:-*!i.h required a very.clever approach in pesticide management. In

-t,t;;t? ll,o 
increase in pesticide ur. ,in." l9a5 ffiomas, l991ir), crop rosses

frd it reaches a nonto]erable percentages in differi:nt .rop, in several parts oftuati.' accelerates the intensiu. -ou.-ent towards more sound control

most _prornising alternatives are bacterial insecticides andl insecticidal

bacterium was cla ified as the main class of biopesticides. Biopest.icides, including microbial

on 6-endotoxin prroteins of the spore-forming tracterium Bt. JR.ecently, this

pesticides (in addi ion, to Bt), entomopathogenic nematodes, baculovir.ises, ;,lant derived

biopesr:icidesr cu y represent only arelatively small fraction of the world pesticiCe market. At

ag':ment (iPM) systems (Madelin, 1963). However, the i,:ality is that

the present time,
r --):- s ^vrslrvvrJ D'rcrl'4!rrull ur urc wonc pestlcl
ious *cadernic and t3conomic forecasting services estimated ththe growth rateof biopresticirles at I

Hall, 1999).
- lli v per annum in contrast to 20 yo for chemical pesticides lMenn and

pesticides, and inse
of inte,gratecl pest

insecticidal crystal
Sacsharopol), tpo,

phe:iomones, as alternatives to chemical pesticicles and as ket,components

wn group of biopesticides, the ,B/s, are produced by fermentat:ion but yield
proteins'rather tha' discrete chemicals, such u, the spin,,osyns (fronrtp::T:] T9 avermectins. (from Srrepromyces specics as macrocl,liclactones). By select

from plasmicl conju
make r9ts that are

ol natural isolates from the thousandi known, as well as those derived
n and recombinant DNA technology, it has become feasible to tailor

identify'ing thLe limi
targetr:d^ against specific insect pests (Trumble et al., l9g4). Although

of field persistence, we have faced in our laboratory in tle earry andmid si>lties, and i
- ---'l -"-

lT:,: ""r::ug,. :f target surfaces, our researc,h group at L_tniversity of
positive outlcok fcrr this vast array of toxins as attrictive as alternatives to
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depended and wil.l in the future on developments in inrproverl

lls c,l' 8. t hrur inge i nsis synthesize parasporal inclr.rsions com pri:;erJ

teinrs, referred to commonly as 6-endotoxins or insecticidal cryslal

ell I'ysis, and dama6;e to the midgut-hemocoel bar:rier, restrlting in
87; Sangadala et a,1., 1994). There are also, many hypotheses t'r

be :s:lective, envirr)nmentally compatible technologies, especiarl)y

m c:hemical insecticides.

dlegrer:s to different .Bt strains (Cry toxins) (Gonvindarajal et a,1.,

irieie c,ut forward attributing this weak sensitivity to the presenc,.' ,Jf

e gut, low pH, Iow proteolytic activity and low phenol and lscorbic

yanan et al., 1976).'fhese phenomena ha..,e been explored i1 det'ails

vanced Iarval instars in the same strain. Where, part of tlic llres;ent

<lrde;r to provide quantitative and conclusive data regarding the

leafworm to 6-endotoxins of different Bt subspecies and trials ior

t larveLl instars (Keller et al.,1995).

G'l
existing products.
formulation and an

The s

improved rr;tandins of dose-transfer Drocesses.

In contrast to the di rete r:hemicals from other known biopesticides, the B/.r produc,:

proteins (lCPs). Thesre pro ns fall into tow unrelated groups, crystalline proteins (Cr1') aLn,j

cytolytic proteins (Ct't) (H fi:e and Whiteley, 1989). In a susceptible host, the intoxication
pathways are sirnilar for C11, 16*int, requir:ing ingestion, solubilization, and el.lzvnlarti'3

s (K.nowles and Ellar, 1987). Activated toxin molecules bind t,ractivation by midgut
rnidgut epithelium microvillar membrane and forrnL pores or lesions

crystal proteins. Sponrlating
of one or more insecticidal p

glycoprotein receptors on the

leadirrg to osmc'tic svrelling,
death (Knowles and Ellar, I

weak sensitivity in varying
I 975). Several explanations
antibacterial substances tn
acicl content in the gut Q'J

later but betwe,:n early and

studies was cerried out in
susceptibility c,f the cotton
comparison between differe

explain the real mode of acti n of these toxins. C),t toxins also cause midgut lysis, although.'tLreir

for lrLlrids in the micr:ovillar membrane (Li et al., 1996; Thornas andprimary affinity appears to
Ellar, 1983).

The toxicity of Bt cr al irr:lusions follovts, after ingestion by insect, a complex process

including multiple steps. T inc,lude the (i) solubilization of crystal to release the Cry protei.ns

in their protoxin fornrs, (ii) tival.ion of the protoxins by midgut proteases to their active form,

(iii) binding of the toxin to il mi,<lgut receptor, and (iv) pore formation. Insects that become

resistant to .Br rJo so by al ing one or more steps of this process. Resistance to ,B/ was first

reported in Ploclia inter.
insect soecies that have

illa (J\{cGaughey, 1985), and it was subsequently dlescribed in ot}rer

ped resistance to one or more Cry proteins. Thusr, resistancc to lil
rvas found in field
Helic, this vir e s c' e tts,

Ferrd, 2000).

ions of Plutella xy,lostella and in laboratory-selected strains of
ra e.rigua, Trichoplusia ni and other insect species (Van Rie and

isolates of Bt toxic lep:r<lopteran insects have been known for almost 100 years i:ind

fon'more than four decades. These bacterial insecticides, vuithhave been in c,ommercial u

appropriate [ormulations,
entomologists and growers t

insecticidal transgenic plants are consiclered b1' m':my

in comparison to bro;rd-spec

Numerous investi ons have been published on the use of Bt for the confrol of
variability in results obtained in the field, and from that of tl.relepidopteran insects, but th

susceptible strarins, fras not been rldequately explained. The literature on the susceptibilitl'. of

various Spodoptera spp. in and elsewhere are very confusing, but they generally showed a

Tlrc toxicity <>f cnl irl1s (60,5) Cry-toxin was more than that of kuristuki-lll)-l ('ry-

I instz.rs (l'able I arLd 2). fhese data show sonte harmotty wtth the
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toxic to lepidopter insect larvae. Purified crystal protein alone is oftr:n toxic and the addition of
Br spo.res to purifi crystltl protein may increase insecticidal activity, a phenomena referred to as
spore r:ffect. It has n recognized for sometime rhat Bt spores can contribute to the killins of
insect larvae (So
increas;ed l Ct-fold a

(Moar et a1.,, 1995)
againsl Galleria Ionella (Li et al., 1987) by the addition of purified .B/ spore,s. The spore

others prev;iously
littoralis larvae are
vars. entomocidus,
thuringiensis vars.
that arnong crystal
against S. littoralis
subsp. enlomoci
situation. larvae o
screening trial of th
that only a lbw bel
level of tox:icity (
eviden,ce thart mixt
may b'e mone toxi
potency.of Iilvar e

Durir:g s

form inclusions

effect has been attri
coat (Du and Nicke

In addition,
have been iclentifi
2001; Selvapandiy
protein) encodes a
by Bt cells dluring
repres€nts a new ty
forming crystal incl
homology w:ith Br c

similarity to the
The Vips ha,re sho
lepidoprteran and
Selvapandiyen et al
thuringiensis Cry
the Vipr3Aa has be
to specific recepto
(Lee et a\.,2003)
reporterC (Milne et

Bt kurstaki
in thc r;ulturc su

Porte,d (Fiofte and Whitely, 1989: Keller et at'., 1995) indir:aring rhat S
uscerlrtible to crylCt, and crylE. crylc toxin is produced by B thuringiensis

aizar+ai (sneh et al., 1981; visser et al., 19gs). crylE is prcduced by B.
'cenyot? and dendrolilmus (Yan Rie e/ al., 1990).lSneh et at. (19g1) reported
of l'l ,B/ strains, the crystal of Bt subsp. entomocidus are thc most potent

since:.there is stron6; conelation between toxicity of crylc derived from Br
and lrinding to brush border membrane vesicles of S. littorailis. In another
spocloptera species are tolerant to most of the (Jry proteins. More over, a
larvicidal activity of'more than 900 strains of Bt againstS. Iitrsralu showed
ginlg mainly to sutrspecies aizawai, kenyae urd, t?nrtomocicias cxhibited high
fon and DeNarjac, 1985; Sneh et al.,l98l). In another stuity. there is an

es oi: insecticidal proteins (HDl; a mixture of Cry IA(a), IA(b), IIA and IIB)
than' the individual proteins (Broza et al., l9g4). This confirms the hish
omocidus on the s. littoralis larvae than Bt var ku,ristakt HD-l cry toxin.

forrnation Bt synthesize luge amount of certain proteins whir:h coalesce to
:d crystal proteins. Br cultures containing crystzrl proteins arc often highly

ille et al,, 1970). For example, the toxicity of prurified crystzrl protein ias
inst:. Plutella xylostellla (Liu et al., 1998), l0-fbld for spocloptera exigua

3S-fold against Plodia interpunctel/a (Johnson et al.,l99-g), and 1000-fold

in p*, to the presence of crystal toxin-like proteins rvithin the B/ spore
n, '.1)96; Johnson ett al., 1998).

here iue another Br insecticidal proteins expressr:d during .Bt 5;rowth stage,
, the 'regetative insecticidal proteins (Estruch et a\.,1996; Estruch and y;u.

et o,t.,2001; Yu et al., 1997). The Bt vip3A ge,ne (vegetativr: insecticidal
tein of 88 KDa (V'ip3A) that is secreted into the extracellular environmenr
getative growth and during stationary phase (Estruch et al., l996), Vip3A
of irsecticidal protein because it is secreted as a soluble protein, rather ihan
ion inside the Bt mother cell, and because vip3.A does not share sequence
stal proteins (Donovan et a\.,2001). InterestingJiy, viplA shows sequence
tive antigen of the tripar-tite Bacillus anthracis toxin (petosa et ai.,lggT).
a Luoad insecticidal spectrum, including activit'y toward a wiide variety of

so c,rleopteran pests (Estruch et ol., 1996 Estruch andL yu, 2001 ;
2001;Yu et al.,ls)97). Furthermore, it has a lack cross-resistance with B.

ins (t'ang et a|.,2007). of the various Vip proteins that have br:en reported,
characterized most extensively. Vip3Aa kills susceptible larvae by, binding
on rnidgut cell membranes (Lee et a\.,2006), rr:sulting in pore formation
lcell lysis (Yu er al.,1997). At least 27 vip3Aa gene sequences have been
, 200rli).

D-1 u'as grown to lzrte vegetative ohase in Terrific broth media and proteins
tatatrl.t; harvcsted by amnionium sulfate precipitation. Superrratant protcips

Pr\GE which showed that HD-l produced app,arently identical arrays ,rfwere analyzed by S

t5



Front

Dept. of Pesticide

soluble proteins. Vip3A-size protr:Ln is produced by HD-l (Fig.4.3A and C). Donovan c/ a/
(2001) found that Vip3A in v/rich was produced by HD-l and was not produced b1, IID-

f vip3A) where the Lvip3A allele consists of an internal delctirin
3A. the evidence supports that the differences in the insecticid'al

lLvip:lA (the delleted 'rersion
within the codrnlE regircn of
activities of HD-l and HD- Lvip.J.A culture should be due to the Vip3A protein. Thc latest.

protein exhibited LC56 value
littoralis instar larvae. respect

of 453.18, 1118.99, and 3322.48 ppm for 2nd, 3'd, ancl +'l',S

lepidopteran toxicity of a vari
l'ely. 'fhus, Vip3A or a related protein may be a component of the

tv of llr strains. althc,ush this remain to need more studies.

Yu et al. (1991) also r rterl that The Vip.)A protein is a member of a n,:wly discover,rd

class of vegetative insectici prot:ins with activity against a broad spectrum of lepidopteran

insect:;. Histopathologi cal ic,ns indicate that Vip3A ingestion by susceptible insects such.

as the black cutvvornt tllgroti
concentrations a:; low as 4

Abbott, W. S. (1925). A m t.hod

Aboul-Ela, R., H. Salama ant

against tlne gre:asY cut

IlandbookBritish Crop Protection Enterprises.

pp.

larval death at crlncentrations arbove 40 ng/cmz. The European corn borer (Ostr inia nubilatis)., er

nonsursceptible irrsect, does devc:lop any pathoJiogy upon ingesting Vip3A. V/hile proteolytic:

processing of the Vip3A pro in by midgut fluids obtained from susceptible ancl nonsusceptible:

immunolocalization studies show that Vip3A bincling is restrictcclinsec,ts is comparab\e, in vivo
to gul cells of susceptible i ts. Thcrefore, the insect host range for Vip3iA seems to be:

determined by its abiliity to
susceptible inse,;ts are the

gul cells. These results indicate that midgut epjithelium cells ,cl:

subsequent lysis is the pri
imar''r target for ttre Vip3A insecticidal protein and that thr.:ir:

mer:hanism of lethality. Disruption of gut cells appears to be thi:

strategy adopted by the most ffective insecticidal proteins.
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