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site at theomMipH+D) ar BialgLad @gainst 005 B (SIG)004at BH € pind tidated @EyPsIMEryPsin/protoxin=1/20

r econst r ucwamifobah dt 87361 Tha getivéited thidr ie chonredtgragkicatly puritigi(BloriosQ valunin oa FBLE) Bauddseri- 20
C- t er m nal begidy &lofmasrgetel(1988h)i el di ng a bt 15 gene and bt 14 gene with a Ncol
site at¥the ATG initiation codon. To express the bt14 and bt 15 genes

encodi ng t BXAMiLESHRetermingtion of the inpectisidabsppeltumywi ng constructs were nmade: POHS0.
cont ai ni ng the bt15 gene under the control of the |ac pronoter, and pHW7
cont ai ni ng t HBeIGP pitayiasand toxineaf Examples 31dr gfe eypluated for thejeinssctisidgl et jvity. F%B@P?"Bn
of a culture of the E. coil strain WK6q4garrying the respective plasn ds
with I PTG yi el ded an overproduced protein (Fuller, 1982). 25 The
active toxic fragnents of the Bt15 and Bt 14 protoxins conprise 63 and 60
kDa trypsin digest products respectively. Instead of expressing the whole
bt 15 or bt14 gene, it is also possible to express a toxin-encodi ng gene
fragrrent order| vatlve thereof in plants. To this end, truncated bt14 and
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structed. In order to be able to select transgenic plants producing the ICP
gene products, hybrid genes of the truncated gene fragnents were al so nade
with the neo gene encoding a sel ectBP498AWRIr as described in 30 EP
0193259. By conparison of the nucleotide sequence of the bt4, btl14 and btl

rvae
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( Mono- Q col urfy W ofspanple fardha RIT3 tpxin. it s heqns
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recept agl es abdinatibd GYBRBIS, AndGBiY3 Bkids\wvas SeHOFRIWEIRG thy CiflehaHIh-TimeMbd (Mt Breb®X i N
di gg | ONS  iwBod g82). @ thOD1251-NBI ed R I3VLE g BhIGkarhihT INRECHP, wefe adliddtv\60lug of pdifiadRKkiaL €
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sexta afle 1, AlernstivelyBoxinwersaeledysihgthe jodogen mefhod; Iﬂ@sw(PiamMediaselvem chloroform
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Al'l  pr ogox an'd"T‘rTe'l'r—er‘CLT'r‘a'gTTE'nTs’mere purified according to the

net hods descrépaefic dcfiity b 6uindted BRI Bi3, ah®Bty StodiéhmbRsivab defdrniiiiduSingd “sddwick"ERIRA)
and EP 019 %hflque a&tording tol Voitk, Bilwalltild Patiett{1996). Rritéty dftitdtybwds dhbliidiohallaftiserumaslsdd O
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mi nut es at aad19800Gmelp "@fmmﬁfﬁﬂ% 'ﬂl?fiel‘léﬂm’d'"gm'wm"" procedure), B2 foxin (Chior-



with a puffer containing 20 M Tris, 100 mM NaCl and 0.05 % Triton X-1 00,
pH 8. The final pellet was resus- pended in this buffer (4 mM buffer for
100 ml culture). This solution was EPRSRE403B4red onto a |inear Urograff in
gradi ent (60-70% which was centrifuged In a SW28 rotor for 90 m nutes at
18000 r pm afifTtettos) ant B taxinl(lodogéradetidd) respactively.or ed at [err] until further
use. Act i vat iSpecificastivilies df othentatinsearedettrmiged using-asimitar griproath. Spetig@6gnocidrakand poly-
purified t conahantisodfesfor bash ofthefse toxinsiwareraiged and @pillediBELISAI n. | odi nati on of | CPs

35 | odi nation of Bt2, Bt3, and Bt 73 toxins was performed using the
Chl or an$ n- Wremthodfhfmmréﬁrmmrﬂ@@«ﬂﬁlﬂs wood, 1962). 1 nCi [err] and 20 to
37.5 ug Chloramn-T i err] were added to 50 ug of
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unl abel gd Bpwvraesome:,@s.degq 3472 End 08 dpfA 167 RRLIBED BB iR BRI, %Eb&:@ve?' oh-sheciEh
bor der menphanfvad fstls ﬁéctddrba%amah Witk OBAND EbmiplitelProgisirl. Eadh hintdy the dah S
10 MM 150of8MupiRbte saniphd. 7. 4) . Al buffers contained 0.1 % BSA. The

i ncubat i on t erigaRr1aéHdwethe/iRdia of @51 Bid tbxinté Ml dextaBBMW t hr ough What man G-/ F gl ass
fiber filter Fignw: showsithb bindirgd 1221183 tbhdnto M. SexteBBEVee t oxin. Each filter was
rapi dl ysswas herlgurei 2 $hoys thib bipding of &5 BLTB tbxip trf M. sext§ BBMY / Pr 0.1 % BSA). The radio-
20 acti vity Figuret4aghofvé the bindingof '2PhBERJexinctel Hi vireseensBBMYcount er (1275 M ni gamm,
LKB) . Bi ndi ng:iaﬁeet%shm@eahdmw@ﬂBWWEME_ERRWconputer program This
program cal cfigiredsshowethp bindiep &f GH B4 faxatq bhyiresgens BRI as a function of the
total concentration of ligand, given thg affinity (Ka or its inverse Kd =
1/ Ka, the dissociation constant) and the total concentration of receptors
or binding site concentration (err) 25 Determ nation of protein
concentration Protein concentrations of purified Bt2, Bt3, Bt73 and Bt15
toxins were calculated fromthe OD at 280 nm (nmeasured with a Uvi kon 810 P,
: Kontron Instrurrents spectrof otorreter) The prote| n content of sol utlons of
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30,Binding of Bt2, Bt3 and Bt73 toxins to 88W of Manduca sexta and
Heliothis virescens: an exanpl e of 3 conpetitively binding Lepidopteran

| CPs. [err] Bt3and Bt73 toxins areEPG%PgF"@BBoth Manduca sexta and Heliothis
virescens: LC50 val uesforManduca 35 sexta are respectively 17.70, 20.20
and 9. 00 ng/ ar&éonéiGsions@om Figuésst-6/ré thatGerand B Btd 45 8173,an¢ BtZ arkiBt7 336e dOpetiticblyt . 60
ng/ [ err] LbihdigIERis tothforMandaicd serta ardifds HEIBth virdstens iridedd Bf3lcoMpetesiigr the ent B poBulgtibn 05
nM, was i ofceteptbresitesaf Bi2 i3BMdica sexta (Figuirithedh labellad B2 boudlvithenreserdeef 100 nM Bt3 is
concent r at eqaldo the %eBt2 66und yithn100fnlirof RE2 itselfx The opprditef iy not Bue:-in-the prgepescal HAD nM B2

Bt 3- H i r the &saf ishelled B iscnatreduged tptip Sarhe leve| gsanith 400 BB(Fig?). The | abel | ed
toxi n was corisimiletreagoning isfakiopdig obaetya Aerapetifivityef other taxincarpiinatins;: BL3icompetes for the
(conpet i t op1tire pepylgtion gf ragepler Sites of BI73 (Fig. SHp M- iﬁéﬁﬁﬂe %B?EF"P fsé'@t tf‘t? '?13) Riragd BI73
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petas rt edWetpﬁpu

respectivel f th on
concentt"atP 9f °c ulation of re;
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toxins to cé/dc&rﬁr’é&ﬁn%ﬁbn tnBsi b@ﬁ),th |t§“
6) brush bgrt 5,@ o tﬁ§l.l I@l§com eﬁr g?a?nmﬁe I"abel ed
toxin [In Flgs and4 err] M; 1n Figs. 2and5 [err] Bt 3-toxin

(0.8nM; in Figs. 3 and 6: 1251 Bt 73 toxin (1. OSnM] in the presence of
f Bt Bt 73.t
@r)easgf‘%dfﬁéﬁﬁé‘“‘é*weé’ as g ) o et folmerlmdnyenisre ™

i ncubataon wi pEOtedB| ed toxin al one. Oh M sexta vesicles, these ampunts
were 1820, 60grgoM. 2883e&PM an Vi e 472 and
6608 cpm for L {:g Bt 3- and Bt 7?‘?%«?\@%@%?%@ ypﬁ‘siyﬁ pe%gl }Izg bi ndi ng
was not subst éj Data were analyzed with the LI GAND conputer program
Each point i th'ma-Heasentaa dupl iKdxsee 6 aip| e. RE=guoepholghguweisiellei ndi ng
of 1251%Bt2 t Eﬁ M sexta BBW Figure 2: shows the binding of [err] Bt3
toxin to M s xta MV 55 Figure 3: shows the binding of [err] Bt73
toxin to M sBk@alippRiresgens: e bi REF9g7 oPmpd/ny ReBicdein to H.
Vi rescens BBWr&egﬁe 5: shows the bi ndi ng of 1251 Bt3 toxin to H virescens

BBW Figure 6 ws_the bindi ng 51 t73 oxip Vi rescens BBW 13
Egvg 408 403 EE?;TQ ééﬁgﬁﬁﬁtlﬁh é L— a?ePPﬂg{mﬁt yesiflet 3, Bt3
and Bt 73, andpBbteand Bt 73 are corrpetltlvel y b| nding I CP's both forManduca
sexta and for Qt:hi ns Bt3 et.e

popul ati on of Hrezg ki §l¥é SéﬁE g?;ad@e%énducggggx%aibgﬁén% %Esﬁg‘i&

| abel | e Bt 2 BBBHG Pn t he presence of 100 nMBt3 is equal to the %Bt2
bound with 100 nMof Bt2 Itself. The opposite is not true: in the presence
of ~100 nM Bt 2rhese dataldemérnstpdte the bigh afeinity Bicdptordindiod of tredexns (Kds dn thédyangeaf -1 evidt® as
with 100 nMof Bt3 (Fig.2). Asimlar reasoning is followed to observe

conpetitivity of other toxin conmbinations: Bt3 conpetes for the entire
popul at4eon Binfling of Bt2and Bt14 foxinssto GBMWApf/F2 bragsicge Platellajxjosialia qadfhthorimega operentieliaras | s

not true (Wpleﬂonwmwembﬂﬂtkﬁﬂim_ﬁfft he entire popul ati on of each

ot her's bi nd| S|tes |n I\/l sexta (Fi and 3 In HeIIoth| wrescens :
Bt 2 conpet es [5%}[ %éi—@gﬁ(ﬂtb)r-e@@%&( P&j) ¢ {Pren @3 S8y

Bt 73 cor n- fepthe °é’§'°‘f"or the entire popul ati on of receptor sites of Bt3

(Fig. ; Bt73 conpetes for the entire popul ation of re- ceptor sites of
Bt2 (Fig. 4); but the opposite statenents e getmbkigs (Figs. 4, 5 and 6).
The sane data can be used In mathemati cal andl ysis % g., Scatchard

anal ysi s according to Scatchard, 19882 anal ySi ¥t h the LI GAND conput er
programgaccording to Minsakand Rodhasd, 1980) 2g0cal culate the

di ssoci ati on constant (Kd)pgf the t%xbn recept of ( grrpl ex and the
concentration of binding 5| tes (RI); 'the resul ts’ of these cal cul ations
usi ng the LI GAND conput er BxQ9qgr am wdr 20t he foPt&vd«y): B2- M zexta:

XKd- 0 ni Rt-3.4 puol/ng vesicle 20 protein Bt3-M sexta:
Kd=1. 5 55ni LCso values of selubilfzed purifiedbB2 anyl BtiAdexing for P.p raretexpressiil 83g roteinspotted per cm? of
Kd- 0. 6 ni artificial diet. s Malu®s fop R:b. afenaypresaed asygdtoxin per @il spiutippintewhiclyleafdisess fed to first
Kd-0. 6 ni instarPblarvae, were difped: §orp.o., bﬁquiqegareg)@gsqu@ tpmbp@wﬁrclggptato chips were dippgd
Vi r escens: prortofepdingn  pj Rt=3.7 pnol/ng vesicle
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protein . Bt73-H virescens: Kd-0.8 ni Rt =19.5 pnol/nyg
vesicle 35 protein These data denonstrate the high affinity receptor
bi nding of the toxins (Kds in the FRAS8#BBI0- 10 to 10-9 M 40 Bi nding of
Bt2 and Bt14 toxins to BBW of R brassicae Plutella xylostella and
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