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Figure 15 is a schematic outline of the construction of the Bt2 gene cassette pHD160.
45 Figure 16 is a schematic representation of the different Bt2 gene cassettes.
Figure 17 shows the experimental strategy used for the construction of plasmid pLB10. Also shown here
is the structure of plasmids pLK54 and pLK57, described in J. Botterman et al. (in preparation).
Figure 18 shows the construction and structure of pl. BKm25.
Figure 19 shows the strategy used to construct Bt:NPTII fusions and Bt2 deletions.
80 Figure 20 is a schematic representation of the different Bt2 3’ end deletion mutants, used in the mapping
of the 3’ end of the minimal toxin encoding fragment. Arrows represent the positions of the 3’ ends.
Figure 21 is a photograph showing the results of an inmunablotting experiment using a rabbit anti-berliner
crystal serum. Samples analyzed are total extracts from B{2 deletion clones specified in Figure 20 and in Sec-
tion 7.
55 Figure 22 shows the 3’ end points of deletion clones pLB834 and pLB879 on the Bt2 sequence, used to
delineate the minimal gene fragment encoding an active toxin. Also shown is the deduced amino acid sequence
and the position of a putative trypsin cleavage site.
Figure 23 is a schematic representation of the construction of the Bt2:NPTII fusion gene cassettes
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Virulence functions needed to effect transfer to DNA, such as the chimeric genes of the present invention, to
plant cells can be provided in trans. Hoekema et al., Nature, Vol. 303, 179 (1983). See also Fraley, R.T. et al.,
Biotechnology, Vol. 3, 629 (1985); and Klee et al., Biotechnology, Vol. 3, 637 (1985).

A. tumefaciens is not the only means of infroducing genes into plants. DNA can be introduced by physical

45  means such as electroporation or chemical means such as polyethylene glyco! (PEG) fusion. Itis believed any
technique which introduces DNA, such as the chimeric genes of the present invention, can be used. Further,
RNA viral vectors which introduce an RNA copy of an insecticidal chimeric gene may also be used.

Further, plasmid vectors containing plant regulatory sequences other than those described below in the
Examples can be used. For example, enhancers can be included before, or after, or in such proximity to the

80  chimeric gene to exert their function.

Plant cells transformed with the novel plasmid vectors of the present invention may then be cultured on
suitable medium, preferably selectable growth medium, and plants which express the polypeptide toxin may
be regenerated from the resulting callus. Subsequent generations of plant cells and their progeny should also
exhibit expression of the polypeptide toxin.

55 Transformed plant cells and their progeny should express a polypeptide toxin substantially similar to poly-
peptide toxins being produced by Bacillus thuringiensis or a DNA fragment having substantial sequence hom-
ology to Bt2.

The present invention contemplates thatthe hybrid plasmid transformation vectors may be used to develop
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integration of one or nore chineric genes coding for polypeptide toxins
produced by Bacillus thurinpl engpessasréds havi ng substantial sequence
honol ogy to Bt2 (see Figure 13) into a plant cell genone is achieved by:
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ology to Bt2. The present invention contenplates thatthe hybrid plasmd
transformati on vectors may be usgry 59 sfeeye! op 8 EP 0 451 878 Bl pl ant
< cel’ls and their progeny exhlbltlng i nsect resistant propertles It is

tcﬁgts g nglagz;gﬂ?gt hat qtg:j:]ﬁér:a heéjel 1a£e| I¥ fuglon %etng S %&ﬂ% tcRn n@%c%%fergécgg g I{ han
sugar beet 11 gpe ﬂ 1, ﬁéQﬁs‘ﬂ 5%&512811 ettuce and beans
Tr ansf or e E@Q énsao'f'ﬁle &rﬁ&%ﬂaﬁ v%&@rs keRiitiad hébin 4 2sh Sdnterplated 1

i nsegt I?‘Gnséxﬁm ﬁh’tBE&ﬁ:& b arfolls drd?l%?&é ot Hah thoke dikdiosbdMENaih maf bediRbd/ Theuse of

pept i de glastent ex n&@ H\B 4eq@bndd May Ve ubdtul 6P difdctird elshedsion bfthd ihedktdd Slogenaubat i ve

(subl et ipNA)n svaBuIERd féshioR. Ehatidalof 6lfer typad dfreglidtiod RRIEH ridy be sddircRidé IS @edppdificon t he
Wwor ds  C @Rgréssioh (Idagesirosls, RIMD driflowdls)Pdn@ inddciblb exprésdion Réhipagiipd)ligit dr Biébmival fattdbs).

t i nct i oAddisonhily} gived €tk DINAGeqRisncaldeta @odirigifarithet polypeptidel saddtoxink brotied bycBatillshiai- a

di f f er enrgleadis, @ radsirmatiomvaztol eduld bk canstiucted Bontdieig amlartificislly cteated DNA fratmbnt sob-he
drawn. TElaetislly similsf torthecdRi2 PNAfragsent Hesalited hereinnThip brdbificially creatéd DNASragmeént equldl thery be
cul t i vatbedsedito traneform plantsdn substantielly tieseme marngrgstdessribedhereior pr oducti on of
product s. Thafollening exarppies arerofferad kywepef llugiratiqpianthahquidrabbs cansiyuesies limitinadhe sgoree duce
the needfthepresssbifveption. or bi ol ogi cal insecticides directed toward conbatting
Lepi #opt era_and_Col eoptera | arvae. Since the genes coding for the

pol ypep are stably |nt egrat ed in the plant cell genone and are

t hus her,i L ahl e sa'g transformed plants should al so

produce o":"‘“’::’" ‘ e ot '”-“. +de toxin at substantlally t he sarre
Ieve and

i o il “Eﬁ%‘g T *’fs”é;s“si ﬁ%”“ﬁﬁmﬁ’% el pgﬁa%gﬂg ogeny
coul d bgedds Bﬁ‘&r{d 1c6UF (2L NEDbil NRRE VoI5 Rb.2, s\li ﬂ&lc yotal priteimiGaleS

and/ ort Qauﬁnabu %usaimg'iﬁd;{dnﬂ%ﬁ } étaﬁcforbhﬁobmHéglJoa . 1M I4HRS piPSls, where-

f or exanaltérthe iRsofkbie irdibhdl Graé feRBved by fo spdbd Bérugdfied! Thisthrécedie Aoﬁminsas Bfredhaann) an
ef f eqs i \88% oftRSPrdtéthd pké%a)nnmyafalscg lubifiza8 Ery&tél pRain a8 hnalyBédion 7.5% s6dileh ddbecyl
t oget helsulatelpbiystiyrmiideQeITSIB RATE] Thédyystahproteih preperatioh fom Bl bérlintOéontainsd dt Rbst v,
t r ansf omapepratbinsHeciexdh the highmbldcliarweightiapipe By pareantiig of 140 arsicl 80 1) anda leds abdantas one
C onpone ptoteinof aboliol20rKd, &b regenled by stainimgthe gelsovith Ceamaspie brilitantthive (Figued 1).CThd salubl-,
pl ant  cddeti srysial droteine ofistrain knigrbavishaved bup nimjor 1304 pesteintbed and @ weeken@l Kdband (Figure as a
\_sol i & cdkrier in conventional pesticide conpositions and fornul a- tions.
Such comoﬂ?ﬁ%‘ﬂ@'l@%ﬁ&bﬁfﬁ%‘ﬂ%&*ﬁlbﬁsamgm'wmﬁwa#ﬁh'mwlam@fﬁﬁeﬁbbw
sur f act RMiesily Liggis brassicae (LD, 5Q values of Offgllase ferrkursigld and @ BANG4arY4 ferpetliner) using the
f or nul aﬁxlSWsasfﬂéP’tfﬂ@dHh’?f’@Esz(?ﬂg‘ﬁ ng powders, wettabl e powders, granul es,
baitsg agdpaer%sol COMPOSI L i, _ Oorrp05|t|ons and fornul ations are
prepare SRR R gRpRpcic{or 't‘ ” BERE® transformed plant matter to be
used de riety of factors for exanple, the kind of pest, the
f or mul a?q%%'o"glantm% tion used, the state of the crop infected with the

\_ Pest and t &J&xﬁgtlslt%m@ﬁg(b&mmﬁs imsda ed sdphibR fifth | ant
cel | g apfbe! AMibdrurR bAAMEIEYE FFRkal SrotEiag dod @ﬂ%&w&@m@ﬁw %ﬁf’ﬁ

wei ght  Qhivdrkl§ of @ERROT thé beat &rap.fneénmmam&deqnd fhé afteérah rssm Y Rhdwnl- O tO
about  9gfkedaire¥BibBtaktiallyimilar to thokd Wesdiibed TEraaHbit a.mﬁluse fungi ci da bi oci dal ,

her bi ci dal Rabbi welirjdcteld Z6cutaUGIRBLWRE S, 5argd>f§§ummﬁauye@&mnmaﬁamh&ﬂm Jna.t he

pol ypeplysetqapsinst RBS pRLY.4)mixed WithLxt @guah Solira g conpltesFreund's BdjuvahtqCen) OaFRE thrdee d
conp#si ioaths, tiwrebbitorecaived haxtheoinpction ofth@sanedypa dtprépaaticr, artithreéd wéeks lateclblood

advant ag®eplesiwereiakan BALRs micsoverecinjecteddntriapkrpheallyywithG00 wgxb crgstal ploteimseletion, mixed

at t enpt with SBAN1/A nol).Favrdd six waeks latbrahry secaiverka oosterinieation of SO0tug arysthlprotein PR, andt

mat t er foyr dayglater bepd smneles wagrsigkan gAntigan reactivity of theyeasswasponfismedley inmunediffusiind gut

yi el din sFIﬁ%‘@é““S?“XHWWﬁ&?ﬁ'?‘W@"@MW MFW“QWWV%WGQB%W%I I
nenbfan °"lsd"a%9'?sP""6‘f' indigating thet thev saptpinedra °3'J)é§la”°d SPreRgnents &%r acti ce, when used
al one or  AOM8QEhe Bicpyere Aecriiged and the ?Plﬁ"’&ﬁ’l“‘ﬂ?l od pscpplicaly for pell fision expetiments (88 jop-
tra and/aﬁ Col eoptera larva attenpt to feed on plants treated with said
forrrula S ocihal sitions. A smal | anount of treated plant nmatter Is

|nge te onala matter containi ng the formul ation or COI’T'pOSItIOI’] S

pfocessedmﬂ fot! ﬁﬁai Ping Rk ledkfh e LS BE bclGrinh® Kedrd) dnaCt's on
the i dgidhucing bonddk o ey heggigﬁff éﬁQu a&&ﬁ%&g Rerdiidtiho %ﬁ"t %&Zﬁg& ¥ Slnaly
Engi neeyédasbed by kmepane MASin (NAWRY Y5b:0105-WES 1678)) Ribridclodal aﬁm wmea: @2 b@! |

1




1. Isolation and preparation of ‘anti bodi es specific for B.t. crystal
pol ypept I des A Isolation of Bacil gpig4étesg9gi ensis (B.t:) crystal
pol ypepti des B. Prepar ati on of anti bodi es (poI ycl onal and m)nocl onal )

,aa\gaL)rnZ;a:—Ba{.ﬁ"’é&r F' Lofd t%rmmln senoe “%D fﬁk clo @ian%f ag P ;;Hf an?)Ir\]LlZ\
ol

B Partialy, %ﬁétur9976° ?gve,ueaﬁ&d %« e .s £.ad%'w&ysiat%§/”e

C. d oni ngy o ir?a?:ﬁﬂ je&dsitg @R Shzpe iffuh cPr

3. Isol ﬁt '&Qaﬂﬁnd/ﬁlca‘ﬂ éd%@'ycarﬂ ﬁﬁm 8. &%ltﬁHQ?aWutl&u&almerﬂJ: Retdih sB&led §dALatio 0

A, SCr eeni fgls@immuhdliobiilih B5he 5eEBrY amtiboySigms,AL8183)MbldxiMatbly 498 ofthe Wil irdhositive
prot ei n semiihs dtigdnderpdtal plofem). PosTtiva Bithe Were 3iiicloRedWicd Xt Giinftihg dilutich| FYali%e subclones
expr essi nowdréiselepted, groan up & their clilurr sapdrtitanB2britaiiingthe Méndcl¢nalintbotiesd'were collected.
Puri f i cat i mtetabiunibéref pobypiidepa celidinespeaditderg ninpodidnel antibtodieckedtive withdtebeBinerlogystal Ng
t o confs r npretbing wepeogeppreted.i de expressed by clones I's I mmunol ogically the sane
as B.t. cryst aI 58 poI ypept | de C. Testl ng to confirmthat
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of Bt2, Including restriction enzyne anal ysi s, subcl oning and DNA sequence
det er ni nat i oKrogstad et pip JBagteriol.o5Acp. #19-428 (1983kreparted thatB. t0!’*”'!"8’)(17f‘15 ?ﬁ?ﬁ@sw ded o
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i nsects Di dnfaPIoesiios 3RS gwdieal) aritithé sizeBEIRG BNA REAIERI mrthmmeni feietiohd s esfimatsd
been uzed dénta WERK adardsa gélyThe fradlicistontaifth@DRA i @hd 610 Kb sike lRége ware [pyoled ddil figatd @t
types of pBgiindigestsepEcbiR251 pécnDNAIThe pECORYET pbmitl isragidiivative @f pldsnid JBRB22H wiiich:thel .
Ti pl asm CcExiBkPuvitflagmentiiiad ises repiBted by a Ehirheria EcdRi encienuciedse geredvhich isifisedioa Pg pro-
PTR2) 2. Rhaertragmentdsticed Gort Plasmid i (Zabme a@Tnle3. EMBQalournal; 1; (23 7{12291(1968)) &5 deP35S
f r om caul i fidtes\insfriguraz Te@EGAR25cpntais dlupjgueBalifsitein theEcaRt engenveligase genewhees inbertion
S\/al glie pribnastivatet - ThepEcqiR251 vectoftis ashicidenectonsimilardo the positiveckelection dopingyehicls s

i nserted U@ﬂcﬁﬂdﬁsﬁ e 'PStPhewnd MWﬂchMMa ﬁéﬁ95-1@§a‘ -SgudfyQNA fragmentspyyege

I

( pHD1050, ﬂeﬁ'e'eéy'“ d'%s?& et o werpaslogtad by ngye g;;é)tg n\g%m Bt 2
GS1181 0S¢ as dgs : hr-
gl?r UCt ) M és i) g Ia l_.o rin ”5. Mg ular Genetl :?1972)s
! ranscr ' Pt everal gene wi l'ét;o eac g etween G%EI 500 recom-[%grﬁ cllones Ana-

lysis of the recombinant plasmids present in 12 randomly chosen clones confirmed that in each gene bank at
least 10 out of the 12 clones contained inserted fragments with sizes ranging from 5 to 15 Kb,

40 4. [solation of recombinant plasmids containing B.t. crystal protein genes

The colonies of the gene bank were screened for bacteria producing crystal proteins using a rabbit serum
raised against purified B.t. berliner crystal proteins (see Section 2.1 above). The procedures used are slightly
modified from Helfman et al., (PNAS 80: 31-35 1983). Bacterial colonies, grown on 160 mm square Petri dishes,

45  were replica plated on nitrocellulose sheets (Schleicher & Schuell, 0.45 um, 401196). Sheets were soaked in
0.1 M NaOH until colonies lysed. The sheets were then air dried, washed in phosphate buffered saline (PBS)
pH 7.4 for 30 minutes and incubated overnight at 4°C or for 2 hours at room temperature with gentle agitation
in PBS containing 1% crude ovalbumine (Sigma, A-5253). Nitrocellulose sheets were rinsed in PBS and incu-
bated for 2 hours in rabbit anti-crystal serum diluted in PBS, 1% ovalbumin, 0.2% Triton X-100, at room tem-

5 perature with gentle agitation. After additional washing the sheets were incubated with peroxidase-labeled
goat anti-rabbit antibodies (Sigma, A-6154) (2 hours at room temperature). After extensive washing with
PBS/0.2% Triton, the sheets were reacted with substrate solution (substrate was 4-chloro-1-naphtol, Sigma,
C-8890). Positive colonies developed as dark blue dots. Using serial dilutions of purified crystal protein solu-
tion, the detection limit of this test was estimated to be 1-10 ng protein/ml. In total, 4 different immunopositive

55 clones were isolated from a gene bank of 1250 clones. Plasmid DNA was prepared from each clone following
the procedure of Zabeau and Stanley, EMBO J., 1, 1217-1224, 1982, Primary restriction maps were construct-
ed by performing single and simultaneous restriction enzyme digestions. Comparison of the resfriction maps
for the enzymes EcoRl, EcoRV, BamHI, Sacl, Miul and Pstl (See Figure 3) revealed that all 4 plasmids carried
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30 Chineric Pssu-Tp-Bt2 gene fusion in which the Bt2 gene Is fused
to tHe transit peptide (Tp) sequergey4sfisfgdewt small subunit of RuBi sco and
expr eéssed under - the control of the Pssu pronotor. In this case a fusion
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Neonyci n péeBtRirstadeserigues).(ThE falatignstipantiprotdihaieh ivastbrred Br2owith Biscristel proa
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15 EXPERI MENTAL 1. Isolation of Bacillus thuringiensis (B.t.) crystal
‘prot €i ns K> 20 Crystals wergpggobmmd and purified from spore
prepdrations of strai ns B t. berliner 1715 (recel ved fromDr. A Kiler,

EMBO J. 1, r%? %) EnL i ds the RRF O
us Uct bi i ies e
145, No. 2, é‘s H ie elQiQ to sGGHéml teins.
M cr obi ol . nﬂ% % & ch a yggpg;@gaﬂmgre
sol ubi | zgd, ﬁfw ﬁﬁiﬁaﬁ‘&bqﬁ eesm.; ﬁjnﬁsh &stuiﬁuaé &tem..n tQJ 0 l3f & fas(Phatd/se-
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renmoved by |fhysaqi8fsd. oﬂﬁé‘ﬁr&ﬂ meaﬂiﬂirﬁl'hml icfls RisTORE bR sokalainily idertical KeN-tehan
25  80% Ofmitaleaqiins ddidied Ror the DNAssqubite ofcd JonbdB.& kursialli gdnie) Wang et at.r J SiobChem.,

prot ei ns 268 @), a968l19EE@o83)Figure%0)sodi um dodecyl sul fate pol yacryl am de gel
(SDS PAGE). The crystal protein preparation from Bt berliner contained at

| east twonvo Scedlpsect Tiaialty ofitie Bipproteies i n t he hi gh nol ecul arwei ghtregi on (appar ent
MM 140 and 130 Kd) and a | ess abundant protein of about 120 Kd, as

reveal ed by @nystalsiramp.t- gre kngwh & bpparticulzspinsieagaiastiaryae pf castain Lopidepteraseg gieseln oder The
sol ubi | - itotest wbert P&Iprqﬁ-rmxelplﬁsae'm"%w'aﬁ?ﬁwiwdp@,ttltateﬁﬁ wore pReferadion apyag pf thexggb g

t b é;ﬁgp ncentratlorgg(pre
oo b Wmm.w ﬁm 0125 ?g&a e;@w%

‘é{ f’
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e tilu b jitol
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rabbits a ,,,zedrg,fsg,s tgts&nmma{hal nst B.t. crystal proteins (Kkurstaki)
prepared in s tHedfredt SIS d65ab bAESMxiPbn @E growth dBR.| bradsicdelTdrviR] thi folowiig ex-
| daho. To pelifientif Sdsigh vasiial: icatbBge 16avis i @iplae incasdiuti costhining &knoRM tdnBenkratioh 6A.S
prepar ed e KetsiD.0r1pERArkAl Bfed SBrBDE 1100 trird Mstarilsivae dromispnchionizedl caiisges) vielpeefeld 6ror
rabbi t andwaeBeleaVas.The leaveswére regilariycéptededhynew leavee Geatdd\in the sdmevap Crawtiodf tize
sol ubi | i z adivaewas folidwepovet eperioduf sver days, witich(co?é&sperids Wit time period nepdertto deyelofHR® pH
7.4) m xeddrdioiSth ioster.dggarn bessbninm thé resdispresentedfin Tabla @' the Bi2| proteinrindu¢ediaslanifigaht er
three 45 growmtninkibitiontirhi: brassidab tarvae alsioses it were sublethal. g@tmhﬂ#mfﬂaﬂ ¢yiderf ghgxcony pe
Qf  pr eplar zeentestion ofHH Rpmwhich Goeresponded 10267 ng MQ!"’S@W% thefirst4f B the lapyep foeding ce
wWere inj edl"éﬂﬂvqsrw#ﬁw'rhﬂ% o eley3.6, 4 pf leah (83 ing) W@FIY "ISPﬁ?"e?bﬁ"tQGF 09 P52
m xed wit FP"EH"AA(@'H"“?-@P% f the[gpiae weye stillin the aaqeathl@rmlvgos t@%%ﬂ"?%gaa 35’3%

i nj ect i Onr;gfstw (er,l ég-p gﬁ%%gq P2 beghepryed with tsmg that are s
wer e take "he sera was csg)g &j *o ool si on
whi tei hes in trans
ol oy Sl g it
kurstaki cLYSLAl ¢ deé% bl & ofthEAt
they cont rOé’ena. Qer i ags("ﬁ‘ B %rﬁ:rm ome%@HWm
sacrificeqy Stiol inf TaHIDY St prefef Y di n%mftaactﬁal tbu uﬁhmrﬁtspﬁ&aments
\(/SEE 2.4) -1 Qt'1§'3?1blcrﬁ‘?tlﬁ mmbr?& mifcafl BHRbItdA ts oBSP A lat sibleth@ldoded @.5
i denti fi cafrg)caf) Qhm K06y Weidht &rtef A &dyél ds 50&@8@&0665ﬂ@&%dn@&drda&fb%ﬁthdﬁdﬂmhﬂwﬁﬁs

produci ng duedofel GiéH artifidial dd (e BellORIA. & Sdackim]F. G.q1976) Ahh. EnfofbleEstsAve 69: 365-373),
gener at eedésaits ars\bpthsied orswhatkiferentlyo iangplyaa ing toxial epplied doeainzlof/ageomdtiver.  and

M| stein (Nature 256: 495-497, 1975). Monocl onal antibodies were used as an
ad- 444 Eghﬂacwiati&VGtrDIBﬁyﬂonal and nore specific neans of determ ning
toxin presence in bacterial clones and plant cells. I een cells from

i muni zed BAFHecalgitheBid toxingepe anthe/fed KbBsmbLPsflifragment pfthe Piagiai g paries f peletions, o

( Shul man, vere raade i the 7.2 Kh PiAsfragment with respectively bl Kpnl@ad ibal. WeP a'E%Pdan %8) 05
perwel | i rfelefionnipsmide werp paaiyzed impunolqgically, ys g%"el |54 technique & Bfﬂ‘f'%gwﬁgﬁ
screenél ffﬂfedthﬂ’é'“ﬂ’r"éé'é’ﬁ nabl '“ P‘Vb"b gt gl PHAS, 1Sy & 175040

ig?é)ma W: th a lkea{ﬁuﬁse W{ o% gga ngl Pesaocvégggg %lsﬂr}dllows ) de' ie' Hon of the I-I%éi F?r%ment
results in the synthesis of an'in t2| % el Ifmdmg indicates that the deletion only
affects the regulatory region but not the structural part of the gene. (2) Deletion of the Kpn fragment results

56  In a approximately 70 Kd protein fragment still detectable by immunoblotting. (3) The Xba deletions closer to

the 5" end do not give rise to protein fragments detectable by Western blotting procedure. These results show

that the intact gene encoding the 130 Kd protein is located on a 4.3 Kb Hpal-Pstl fragment (see Figure 11).

To determine the precise structure of the Bt2 gene, the complete nucleotide sequence of the 4,060 base pairs
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mouse i mmunogl obulin as the second anti body (Sigma, A-5153). Approxinmately
‘4% of’ the wells were positive for gpvusastamen (crystal protein). Positive
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produci ng GenepBad.3 gantainethe Bamillinkpr Risad4mthp dthdp pithe @dﬁ%ﬁg“mﬁﬂq@“ﬁﬁa?‘? P e
B.t. ber | itaias the Bym linker fynedtodp 3. (see Section 2.1 above The gr ocedur es used

are sl i ght| yinasesond enginearinggtensihe Fﬁsm@f'ssaﬂuen
col oni es, Baldjvonypleass (Piaiabs. Hzﬁ“@aﬂgéﬂ 1002 '“ te % ts
B ‘ﬁ;?b rv uo

nitrocd? u‘?"‘\??éw@fﬁa@ﬂ
soaked in E?ﬁ' 1: Ie | hbjﬂ.;.%. ulg'ri &‘d
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. ase OV

| ncubat ed 9f eer qya:s ws h%naogm T
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at room t efip188werk Riteiied mm&ﬂxmmdﬁe nﬂa-lmed, tHRIBgllAftd i boskidalidtat appadximately|3001g
the sheets were incubated wi th peroxi da1.se | abel ed goat anti-rabbit

anti bodies (Sigm, A-6154) (2 hours at oomterrperature). After extensive
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for the enzymes EcoRl, EcoRV, BanH , Sad, Mul and Pstl (See Figure 3)
reveal ed that all 4 pI asm ds carri gﬂoxannaEP 0 451 878 Bl DNAfragnents of
di fferent sizes which showed a dear region of overl ap. These resul ts show

that the ngZbeqﬁ ﬁe%&ogf&do%%?ﬂg% JQX ﬁ\ SMeE Isgpagu # ﬂ sm-
pl D 60
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ext ract s ofineered piantinatetial will he ddtemmined, hot gniyiiyttikGtal\yeantity af taxingresent but alsd 1y thixisfree An
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Loo- khar tFigue®81, Bio. Chem, 258:3000-3004; T. A An

M crobi ol ., Texigitypf {he Sisigh protgins and tupcated B2 gene\produgtp mﬂ?%ﬁag?wﬁwgﬁ Vol . 11, ed.
by T. & Mntle and S Kadl s Academc Press, Inc W York an o] don
1970, 25 Thfdaptionofcagseties contalaing {runeqted B gs gegp fusians ferexpraspion Inpieat el gest ed

Eé ng e'rr”nsﬁc jﬁgﬁ% 'O” Of ped) 9,3 &e"‘*gm%%*"i;@ﬁ’%'ﬁ"% d@%"
tihe e% ed ol oD Fgﬂm% fm éBéb Qndg }fa, mrsiasgmggwsma as

b&én s ';Egﬁ& §erived! ftbm
sol bl ' i Z'.msma Qﬁe;JQFnBG% ha% e&zpwms@@pt 86 i BLBKFR2860 afdlsRivVH Figure

(Pr esent atgy "Second Wor kshop Bacterial Protein

Toxi ns" V\epl on BeI g| um June 30-July 4, 1985; to be 30 published in
Congre% m@&iaeﬁkti&g&)nterﬁﬁmeéx%&onlv&m Gitainiag thadoxmigegeous in the

engi neering~of 1nsect resistant plants to construct truncated toxins
derived fremowihiewshi ch have the properties of being: 1) already processed
or partially processed toxin, exhibiting full toxic activity; and 2) nore
sol ubl e t hanTabled gives glqwcttne\BofthﬁnwtlQ!mdplaﬂhlmhéﬂprbmwu@md vaed indbe iegt
Rolypepe i desformatjor exeerimients.Each engitgerad Tkninsmdfis the reeuk pts 092) tegrgtion gEa regepiortd plasmich an
plants ex-withapintarmeiateyegtor Eqgh intesmedigtpvestay fentpips aghimenc; toxin gene compriging @ Pigftt Pion
of the delrmatergeauatee derived flom the indiggted expiepsion vaclopand 3Bt geng spRgetBehi nd t he PL
pronot or 40 A gene coding for a 130 Kd crystal protein toxin of B.t.
ber| | ner 1Assembly-fchipersonedned i nt o pUC8 (Viera and Messing, Gene 1,

259- 288° 1982 yin se. to 05, Shar achesal s; ge% A ol gne(g ed
oz, o f;&sg’%ﬁﬁnﬁ ghicer) b A e coratan ek nﬂéfi@“s
Coil, the Bgonnrgleesst 'w&iormﬁdab of $1Eselin fHDR6BAA b e AMidBscbol as P

\'h' s engl, ngﬁplep Efi% e:ﬁ@ru&éé'sﬁﬂi &o%%farﬂ@ﬁéte&ﬂl:ﬁhtgnd expdﬁhteﬂalﬁﬂzscéﬁt'

frag- 45 nmeg tis (GoldphiCHavdot, HoeBR| 31, |igated to BanH
l'i nkers, cut THY diffen prﬁﬂﬁor&@hléh'ﬂabﬂﬁieﬁ!dseﬁaﬁ(ﬂﬁlemﬂI bed in Section 7.1).

From t he resphdsi §6nst@RRé anddebirbly @Bakhdnmotar dervedfrom thl TADMAsncuged mipgiink Syntifase
upstream sgme.quences were sel ected, and Inserted behind the PL pronotor of
t he exps essi Pssujpba dadived fodnkKs dedklyesprédsgdimemtir of dingfaiBiytof emalieBubinit ofiRibulose hipheses s,
Gene 1986)phateicarhexylasscgends of bra. Bxpressiinds lightrindueibly imgreBtisstgs. and Pst| . The

resul ting pl BERE: dsommweambsquddwmtthﬁeﬁﬁwmtﬁhmmTIBlaﬂ'"iﬁK\@lt@iQﬁa'aﬂ894one

of those pEMBOuMI MG 28hin texpm Rﬁ?@“@o@f’ P@BHN60 the dugl gromptoy) fragmepi i§ derived
sel ect ed ffeom Hops4Bityaitercst glo 1984p » E49)- dh El"aﬁs'%?quﬁ?'ﬂ‘élf 2; prspAtes agbsers
( Fi gur &0 17complated pyydding 4 Bamki "“'@b‘HQPF‘GEf'PGPH"B'F“deI etions 55 From t he

internal deletions previously made in pBt200 with Xbal and Kpnl, only the
Kpnl deletion gave rise to | munol ogipeghbycaetect abl e Bt 2-deri ved protein
(see Section 6). Deletions were "made T pLBrU.Usi ng restriction enzynes
Kpnl and Hindlil. Western blotting SHEFysP%‘“‘%d ELI SA showed that only the
Kpnl deletion nutant, containing the |argest fragnment extending fromthe

start tovar dgRisht itl‘fbrba%ti-lﬁgite @us lelfes Bled Giftiiatddrélon bbthe 2' gene intact and fuses the Bt

gene cassette at the initiation ATG of the 2’ gene.
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EP 0 451 878 Bl duced a stable approximately 80 Kd pol ypeptide. The
pol yp‘ept | de encoded by the Hindil|greisasreomm deri vati ve probably is highly
sensitive to E. coil prot eases. Interestingly, the Kpnl deletion

d.pol [\ WaSes
o e BRIl e e e,
h

equi val ent a“)eeL
val ue on SFepISAgtAT: ol i f.sggsneﬂsum.tmn&fsetmmm va
for the Kpp 09 bf tHéPaidhi Iaﬁﬁnmmtaﬁ niéa (I?eaﬂgf AEMED §, @084} 4) Kol 12). FRlsitddi2.
Thi s 1 §SUl dorddiltegBresis tHe 38quehdd Ardufid tRE Mitigifbn Boddn JACTATEEATT) has Rieh Shahghdits TAR t he
Kpnl de' eté&@eeémdtnﬁ?& NdeEsits Bit thé Ritiatioh boton. Smilarly, mbdificatioh B@uithe/TAAsBpdabadna

suggest s tgamt t he snall est gene fragnment of Bt2, encoding an active toxin
is contained within the Kpnl del etion fragnent but extends further than the

Hndlil site. To map the i mal fragnent coding
for thee active toxin, Fgﬁ‘%‘n"fﬁﬁgﬁﬁt g%ﬁ%ﬁ*@@?‘i@%&ﬁ’g whi ch cont ai ned
N-term nal fragnents of decreasi ng size. To achi é8@&lkhis, we used a

strategy which allowed us to construct sinmultaneously del etion-mutants and
translational fusions to the NPTII-gene (see Section 7.2.2). The

ig”ské‘féhé?}?f?;rsﬂf'?é“q” ter”‘“"d b p' i) %@% Sl %@%”“b'ei‘“é%da{“g@e%agde

-

section) asHPft' év cr% B&?\t Dy PR dnd 3 ohd (s 1i@scribed |
h t h T U N e is 8
fh(r)\ge reaI ﬁ nmﬁr;gﬁque % e. 7\#1@’5 co st ruct wa#gg&t
th Kgp QtrcWﬂ %’1 ve %lt \%throrﬁ%&d oweF RédaR Yirdd (EAMY! Fire PASSM pro-
ymar as Eﬂ rﬁbﬂ&%&o Eol&é:’ md-183. ﬁ&htéﬂngm&h@ndie(d b tﬁ@dAIW@gpen-

f egion is n&ﬁ@ feP etdhl. S1084 Mg Qdid\Heb.o, 287112888YdRA HdownstiRaiR BERHIGS o Gonfng QRIGHE €.
An overvi ey of the del eti'on clones is given in Figure 20. Total cellular

extracts wer psssari@ntaihs CAMV sdqGeness flomfei ez to T48d enbwed by a elalsitanal yzed in Western
bl ot ti ng andpisslishd Pees-2 thes ofly @ifer in the tength of 2@ 5' dnirbralated eeqdetcesodf the ASSHCANB! tiant | ke
pol ypepti deesptand i n an insect toxicity assay to screen for active toxin.
The results are presented in Figure 21 and indicate that detection of a
stabl e pol iBtigend poetioesses gradual | y when t he endpoi nt of the coding

region is coming closer to the Hndill site. Froma certain position on
(sti | | stlownsFigwazfayes thp R¥Asenyencesptipajynctich begwoenthe giomofaptegipns ant @@!’%ieﬂ%‘%
anyrmr e. Fﬁ?@ﬁéﬂ%?@seﬂﬁwtbqyﬁ Riseent Wéhwfwe&&eneﬂeqﬁ'&tWMds?Tng;

dr ops abrl}bf‘P ingjfpEgenotor; eegions.An the
bet ween Hi TpgHickion %i‘ﬁ’ﬂ“"@ whiohyh W‘Eﬁﬁ?"&fm{w "Pﬂ%"egﬁtﬁllqdrgg ﬁ%m c
(pLB87d% MG 'E"I‘Fle'm?%’f’ § *fbnt oxi ¢ (pLB834) pﬁl ypeﬁt i de wer E?IEI‘I LI ed b%/
DNAseqi&nce ana Thi.s that the critical endpointfora
stablg act ipcliof® bofives: Bt gee’ Q@Jsléﬁdf?.e ns 1797 and 1820 on the IEB)tZ gene
(F' g- ure 22)y ch%f: Sgngéﬁ'e idddat b FleN@ it HEdaGuenEARHIER Rbrtaitithe3’ dntrafdiiiddegion,

downst r eandding the pbiydaBnylaticr Lité, B gefe WHith ishBturilkxpressbd iA SiaM Bélls A6 AW sétflenc-
\a/ct I Ve & OXds/hay ugg,el;seg,tl ngly, total cellular extract of one clone (pLB820)

showed a 30 much stronger reaction with a polyclonal antiserumand a
monocl onal a8 tin pHDAYe0, pHDAEE, pHDMOBG)Ot t i Ng. noreover, the protein produced by
this clone was nore soluble I1n E. coli than the Kpnl deletion gene product
and still exhi7ts tpdotulf feginerit contadning dhiei 3 urtrgmslated Pagion Fitke estopine synthasegend(Pod 11339-

7. 2. 2. k5 Rati23srembardirigtto Gislei et EMBGH, p.83%,11884).cr mi nal fusi ons at the NPTII gene
can generate fusion proteins that still confer ka- nanycin resistance in
bacteri a (E(pSS115, pFS1161mAS1I52, pGS1153, pPAP1162, POSILHS) POSIET, PCS128Y, RERI2RT| | s g
nost sui t&ﬁﬂ@e@ﬂﬁmﬂ%&er in pI ant eng| neering, such gene fu5| ons

coul d have ver prom S| n | cat | ons I on
oot ei et o EplkElinglioidndiet i o i St
woul d al | afupgfg gndgiaigieq g3 21 PRt des ARV e it u3|on ' Brod o .
Ther ef or e, gene fusi ons W|th NPTI1 m ght be used to transform plants

and sel eCtﬁ'I°9E éésal%sorrred pl ants expressing high levels of toxin, by

sel ectlp in resistance. 45 7.2.2.2 Construction of the f usi on

gene cassett g5ghd faBl. QA rafhéhl] muﬁngq:fle b RtreRbIfte RGN mﬁeenoﬁélﬁgﬁbnllﬁsé dfle (pos

N-t er m nusy294.14¥2 hbdording R Deplcker Bicul.f SMEA D1, B! $B18i988 termed Bt: NPT2 is described
In nore detail bel ow
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50 1. Construction of the Bt: NPT2 fusion gene The construction of the

Bt: NPT2 gene is shown In Figure 23p pisfefest a pBR322 derivative containing
tthe PL pronotor and 2 phage fd transcription termnators in tandem (Section
7.2.1.2). 0 /98 U=18)] 1the 55 NPTI 1 gene of Tn5 on pBR322 (Reiss et
al ., EMBO M—dnfe—g-): A 1141 bp gene fragnment of pKnil09/90

cont ai ni ng tk&p%ﬁﬁmgﬁs rﬁmagg& n&hlﬁﬁﬁm@b\shmtr{elséﬁomnp\lvésmmm
order to the NPTIl gene, T nkers were

l'i gated at the Xball and the Sall site after Kl enow poI yrrerase treat ment.
This gives rise to pLK s a derivative of
pBt 200 (Section 7.1) vmn%lrtengOdéa%—(rrgﬁl {1‘ ﬁ{égﬁbgg‘%‘fﬁ%sed to the 4th bp
and a Bgill 1$5¥&41 to bp -33%27_6&9?3@'1'8& 31 treatnment). The BanHi Bgll|
fragment of tdddiny asm d .Garcaaacagerheade- leted Bt2 gene was inserted in
t he BamH sitgadifenq@den®l, in One orientatio vin NPTI |
fusi on gene on ‘gfLBKm O 6 To copst+uet pLBKﬁ?gg‘éﬁuf&gmézﬁf %}ﬁv&ztreat ed
Bgl Il fragment was Inserted bet Bgd&It he Bansﬁ-tslthrémheﬂiite'h ng In) and
the Bglll site of pLKmB1l. In order to produggrbbee8! mbEdddnddisd ON proteins
in E. cor! anal ogous constructs to pLBKnO and 13 were made containing 5

| eader ’%eﬁuenges of the Bt2 gene with a ri bosone binding site. Therefore,
from anot 1 deletion derivative of pBt200, pBa23-3 (Section 7.1),

¥Vlr tag rr;[agte %a;&r‘;‘l.-llhpl | T'lk & tgﬂ%@%@ﬂ%m&ﬁ Qéiﬁ%% r%%?eg:llgd%te LS c%ﬁhangg&a §ﬁ'ﬁ4n]p @::
end

fusi on p T RN B
BarTNI - §0§C ﬂ%ﬁ‘ﬁeﬂ fid 10 6rfbnteli sueh ﬁﬁit%‘exzmison\ﬁﬁ ch‘%e
the sane Sfafmed fontt

FReBt2 fénd dhdsitewas exclasd fﬁﬁfbﬁbﬁmﬁlﬂhﬁamm t h
t he Pet unigsd BN add ikseRéIA trﬁfaaﬁ Sbfl anevﬁ)sz MRrrovaESitrela BIA]) ENETEL. B 0dVEIBE,! 1943,
cassette wasugbfpHDHED ﬁlmmnydmstmméhpmsewzmmgmpna BaniH) Boshringsi vann Of
NPTI | . 25T0 nBéii) foiveh dt B7°6 irf dfhalNolame df-2Bgl, Lsingftlieciapubation buffeftieifibddby Granibtisi ebal {Mot he
3 end of tideelaiNEdring (te8R)e Cold Spring Hrdardelbdpgtorg, 18i5034). Biyk lup of FLGM2ASR IDNA ges iaby di-d

f r om pLKnfaéstédrwithBamHDBiler thErsame grinditoms.Bubseguently thevietninaDGl @hospliates avere dlemuived from

Ki enow polthenihAlydreatment with gait intelstinal allalilbHobphatase(CIP) (Beplwingsn Maenheimhusingdbadoti ng
DNA was c fitioppdesgribad by Meni tﬂt..M%@ﬂmeﬂa%&@mm Hatber Lgborgiery, 133334 Qpes | n
tthe di PF erfiéthof BaphiLdigegied and Cijreated p Z%Pﬂﬁww'-s@%w B "!Nlﬁ?ﬂ“ Sl digeyiedpHR160

(Fi gur e 2NAwit 0:pA units op F DNy ligesedBashring E,M?@" f%ir"t#'ﬁlq_ r'-lseﬂ?f'BPffeE fnd
initiati or\"cﬂq’@”bﬁfﬁiﬂ"rfeﬁﬂm"}?f‘“ﬂ(% Boefringer {Brochyte _ ’19 \%‘r ds
nucl eotldé’" gqoﬂ "21)"93§'° n Bixire was T" o

?

regl on ;t i, |e Xpe w Ol'
fusion prc?f' |( g il glnd
the PL pr% Jnemm.c.% GiR'BNA prepditidnd e &
o the f i R DbdHIAL oHinde fﬁbrﬁéﬁﬁgl?’on
patt t s

©f the fu%lm% bPB&H I-ﬁJPQtI ddiblb-digé=hén. Mleﬁ:ge&igﬁ
s ang Y%A abdlo G, I the ¥IBRH- Gieftatibh tHete aRragrhées of dBRroRimSte§ 50 Bp, 36000
the conpl epesbmmpisan b2 bpSatiefead’ih theletmoRenBiAthérb Sramsgnien® cfippoRMasly 6200 8p, 3600
prot ei n bapdistibp dnd ¥20tp. A FecaibinantPlRsmidatie the lalpha-tifehtglivh (e tokie §¢eubden thelcontrbine
expect ed <fthe napalirielsgntiiase promotiy i useidiin subgeueniaxpaimenty ariicalled@hiD205he pr ot ei n
could al so be visualized in Western blotting using either anti-Bt2 serum or
anti - NRT| |Exammple 82n Again the positively reacting band showed the expected

size of the fusion protein. The protein is quite stable
This example describes the construction of pHD208. The intermediate vector pHD208 contains a chimeric

Bt2 toxin gene comprising: the promotor from a pea gene encoding a small subunit of ribulose biphosphate
carboxylase (Pssu), the Bt2 toxin gene cassette from pHD160 and the 3’ untranslated region of the octopine

50  synthase gene including the polyadenylation site. The fragments of the chimeric gene were assembled in the
cloning vector pGV831 as described in this example and as dlagrammed in Figure 29. The consfruction of
pGV831 is summarized in Figure 30.

Step 1: Insertion of a 706 bp Pvull fragment oonlalmng the 3’ untranslated region of the octopine synthase
85  gene into pGV831, to yield pGV858.

Five ug of pGV831 DNA was totally digested with Su Hpal at 37°C for 1 h, using the incubation buffer de-
scribed by Maniatis et al., Molecular Cloning (1982). Subsequently, the terminal §' phosphates are removed
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in E. coil since only Iimted anount of degradation products was detected
(bands of lower MW). 40 2.2 Kanagyeidlsresi st ance of the engineered E
coli cl one and NPTI | act|V|ty of the Bt:NPT2 protein The E. coli clone

cont ai ni nq plgr L\:ﬁ.e ‘ﬁgthe%ﬁdﬁi&%% dbeRnisd s %t.Qet aP%%ILraCIm;g,e
bl
2om?e£g ?r,@g& T %or oJFQfé%é an u‘?ﬁmﬁﬁ%— actl ity O % he

Bt~ NPT2 100 ﬁﬁr&bmﬁgqsmfeaaﬁenem}euaaa%dluﬂuswoﬁare&walnoﬁs.&axgaa&egﬁaﬁm defdse

el sewhgy e i T8 bafferf Thedbarose b ¥Rontiningthe 786 Bp PviiPReient Radc@l dut e thb BRA wilredolidted™-
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condi t i ONSp ar EppertibA kénfifugéol 10 MiRutésXwishéd withr70%ethandr,.driédintl reslspérledin @0lUIH,00 t he
wi | d type NPI.b3 ug Hpel digestid dnd CiPStredtad pCYB3ERaY ligatedits 0/l @ bfeNepurifid @0dhp fragrhdnt withne s
wer e gr ownudiiT4 liggsesib @ fihal dolumiesaf 1Qw0l. The Ogatiomm@rervias tarisformegidntd compbtant L ot KEB
medi unyg celist {Colsangetal., wmmmw o dasanEEBy Bageftend Ehslichi Gene & (198031232
times 2 5(@8. Ghllswere platet! of 0B mediung (Miller, Exsie ‘ an Geneties{1972), Gold Spring Ha®or

m nut es atlabdsatergNewYonk), supplementadiwith Menmm(m%wn mhereauitingpeambinent plasmfsavere
posi tion heragtgrizad by doubledippstionwithiPet| ang Apgl digestion,Praofthp tesuliing piaemidss pFVPER) viRlged n
si t u phosphryfesired Idﬂfﬁtﬁhﬁwek%?féﬁgfe’iwte'mﬁd7@21505!\?'1’ PVRen 1 wae saed furthergs, Gne

30, 2177223) . Agel t t d used
n'a V‘éstg%%e Pl 5P BB o ST A eesiop oI RRIBPe S oo o)

By com paﬁH &%h with d| | ution serles of purified Bt2 and purified NPTII
pr otein Ssanph gy |¥Yﬁ'w%l=‘p&é‘% %d.Htg retaP.'oFthgﬁs otorL i%"%?g n&iu BB.BRF ein
%a

sent,, | e n
the oo &%ﬁf E@mﬁ eﬂi%i ua i é&f ﬁ%ﬁﬁn@m?ﬁ .a, was

r oughl 'y t hGuaédthe Sromdtbradr oﬁ’iof small subkhit (85 éh.u%%& lﬁﬁho&atgcar-
Behavi or  Glxyidd&RBDP Gk (HbHr- ﬁ&relih' ﬂ&téve 810; ﬂsﬁzo G6H4) cqub@in 6&&#1 PRCT (Red ahdRogers
previ ous ssmbt,a079).Adysrgker: bmwa%ﬂei wigh 1NFihdil: ﬁBZMEEmEIC‘Idg\bUbB PRAWds dIgQétél\Ct
NPTI |  enzywea 8 10 indMi aridhieu BattHl @T37PC fF € hit0.1vag 6f eachdideatdd DRA Witre @fied wrid ligétbd with S
seens Ssonmvitahit ofT¢ DNP Bjasdi @ final dlunie o 20 Ul The ligation rbixture asi@ansfonmed intd dompga¢éndELi N.
Wi | e an [coliK5d4 tellg(DagbrtandEr hlich,|Gaing 6/(1280)\371B). Célis were plated Gl B medium{Milier, Exrarimén®00
ug/ M Km inMeledglar Gi#picsd1A7RnCeid StingHarbasiLabogstqy, dew Yorls) suppienaantetd with 109\ugims capf
prot ei n arbenieillin. yn ane of the repuiting gecomiinaptrlaswids, PGY8&1giherHindlliBam! fragment containing bher |
fhat pPot dimigensaeiffepssypstituted iy the 20 bpi W—¢MP%¥' keU@RUEE s the case here,
u5| ng t he st'F @EGWBWEPGE stedt‘@h& 09'5 Barphl ft1é?t 3K/\Pt"hﬁ fwa'tm@meeﬂilo "' ems
eraieg:ﬂ ng H orm

pr esent i P'lt theyte “Ei'? p °s s'"g
enzynat cgr )'e‘;t eg;'% égg ﬁg is
of a bact e Is| t nbu ?erdescn db amat et(gﬁ%loe ulal Io in rm &r :Hgto S

I ndi cat ed r{g ﬁ térn—wa-rpré ng anm J nsorupr e

form After ¥§d B%mglj_*gegﬁ 'dﬁaﬁf&‘pé\&@é&ésﬁi ttA(de L-F‘iﬁltd ét@&ﬂe%é?lt
\NPT2 was fuHOQ 1 Ltlts Iﬂ@ftﬁ er'l\ﬂanﬁlﬁm) maasﬁnawalu he IP S was
protei i Wibgdforied iRB & é% ﬁ’trEe&ﬁRSMcalskéHi‘so al. %éﬁ&iwéﬂ(% 0'493550? Seberdihd to Pa-2
M Nor f I aC tger® BndHhriich Geks, 6 G305, 281281 CdlIS rd/\Bited nd BHMeHiuh Wlﬁéﬁ@ﬂﬂ&f@iﬂ%ﬁ&la—r@&
sol ubi | i zaeﬁcbqgmmtsmfgmambn.abmt&smwvom $upplerfhteld @ith Edrtatcillio (100 Gg/iv). Cabe- .
2% ME ( memiziijptresisehiviones wera/sefeeriod G tHePrbsenbé bfedcombisdnt/sasmids byresteidtion enzymd diges-

sol ubi | i zdidn ¢fDYIA pieparext by themiadseale tBthhiRtetieparibeddby Birgboieyand Bély Oacl\Aeidls. Risd. 2 (1979),
whi ch éoul1§1¥t528)ested in insect toxicity assays (see 2A). 20 2.4 Toxicity
of the Bt: NAW2newftheapoompinany plasmidst pij0503, the BsiliRamtll fmementdrislyding the aea ssia promotor
pol ypept i dinaeriedin éhe cpryect erientalion lin freat ot the Srenf Pﬁmlnaﬁynm gens; PHPSOB contahB % of
t he t oxi c vaigys BamHsitgslogaied b9tweeaélee RspwPreReierandht Egé’t!‘! pighe °Ff°2'"ﬂ_syﬂt}"aselgﬂ"°

addi ti (F)"n our. studi es on the t%%ngtgh%(ﬁ:s%}t% @@Ma%ﬁﬁﬂf%@é%m(’a'ﬂmed%?f

t oxi cf Fag dg frat el y
25 60 Kd)™ 'EtfleﬁpéesP'B?(YWWH ﬁgexhl bits the conplete tOXI c activity of the

]?Lgl gﬁl ecul erwo {? V%,-Q &m jatel eéteddwngr uggto? é Qn% oIPEamI-EI ¥ 1 gur aNPTZ
pr%r,fd 5 hémdﬁi ol
| evel syt owaae dlt 1y \f?a‘?edvfﬂ b m@@ Méﬁak g Z. e

Were com %I@l’ﬂmﬂt
det er mi neg HfsBaﬂﬂ-ll hbm% umms h&&alm @ lg &r%dmﬁdaﬁ&bé é:ﬁl dn@freatda%ﬁosos
N-term nalnmemhcm ofr NA lighb%ih a findl volied degoulb! ot ting (conparison of band

intensity of 30 dilutions of the fusign protein and purified Bt2). The
results showed that the specific toxiczsactivity on M sexta



and R brassicae | arvae was substantially the same for Bt NPT2 fusion protein
as for Intact Bt2 (Tables 4 and 5)gpod8resroget her the above data indicate
that 'the Bt:NPT2 protein has NPTII act|V|ty both win vivo and mn vitro"

and in addit hat B8 o S8 B chpeBRlE B RS oo Bl ik, et ol D
S rm e i
Bt2 toxin. ‘g@ wer gﬁ asﬁ.;:{ 38 iMﬂol%Qfééﬁeﬁc@B@?ﬁ%

alternati 8' o 2 adtihahiych ,gfsﬂ-gaﬁﬁ@.t
toxi- ci tycin Q{g@ r thb gre w@ﬁt%la@%ﬂé’lﬁ%‘strﬁ&m&n—

hi gher ka &bé&t.&ﬁ bﬁi\& laleneé@y the m.cr&Ebﬁe fe6linidLé des@ibbabyBireibonh i t he
previ ods| oo I, Adidsir@8l 7Bi51V5kb | 19803, pEIDRE £redtiribiviart plasitidiongining the Bl2ighieTadseitel 0N
protein C%g&&ﬁ%mﬁummm&n@mm profmbtonvess isolated ad Used/ie fustherfexpiedmerts. t y
and was rel atively stable. However, the kanamycin resistance conferred by

t he Bt: NPEahpes.®n was rel atively | ow as conpared to the wild type cells.

Si nce the Tsolated purified Pnos-Bt NPT2 protein had a specific NPTII
activity cormﬂsabuhpje describbethecdnaructionef PESH161. ﬂmnfenmedia%e%mm&é@"ﬁva? chihe

| ow kanamymerin BENFIil Gision gene weraprisfogs the@romiator of ranssrist 2,¢fithe A of the optpRine i plaamid
protei n | rPER2) (leitdn et gh, 1984, Embarb|3,272%),the BENPIH fupjenoene fﬁ@*#éﬂﬁﬁﬂﬂt“@?ﬂ'@r e
with an eftfapditedrecienss thegens aftpefOiiAchth P%?PE Tipgs g‘r’i W?.u psidered the
possi bifity FM@WW"‘BP"’IWFF"“PH%’P ggsﬂ h"T?"é’Mﬁ RYSICOEHER

i cal propMé?dF%%ﬂqﬁd'FU'aﬂatﬁPbﬂlr e phenot ype win vivo. V\é

designed apn e nt t NPTI1 gene at randomto the Bt2 sequence

in the reg‘-el’iiﬂcaf 'ﬂ"?fl‘fgs&%iﬁgsm and the processing site. The experi ment
05, as 40! 1 oy R il GieP kBRI A LiftrahSdte B8 olliwad by he
| owi’ ng %lA? igil g:taipiﬁeﬁl ani tleéafnﬂlﬁg% Qhd @ uﬁtﬂ‘ﬁslﬁsd?engef?!ﬁe trahsthiftd gatle

1100 bp dOW” 15&@?% nBiink @ C|J|-ﬁd|i|*?rd§£2n§3°%o}npﬂb%&he(m ahil §H6IPARA. Mthe A

uni que XhOlyep i'n&ﬁ pﬁ&ﬂ@&é&lﬁ%aﬁe R BRI 18 pob 84 3RS totallyRjasted With Bampll 4ha Shil]theaticky
l'ineari Zedenbytréémwtﬁltramhwfag&aﬂom gl polmiradel ambdefigadautti Th-ijase. The Bal 31
reacti Qp Was aftérirhittonfationl @Rpitiafesibamt colaies e aslediddndithbir fasoizie eere Bareenbifpthel
t he Hi ndi | dbssrich 65 BaMHCARd ISl $ites; gibldingpDR4p3asFeam of the C-ternminal processing
site. The Balnkhder fopdatach Qrhlaiterin frontatthé 3'yntrandatederd®f transgripl 7 ih pAR2IB4A(Velteh gbals ed
with Xhol o84, sAF2034 vieg &italigl digetedavith BemHl treaked witkPTHe|Kiangw fragsment of E. oll aejymemss | of
the Bt2 geand ligatatyo kinptediClaiinkers. Tia DNAwad subseivestly totaltydigpeedwith Glah and seif-Higated with

ionf er rsed Tddlgaswmgt@MTmfer"@ntsm%Qwsﬁ'MPTl | gene was fused in
frame to t he FRMPOP4ABSF, theGialHindiiiagrsent eqnisining theciReptorpaior vag dazec vaean e | ow
| evel s of tespondingfltenpf PARPOBAS giMing risaig PERHWened for the ability to grow on

hi gher kananym n con centrati EP 0 451 878 Bl 145 kananycin

r esi stant P gfﬂﬁé(?@gg%"é"e%éd for their ability to grow on higher

kananyc¥n con- a Dettacre @25 NARBNI~ qij HF'% 1565 hEVRE vaddifhsidB " €

£ Sls[eoﬁopguro '3"};"& ? Wi eﬁ% aa%esﬁer'q %ﬁ“&%ﬁﬁ%ﬁaﬁﬁg
hi in 1686))Cthe i

W.th an w1 nt o |q rpénfess\hé& o)(e?ﬂbeﬂ)d&n i crret AdMSitd3AIFpEVIBS GifintrisO N

bf)l nt ou o P S|te at position 1880 5 of the Bt gene. One done

(pLBKrrBGO) mapped at p05|t|on approxi mately 2050. Although the majority of
t he del etlgt@p:a\(gaﬁﬁu&wﬁeﬁbemmagmss)tlon 1800, none of these conferred a

hi gher kananyCin resistant phenotype. The 7 clones which have their fusion
poi nt posi t i pBsHsEWas digebtddiwith EaRl) lileatedswithtthecldemow fragmehtof E. colbpolymeraskd apthdigasted v e
t oXi n. 4dslowarteHlindlib e redilting fragoént ketainingtiBRIRGB@)otoxewes ciptad betweenishetpakand the HindlH o
protein pesitexhpasmid p&V1800t al cel | ul arextract was detected In Western bl ot
analysis; io and Mire soluble since nore truncated Bt protein was detected
in the supé\gﬂ_&‘lcam"""ﬂpnefqﬁ#“ﬁﬁ(ﬁ'ﬂ'ﬁ"@f the 3' end poi nts In the Bt2 coding

sequences In clones 860 and 865 are represented in F| C%i Ccj N 8f
the fusPon prrgeamti-Bglll fragmeptof é ggﬁﬁg} T Imté o%’;tﬂ%dlﬁgbl e
6. 15 7.3 Heape pyi-gme fugignofith E"B‘ﬁf ting At P BB or gene
fusi ons fof pre55| on in plant cells Plasm ds pLBKn860 and 865 wer e

modi fi ed as, Ircnlr%ﬁl.(l: ion o?&elinrt]erﬁlao%{é S(p%anénQe&t%'gnﬂnﬁlgth@t&ﬁ{&eﬁﬁnt&w&m

&5

The introduction of intermediate expression vectors into acceptor Ti plasmids of Agrobacterium is accom-
plished in two steps: first, the intermediate expression vector is transformed into E. coli strain GJ23 carrying
two helper plasmids: R64 drd 11 containing tra functions and p GJ28 containing the mob functions (Finnegan
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and pLBKml865 respectively. pLBKm2860 was derived from (Figure 27)
pLBKnB86QO. 20 By replacing theefipasrieréic! fragment from pLB820 and 884
ffor t'he BanHl - Sacl fragnent of pLBKm 4, the new pl asm ds called pLB1820 and

1884 respegli Mal Et%% s i RN
exanpl e, ther nAfe % %g% Et%%% AbsySAAYS 1 N
Figure 24] ditle oIS Gy fially ds ﬁ ?lfg MBB JME441-9465 1983). The
cont ai ni NGedy sanén&)wprasﬁe r}esufﬁn aeé.agteec\%slo% event, sgsaraﬁ&d by BelORARG #6# th¥aribiofid 16

engi negre sgmgecmdgptﬂgqy@m expRBsidnveddred and used in the plant 30
tranf or mat i oxs diveR@hgid)Bidlcsintedratioh o HDROBRAThYEVIa50 RhdstpHD208 with PEV2266T kiéscfited.2
coi nt egr atiitétiedibte FectoRCan fedépidr Tiplaamids Gheuhre stéd in Tableaan® p@éented MFigures 3Eax h
i ntermedi ate vector contains a chinmeric toxin gene conprising a plant pro-
not or seqEzamme @l€ri ved fromthe indicated expression vector and a Bt gene
cassette. Assenbly of chineric genes 35 Table 7 gives the plasmds from
whi ch t he Bt Thgdntermediats expressionvecioript BRQStwag inserted intaghesacceptar Tiplasinid pEMIBSE toyylelds -
m ds has HbschybritiddplasntidniiDi19p0 et Figure 3TipHD ISP eqnfaing theyghjmeriorBi2 geae under
expr essi orthe/ptrehpishe@nes prometar pswell4s the nppaline:sypingas gene-popitinad getwepn TANAborder o
det ai | ed é"@?@?"ﬁlctlon of the two chi rrlgprl c genes resent | HD205 and
B ) 1
lar

pHD208 *ar e dB?cPPP'B' I
?%f'?f A Eﬁ*’” Sl o

st andar d rgé
fol | owed, 5°

plant pro g asvlﬁnﬁ?ﬁiﬂi'u't% cf?hs.ﬁ 28 el 100 c&mswmraae
ang relat 'oveeri.gm i etamn i okl o A g b irosnc
synt hase G&§RE1so2alled GV310T, 8 NYER 253, 968-Fro) anté?ﬁfﬂ(ﬁé\ﬁs% ) a0

the fam |y Qiems). )2 2245 01s6! 199:5) aﬁ%l QithrBF o lgﬁﬂ%@Q@cBhéd’n@Lﬁﬁ\éﬁw i3S Expafifiéhis 0
pea. EXpr gembiedliat éenletn@bisvé)r&maahﬁdmg&be%r; NEPWRR, PTR2. A Const Tt e
pronot or der AgtsdctbriuVEtraifsontiinikd WobriafT pldamids edsCiEighom & bingdd ccsBlothr éVéRt, Weddischiteda| .
1984, bdVB®y delectng far fabkhnantyGin-héviny i inarRér 2arfied by EipHID205pIasHId bidmiadl Apmldmnmérhe
dual pr omExperimestsintdleculss Geratics\(t072)f Cotd B ppitgHadkidr Labarktbry NeatYork) suppldnibited wilivis® J.
3, 2723). niyhie (480 ug/mD.rAftapueificationrobiganseonjodantsive LB medion(Miller, Ekpeiméntsei cular Ge-
conpl et ed neties ¢972)Gpld:SpRag Herbol abkratoryt NewYorkisHppleménted sty tfempicin (100 ug/mi) and kana-
ATCGAT GGATEENn @5ab/mBaThelrhy5al Sirushire] therfiregiontaf orBpfitHe trafiscanjugdntss PHIRIQHQ: was dpters'
{ntr andd atmiepdaeqgrding taghe methodescrjeaddy Dhreparet alp huck AcidsRes. 7 £1979), 1937848y srige  at
t Ae i niti daetionef Kt tabelied phiR205 agajgatiindilldigested tp-fotahDiAsef CA8CG R47 PHIMLS). HpfoAruee el of
an | ntact the Tregien of pHP105Q s diagrgmmed ip BiBureBt-ai ni ng hi gh | evel s of expression of
chineric gene s been denonstrated (Jones et al., EMBO J, 4,2411, 1985
%ﬂiﬁ% !

Pssu301; romot orof an rbs (r| bul ose bi sphosphate car boxyl ase snal |
subuni ge qnterm &QI a from N g ) peRo) i

p 86 in
transcri bgg, i by o) re3 HD1102 con ot B ed
Mt agenesigs, tj& oM h Ela ),
been” changggbyig motSrr bsine ra & tridfhobtd b
codon. ,Si g de@dribdd in jebih Iﬁﬁtﬁmﬁmbﬁrbﬁ1 t(lﬂmﬁdaﬁk?irl\lufnf)&mﬁ 8) The plasmid

GGCTTCTAA@QEZGSQvas IQEM it EBgbhi bhz%%ﬂﬁ%sﬁnﬁﬂlbﬁ bdcoring ©.Dagert and Ehrlich
(Gene 6 (1980), 23-28). To select for E. coli GJ23 cells transformed with pHD208, the transformation mixture
was plated on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold spring Harbor Laboratory,
New York) supplemented with carbenicillin (100 ug/ml). '

45 Liquid LB medium was inoculated by one of the transformed E. coli colonies and cultured overnight. 0.1
ml of the overnight culture of the E. coli strain carrying all 3 plasmids was conjugated overnight with an over-
night culture of the C58Cl RifR (pGV2260) at 28°C on LB medium (Miller, Experiments in Molecular Genetics
(1972), Cold Spring Harbor Laboratory, New York). Agrobacterium strains containing hybrid Ti plasmid, result-
ing from a single cross-over event between pGV2260 and pHD208 were isolated by selecting for the strepto-

5  mycin-spectinomycin marker carried by the pHD208 plasmid on minimal A medium (Miller, Experiments in Mo-
lecular Genetics (1972), Cold Spring Harbor Laboratory, New York) supplemented with spectinomycin (300
ug/ml) and streptomycin (300 ug/ml) and streptomycin (1 ug/ml).

Transconjugants were purified on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold
Spring Harbor Laboratory, New York) supplemented with rifampicin (100 ug/mil), spectinomycin (100 ug/mi)

55  and streptomycin (300 ug/mi). The physical structure of one of the transconjugants, pHD1076, was determined
by hybridizing P22 labelled pHD208 against Pstl digested total DNA of C58CIl Rif® pHD1076 according to the
method described by Dhaese et al., (Nucl. Acids Res. 7 (1979), 1837-1849). The physical structure of pHD1076
is shown in Figure 32,
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15 As a result, the coding region of the ssu-301 gene could be
°preci‘sely renmoved by Ncol -Bgl |1 digregisiavgspsubsti tuted by the Bt gene
cassettes described under 7.2. Isolation and characterization of the
pr onot orfr&aﬁ §(Pssu PET) and 3' end (ssu-PET) is described in Dean et
al ., PNAS 82, 4984 (1985). Construction of pAGS007 (Figure 33H)
| S descri bedpglydringidtSexprbssionVector pGSlP1%5§as ihsertéd iﬁbB fhgg&emﬂléshﬁ@p@(lﬁsﬁﬁ
deri ved frt bl nid\3s1igisal ¢ virus (CAW). The P35S-1 pro- notor
fragnent Is rmemd uddd Was SDiferitdt %@taaoﬁmu&&&ag dt b1. @9805, RNAS, 72, TB4ATEENt
( nt 6492- 7454)iqurf LBinkeQiufrabAindtaiBted WitHdoné S6Te@BEH152 traridformed EO&bi K5 14ld6l6hies Afd dilitunass . |,
9, 2871: 253higita€l 32RCOMIVIHE bif this Rulidm Vs phatddtodethier @WiEh0.0 ehl bFdvesuiight obifres dPBBTH12
cont ai ns (@20t} Bigarsic & Helinski (1989) SENAS) 76/ 4648-1652 and\0ci anl lof/CE8CIIRIR|(van iLbrebek@ &t al.,
P35S- 1 andakindh 2522169k@8) oo bB plates arfdgrown overiight kt28. h of the 5 untransl ated
sequenees of Tlrtehaellsa&ﬁ @de frera the LB platep nd dilutispnwere piBed oreminimal Aq medium (Millg Ex-
Fi gur e 28 pgiiments in k 08 119&2; Cold ShringjHarber Liabmvatpry Newedark) supplemestadwih gregi ons
and t he cd'mmb?mé Mﬁ@@"@#ﬁe?mycﬂlﬂg'e’f@ Transaqnjugenis wese pusjtiad og LB W'E@@PRW'W'W t he
di fferent f@mcﬁé ag{mif; spestinomyeip(l 00 ugim|) AnH steeptopmytin (9%‘94“?')0 eppysice) sir one
pronot or robHPFRSCoNgatts BESTIAL wa 6?‘ %‘;‘0 %MH‘E’E’“& legp@SH/ 51, againstPstl-BamH
under | "hedigeaiesigtal DAL GRRC ?‘&(‘P%%ﬁ"? rdi r'?@a%?FP H( £R)48378#-i nvol ved
TGInltlatlon

in the ass |y cat ed.
codon is bg;}b a q° ' POy genoRends Al

chimeric gene [e prow ded at the 3' end with a sequence which contains
the 3 -ra-n@%ed region, including the polyadenylation site, of a gene

I ch iZ&SJ nat *e)én%c@@ &6 HeskribePhe?d Yor theiahstormatith of toHab MaRQelR Gk EdRSrorntiflon €S

have been Ws&8sucPastfce tdstribelirE6&bn o dhbtah (Hé Geneldtinlof Sfids tidsud Bdpdirrérdrtibted plants
fragnment G@mikdssirshdfolntd cdlis. UNt r ansl at ed regi on of the octopi ne synt hase

gene (pos 11939- 45 11233 according to Gelen et al., EVMBO 4, p. 835,
1984) . 283" tPockinsSit CodultivitiodflpesloplapteS1152, pGS1153, pGS1162, pGS1163, pGS1251,
pGS1261, pGS1253, pGS1262, pGS1271, pGS1281 50 A212 bp EcoRV-d al
fragment conTiés prcadyrd descriBés thextorultivetion bttobacegratoplasts with Abhgeterium C58€HRiffied thent o
t he Smal dsolationaf transfOined totlaace¢ed tilea bysdreaningfor EepRiserGeapfla s¢arablprmanker gugivas nopaline
2317- 2105 osforthe exprassianof aSelettehle rearkegsuch askyR@yajn repistangg@nd thegengheratign efyholg plgnts
p@lll% dogm gansgpmedcallygdinesCl al fragnent, containing the 3' untransl ated
region of the nopaline synthase gene (pos 1290-1472 according to Depicker
et al., J mmpafatmwfﬁmp'mgsz) 21 EP 0 451 878 Bi 3' SSu301 (in

F‘hf’l%” "o 812_? 5 %&ﬁte' ch ?@Ha ggsepaﬁs”@? o Yo B
It-h2

r|c enes are In
na D me

as fol Mows: oA ilsl EZ%
@ and'Ski siol. Plant, 15, 473-497, (1962)).
TTCTAAGI—TA;;I& I ents of 3 well d IIuIase Onozuka R-10

and 04% I H e%oﬁfca (ﬁot lt Pharmaceutical Industry, Co., Ltd., Japan.) in the fol-
o lowing solution:
40 KCl 2.5 g/l
MgS0,.7H,0 1 gfl
KH,PO, 0.136 g/l
Sorbitol 73 g/l
Polyvinyl pyrolidone - 10 0.3 g/l
45 ¢) Incubate overnight at 24°C in the dark;
d) Filter through a nylon filter with a mesh size of 50 micrometer;
e) Centrifuge in 15 ml tubes at 80 g for 10 minutes, remove the supernatant and resuspend the pellet in
20 ml of the same solution but without enzymes;
f) Centrifuge for 10 minutes at 80 g to remove excess of enzymes and remove the supernatant;
80 g) Resuspend pellet in 20 ml of 1/2 strength Murashige and Skoog medium supplemented with 0.22% Ca
Cly. 2 H,0O and 0.4 M mannitol pH 5.6;
h) Centrifuge for 10 minutes at 80 g, remove supernatant;
i) Resuspend the pellets in 20 ml of medium 55 (see below);
j) Count protoplasts and dilute to a density of 10 5 pp/ml. Incubate in 5 cm petri dishes (2.5 ml per petri
85 dish) in the dark about four days.

26



Bgl || site through site- directed nut agehe5| s 15 Exanple 8.1
Thi s exarrpl e describes the constrqgsomgydngDZOS an i nternedi ate vector
contdining a chineric Bt2 toxin gene conprising: the nopaline synthase

Dot or . il bl SRR vl sh ) RERE o iy Mookl it

containin regl on o nopali ne"synthase gene

I ncl udi ng th "
casset 16| 5 A e i LA it on

f
obtaingd fr Oﬂﬂa 2 W&Q%H@%%Mﬂﬁ&ﬁ&@pl&&%éﬂmd HoR fifdt kil @0IGiEn, 60 610 the Dadtéisl

exci sed fronmyg latidbd B8 hi oPt6lprEigplastéldpnBiSr{tHisterésants AouBeovbto batéra pexf
pLGV2382 (HepwpiayEstrel la et al., EMBO J., 2, 987-995, 1983). Two ug of

pHDI 60 DNA wenseubdts 48l hrsy indhegrafd. ed Wit h respect i vel y 2 units of Bglll and
BanH ( Boehr ¢)mgmsferthecell siispensitreto B peririfuge tubb, wash tBe/ (:Bi dish with thersarhe wobimewbmasiiun? 0
ul , usimng t hss supplerinted edth Dlafofae 50akeg/c andiadd it knthétanirifugé tubes Centiifuge(for 10 iminsites at
Cl oni ng ( 198899, re@ovath&Spupematartiandresuspendhtihe aellet iy the s voRmY of rgdiym 5§ gupplemented
pLGV2382 DNAwite@aforen 800imglidi - gested with BanHl underthe same conditions.
Subsequent | yd)Traasferde frtmpati disheqy@ Sanifish) atshinmpreent tppalldansity is prpravimatsiyA0isplis/m.
treatment wi tnpubatgpnder49p w6 hesrs agpy at R F?&f?' Ugﬁﬁﬂlt'h‘g@“ Wms(%%?ﬁ"?% gmed.
Mannhei®) us$) dP‘h?—f‘“&'dﬂ“’“ﬂ?‘t”]‘@F@ 50 (seqhef i&gs et al I ecu a

C oni ng (1982f\terédwgeks n BFP 'g{ﬁj@“ hlssm
ca ol 1 ‘wpﬂmsa R R R

BamH di gest H‘Ef' tf 'Y'l"@
(Boehrl ger 20 ul. Ligation buffer and
|ncubat25|1on ang; E‘ﬁ%s 16

'@ﬂf&ﬂth

sﬁgﬁd&@dﬂ B&fa}smérﬁ’g%b Waifus tissfle & tilghsS €

Boehri nger e:Q:U noﬂa‘ﬁ ' @8 describ bJAeE@Lt'apﬁaﬁfbéitﬂé&WWaS
transfornmed j §795MehfNo e,gggelda Ablg ks, (Col son et al., CGenetics 52

(1965), 1043 1050) accor di ng to Dagert and Ehrlich, Gene, 6 (1980) 23-28.
Cel | s as e gupad: ReGenération of thabsféred tabactd\Blantscr , Experinents in Ml ecul ar
Genetics (1972) Cold Spring Harbor Laboratory, New York) supplenented with
car beni ci | | i &) Grdvwhbpalink psitive drikanasfycn resistbrg calltforst vweekseened for the presence of

r econbi nant p)ITmafedheduqeromatmesallmn@ommmﬁﬂlmmmdﬁkoqserformed according to
Bi r nboi m andc)Owdwfof Nwesks. Aci ds Res. 7 (1979), 1513-1523). The orientation
af t he sBanH| d)Sighdrite shoglgarcransfer te the samamediugy grew fof 2-3 wesles tHgdanisdarmdeqter - ni ned
by~ BanHl - Pst #) Al hisistage emall iapts g transferred to grpwde2S0 mbeentglaers eqnpining 5P mbef sl stansth

pl asmi ds shof@manerfreg ige angySkogy ’Z"E‘F“"af%ar ose g%:t el ect r@%rem s, In the

al pha- ori ent ﬁﬁ%‘ﬁ“t "%lRE'"‘P"Pé fongiins 198 Preeipe ka(?ﬂ“ycg‘dfﬁ'f ﬁe
2300 b and LHCHH, g .Zg};g T
appr OXi tela\rﬁfgr ed.a ma?s % | Vi % & QE&:L éow d
\rl‘motjgl 't 2: j%’:% A nhlgi 6‘?%’;:% v(litt? én’i&?s % ﬁé (880G /ﬁ‘“ rofae
(PHD205. 45 ) o inG bR dﬁmﬁ; e ﬁneﬂh@wd.ga@.s%mw%

e | nier nﬁd KihrbsistREd 16Vel P L glaR isdatafrhihddBs the highdsBdohdentiitian df RifloR wHIB e leaf discs
conpri Si NG dlGisk foXaME @ksub.s OM a pea gene encodi ng a small subuni t of
ri bul ose bi pSaedalagtorthe plebunde/ds Acpaiine (fdpaile asbdypis PérRrredabdordiig Rth€modairdsieédiom
pHDI 60 ancbet iAerRs My, JEcoIVG,| Hatraldtesra QiR NarOontage Moankl Sphet & (1939) PlagtSdh ettersg&48-
I ncl udi ng sohe pol yadenyl atlon site. The fragnents of the chinmeric gene were
assenblked in the cloning vector pG/831 as described In this exanple and as
di agr amredcamposiiog of reedf 55The construction of pGv831 is summarized in Figure
30. Step 1: Insertion of a 706 bp Pvull fragment containing the 3
unt r ansl at ed- He $tt9n9tbf’ftt'91'éa%t"6$ﬁ“ﬂéth§ rephigecand Skoog galihe | nt o pGV831, to
yi el d pGv858: 1P’P’V§1 xdficronafpents) totally digested with 5u Hpal at
370C f&f | h; 1l!i‘§’|?f Hé"“ﬁ"?\'l,sdf?ﬁ'?&‘f?t%fer de- scribed by Maniatis et al.

Mol ecular C© Subs r phosphat es are
renoved 22 '1 L ?'gm 'ﬁ’%ﬁ%ﬁ%‘mﬁﬁ,ﬁa@&?ﬁéﬁ?nw th CIP using the
condi tions as len g@t cl atis et al., Mdlecular Coning, 1982. Twenty
ug of pGVAI9 [ ., J. Mol. Appl. Genet. 1,499-512, 1982) was

digested with sezogn
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units of Pvull for 1 hour at 370C. The resulting DNAfragnents were

separ‘at ed byel ectrophoresis on a hgpe 49yl agar ose gel (0.8% agarose 5

IFn TBE buffer). The agarose band containing the 706 bp Pvul |l fragnentwas
cutout and the DNA was recovered by electroelution. After phenolisation and
et herextracti S Rrec' tated with et han-!ﬁlc bé gentrifu&;gﬂ on in an
Eppendor f ce@&%%—ﬁﬁﬁifes, washed wi and
resuspended iandWekimori20£fo®. DGO uml Hpal di gest ethodddiedp(foeanktyd pGv831 was
ligated to O. u 708 bp frag t UosgTgd |igase in
a fi naI% vol urrc;,\a g’%n%fgttﬁﬁstghiebélrggt i on m xt urerr\‘i"/awb ?{Fagg%oﬂ rreZIHl?énlt 0
conpetent E. BiGHingst4mge  cells. (Colson et al 29 BEnHgBRsi 52 (1985),
1043-1050) awicedele Ned ly; Dagert and Ehrlich, Genmg68(xse 0)4a 8- 28. Cells
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samples gave signals equal to background level signals (obtained with SR-1 control callus) when reacted with
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45 In order to evalaute the efficiency of the procedure a reconstruction experiment was done in which 1 ug of
purified Bt2 was added to 20 g of SR-1 control callus tissue at the initiation of the sample homogenization.
Presence of Bt2 protein in these extracts was determined using the ELISA (with goat anti-Bt crystal serum
and rabbit anti Bt2, 6002). A strong reaction was recorded in fraction 1076 pH 4.5 as compared to the negative
control (SR-1). Fraction 1076 pH 6 gave a signal which was only slightly higher than SR-1 pH 6, indicating

80 that this fraction only contained a minor part of the Bt2 protein content.

In the ELISA, fraction 1076 pH 4.5 also gave a significant reaction with five different monoclonal antibo-
dies, specific for Bt2 protein, namely 1.7, 4D8, 4.8, 10E3 and 1F6 (see Figure 36). This strongly indicates that
fraction 1076 pH 4.5 contains B2 protein which is in the same configuration as the bacterial Bt2.

In the following we attempted to remove B2 protein from the extract using a procedure of immunopreci-

85  pitation. A5% volume of rabbit anti-Bt2 serum was added to the extract which was incubated at 4°C for 1 hour.
Subsequently a 5% volume of goat anti-rabbit Ig serum was added, followed by 1.5 hours incubation at 4°C.
The precipitate was removed by centrifugation and the supernatant was tested in the ELISA. This supernatant
contained at least 10 times less B{2 activity than the original 1076 pH 4.5 fraction, indicating that the material
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H3B@3; N pasAv8sults Q’ng,m Table 8: positive signals were detected in fractions | and Il oftf8thE8nshiictiele
4H 20 1060 and 1080, corresponding to Bf2 levels of respectively 1.9 and 1.4 ng/g original tissue (fr. I) and 0.27 and

0.29 ng/g (fr. l). Western blotting of the SDS solubilized material (fraction lll) revealed the presence of a faint
approximately 130 Kd band for both 1060 and 1080 callus material (using rabbit anti-Bt2 serum). Detection
limit of the Western blotting was 10 ng/lane, therefore these fractions contained at least 0.39 ng/g for 1060
45 and 0.5 ng/g for 1080.
Western blotting of fractions I of 1050, 1060 and 1080 did not reveal the presence of a 130 Kd band prob-
ably because the concentration of Bt2 protein is too low in these fractions.
The present results indicate that low levels of Bt2 protein are indeed expressed in calli transformed with
pHD1060 and pHD1080. Although small scale analysis of individual calli might not allow detection of immuno-
80  positive clones in these constructions, a more rigorous extraction and concentration procedure on a pool of
selected calli clearly results in reliable and quantitative detection of Bt2 protei_tl. A substantial fraction of the
Bt2 was strongly bound to insoluble plant material and could only be released upon use of detergents such as
Triton and SDS.

85  11.3 Detection of Bt2 protein in leaves of regenerated transformed plants

For the routine testing of leaf samples the following procedure was established:
Green leaftissue (200-400 mg) was taken from "in vitro" grown plants (5-10 em high as described in Section
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These results show that a chimeric gene with the Pssu promotor from pea in the construction used herein
85 s functional and induces expression of Bt2 protein in tobacco callus tissue derived from leaves, that did not
express detectable amounts of the same protein. Thus a chimeric gene that directs expression in undifferen-
tiated callus tissue may not necessarily be active to the same extent if at all in differentiated plant leaves.
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After two weeks active shoot formation on M&S nme- 56 di um cont ai ni ng 50
ng/ 1 kana S observed both with the controls and pGSl 11 0. However,

after transf E&rooedure essentially similar to the previous one was also used. This experimental protocol was however
85  somewhat more extensive in order to be more effective in reliably detecting very small effects on larval growth
rate. The set up was different from the previous one in the following aspects:
- care was taken that all plants were in exactly the same stage and condition so that the effects on larval
growth caused by differences in the condition of the leaf tissue would be minimal.
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to fresh selective M&S nmedium a difference became apparent between the
controls and pGS1110. Sone shoots gpg413geBi nocul ated with the latter
strai'n turned yellow and were growi ng slowy. The best growi ng and green

shoots were transferred _to nedj um w.thqut. n ). be
rescued In th[zgaﬁgéw ?f@@wed ""EE}‘%" ﬂégfqﬂ%lg%vgg%/%wgaﬁgﬁ%ﬁ %&ﬁ‘gépr?g?%'q—
after the sec E (Smg{&g %!tg{g tiRQoﬁ?Jl&@éQ}aQreur&ﬁ bOEb [AF0al WRRRLH tAQfIRNRAYe Fad VRS-
rescued from (g transfornmation experinent. Screening anong 35 of
these shoot stRhARE dsddlifthis $6 uPiverb B8R in tHaYTobnIYBSANtiI DY rdatidd & hagHIBIBL-B0 &b, e
they prodygRfhobfidwalingVat. Lddf tiscsiwiRdut L) tplaBedson WéPhillePlpsrhBELS dishes BRI 10 firdt inBtaigh
t he shoot Sarl@\re Yhcedsirdaci ddcl e platCive Groups of 0@ vaearereanded(s Id&fdis)nt ai ni ng 5
medi um  phengioyidirgtéandawktelly epsTolfomtd dvira 7TRlspperisd(atitis tifie ielrdy 10005 biihe qontedsavere had
occurred. idtheLpdndga). ned shoots were propagated "in vitro as snmall plants on
nonsel ecti ve nmedi um Anunberof these plants were tested for KnR resistance
usi ng t he Bxemple th.5c assay. Most of them expressed a certain | evel of KnR
since they fornmed callus on Km containing nedium Variable resistance

| evel s were Ple%tanefermeﬁwih@*m%%ﬂ%ﬁ?{ 0R50 were erpanpq 1athe inspgf aspay following proy ¢
t he pl ant edyse b Nesignificant sffest on growthsate g viebilisef thedarvap peuld g gpcerred using this pgpedprey ¢

10 61 19| Jieeudts efayaeanstrustion experment withpyfiad baciera fgin wareisp fflowsi s i ot ance 1o
500 ug/mi KnProwdyighibiion byt gp mardality wag observ Wsam’%@%g’smﬂ%ﬁ@?@%@gg@m e
transferr i r]t? vermculite pots. Wen reaching 10-15 cm height a first
I nsect to%@'ﬁ?—gﬂest was performed on | eaves of these plants (see section

3) - npl e . r ' :
I ew@ggl aporrd S Bt RIS ol bl B o ki N o Y
i nfection. Leagy gdipesnt  edd) (FHD1080 ExsinpldPéadlicii18pd SR-1 plants were incubated
during 48 h wi1r411(paossg[§’p, (pPD108b EXEMpR-1 $6ation 180 bact eri um t umef acl ens C58C1
R fR pGS1161. 14 (PesuCtBE, Rin+Snoby) pHD1UBH Bkanpids SettfdhHo)RUR pGS1160 cont ai ni ng
NPTI | ufidess costidlsia®it pht (PEHFS) WitFaniuiEdnsiok@ridd SRITtware UswdD Rudaitkate prispated hAubi@t2. on on
medi um cont aAywWhe Gurhiiér 6fdriaelthat wer@ 8¥iGh the L4idtgeadralrasdy wanld ®d., \oedied, 4f 150 hourdafiee
weeks di scs inigiation of the sssie Clearly tholfL; earisitiereis eahewhat earliel in the gredpsdf lagvae daeditdron

t hree weeks 8R4 alxtis1-6gs covipargd o thoed fsedingorthe Bt plerite161@d147 endddhdmnooe of tiiergrups
medi um The hassighifiaant morRlity beed escerderd (H6iordess iscnnsidered as Backgedund). t he | eaf di sc
agssay. bst Bl Mesniarwhwsightiatihend otihe pxperiment i preaanted indthy inppn o (grwae i Semypsiobn
on 500 ugl m 1ggviatienia eglquisted gn the mepnyejugs ofthesegrepiled wi th pGS1151 T- DNA:

PTR2- Bt : NPT2BeieW,arp g weight valuescaleyiated jprihe 3 larges lapvan fiopy e3ch growof 4. H?e results are

Tr ansf or mefPMpaiiblath te-kinptics of the L3-L4 trapsition; qoptrol lapyag arg sarpawhat Iarar hap lafyap fegding

cul tivat eP"8RPEMS) ants were Incubated during 48 hrs. with a suspension of

6gno b&teriu faciens C58C R fR pGS1151. Asa control A. tunefaciens
Co58Cl H-F%BMECOM aining NPTIl under control of pTR was included. 35
. Shoot f or mat i Q. ARAAISKE) LRITE Br3fon A0S piAits BESlhed Pom g gl 583 lute with
Kkananycin sulpl efii . '5&.'P)ént§ 5-26’25; d26ss wefepairs thedfoliowing b 11 han
N conty ol 19b Yarmitions red Gloupsdf fifla §Lb S per pIAR! AEsigniriedht growt8 inhi8ford O
fresh sel efpiVexnibiedb REth@HIERS ond) SdxBAkrvdeDWis dﬁ@eﬁg BektonlRai1-13 riidlafig adu Ot S

wer e transd qayd 6 ebeliiflg, Grapriddiftddin TabR A 3.[0dAd! PantsliRGudeiin GeSe Sipbrinehts WRRI@hsIEMEd N
vVitro as plisweGoreuiltaining Phaa\NFITII Gilly. I ERp.OIf frdnkiths 8 plpdtaptativelytsansfartred withn@a51110, 3
syst emat i q@ddusedidivthdntibition {(N20-88, ti26-22, N205 18y as cdmpareriiethe 8 éonfpbl plants(CAl22C3). in Exp.
conpl etel y2, reqilant (N20-37) out S pretdcedigepwtt inhitbitiog whenrainpared tb the 4 gerdrak pints (G4 C8. Qfat a

| ndi cat es GiIhe diffazeniesin grovdhmateare agparantwhen bomplete grawtiyrete suryds afe sompanedifseg Figyres n
expr essi ord8iand $Ybacco | eaves than the Pnos pronotor &qeGS_lll 0, Exanple 5 in
thi s secti onYhe samp planis were alpescreepadifor thegresence ginopaling ang 6?315@?1‘? agaiest kAngmesing n

t he gr eentiperder to dytpraing whether they were res} tragsfarmants. The pasylts %V\Pﬁﬁy ils gﬂa @ plants
resi st &hcesedjpthapregent ingectiests arqpompiled t}? f"?é’srs"'m‘l’ pla Ttgr?‘ﬁ‘)@ﬂl ’(:gfg °§'é?’f"i 95t 3) |
The | eve| @areamong the positive transformants, since they are Kanamycin resistant ( and nopaline positive (nos+).
Example 13.4
55 Insect toxicity assays were performed on leaves of plants generated through transformation with pGS1151
(Section 10, Example 10.7). Plants were 15-30 cm high at the time of testing and had been grown in greenhouse
conditions. '

Two independent experiments are described below: some of the plants tested in the first experiment were
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of Knk is determ ned systematically using the |eaf disc assay. 45 Exanple
10.8:* Plants transforned with PCSlgvasnerdsiS1163 T- DNA. PTR2- Bt 21 820 -
PTR2-'Bt 2I 884 Sel ect abl e mar ker kananym n resi stance 50 Transf ormati on

met hod: | |nfe on, Leaf d dfrom"in vitro" growmn SR-1
pl ant s we ﬁ Wc'f‘h EﬁFtBB%{‘éif"é ﬁér@f'&&eg?\cgs C58CI RI M pGS1162,
pGS1163 or, (as control). Discs vvere transferred to nedi a contai ning
di fferent G%Q;,%,QQ centrations (50-100-200 ng/i). Shoots obtained on all

three nce da h Pfdcddbre 5 fthib §e@fonf ExeU pk it ofiyiwb §5ips bASHIAvaka s
checke bmﬁgﬂéf*{%%%@%hﬁﬁﬁ@&de% nedﬁgnépcontml %3 pEO 500 ug/m
Km 55 Exa andifioRtBNitFof the finvab Were Willowddd loter 8 ey beriod arld thi\arvallwbight-abihe &dT860
30 EP Qfthie perfod RadiibtenrfiheicDadNbdresUns #k Expériieni e Repfeséritailiciable 157and inditaie tiatt i on
met hod: | asfaedbdiiing ioh b&veial Rdants thafsdidrmeld aittSpGE1t &1 shawd sifntfant'growthyinhibition dyr thevinitigiR- |

pl ant s sonerstage bfftReE bxpekimeint, bis ddnparbdio iapvae dsading aned eanird pEantOEd Skanfplef #tep33il WL of

Di scs i nf ahdladaefedding Agcapbal plaatiN21+197 haveedone lodies 2@EBE wWhilti thaRumBBAHBIC? Iatwgeds only

i ncl uded d§%arlessoh platts N23-18, 43 53¢ 80 ane e Wherdplloved qverd langerperivd.signifieantrnarialifywas

di f f er ent réqerded inchetarvae feeding ¢ropSSHOM-tpgormey plati Qi anewbihe plants (N24r Ak motialitya| |

t hr ee condeashed:400% afer legs thaw 7) days Mastalityen fhel agnirol platenly Feaghed (15% on daydcand A elct ed
Wit h CoBCithepivae ad Eirerdy oane to tharhd slegediivedm pontiast tothe Sher sfentipaving supstantiplly pp L3

engi neer ed@¥ReMRdN Dssues 10 Expression of Bt2 In engineered plants (either
callus tissue or differentiated plants) was nonitored using the ELISA
descri bed Bper@gptll oy 5 and adapt ed for assaying plant extracts. Conditions

for ar | nﬂ af?sqro%sassg ﬂs Il \}: g} %L %Bﬂ?lahﬁ@ﬁ% Ien'ormedo some
reons ugy, il eI ﬁ,m,w ? ?ﬁ’g g @L“%ﬁ%m&wu il feis

pl ant ext hthe siﬁ!ﬂ (BXH08% \dBRA) whild Haa ﬂfe\l' emd.

Si gni {1 cany &ﬁm blan@ﬁﬁtﬁswambf Werb é’tilleab@&f%rP&é% 6 IS it b4t Fhe 3/al ubbei t O
t he pr esenkBct@stsPh iifis Gveh inPabi& 17. AlBo indiGatdalateMe i FeBitance Tevels ad‘térﬁm&ﬁfoﬁhé-plm m
purifi g8l Hiagdstdtmed Wit pOSaR51:1hd detcestadeortaln) o the PV T8 ding dnlhdse piarilsdttetsaléral Bays;
experi Wenta‘ﬁdmeﬁﬁéﬁﬁélg’hthﬁﬁdIﬁ'bddthityurvwedhﬁ&lvgrawmdxp@mfls probably caused by
pl ant proteins present in extracts. Therefore, reliable detection limt in
t hese condiontlasivd: was of the order of | ng/g tissue, which corresponds to a
I_eveI of 2 ng Bt2 protein per g of plant tissue. K' 20 11.1 Screening of
ndi vi dual cTdbhdeo plants transformedwithiGS 154 and selestecforihigh Kmfesistandegieanlynduesseyere toxich e
f | owi ng efirgieen leraerfesding pribess plepts.fhe effests aminpest{arvae obgaived herayaeathogpmems thasq s
tissue wadndypeddy thm%m&wbmam"sibfseﬁe#m? deblas2rapda): thE)!‘t P‘&Pﬁ" itigy infthe
had the 25niti $pgedipia erHromne ingfer “&"’g ?’E!?tf "a‘ﬁ°

DIT 100 415 anpsepnt Eam,fable g Ry
cr unchis?lgm af'ﬂ"‘??t gj‘%%@ %’E‘fo mﬁt 'f’" E{%B'P f@sw %‘%‘ﬁ?’? %’%‘ W ey

ul of sup s':ﬂ?r |? B r‘;searn?é ftf2 I£r
a %Qﬂfgﬁﬁ'g % a%%léé:ge "L‘ e%& @ﬁ% mgo ?Em gf‘\’w o

T (crystal pr
\Répt | Qo (gfa 1] ifth @§r tmésdnﬂgr $i6H gefresnight

hours. %&@iﬁb@‘th;mﬁa&h{zm;\pr ocedur e 30 was cont | nued as descri be | n 5.1

fordetectl on of Bt2 protein with either rabbit anti-Bt2 serumorwith a

m xture of14nsasicihidi@hcedNiew phéndtyps) béduislitRrbughBansfotmétios, 1.7, and 4.8 (under

the formof culture supernatants). Exanple 11.1: Analysis of calli

transf @ ned MsidbatattaBiaktioniof the padiitabdormed with the transformation vectors described herein will con-
tain, stably inserted into their genome, a fragment of newly acquired DNA containing both a chimeric Bt toxin
gene and a marker gene (nos, NPTII). This was confirmed by the results of southern blotting experiments.
The new phenotypic traits acquired through this transformation method (expression of Bt Toxin, antibiotic re-
sistance, nopaline production) will be inherited according to classic Mendelian genetics. To verify stable inher-

50  itance of the new traits, F, descendants from transformed plants were analysed for the expression of Bt toxin

and synthesis of nopaline.

Transformed tobacco plants were allowed to flower and give seed. Care was taken that no cross pollination
occured. From 4 plants previously identified as Bt (161-9, 10-1, 147-8, 174), seeds were germinated in agar
medium and F, plants were analysed for the presence of nopaline (nopaline synthase being present as marker

55  gene in the parental plants). Plants were tested 3 weeks after germination (approximately 1 cm in height) or
later at 6-7 weeks (2-4 cm). The results are deplicted in Table 18.

From plants 10-1 and 147-8 about 3/4 of the F; were nos"*, which is expected from Mendelian inheritance

of a single locus (1:2:1). For F4 plants from 161-9, the nopaline signal was very weak when plantiets were tested
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35 Transforned cal | us cl oneswere obtai ned through the
prot opl astcocul tivation nethod as gegsishesh i n Seo- tion 10 Exanple 10. 1.
Sincé 19% of the clones were found to express nopal i ne (Nos+), at |east 19%

of them wey & L LAl QL5 rd NN Gon. ibe tREVH |R9£ Is we
the inter v.s?ile% o Hsiy& gib hedat § eﬁgéagene
can be i nsehlelied ﬁ&i% od in %E‘W plﬂﬁts fort ﬁn 'é'oian
Nos cl onesg,VGin& iS %Qﬁ assay. A to al of 18

cl ones 4 136 He%Re F mmrbﬁﬁt"‘buvtﬁﬂﬁ 45 SRS EnalySe B3 Qére h&e This AR PerdditaGe (Qs%ﬁéfh@d*
Once Or t WidicBtedinatthd e gBRY is Ink&FRd in'thE §ha& orfihér6 Ehah B ihddbéridéit lopisDRABAtsiweR
from pr ot Qb asdiys6dtbrith éxpredsion BRI ushithe EBISA Datadro ELISA 8dséyslon laafdisdub indicatédg nal
be recor dafkt BidhgrHandtype wasiEprelaidll @ith EC Thepsoré theBE2* todit i€ dteblyathedted. wer e pr ol onged
(overni ght i cdawuileabficells cortdig)inta madiat@éloning ®ectdreoamd bybtitplésmidvestora were derwjiteg potduc ed
a very 1ove desi 83with Daltsche Sérivalurigavok Mike-ongahisii(®S MY Geselledhalftdur Biptecnatogisdhe Eerbdhung

Wi t hout BtribHg@risbachstt-§DA8400,Gottingendiederhl Repiblicf Gerehagy{haying begn despatched thegetdnsiSthy 45
t he rel i alilecembet 19264)ianthhave heen assignedraccessign numpers gprfollgws: f i r m concl usi ons coul d

be drawn concerning the expression of Bt2 protein in these calli. Exanple
11.2: Detection ofg.Bicdlpr #62#n(peD2@dacco cal lus ti ssu@SMr&h%T ormed with
Cs58C1 M f R pHDI 078}‘:: W1i xs14" pPanSesEd callus ti ssue Q ginasegl froml eaf

segnent i nfections usTr grobact er| um stga g §M 076) (see
Section 10, Exanpl?> tumefacigns G2 n)rﬂﬂ?g%a calP 8{% he presence

of Bt2 protein. A eltumalfhbaéngm@agntn ClyHD1060) e tP8MS3IE3I®ed for a
econd ., tine after ”Zo—d'éys When they reached optimal growth, 200 ng was

used from&ﬁ&l;s&%' | Beindri1 P Hat¥ ado BUAHURb S At tR e Blpdsliofyand Béen Bhsignéd anldd- 2
firTst expepidhnRbmbs r M%Eﬁ fichtlardBbdRiM B PER HivanS SR (VR4S bBerdeBbsitédifith Theliitéd
clearly ahfyg ddpstrhehe KOlpRiiATe, NATIGRRITERSd Stbrabe laberatéryCOslrdda staaburhatslty, Ft. Collins,
(untransf coRdo éaﬁaalsélglﬁa seridi MaMber 8913 b7e5hd Wi fleBly avaligbRGpdr requestbbi t anti Bt 2
serum of see Eilgkes 6f caifk)contdihinigifternieaiats tioning@ctord lahd hybr@ipiasmid eektdrs Wérg depbsited with
COr r es pondiniegedn TypiJuitarx Collaétivh YATEC) i 28thDepenttie] 985 grelrhagr baan dssigisd@ccessiongiem-
term ned Ibersmefohawst son with a positive control (control SR-I mXxed with a
known anmount of Bt2 protein). Al sanples gave signals equal to background
|l evel signals (@t @olddKedéh (SEBEM2TINt r ATCEAlS339P when reacted with 31

PO 451 878 BI normal rabbit serumas a negatlve control In a second
experinment 13 out of 21 transforned cal ield naI 5| |f| cantly
above backgr ounEs( ERdir E534) (PlpKm}}) thﬁ}%‘ﬁ"lﬁ §§
corresponding to 4 ng of Bt2 per gramti se results |nd| cate t hat

Bt 2 proteln is produced at a detectable level ina fraction of the calli
transf 3t med with pHDI 078. ¢ About 5 weeks after the first ELISA
experinents, 4 selected lines (1076-10, 11, 12 and 13) which in the initial
screeni ng gave high positive values, were retested in ELI SA. From each |ine
\§9veral "subcl ones’ were tested (the original callus had been divided in

p1 eces gwhi ch were propagated i ndependently in the next growth cycle; each
new piece is referred herein to as a subdone). From 1076-10, one subcl one
was positive, one neg- ative, from 1078-12, 2 subdones were positive, from
1076-13, 3 subdones were positive, 2 were negative. 10 These results
indicate that callus tissue originally scored as B.t positive m ght, when
furthews propagated, give rise to B.t. negative callus. 11.2 Detection of
Bt2 in pooled callus extracts 15 In order to performdetailed

i mmunoassay screenings with an increased sensitivity of detection, concen-
trated extracts fromlarger anmounts of transformed callus tissues were
prepared. The procedure devel oped here for obtaining an extract enriched in
Bt2 pr8tein, is based on the property of Bt2 to precipitate at pH 4-5.
Exanple 11.2.1: Call transformed with pHD O76. i So' 20 Transforned
calli using pHD1076 were grown on nedi um containing 0.05 ng/m kananycin
sul fate and 140 g of uncloned transforned calli were collected (a pooi of
callusg ines 1076-4, 10, 11, 12, 13 and a nunber of unscreened |lines). An
extractwas made by honogenizing the calil in the presence of 70 ni
extraction buffer (Na2CO3 500 MM pH 10, DT 5 mM PMFS 170 ug/m).
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25 The supernatant obtained after centrifugation at 15,000 rpm was
dilut'ed by adding 50 mM phosphat e g ss1fepg®d saline pH 7.5. Subsequently
the pH of the diluted extract was brought to pH 6 with 1 MHCI and it was
i ncubated for 20 m nutes at OC and the supernatant isolated by
centrifugation and stored at OC (fraction pH 6). Wen pH was brought down
to 4.5 a new B.ecopitRSe4WhsLBRWIE20Rd (fraction pH 4. 5ATCO 5B8ggane way.
The pellets were washed once with H20 and subsequently |Incubated for 20
m nuteg at roomtenperature in the 30 follow ng buffer Na2CO3 500 nmM pH
10, DTT 50 mVE.PESEL1q¥83gkh2 (pRSUMI)pH 6 in 1.5 nl aABCEebB291pH 4.5 In 2
m). The material solubilizing in these conditionswas isol ated
aftercentrifugation, at , 000 rpm and these sam ples were called 1078 pH 8
and 1078 pH 425 f—@-g-fag’ﬁﬁ_;e??ft'lamqetely i dentical prBTEQuPedRE used to
preparao extracts fromnormal SR-1 callus material (used here 35 as a
negati ve cont pol u g gﬁt par al H 4.5.
Total protei néco}' fidract ‘gégs%i;né%g ?éﬁwa ‘%?S%%H L‘éecsgs}sg
600 ug/ m 40 1076 pH 4.5 6360
ug/ M SR-1 pHa,6tumefaciens C58C1 Rif: (pGs3dQoyg/ M SRadkcets3fed
3840 d(fy/mM 45 Tn order to eval aute the ef ficiency of the procedure a
reconstruction experinment was done Irkvvhl ch | ug of purified Bt2 was added
to 20 g of SRAL tumefatierns |CAEB8QN UL APpGSAASANi ti ati OATOE 53X anpl e
honogeni zation. Presence of Bt2 protein in these extracts was determ ned
SI ng tzpe EUSA (Wlth goat anti-Bt crystal serum and rabbit anti Bt2,8002).
rong react RontuBefdckensLP Gt Ridfct i (@$51d68)pH 4. 5 ATCEPHBIBd to the
negatlve control (SR-1). Fraction 1076 pH 6 gave a signal which was only

Contai nbd o nihoPuieEit g heD ML RR1IRA T | Brg B T on

1076 pkk 4.5 al so gave a significant reactl on with five di fferent nonocl onal
anti bo- di es, xspeghd f4c s Bishdar atie™, (paamaky) 1. 7, 4DBATéc853316353 and | FO
(see Figure 3‘8)’ This strongly indicates that fractl on 1078 pH 4.5 contains
Bt2 protein which is In the same confR| guration as the bacteri al Bt2 In the
foll owing we Atttune farieng a1l BiZ pripGSLAT7A) om t he ARCC 2833960 ng a

roceddt e of inmmunopreci- cs pitation. A 5% volune of rabbit anti-Bt2 serum
was added to the extract which was |mcubated at 4C for 1 hour. Subsequently

a 5% vol ume ohegbdFeEagiens, fR8CY Rifer JRPCRAL8ANded, foATERMEBIS7 1.5 hours

|ncubat| on at 40C. The preci pi tate vvas renoved by centrifugation and the

super nat ant wa ed i.n th i atant c | east 10
times IBss Bt ﬁm e or| gl n‘gﬁgﬁg%ppH 4.5 ﬁé@t%aal ndi cati ng
that the materi al EP O 451 878 Bl which generated the p05|t|ve
signals in ELASA@.%gga%nssoqug‘dlcqﬁlfy r(?ggygglpy anti ﬁ,(_?% qypdi es, again
~con- firming TheBrZ nature of the p05| ively reacting su stance in ELISA
\‘/n a ngxt experinment the above sarrplfgs wer e di al ysed agai nst carbonate
buffer pH 10.aAqtand fdcifense Q3ECLt ®ifi ndpGeb261) t he Bt 2amemtssygoof extract
1076 pH 4.5 was perforned by testing dilutions of the extract and a 5
solution of purified Bt2 protel n as @ standard in the ELI SA. The val ue
det er ni ned wal. 1umefpciensyiC38Gl Ri€ (BEEL2838) ume 2 MTCC ReXddist ructi on

experi ments (Bt2 added to SR-1 control callus at the beginning of the ex-

extract | bh prisoaedstend s ofdoaRE CuRediARE I\ ¢ e B IRAT on

Based on these results, one could calculate that the total anmountof Bt2
protein originally present in 140 g callus mas 305 ng, whichis 2.2 ng/g, a
resul t % hat arees well with th es made 10 forthe

screeni ng of dia(’/' @I@ E"?I"I"T’ @@d%ﬁg‘ %“? 35) These data show hat
Bt2 protein 81’ (8 At E- coll K811 R &9 agr?sfor med caili can be specifically
concentrated using a precipitation procedure at pH 4.5 as descri bed above,
allowipg us to quantify nore accurately the amount of Bt2 protein produced
in these plant tissues. Exanple 11.2.2: Calli transformed w th pHD1050.

39



15 A 500 g pool of selected callus clones (on the basis of previous ELISA
tests on individual calli, approxigpesarysf25 callus |ines, which gave

val ues above background, were sel ected) and honobgeni zed in the presence of
1000 m extraction buffer using the sanme procedure as described in Exanple
1. Material which remained sol uble apagyty 6§, but precipitated at pH 4.5 was
i solated by centrifugati on and subseguemntty redi ssolved in a KS 20

smal | vol ume of carbonate buffer pH 10 (see Exanple 11.2.1). Analysis of
the matgerial in ELI SA Toxieditgd (Dosard | e kniagsdicaecbaresgondi ng to 60 ngkm
Bt2 or 1.2 ng/g callus tJ 8) iR« 3. Calli transforned
w th pHD1060 and pHD108 d'fS 2 bAd)8 % P %qplpgoulgsghtly different and
nore extensive extraction protocol was used for the isolation of Bt2
protein fromthe engineered plant material. A protocol was devel oped to
recoverno eve residual Bt2 pro- tei ; SPlgubi ek zed in a
single extrgél'td?%en step as used in the p%r%@é%é&pgghg?ﬂgk%ﬁ% es sli?zl,l and
11.2.2. Such could be the case, since BPygri8gétar¥dht ai ns sone highly

hydr ophobi ¢ regi ons whi ch possibly interact with plant cell nenbrane
structures and therefore would be difficult to solubilize in the absence of
so def'®r gemts—Fhe—step—by——step—procedure—tused—here—woutc—at+owthe
recovery of additional proteins associated with insoluble plant cel
structure. serlieipidzgd mepr.esent ati ve ofo.tgse tpoQBecol is given in Figure 37.
Afirst protelLp,f td [ Lned by extraction in carbonate buffer pH 10
+ DIT gnd cgﬁg%h ég;#i£$ f%yggéﬁgacid precipitation (pH 4.5) (fraction 1).
T%f% fraction corresponds to the pH 4.5 extract obtai ned using the pro-
cedure in Exanples 11.2.1 and 11.2.2. 35 Mat erial not solubilized In
this firstextraction step and renmarning 1n the pellet s then treated with
the sanme extraction buffer containing 11% Triton X-1 00. Proteins,

sol ubi Iz zi NBurkfiee Bt PFOteiBns and prle®Spitt &¢Bng at pH 4.5 are contai ned

in fraction Il. The last step involves solubilization in 2% SDS fol | owed by
acetone precipitation, yielding fraction Ill. Fractions | and 11 are

anal ysed | mEtH-SA—and—Yestermbtottng—fractror—t+——which—ecorntatns SDS

is only analysed in Western blotting. 4 ELI SA results are given in

Tabl e 8 posigipe iy grahndavlr beddidmd in fractions | and If of both
constructions 1060 and 1080, corresponding to Bt2 |evels of respectively
1.9 and 1.4 ng/g original tissue (fr. 1) and 0.27 and 0.29 ng/g (fr. I1).
Western blotting of the SDS solubilized material (fraction |1) reveal ed the
presen of a faint approximately 130 Kd band for both 1060 and 1080 call us
material (using rabbit antl-Bt2 serun). Detection [imt of the Wstern
blotting was 10 ng/l ane, therefore these fractions contained at |east 0.39
nglg for 1060 45 and 0.5 ng/g for 1080. Western blotting of fractions | of
1050, 1060 and 1080 did not reveal the presence of a 130 Kd band prob- ably
ecausgg the concentration of Bt2 proteinis too lowin these fractions. The
present results indicate that low |l evels of Bt2 protein are indeed
expressed in calli transfornmed with pHDI O60 and pHDI G80. Although snall
scal e anal ysis of individual calli mght not allow detection of immno- 50
positive clones in these constructions, a nore rigorous extraction and
concen#¥ ati on procedure on a pool of selected call clearly results in
reliable and quantitative detection of Bt2 protein. A substantial fraction
of the Bt2 was strongly bound to insoluble plant material and could only be
rel eased upon use of detergents such as Triton and SDS. 55 11. 3 Detection
of Bt2 protein in |eaves of regenerated transforned plants For the routine
testinﬁpof | eaf sanples the follow ng procedure was established: G een
| eafti ssue (200-400 ng) was taken from™"in vitro" grown plants (5-10 cm
hi gh as described in Section 33 EP 0 451 878 Bl1 10, Exanple 1) and
honogeni zed in the presence of extraction buffer (200 ul), containing 50%
oft Nags C03 500 mM 100nM DTT, 480 ug/m | eupeptine (Sigma, L-2884), 2 nM
PMSF, 2ng/m ascorbic acid (Sigm, A 7631), 2 mM EDTAand 50% of FCS. The
t hsue was honogeni zed by crunching with a spatul a whereafterthe
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cell debriswere centrifuged. Thereafterthe sane ELI SAprocedur ewasfol | owed
as described forthe screening 5 EHo4mlsfa® ti ssue (see Section 11.1).
Exanple 11.3.1: Detection of Bt2 protein In tobacco plants transfornmed with
C58CI R fR pHD 1050. Leaves fromthe "in vitro" propagated plants (70

i ndi vi dual plants regenerated from 25 selected callus 10 clones) were
tested for Bt2 expression in;jhe ELI SA, using conditians described above.

From 70 plants tested, 5 gdudila glegr posi @ve tdlt Borf above background
obtaingd with | eaves of unyré&ls- formed SR-1 corresponding to Bt2 |evels
ranging from6 to 25 ng pe g, am wet tissue (see Table 9). One of the
plants with the hi ghest val ue-ll(pl ant no 161-9: 25 ng) was studied in nore
detail. Leaf extracy; react¢d positively with a rabbit anti-Bt2 serum and
with a mxture of ngphoclon I‘iqntibodi es specific for the i5 Bt2 nol ecul e
(undi |l mt ed cul ture supern&ants fromclones 1.7, 4.8, 4D6, 10E3).
Furthernore it did ept re t<v'/ith a pool of nonocionals displaying an

irrel evant specificfify. The ant extract was retested at |east twice after
freezing at -200C%%¥d t hay ng,l usi ng the sanme reagents. identical results
wer e obt ai ned eaclk|By ne, hgw=lever, the level of Bt2 declines gradually
with e&h cycle oﬁli eezi ng/ thawing, pHrabably as 8 wesult of Bt2 protein
degradati on. K> 10 Plu-lantgl'_.l-g @S ret Stedafter it had been
propagated in gre‘Huse cgdndi'tions at a stage when It was about to flower.
Again a clear posi8lfpe signalpmwas obtained, this time corresponding to a
level gf approxi mgigly S n B am td seue Shis segld bndbcates that the
| &Vel s"of Bt2 protgeh detedte® in engi neered plant |eaves mght vary
consid- erably demgnfing o the plants age, growth condi{j QQsS, €tc. 25
Exanpl e 11. 3. 2: Scdefni ng ¢f lobacco plants transformed wth €58C R R pHD
1060. Screening of*fgh "in \{itro propagated kanamycin resistant plants did
not yiesd dearly B3| positdjv&|pl ants using the ELISA et FoR d&scribed in
Exanpl e 11.3.1. 3Q(&kanpl &§411.3.3: Screening of tobacco plants transforned
wi th C58CI RUR pHBR1OF6g|Ledf extractsfrom*invigr r qpagated pl ants

obt ai ned through Thakh 1 t o ndﬁcti on net hod:mﬁrésﬁr %e%d& nfE@I SA( et hod as
in Exanple 11.%] 1@18Beti¢éntden plants were tested and none ofthese gave a
nositi¥e sig- 85 Zhdl . Hbubdedlent | . QnQadli £i dhaf’ flunber (21) plants were
screened when ®hey, .,- grqwn in pots and 15-20 cm high. Again no positive

si gnal above backeaelin verle tle rge@l @ F18AUpOn screening of these

pl ants. Exanple 1b}4 reqgni ng -f tobacco plants transformed with

pH D1080. 40 ABpuPl30|"in vitrow propagat ed plants were screened in
ELI SA. e plant (WBRNBIno |47 Gave & RO tEVe sbgralocer responding to 20
ng/g Bt2 both witi®fPab®it gnt2|-Bt2 serum and a pool of nonocl onal

anti bodi es. The exjenct frgmthis plant was consistently positive upon
(retesting in subsequent exgempiments. 11.4 DetectionrofB rgtein in

cal | us 4 i ssue derigiéf fromjl &ldves of transfornmed pl ants 45 The dat a
outlined in Secti gefll. 1, Exanple 11.1.2,11.3, Exanple 11.3.3suggests
thatthe Pssu prongdel constfr@]tions used here (pHOIGY6F & &l ess active in
differentiated pl &t | eaveg than in callus. To Investigate this further,

new cal lus tissue Yak genefatdd from¥egvds gfghg gﬁanﬁ pl aats used in the
previ o¥s assays. otaf di scs re cultured onecakl us 1 nduci ng nedi um and a

few weeks | ater thgpkallu®jmaterial 50 was collected and analyzed in a
simlar procedure$ithe only @]ffer@n@ Bei®fg that a Tris pH 7.5 bufferwas
used in the Step gigktractijon instead of a Na2 CO3 pH 10/DTT buffer).

Cal l us, induced st taneoygl y fromupntransfornmed SR-1 | eaves, was used as
negati V& control . Bl SA an B‘yvsi Dok the pHD1076 transforned calli reveal ed
det ect abl e amounts Bf Bt2 Sleim (Tabl e 10). These results show that a
chineric gene with ghe Pss§ pronotorfrompea in the construction used
herein 55 is funct&pnal and<ginduces expression of Bt2 protein in tobacco
cal lusgfissue derived from %veg,mt hgt di d pot_ express detecfable amounts
of the same protein. Thus ard]i rer &C weme rt hatt ofli Peed SNexpressi on in
undifferen- tiated callus t¥$jue may not necessarT|y' Bé 8ctTVvE to the sane
extent if at all in differentiated plant |eaves. 34
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EP O 451 878 Bl 12. Insecticidal activity of the Bt2 protein produced in
‘engi neered caili Procedures: a EP 0451sfd By assays were performed on first
tnstdr |arvae of Manduca sexta, fed on artificial diet. Three to four m of
liquid artificial diet (Bell, RA & Joachim F.G (1976) Ann. Entonol.
Soc. Ann. 69: 385-373) were di i npegchecoppart ment (4 cnk) of
square Petri di shes. Fornmal deh nitfed from'the diet After the diet
had becone solid, 200 ul of a ution]of sanple was applied on the
surfacg of the diet and dried aify fll o®. Fofly Sew y hatched | arvae
were placed into each h andnortality -0 were followed
over a period of 3-5 Cal lfjus extract fromcalli
d axtrlacto feom avpeol of calli,
s d&sqribed i1? $cS 15 tion 11.2
appligd onto the surface of the diet
xtractiedame®efy & FOP6 RH 4.5 dearly
rvae: |at 12.5 ul/Cm2 all |arvae
n2 10Q% di ed (Table 11). Toxic
ntly di m nished after
atf?12. 5%%arfd 5 UIP/ Ehtand only 37%
e t¥xijc activity can be depleted by
> 40 transfornmed SR-1 callus
etely fnontoxic. Since the presence
ant®filed S nAo&ol ogi cal |y, we coul d
e dd&tgr- mneld Bt2 conce ntration.
076 pH 4 contained 122 nglm Bt?2.
ta6.|l =y Bt protel n/cn2. Previous
cki-on 5.2, Tapkl e 3) indicated that
. 8 nglicn2 i nduces growt h inhibition.
That {t he Bb2«~ @xpressed in
afgPojin and & Pl ays toxicity which
bgct erfial Bt2 gene product. 13.
es of |transforned tobacco plants so
s84i ¢i dal activit expressed In
eZgi oyt h< af eZarlyl éo@ ality of
eaves |was recorded armtd conpared with
feeding on unt @ansflorned SR-1 | eaves. The
35 Proceg@ure|l Subsequent<experinents were
ri di ghes. Four |eaf discs of 4 cm
| aced onf wet fijl ter paper on a Petri dish
| nslt a%.418r vfae of 40 M sexta. Preferentially

r partSgiSthe plany were used. Twenty-four hours
ater g,second disc .| Bet 48 vhoyr searel €06 heurss after
Initiation of the expefjisient, tt’gmu% r ¢ foulted insects were counted at
regular tinme interval $| From thi'3 oul d cdlculate the MIrO tinme at which
50% of the | arvae had*noul ted.| The whgl e expéri nent was conducted in a
grow h chanber at 26C, 90%rel}- atjve jhum di§y and under a photoperiod of
16 hourss |ight and 8 hours darlkngds. In ordertoestimate the toxin
| evel s required to havea not all e fedton growtf rate andoviaabrl ity of
Manduca sexta larvae in the prilesest experinemnt, a series of reconstruction
experinments had to be included. To thi's end purifedsolubilized Bt2 protein
(Section 5.1)was serially diluted in PBS containing 0.5% Triton X-100.
St andar®® vol umes of M2 solution were nechanically sprayed (to obtain a
very honopgenous coating) on tobacco |eaf discs. Ten LI (first instar)
| arvae were placed on each |eaf disc, and 3 discs were used per Bt2
concentration. 50 Gowh rate and nortality of the |arvae were foll owed
over a 00 hour period. Procedure 2 Aprocedure essentially simlar to the
previ ous one was al so used. This experinental protocol was however

Exanpl @o 11. 2. 1. Extrag
and its toxicity was €
had a toxiceffecton the
showed growt h i nhi bitigne
activity of this materlaf] was
i mmuno® ecipitation (
death at 50 ul/cnR),
anti-Bt2 antibodies. :E
ti ssue, the negative 4

of Bt2 pro- teininthyq @
cor’ el azé)e t he observed|t Bki
The i munoassay val uegi i
Thus, 50 ul extragt p
toxicity assays With
Bt2 at .42 ng/cn2 dls 1Yo
25 Toget her Q|hesgs|rds
engi neered cal |l u$hisg
is in the sanme range of
I nsecticidal activity g
roced#es: In order fa
| &&ves of transfornmed®
Manduca Sexta | arvae
the gromh rate of | am
foll owi ng procedures ¥
carried®out on |eaf dis
di - aneter were punche
together with 4 x 10 fQirg




55 sonmewhat nore extensive in order to be nore effective in reliably
detecting very small effects on | ageks1@reosd h rate. The set up was
different fromthe previous one in the follow ng aspects: - care was taken
that all plants were in exactly the sanme .stage and condition so that the
effects on larval growth caused by Qaéggrsnces in the condition of the |eaf
tissue would be mninmal. 35 EP O 8 Bi - larval growth wasfoll owed
up to the L3 stage (unlike previous experinents where growh was only noni -
tored yp to L2)Toxidiiy @8 \BY:MPTORuEiSA Pidteini dnha@rBaanaeawas recorded

but al so | arval wel gt Hrrlastsfl%ate' r}@l LEgE; WS, FRGS 4 R 15 The pl ants
used in this set up'kae—gfﬁmﬁ—rﬁ~%#§—§$§eﬁﬁﬁﬁ3€rﬂﬁ+?$§g%ey reached a

hei ght of 60-80 cm but were not flowering yet. Leaf discs were cut out,
pl aced on wet filter paper in Petri dishes and 10 first Instar |arvae were
pl acedfon €ach drsc. Per plant, TTVe groups ol I0 rarvae were used (5 | eaf
discs). Gowh rate and nortality were foll owed over a 7 day period (at
this time nearly 100% of the control sToeir dase himgl/mlst age). 10 Exanpl e
13.1 Plant getpphedaf med wi tgh 3pHDI Obg, 21060, 107%65 sand 1080ger e screened I n
the insect assayfollowing pro- cedure 1. Nosignificanteffecton growth rate
and vi &bi | -tyeft-he—tarvae—cou-d-berecorded—usi-Ag—this—procedure *5
Results of a reconstruction experinment with purified bacterial Bt2 protein
were as foglows: Gowth inRighition Qefxho nmortegy ity wge obserw: at 25
ngl g and approxi mately 50% nortality at 50 ng/g. Exanple 13.2 2 An
Xtensipye toxicity test using procedure 2 was done on a nunber of
transfornegtpipm2s that wemNa pre- vgously scommd as Bt 300n i nmawassays.
These plants were 161-9 (Pnos-Bt2, nos+) (pHDI 050 Exanple | Section 10) 147
( Pnos- Bt 2, —mos+)—({pHBto5S0—Exanpte—t—SecttTom 10—t 74— Psst—Tp=—Bt2— Km,
nos+) pHD1080 Exanple 4 Section 10) 25 As controls a BtC plant (161-6) and
an unt eans{®} el SRidt werseedsed. Results are presented In Table 12. A) The
nunber of larvae that were still in the L2 stage, or already went to L3, or
died, at 150 hours after initiation of the test. Cearly the L21.-3
transition is sonmewhat earlier In the groups of |arvae feeding on SR-1 and
161-6 as conpared to those feeding on the Bte plants 161-9, 147 and 174. In
nope of? the groups has significant nortality been recorded (10%or less is
consi dered as background). y>. 30 B) Mean | arval weight at the end of
the experinent is presented in the upper row (larvae in 5 groups of 10,
deviation is calculated on the nmean val ues of these groups). Below are the
wei ght val ues cal culated for the 5 largest |arvae fromeach group of 10.
These results are conpatible wth the kinetics of the L3-44 transition:
control |arvae are sonewhat |arger than | arvae feeding on Be plants. 35
Exanpl e 13.3 Insect toxicity assays were done on | eaves of plants obtained
\fromthe transformati on procedure with pGS1110 (Section 10, Exanple 10.5).
Pl ant sgwere 10-20 cm and tests were perforned foll ow ng procedure 1. 40
LI-L2 transition was nonitored and 2 groups of 10 | arvae were used per
plant. A significant growmh inhibition effect, exhibited by sone of the
plants on M sexta | arvae, was observed. Data on the L1-L2 ratio after
about 3 days of feeding, are presented in Table 13. Control plants Included
in the$e experinments were transforned with vectors containing Pnos- NPTI |
only. In Exp. 1, fromthe 8 plants putatively transforned with pGs1110, 3




produced growth Inhibition (N20-38, N20-22, N20-18) as conpared to the 3
control plants (A, C2, C3). In Exgpo4rsremt one plant (N20-37) out of 6
produced growth Inhibition when conpared to the 4 control plants (C4, C5,
C8, C7). The differences in growh rate are apparentwhen conplete growth
rate curves are conpared (see Figures 38 and 39). The sane plants were al so
screened for the presence of nopali nepglik fsor resi stance agai nst kananycin,
in order to determ ne whether they were real transformants. The results of
the screening data on the plants 60 used in the present insect tests are
conpil ed in Tabffexidityl 6£ff Dotagt Bt2 Riwiteishokdd Kdn "8rpeessed”| ar val

O oD are arong L MBeBOBEbLYEn ! IRAR] s g1  Anla Y Ap@aKananyci n
resistant (KnR) an c T . . 5

| nsecttoxi city assayERgten Rrotsim Omaxtas ©InMancucRs S@XRAr at ed t hr ough
transfaesmati on with pGS1151 (Section 10, Exanple 10.7). Plants were 15-30cm
high atthe tinme of testing a had been own J reenhouse conditions. Two
| ndependent experinments are gg%%ﬁ%ﬁﬁt%éqéﬁﬁo%agﬁ the plants tested in
the first experinent were 36 EP O 461 878 Bl retested in Experinent I,
in order topgQRfi gRLLbhe observed toxicity effects. Experinent I: 5 The
t est wads perFor medpas described in Procedure 2 (this section

except t hat ofRgY @B broups of ten 9arv&edher & used 6per g ant %ﬁevvl ylﬂ?atched
Manduca sexta larvae). G owh rate and nortality of the |larvae were
fol |l oned ov a period and,the larval, weig at the end of hS

er| odzyvas gé?e%é‘n gg% Detail ed resulés froom Exp(rab?i ment3 I arg rep?ggent ed

i N~ Tabl'e 15 and indicate that |arvae feeding on several plants transforned
W th pGS115%gshawpshaBisEegapt29rowt h g nhibigion ign thegi nitieal loilostage of
t he experinent, as conpared to larvae feeding on a control plant. For
exanple, after 71 h, 60% of the |arvae feeding on control plant N21-107
have gefe tBt:NETR2 stage, whil e-the qunber0of LD larv&e is83nly 189 or

| ess on plants N21-18, 43,53,50 and 11. Wen foll owed overa | onger period,

si gni fi cant —fertatty—was Tecorded—Tmthe—tarvasfeedimgom pGSIist
transforned plants. On one of the plants (N21-11), nortality reached 100%
after less than 7 dayspaMoalaweigh®natter chrddyd (mggntarealy reached 15% on
ay; 7 ad 45% of 15 the |larvae had al ready gone to the L3 stage (this in
contrast to-the—ether—prants—hevRg—Stbstenttatt-y—ro—+t3—t+arvae—orn—tday 7).
Experi nent Mbxig0dose Results froma second insect test (lI1) involving
new y hatchqq %mégaxta | arvae wag pergogfred on sagre of tlge plantsigl so used
in Exp. |, foFfow ng Procedure 1. Results are presented in Table 18. A high
nortal ify rate was recaorded in the plants transformed—wi-th—pGS1i6i—{75- 100%
deat h) whil a3gegdl B2l | the |argae4fezaing on tie Lontrdl.4pl ants BR4- 102,
104 and 107 were still viable after 4 days. A conplete list of all the
\pl,ants used in insect tests | and 11 is given in Table 17. Also indicated
are thg, Km 6@sKdt 8t2e | evel s deternminb@-3or the Hldants 554 transfdrbed with
pGS1151; the percentage nortality of the |larvae feeding on these plants
after several days; and the nmean weig f the Jaryae t survivedcafter 7
days in Exp@?‘i’ﬁgﬁ'i | . Concl usion:~ 30 %9 Tobaclc%epl ant Is:lfjl?r ansf or ﬁéa W th
pGS1151 and selected for high Kmresistance clearly induce severe toxic
effectsson | arvae feeding on these plants. The effects on insect |arvae
observed here, are the sane as those induced by the B.t toxin of bacterial
ori gi n ( sckxitdiytiongwers appliedinisttifigial dietasdesgiibed int§getion 42. Thisth (@R stingtar laiveq ware ysed t he
initial stregdiufianetardation in the transition fromone instar to the next)
foll owed by death. It is apparent from Table 17 that the plants exhibiting
t he hi dhest levels of Kmresistance (500 ug/m Kim) 35 also induce the

hi ghest nortality rates. Thus, using the fusion protein construction, we
were able to select for efficient expression of toxicity by selecting for
Km r esi st ance.
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It should be noted that the use of a fusion protein, as described herein,
may represent a particular advan- Epges1em®Bi1only because direct election
for transformants of interest can be done, but al so because the fusion
protein itself mght have some intrinsic useful properties. Forexanple,

Bt 2: NPTI| fusion proteins mght be nore 40 stable in plant cells than
intact Bt2 protein and/or the nesseng@ABEB/Mgeri ved fromthe fusion genes
m ght be nore stable than intact Bt2 RNA. 14. Stable inheritance of new
phenot ype, acquired tr)r‘ouh transforpation 46 A substantial fraction
of the plants transféffe : tesRe R B

5 s—t&gscri bed herein

will con- tain, stabPgléewicns e ButioIn st R 2 gaéw of newy
acquired DNA containing bot hyq meRbBREEE Bed 0 Bagspe and a narker gene
(nos, NPTIIl). This was conf imv—t'n%—r'esuﬁ?'o‘?—sout hern bl otting

experirents. The new phenotypic traits acquired through this transformation
met hod (exprdasic@diof Bt ToxiBxp.adti bPbluttiare- Bastenial Bwypalcitne
production) wdddaiBe inherited accordingsigy cl assli/QOI\/EndeJ[,iﬁn genetics. To
verify stable inher- 50 itance of the newtraits, Fl1 descendants from

t ransf or ned i i

syntheéfs of nopaline. Transforned tobacco plants were all owed tofl owerand
gi ve seed. Wwaegl aken that no cross gollinati'gn occurgd. From4 plants
previously i%%n EfEEd as Bt (181-9, 10-1, 1478, 174), seeds were germ nated
i n agar medi Ff anad - F1 pl ants were anal ysed forthe presence of nopaline
(nopal ipe sy®iBEB86Pei ng present as na¥lEr 56  B8ne in e parenta
plants). Pl apLekwess tested 3 weeks after germ nagion (apgroximately 1 cm
in height) or later at 6-7 weeks (2-4 cm. The results are depicted in
Tabl e 18. Fremptreants—3+—t—arrt—i4+—8—abett——3i4—of—the—-FRl-were nost. which
is expected from Mendelian Inheritance ofa single locus (1:2:1). ForF,

pl ant skf om 161-9, the nopal i gepsi gnal e verywgakwhen plantletswere tested
37 EP 0 451 878 Bl atapproximately 3 weeks aftergerm nation. Due to this
weak expresst f t -S4 erefore
the nunber of positives mght be underestimted at this stage. However at 7
weeks %fcleaupgositive signal was deteqgiged in a 3324 of the plants. The
regson*for th expression in the |y age the plants is not known.
3\9 In thggﬁh9¥?on1plant 174, of tﬁ3%45 plan?éoanalygg , 43 were nosa.
This high peP&BBE4ge (95% of no se indikcates that the no§ gene is inserted
In the genone on nore than one independent |ocus. F1 plants were al so

anal ysgd for the expression of Bt2 toxin using the ELTSA Data from

ELI SAassays on |l eaf tissue indicated that Bt2+ phenotype was correl ated
with not'. Therefore the Bt2PPralt ild180ably | itedl/Cultures of cells
containing Internediate cloning vectors and hybrid plasm d vectors were
\deposited on 10 10 Dec. 84 w th Deutsche Samm ung von M Ko-organt sm ( DSM
Gesel | gchaft fur Bi ot echnol ogi sche Forschung nbH, Gisbachstr 8D 3400,
Gottingen, F8Beral Republic of Germany @having befen despa®ched thereto on
5t h Decenberpfi®®79 and have been assignged accessgen nunbggs as fol lows: E.

coli K514 ( ) DSM 7 15

_E coli K5 5“%5 HD205) >4 100 gé%/l 3128 5

R At éref acP%&SCl Ri f (pHD1076¥4  DSM1@®129 A 10@nefaci ens C58CL
Ri ? (pHD1G6O) DSM 3130 20 Cultures of B.t berliner 1715 have al so been
deposited with the sane depository and been assigned an ac- Cession nunber
of DSM 3131. Nicotiana tabacumcv. Petit Havana SR-1 has been deposited
with the United States Departnent of Agriculture, National Seed Storage
Laboratory, Colorado State University, Ft. Collins, Colorado 80523 and
assigned serial nunber 191197 and Is freely avail abl e upon request.

”
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25 Cultures of cells containing internediate cloning vectors and
hybri'd plasmid vectors were deposi greglasaigrdBAneri can Type Culture Col lection
(ATCC) on 24th Decenber 1985 and have been assigned accession num bers as
follows: E. coli K514 (pLBKnR5) ATCC 53390 30 E. coli K514 (pLBKnB3)
(wi thout | anbda repressor) ATCC 53389 35 40 45 50 55 38 EP 0 451 878 BI
E. coli K514 (pLBKm 820) ATCC 53388 E. coli JMB3 K12
(pSSU301) ATCC 5339#1"'EE—COI i K514 (pLBKn1860)

ATCC 53387 10 A. tunefaci esfmis : ATCC 53385 A
tumefaciens C58C1L Rif (pGSliThed Intermed até\ Mettops 15 A tumefaciens

Ch8ClL R fR (pGS1151) ATCC 53392 20 A. tunmefaciens C58ClL R fR
(pCBllGl ATCC. 53393 A tunefaciens C53C1 Rif IQDFQ11R?\

ATCC 53394 2 faci 8CL Rif 116 T 95 A
t unef aed ensp gﬁgl dnig (P ﬁ ol cpg é C%}e;?fil ens
C58C1 Rif (pGSllSl AT 53397 3 tume act ens C58C1 Rif

R(pGS1182) ATCC 53398 A TUmeT acT ens C58CT R T (PpGSIZ5I)
ATCC 53399 piiD1050 pWG3850 pHD20S  pIGV2382 pHDIRCA. tRnpef aci ess C58ClL Rif

(pGS1261) PHD1°6° PGV:??éit 58‘33?97R VR ef a@léas c%ea Ri f Km( pGSPES3)

ATCC 53401 3Rl f ATCC 53402 50
Thei r vi abi g§; e Iil&l c madg elﬁ':1985 ocgj“'l tures of
ar e y

E. coil K514 ogpercial 'y avdi l'abl e
\_ 2 POS10 pGV38S0 pGSHI0  pGVS874  pLBKm33  Pnos KuF*  Nos
pGS1151 pGV2260 pGSH1S1  pGSH150 pLBKM33  PTR2 KmF' t7
pGS1161 pGV2260 pGSH161 pGSH160 pHD164 PTR2 Km t7
pGS1152 pGV2260 pGSH152 pGSH150 pLBKM1860 PTR2 KoF t7
pGS1162 pGV2260 pGSH162 pGSH160 pLB1820  PTR2 Km t7
25 pGS1163 pGV2260 pGSH163 pGSH160 pLB1884  PTR2 Km t7
pGS1171 pGV2260 pGSH171 pAGS007 pLBKml4  Pssu30l Hyg ssu30l
pGS1181 pGV2260 pGSH181 pAGS007 pDC3 Pssu30l Km ssu301l
pGS1182 pGV2260 pGSH182 pAGS007 pLB1820  Pssu30l  Km ssu30l
(_ ¥ peS12s1 pGv2260 pGSJ251 pGSJ250 pIBKm33  P3SS*L KF t7
pGS1261 pGV2260 pGSJ261 pGSJ260 pHD162 P35S*1  Km t7
pGS1253 pGV2260 pGSJ253 pGSJ250 pIBKM2860 P35S*1  KuF t7
pGS1262 pGV2260 pGSJ262 pGSJ260 pLB2820  P35S*1  Km t7
35  pGS1271 pGV2260 pGSJ271 pGSJ270  pHD162 P355*2  Knm t7
pGS1281 pGV2260 pGSJ28l1 pGSJ280 pLBKM33  P35S*2  KuF t7

40 * KmF indicates Kanamycin fusions.
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EP O 451 878 Bi TABLE 1 5 ' Toxicity (Toward P. brassicae
Larvae) of Bt2 and B.t. Crystal PrgpoiusmsréB1 Sanple

Toxicity (nmean value S.D.*) LD50 .(ng/larva) 15 Solubilized B.t.

0.65 0.35 berliner 1715 crystals K> 20 25 Purified Bt2 protein

1.65 1.3 v 30 * S.D. is Standard Deviation. 35 40 45 50 55 40 EP O

451 878 Bl | ~~~~~~~~ L o 0 paarg 1 'UU 10 - 43
44 10~~~ 15 rni 00 0 0 0000 O ra0 o ii~— O o K-' 24
ta0 Q 5 00 0 00 00O0O o oyaH
-1 Results Immunoassays on Pooled Caldpg) Exprachs ~——-A| . 0
r- 25 o]
-4 0 N 7?s a | . 00 .4 r- W
T A - cAlL —My o Or-e——t———te—4—+3— A N
r- 1- foq "A4J.r4 pi Vv 0%0ON O O
E" A mng‘tt%g-ur?crgract Protein TotO BB in M- - st Q 4 OJ
0 0N ~ tion_ Fraction Ggptest |[Vplume JISA Blotting.;
vV O s M 4 U ug/ml  Extract ng/ml ng/g Volume 130 Kd
(ml) (ul)
N2 pHD1050 I 9650 10 60 1.2 50 -
(500 g)
pHD1060 I 7800 8 95 1.9 50 -
25 (392 q) II 640 1 105 0.27 200 +
III n.o.® 0.3 ND. N.D. 20 +
pHD1080 1 4150 2 72 1.2 50 -
(100 g) II 326 1 29 0.29  N.D. N.D.
L/. 30 III N.D. 0.5 N.D. M.D. 100 +

3% ‘X)N.D. = Not Determined

55
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3 O Uy -0 > " $.4 .9.44
N, |- 40 0 O epo4518788B1
- P#‘'dP V ~ -~ 0O ~-~-0 00% ('~~~~0O co N 45
0.U 41 U) 0D 50 1-i~~4 14 - -
U g Vc 4r - - -Lnc nr-mir .g4pLeg o(4 V l Ln r-i r- '"A%cD
0% -i c- n% E-4 A - [~~~ 4 -4 -f -t ..4 u-l 41
EP O 451 878 BI NNO 0 ~ 0 0O r-4~~~~(1
- (U Lgvels of BtB(Protein Dekected in Leaves from
)N 5 Imm itivdl pIRAEL e ahQ¥oEmed By pHDMIDD
o e NOO -4 nnpppsitiv Lo iorhe by i o O%0 E4 -4
a) O N 1 10
odr (4 4J .1 xn$4 pn Q,
0 N e 0 *0o o0 0~~)
"' 00 %$4 15 . 14 .
00 00 OBlantiIgolation ng Be¥/g fie@nt &igpue 4 r4
0) 40 Number V. M @ .r4 U ID0~ Q) 4
C col 050 ~ ~ ~ 0 25
e 4 84+4—5S =4+ *
- *v-H 4 Cs 0 %
O~~~ ) u-1 rd1-9 4i 25.0
10-1 7.6
~— % 10-2 6.0
147-8 14.0
147-9 9.2
25
o ®
TABLE 10
" Immunoassays on Extracts of Calli Derived from
' Leaves of Transformed Tobacco
40
Construc- Fraction Protein Volume Bt2
tion Content Extract Detected in
& {(ug/ml) (ml) ELISA (ng/g)
pHD1076 I 6200 7 1.
50 (59 g) 11 1520 1.5 0.
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p.4 4. 0 4 W30 02LA

54 0 epoasts7sBY~ coC 35
4 ' %'44 4 0 03 4. 1> w400
doCc40 e .9.4 $4 4i 01 $IA
a CPQ D 000 0 40 0 9 00
("4 0 45 TABLE 11 O 55 42 EP 0 451 878
Bl TABLE 4 5 Toxicity of Bt:NPT2 Fusion Protein on 3rd Instar P.

N ;
o 3w %0 MohsR1 a1 4 Far RNl rhe RN, BaR8RRa (WOWHL) L itvdL O €10
NT( x) 90 NT 100 Kj' 20 Bt:NPT2 NT 80
NT 100 NT 25 (X) NT = Not Tested 30 35 40 45 50 55 43 EP O

451 878 Bl FABEES5—-5—Foxtrecttyof—tntact—Bt2-Proterm—60—Kd—Processed” Bt 2
Proteine(Trypsin Digested) and Bt: NPT2 Fusion Protein on Larvae of Manduca

sexta 10 % pRetabtty after 4diaife Total Results After
Per cm2 Number L1l WC L2 Dead
(ul) Larvae
15
1076 12.5 4 3 1
N 20 pH 4.5 50 4 4
100 4 4
25 _
SR-1 50 , 8 8
pH 4.5
L 30
Y
(Control No 44 1 43
Plant Extract)
35
After Immunoprec:
N
40
1076 25 12 12
pH 4.5 50 8 1 3 4
45
SR-1 50 8 8
50 pH 4.5

55



16  Toxin dose: (ng/cm) 0. 67 2 6 18
162 130 Kd Bt2 0 0 EP 0451878 B1 3 8 100 K/ 20
60 Kd Processed Bt2 - 0 0 0 0 60 100 25 Bt : NPT2
- 0 0 0 83 100 Larval Weight after 4 days
(mg/larva) K> 30 Toxic dose (ng/CDE®BLE 12 0 0. 67 2
6 18 35 130 Kd Bt2 27.4 20.7 9.4 5.4
2.4 60 Kd Bt2 - 16. 3_ . 8.3 6.4 3.9 Bt:NPT2
- 2645 1Grgwth Rate and Mortakity pof Manduca Saxta kaxyae applied on
artificial diet as deveedbad on TeshsPorned ToYadcw téaggei st instar |arvae
were used per dilution. 50 55 EP 8 TABLE 6 5
Toxicity of Bt:NPTII Fusion Proteins or Bt2 Deletions on 3rd Instar P.
brassi cae LArfvaeaqvalVStagei af APPch: 4 (Mymber) @fELagype) Exp.
Dilutien Bacterial Extract strain 1/ 100 1/ 10
1/3 15 NF1 Tneg. 0 0 control) 20
pLBKNMB60O 100 98 100 pLBKnB65
2 Plant 0 25 l61~9 147 17@xp. SR-1 1/ 2FH1-6 1/ 5
1/1 NF 14 2 2 &30 pLB879
100 TOO TOO prB83Z 2 2
0 35 Exp. 3 1/ 100 1/ 10 1/1 40 NF1
4 %2 2 pLB879 22 22 24 8 5 so
98 pLB820 3 294 27 10033 19¢ 45 4pLBB884
& 190 10050 3 1 3 5 4
25 B. Larval Weight at 164 h:
Mean Weight 59.5 48,7 50.6 65.7 74.9
(_ ¥ per Larva (mg) 4.7 6.1 :10.4 77.0 86.5
Mean Weight 67.6 61.9 60.0 77.0 86.5
35 5 Largest 6.5 t6.4 1.3 £2.5 7.2
Y,
40
45
50



56 45 EP 0 451 878 BI
Engi neered Ti Plasm ds and Their

TABLE 7 5
| gpousprsie@ye Vectors Ti

51

I'nt enire- Expr. Bt Pl ant Pl ant
Plasm d di ate Vect or Casette Prom
pHD205 pLGV2382 pHD160 | —~ Pnos no
pHD207 pGv857  S|pHD162 | T Pnos Km
pHD208  pHD503 ZpHD160 | S | PRuSped Km
pHD210 ; pAC6 pHDl6A Pssu pda K
pGS1110 pGv3850 GSH1O | o pGY874  pLEKNB3
pGS1151 pGvV2260 {ISH 51 {pESHL50  pLB~1183
pGS1161 pGvV2260 JSH161 QGSLI%(J" ~pHD164
pGS1152 pGV2260 HGSH152 { =pGhHL pUBKn §
pGS1162¢ pGv2260 JGSH162 pGBH160 pl B1820
pGS1163 pGv2260 3iESH163 %684160 pl 81884
pGS1171 pGV2260 HGSH171 ] & pAGROQd <pLBEM 4
ssu30l pGSl181 pGR260  (@SHIBT  pAGSA07 b
ssu301 pGS1182 pGV6O pGSH18P pAGS0Q7 plL
ssu301 PGS1251 9260 pgGSJ2p1  pGSIZ50
t7 pGS1261 pGV226qg pGSJ? pGSJ260 pHDHi
pGS1253 pGv2260  HIGSJ253 | L pGEI%® © plBKn?
pGS1262 pGv2260 x§S1262 | pCSP260 pLB2820
pGS1271,, pGv2260 plbSI271 | pGSP270  pHDL62
pGS1281 pGv2260 $5J281  |pGS7P80  pLBHNB3
* KnF indi cates Kamgnycin flusi opns. 45 50 (55 46
Resul t s Tnmonoassays on Poglded bal lasEXtiract $
Protein Tot al = in- e ™ Western tiofp
Vol une 2s ELI SA Bl otjti ngj ug/ m Exct
130 Kd (m) . © ul) .
L m K=
" 1
-y [ [=] N o e~ =]
(-] o~ [ ™~
= =
- % 5 g 3
o/ < + v ]
1] L] - o)
P ! ©
o n < r~
LY N ~ (3]
o 4 o
0] «
35 3”; ™ :JJJ
e |o g
o ™~ ~ M O ord
] = -4 [}
_ <+ <
\_ o 5
40 Q S ™ : (=} &)
L] o
f o] o o O o =
ord L o~ ol
) Q
] -~ L= R = ] 3
45 5 1° -~ 2
« [+ §
W A
L Y
o o
3 5
50
2 2
3 =
Z Z
o -~
- - A A .
—t o o ™~
55 J | & o T .
(2 |8 3 |&
(41 B 7 T - A

Sumar ay of

Ti
3' End 10 Pl asm d
Mar ker pHDI 60 pVG3850
_ |- PHDLO6p pGv2260
§ ocs 15 pHD1076 pGv2260
& | Bc&K fRD1p80 pGv3850/
z ocs Fin|K. " 20
e PNPS K> Nos
PTR2 KnF t7
o el KM t7
& PT KnF t7
AT Km t7 25
% ATR2 Nm t7
& Pska3@l o Hyg
B3 N PEsu3d  Km
B182 PssuBd Km
EBKNB3 P35 1 Knf
@:2 P35S*1L Km t7
Q0 Heesslo knF t7
g P35S+ 1 Kim t7 sb5
P35S* 2 KM t7
:PSSS*Z Knf t7 40
~ EP O 451 B78 Bl TABtLE 8
L0 |Canst rale-| Extract
Q Fracti pn. Content
&t |ngfni rpfg Vol une
Q
- 5
1 ~
o - O C Q
o~ - 2,
4 »
Q
Tp] /7]
m o
[ £
(=] - O O 42
o™~ -~
1 [ o
o
e
Q
b
™~ - O O (/)]
(&) - [
<4}
8 o O o 8
o~ @
- 2
(&) [~ N~ -] Ee)
~ =
- A
o © o o 0,
™~
n
ord
o
S
U
Q
/]
Q
o
Q.
. °
(o} - N L
= = | g
2 15 = |
L] a ] -~
- 3 [\}) x
=7 %] (a] hand




K 20 pHD1050 I 9650 10 60 1.2 SO

- (500 g) pHD 060 I 788P 0 451 878 B1 95 1.9 50
- 25" (392 9) |1 640 1 105 0. 27 200
+ 11 N. D. " (x 0. 3, N. D. N. D. 20 + pHD1080 I
4150 2 72 1.2 50 - (100 g) I 326
1 29 0.29 N. D. N. DpapfE 14 111 N. D.
0.5 N. D. N. D. 100 + TXYN'D— = Not Determ ned 35 40 45 50
55 47 4 EP O 451 878 Bl TABLE 9 5 Levels of Bt2 Protein
Detected in LeavesChaxapteriistrinspo§i Plamt | fwvns Ekparsfenteloby2Gerr] 10
Pl ant Isol ation ng Bt2/g Plant Tissue Nunber 15
161-9 25. 0gl0-1
7.6 20 ' Piﬁg% Number Nos. Kle Ingegt fTox.g
14.0 14@-9 9.2 25 30 TABLE 10
| mmunoassays on Extracts of Calli Derived trom 35 Leaves of Transtorned
Tobacco 40 Construc- Fraction Protein Vol ume Bt2 tion
Content  Extrad¥20-%etected in (ug/t) (m)+  ELISA (ng/g) 45 [err]
I 156200 N20-30 1.6+(59 0) + I 1520
1.5 0. dy2p- 18 N.T. (%) + +
N20-22 + + +
N20-3 - + -
N 20 N20-46 N.T. N,T. -
N20-38 + + +
N20-31 + + -
25 N20-37 + + +
N20-7 + + -
N20-35 + + -
N20-13 - N.T. -
\J S0 N20-19 + N.T. -
N20-1 - N.T. -
35

{*) N,T. = Not Tested
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EP 0 451 878 Bl TABLE 11 5 Toxicity of Callus Extract on Manduca

Sexta Larvae 10 Extract Veb o8 878 ot al Results After Per
[ferr] Number L1 WC L2 Dead (ul) Larvae 15 1076

12.5 4 3 120 pHA4.5 50 4

4 100 4 4 25 SR-1 50

8 8 pH 4.5 30 (Geydygplysho 44

1 43 Pl ant Extract) 35 After | mmmoprec: 40 1076 25

12 5 12 pH 4.5 50 8 1

3 4 45 SR-1 Growth Rate andMortality &f Manduca sexta Larva® pH 4.5 55 49

EP 0 451 878 Bl F%Eliﬁglé g EE rt [ Vanduca .Sext a Larvae
5 Feeding on Tr n houbds o(?u%% & Egnxit 'rgane—sa-%g h:  (Number

of Larvae) 10 Pl ant with pGS1h5}| . (Experimgnt I) 174 SR-1 161-6
15 L2 1 22 22 24 9 5 L3
25 2% 6 41 20 Dead 3 1
R H ; .
3 5 epregf%ggd aﬁé Larval Weight at 164 h: Mean Wi ght
59.5 48. 7 50.6 65. 7 74.9 Per Larva (nm) 4.7 6.1

10. 4 5577 0 SambelBanf VEaEkde in a certain6Zt§ge (i, 3.2 or6932 77.0
86.5 3 %xj‘%rteg§3t(0) from groups JfG'Z‘E(’J larg'aé1 aftelf 3a pezr'itS:d oft 2
feeding on the tobacco leaves.

/2 pime Plant N21-50 N21-35 N21-11 N21-56
(Hours) P L1 L2 L3 D Ll L2 L3 D Ll 12 L3 D L1L2 L3

0 20 20 20 20

25
55 20 5 15 20 20
61 1 19 s 14 1 1 19 20
66 1 19 5 11 4 1 19 19
o ¥ on 1 19 6 5 9 3 19 1 910
76 118 1 7 4 9 5 15 1 811
81 1 18 1 7 4 9 5 15 2 711
s 87 1 18 1 7 4 9 5 15 2 71
92 2 17 1 g8 3 9 8 12 2 315
119 1 7 2 12 1 7 18 2 3 116
\_ 136 12 4 4 12 8 19 4 16
0 144 12 4 4 15 5 19 4 16
159 13 3 4 17 3 20 4 16
168 15 1 4 17 2 1 20 4 15 1
45
50
55



40 45 50 55 50 EP O 451 878 B1 [err] 5 10 15 40 O
0 51 EP O 451 878 Bl TABLE 14 Sgpésgiagésii stics of Plants from

Experiiment No. 20 Pl ant Nunber Nos. [err] | nsect
Tox. 10 N20-4 + : + N20- 30 +

+ 15 N20- 18 N.T. (%) + + N20- 22

+ + + N20- 3 + 20
N20- 46 N. T. TABLE . 15NERnSQ) +

+ N20- 31 + — + N20-37 ' +

+ 25 N20-7 + + N20- 35 +

+ N20-13 Time N21-107 {*) N21xd8r  3p N21-4800. 19 N21-53 +

N.T. N20-1 (Hours) D L1 L2 L3 D Ll L2 N[ ®5I1*)2NL¥. =DNot Ezspad 40 45
50 55 52 -
10

0 20 20 20 20
55 20 20 1 19 20
61 19 1 20 1 19 20
15 66 1 10 9 20 1 19 20
71 2 6 12 1 16 3 1 16 3 20
76 2 6 12 1 14 5 2 15 3 16 4
81 2 6 12 1 13 6 2 15 3 13 3
\_/ 20 87 2 2 16 1 12 7 3 14 3 11 4
92 2 18 1 12 7 4 12 4 3
119 2 18 9 3 8 6 7 7 17 2
136 2 18 14 6 9 4 7 18 1
% 144 2 18 16 4 10 4 6 18 2
159 2 12 6 17 3 12 2 6 18 2
168 3 8 9 17 3 15 5 18 2
D 80
*Plant N21-107 is a control plant transformed with the
same type of vector but comprising only a PTR:NPTII
85 chimeric gene and no Bt2 sequences.
\/.
40
45
50
55



EP 0 451 878 B1 TABLE 15 5 Gowh Rate and Mortality of Manduca sexta
Larvae Feeding on Leaves From TobageosfliezaBs Transformed with pGS1151
( Experi ment
stage (L1, L2 or

) 10 Represented are: 15

L3) or dead (

feedi ng on the tobacco | eave$
N21- 11 N21- 56 ( Hour $ )7
L2 L3 25 0 ¥pQ ~
55 s 20 o 5 1%
5 14 1 1 19~
1 19 $£30 3 &
9 910 76 1 18 & F o
1 18 1 7 Y59 ¥4
7 4 9o 5 oy o=
8 12 2 2395 119
31 16 136 12 o4 84 S
40 144 12 47 4§‘ T
159 13 3 4 © 17 { ~
15 1% 17 S 2'F
EP 0 451 878 Bl TABBEW®5 (com
N21- 43 N2l 53 (Houf
L3 DL1 L2L3 109 & ~
20 55 20 - =
197 1 26| ~
10 9 2% ~ $
1 16 3 13l 3 o
2 15 3 o 4 2
2% P E
(V-] Rl
— O M
w o [Tq]
2] o ™
= ol 1
m [$F 2 <3 -t
<L 3 ~ o~
B Lo ] -4
o/ sl e o
-l [79)
Wl {
ol -t
[o} (9]
>9 =
P o
G|l 3 -t
b -
| T 1
2| E ~
o &l ™
f =4 <
Q] «© ]
Rl -
o) B4 [y
[+ -3
/]
Ll P
* 1k o
OF -4
Nl P 1
L) —~
o o~
%) =z
[4)
1]
50 0 o
Q wn
& &
N
1
55 [)
1=
.é-:

Nunmbers of larvae in a certain
D) fromgroups of 20 |arvae after a period of

2 Ti me Pl ant N21-50 N21- 35
Qll 2 430 Dbl Ly &3 D &1 L2 L3 DL1
A 20 B - 20 61 119
20 66 11 5 11 4
9 1 19 W ®s 5 & 3 11
.-7‘ 4o % o o 5ulhs 1 8 11 81
L LS N = 7 11 87 1 18 1
Al 2 7 11 92 2 17 1 8 3 9
at 1172 el 7 o 18 2
Sho 8 191 W« 4 16
H 2 858 S 19% Iw 4 16
3 20 4 16 168
0 4 15 1 45 50 55 53
'@ 5Jiden nN21-107(*) N21-18
2 DY 2 L3 D L1 L2 L3 = D L11L2
a 20 o 0 o o 20 o & 20
2|o ~1 o o & 20 61
1 49 20 15 = 66 1
Sl1&83 7 Y 207 B 6 12
20 76 2 6 12 1 14 5
Ql O [Te} 0 O K]
— - ™ o~ t')
3
red o O N N < ™ N T
| N N o~ (o] QEJ
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81 2 6 12 1 13 6 2 15 3 4 13 3 20

8 -2 2 16 1 12 7/EP0451878B8 14 3 5 11 4 92
2 ' 18 1 12 7 4 12 4 8 9 3119 2
18 9 3 8 6 7 7 17 1 2 136 2 18
14 6 9 4 7 18 1 1 25 144 2 18
16 4 10 4 6 18 2 159 2 12 6 17
3 12 2 6 18 TABLERL? 3 8 9 17 3
15 5 O 18 2 30 *Plant N21-107 is a control plant

t ransf orned wj t S of v r QLS 0 PTR: NPTI 1 35
chi neri ¢ gen%\é%%&%gesﬁgggé%ggﬁcaé‘g %%684\519%@1%5:%51«:\ a8l §75 B 5 10
15 25 55 e zfteg gicqppim ppriogee £ cffedingont spPagcanteatiesn wei ght
]9f Manlduca SEXém %larn‘t%etﬁ_iﬁQfoﬁnéFM]i:thpGSIiS)Ii ofc&:@el di;egr@suxfﬂﬁoacccﬁ Igaves
romp 1ant s [ r . t [ t t he
| ndependent g%g%h%eggnwe%%%&ﬁﬁ ﬁggrésgﬁgaﬁ n%é;har?ggg%?r%illiggdmnanyci n
resi stance | t¢klareicoppiled antkanapyednsragistanas 1qpedsi@Siehe protein are
\e}\le_sohéL S giym@@x@&t eKELAG tHd Bt :900d €abidss pg:rdwih/ stéldlewcurs) o Mean
I g urviyln r | : vae ant
21V f RUGRL K g yyicn gooa car pl BWeDst Y edibe). B O,

[err]

168 h) (after 118 h) - (after 168 h) (or 120 h*) N21-3 200
15 N.T. 25 34.0 5 200 30 Mean Weight Shiviving
52.4 R % Mortality ' larvae (mg/larva)
O 2 Plant Km Exp. I Exp. II Exp. I
A No.  (ug/ml Km) (after 168 h) (after 118 h) (after 168 h)
(or 120 h*)
N21-3 200 15 N.T.
25
34.0
5 200 30 N.T. 52.4
11 500 100 100 —
n 30 12 500 40 N.T. 16.6
W
16 200 45 N.T, 25.3
17 500 75 N.T. 13.4
18 500 85 95 9.0
% 23 500 90 100+ 12.5
29 200 55 N.T. 21,9
: - 2 200 50 N.T. 27.4
N 3
40 33 500 40 N.T. 27.7
35 500 85 90 18.7
40 200 20 N.T. 28.6
41 200 15 N.T. 29,1
® 42 200 55 N.T. 18.7
43 500 75 90 15.5
50
55



11, 500 100 100 . - 30 12 500

40 N. T. 16EB 0 461 878 B1200 45

N T. 25.3 17 500 75 N. T.

13.4 18 500 85 95 9.0 23 500

90 100* 12.5 29 200 55

N T. 21.9 32 200 50 N T.

27.4 40 33 500 TABLE 17 (cont'd) p 7, 27.7 35

500 s 85 90 18.7 40 200 20

N. T. 28.6 41 200 15 . .

29.1 42 200 554 Mortali N T. Hoan Velg g 500

75 Plant90  Km' 1 50 555611 EP O 45 é BT ABLE 17

(cont'd) 5 Nba.\\ei Gig¥mdISEm)/i (after A68 h) (Lfchbriialtt y (after 168 h)

Larvae ®ng/l arva) Pl ant [err] (or 120 BXp. | Exp. |11

Exp. | No. (ug/md Km _(after 168 h) (after 118 h) (after 168

h) 10 (or 120 h*) 45 200

30 45 N 7200 30 13. 7 ¥ 500 13,7 75

100 50 500. 7 15 5375 500 100 90  10.7 100*

12.5 56 | 290 500 2044 100* 75 12.5 22. 4

Controls: N21:102 .- N T. 0*

N.T. 25 104 °-- N. 9 3 o 22.4 N. T. 107
15 5* 44.1 30 N.T. = Not

Test ed ;35 40 45 50 55

Controls:
. N21-102 — N.T. 0* N.T.
104 - N.T. 0* N,T,
107 — 15 5% 44,1
- 30
N\
N.T. = Not Tested
35
\_/
40
45
50
55
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EP O 451 878 Bl TABLE 18 5 Frequency of Nopaline Positive
Plants in the [err] Ceneration Der epedsfgras1Tr ansf ormed Tobacco Pl ants 10

Pl ant No. Age of the Tot al Nopal i ne % of

Par ent al Seedl i ngs Nunber of Positive Nopaline 15

Pl ant Tested (wks) =~ Pl anTABLE 18 Positives Tested
147-8 3 74 56 76% 7

13 11 85% 25 10-1 3 25

20 5 80% 7 Frequency of Nopaline Positive Plants in the Fy 78% 30 161-9

3 66Generation DerlWéE Fidm Transformed/%6bacco Plants 107

81 6% 3% 174 . ° 5 43

95% 40 [err] Nopaline Signal Very Wak. 45 Clains 50 1. DNAconprising the
DNA sequence of_the Bacillus thuringiensis Bt2 gene of Fig. 13 from

nucl eot®de pos- ition 141 to a nucl eotide position between nucl eotide
positions 1938 and 1961. 2. The DNAof claim 1 conprising the DNAsequence
of Fig. 13 from nEt¥o¥ede pdaeiafother41 (Total nuci¥eBelide posi #i on bet ween
nucl eoti de posit bfrrardfal andeadfiQfigs 55 MmbéRONPogitRledi Mopaline2 formng a
chi maeric gene whi | so ¢ i . 2 pLompter region derived froma gene
whi ch i" naturall yﬂ(;a?gr essegggﬁed;?@f%nt psf&gf’l?s such as a %?8%?1‘1913@, Pssu
pea, Pssu 301, or P35S; and a 3' untransfestedi region, Including a

pol yadenyl ation site, of a gene which is naturally expressed in 58 EP O
451 878 Bl TABLCE I8 5 Frequency of Nopartne PosTtive
Plants zn the [err] Generation Derived fran Transformed Tobacco Plants 10
Pl'ant No. Abe7-8f t he 3 Total 74 Nop&éi ne of PRegent al
Seedl i ngs Nunber of Positive ;3Nopaling,15 853 Pl ant
Tested (wks) Pl ant s Positives Tested 20 147-8
3 74 he 769% 7 13
11 2 85% 25 :
10-1 3 25 20 80%
9 7 78%
. 30
-/
161-9 3 66 18 27%
7 107 81 76%
35
U, 174 6 45 43 95%
40

%) Nopaline Signal Very Weak.

Claims

S0 1. DNAcomprising the DNA sequence of the Bacillus thuringiensis Bt2 gene of Fig. 13 from nucleotide pos-
ition 141 to a nucleoctide position between nuclectide positions 1938 and 1961.

2. The DNA of claim 1 comprising the DNA sequence of Fig. 13 from nucleotide position 141 to a nuclectide
position between nucleotide positions 1961 and 2308.
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3. The DNA of claim 1 or 2 forming a chimaeric gene which also comprises: a promoter region derived from

a gene which is naturally expressed in a plant cell, such as a Pnos, PTR2, Pssu pea, Pssu 301, or P35S;
and a 3' untranslated region, including a polyadenylation site, of a gene which is naturally expressed in
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9 7 78% 30 I1gplo 451 878 B1 3 66
18( x) 27% 7 - 107 81 76% 35 174
6 45 43 95% 40 [err] Nopaline Signal

Very Weak. 45 Clains 50 1. DNA coMl_sg t he DNA sequence of the Bacillus
thurinaiensis Bt2 gene of Fig. 13 from nucl eotide pos- ition 141 to a

nucl eotide position betmeen nucleotlde p03|t|ons 1938 and 1961. 2. The DNA
of clgiml1 conpri S S B1% ogantEl1n 't h Myicl eot i de position
141 to a nucl eot cd@eﬁw m@atmm«gf&q@ad&bﬁ@& prams 1961 and 2308. 55
3. The DNA of cfarmI or Z tormng a chinmaertc gene wiich al so conprises:

a pronoter region derived froma gene which is naturally expressed in a
plant cell, such as a Pnos, PTR2, Pssu pea, Pssu 301, or P35S; and a 3

unt r &#Asl at ed region, including a polyadenylation site, of a gene which is

natural ly expressed in 58 58 EP 0 451 878 Bl a plant cell, such as
3 ocs, 3t7, 3 K3apMNog S5 AP Of Ahe TheTeddof cMaPahiZeor 2 chnprising the

DNAsequence of dfi garehaairorsdaumi@@tl donuaiesy bE ON pddilive nus{;ﬁq},bde position
3605. 5 5. Apro or an C da actl ve, trunc r ot ei n encoded
by thg DNAof anyggénnerl of cl‘gtélt%gglﬁ'héi gi . A protei nq’ﬁﬁg the anm no
acid sequence of Fig. 13. 10 7. An i nSestedci dally active, truncated
protein having an am no acid sequence of Fig. 13 between the nucleo- tide
positions of FIrg. I3 Oof the DNAOT claim I orZ. 8. A nybrtra prasmd vector
systgpp fortransform ng a plant cell genone conprising a Ti plasmd and the
DNA of claim1l d47s8 optional By integrat®l into t3 Ti plawesd. 15 9. The
hybrid plasm d vector of clai 91 8 harboregh I n Agr oppct eri ungggpreferably A.
tumefaciens. 10. A bacterial, e.g., E. coll plasmd expression vector
containing the DNA of any one nf r‘l alnos 1.2 and 4 11 A bacterjia, other

t han 2Baci | |l us thuringiensis. e.g., E coli harbori ng the vector of claim
10. 12. A nethod é r conmbattigg Lepi doptfsra corrpréom ng appé#gi ng to the

Lepi doptera the E) ein or trdncated pro-~ tein ofTany one clains 5 to 7.
13. DNA encoding the protein @ truncated proteindf claini® or 7. 25

Pat ent anspruche 1. DNA, die di e DNA-Sequenzdes Bacillus thuringiensis

Bt 2- &ns der Frg—T3vomUerNOREoT T dposT T on 14130 brs—zu el ner

Nul deoti dpositi on zwi schen den Nukl eoti dpositionen 1938 und 1961 enthilt.

2. DNA nach Anger«sch 1, die 8i e DNA- Secaéenz von Ia(ﬁ. 13 vans der

Nukl eoti dposi tion 141 bis zu glner Nu- 49 81 76%
35
174 6 B 43 95%
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) Nopaline Signal Very Weak.

Claims

50 1. DNAcomprising the DNA sequence of the Bacillus thuringiensis Bt2 gene of Fig. 13 from nucleotide pos-
ltion 141 to a nucleotide position between nucleotide positions 1938 and 1961.

2. The DNA of claim 1 comprising the DNA sequence of Fig. 13 from nucleotide position 141 to a nuclectide
position between nucleotide positions 1961 and 2308.

3. The DNA of claim 1 or 2 forming a chimaeric gene which also comprises: a promoter region derived from
a gene which is naturally expressed in a plant cell, such as a Pnos, PTR2, Pssu pea, Pssu 301, or P35S;
and a 3’ untranstated region, including a polyadenylation site, of a gene which is naturally expressed in
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kl eoti dposition zwi schen den Nul deoti dpositionen 1961 und 2308 enthalt. 35
3. DNA nach Anspruch 1 oder 2, di epoigs18&m8iBai res Gen bil det, wel ches auch
unfalt: Eine Pronotorregion, abgeleitst von einem Gen, das auf natOrliche
Wi se in eineg 1 t we ein Pnos, PTR2, Pssu Erbse,
Pssu 301 oderJ’E’g{géﬁﬁg{%ﬁ%&gﬁf%&gﬁ?ﬁgﬁl atierte Region, welche eine

Pol yadeny| a.erTha@siabflalnel 022 enpridingitise DNABSquBAce 6Blg, 1308 nduibbtidepbditioh h4 1GdvRicliids ©

i n ei ner Pfl oposidonz3sbd.e exprimert bt wie 3'ocs, 3't7, 3' nos oder 3' SSu301.
40 4. BNA nach Anspruch 1 oder 2, das di e DNA-Sequenz von Fig. 13 von der
Nuk! eot i dpPrsiAprefpin guap ingecicidally aqtjve, runcaied|pratein encegeddy U DAV ofanl pnef claimp bi2ant)
oder insektizZtd aktives ausgel esenes Protein, das von der DNA nach ei nem

der AnSprueheAaroteigh%gﬂeggmin%%ggé?ﬂﬁ%%ﬁﬁ%ﬂ.rd' 6 Protein, das die

Ani nosi ur esequenz von | nsekti zid aktives ausgel esenes
Prot ei 0 das i inkctididhily Q&R raARHBY poBinidVinglah @mind dcideblieReanNFigl 45 bdivéeh 8 nucleo-

ti dposi t i onentide @ésitlohsof Fig.313dethe DN\ ofiRi1 ék2spruch | oder 2 aufweist. 50 8.
Hybri dpl asm d- Vekt or syst em zum Transform eren ei nes Pfl anzenzel | engenons,
das ei n Ti &Pl Ahyhidplagmid ventas sysiem for frensfonming a iantcell genorme compyisingeItnirsmidand the DNA

i ntegriert i rPfelaie tor 2ppticopydntegrated dnto the Tiplapply | dpl asni d- ekt or nach Anspruch

8 beherBergt 4n erium vaqrzugswelse in A t ciens. 55 10.

Bakt eri el Igr ,+h§ .h@% E%%E%Yécéoﬁqgg%%r 5%%?@@&83%%@%'&%%&—'@@%& nach ei nem
der Anspr f 4o; hebabteriat, elg) €. bli Ptk lekpressiSh vectocontainihg the DN of anfone of dlaims 1,2nd4,451
878 Bl 11. Bakterium das nicht Bacillus thuringiensl ist, z.B. E cdas den

Veki or gacH. Artsagleds; bthérOhaneBaciius ¢hugtaiendi® e.g\/Er dol harboring thew&idt ioniefine 0. v ONn

Lepi dopterg, dadurch gekennzeichnet, daf nan auf die Lepi doptera das
Protein od %{G‘g%@%?&?’ﬁ'g?‘%?pﬁ%@ﬁ"w Aewing & thelepidontersibe protgin gr truncated pro-
aufbringt. 5 2% e ofiPmi P "das Protein oder ausgel essne Protein von
Anspruch 64g biRlobotei ADN conprenant |a sequenco
d' ADN a8 gi nceiﬂqé\teécﬁglgEB%(?HT@@%?%%@E&’%S%’7I'a figure 13 de |la position
du nucleotids 141 a une position de nucl 6otide entre | es positions de
nudsot i despatefiawspeticht 981. 2. L' ADN de | a revendication 1, conprenant |a
saquence d' ADN de la figure 13 do |a position du nucleotide 15 141 a
une posi tibn DNA, diedESDNA-SenuenzdesBabiius tHufisidnsiOBa-Gafs datFid 04 vo 8é Ndkidbidpositiond4308.
3i__ L' ADN do biseueipercNvideatielpdsition Zvischended Nukieatidpositionai 1988 widi19etichmyie QUi
conprend 6gal enent: une r6§1i on @éo- nmotrice deriv6es d' un gine qui est

expri md naf urtA nachAnerruch s die de DNA-Sequenz vomig 113 ven der hikleglidgosiiin, 141 inerplys
pea, Pssu 307Xdeglifppsiicazwisqaen den Nulleatidrositionen 961 ppd 2908 enthalc oy enant un site de

pol yadGoyl ft ig\A nabh AHSprd& oty di§ Sih cfdrtd &dn! ichS Rld: %EE&!HR Galdiddl ©

veg6tal e, telg t¥oi &iRem Serl, das 'mlicwgsﬁﬁ%{%%%% | tgﬁri Qf?’gn :
revendi cat i OrpTR2,0Hssd, Erb$a PN 0L ode? FAESIURH Ghela : sILt%rtg lofr, cr{i,ee;léi
position du rRdiyadehfiieiuhgéstelie?dined Gehs RBEHIENRddd Uauh WatifiGe! Weised inOblmer PlianZeRflle

_\prot 6i ne ou eREIMEHGSt GieBocs, BENGhGRAA 388L30¢) t € i nsectici de ood6ses par | ADN
do 'unse quel conque des 25 revendi cations 1, 2 et 4. 6. Une prot6ine

ayant |a seqidAaechdinaprighd-cder %idas dibcDNAeSeliieqpa ven FI® 13 von der Nukleotidposition 141 bis zur
Nukleotidposition 3605 enthalt.

5. Protein oder insektizid aktives ausgelesenes Protein, das von der DNA nach einem der Anspriiche 1, 2

. und 4 codiert wird.

6. Protein, das die Aminos8uresequenz von Fig. 13 aufweist.

7. Insektizid aktives ausgelesenes Protein, das eine Aminosuresequenz von Fig. 13 zwischen den Nukleo-
50 tidpositionen von Fig. 13 der DNA nach Anspruch 1 oder 2 aufweist.

8. Hybridplasmid-Vektorsystem zum Transformieren eines Pflahzenzellengenoms. das ein Ti-Plasmid und

die DNA nach Anspruch 1 oder 2 gegebenenfalls integriert in das Ti-Plasmid umfaft.

9. Hybridplasmid-Vektor nach Anspruch 8 beherbergt in Agrobakterium, vorzugsweise in A. tumefaciens.
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10. Bakterieller, z.B. E. coli, Plasmidexpressionsvektor, der die DNA nach einem der Anspriiche 1, 2 und 4
enthélt.
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7. Une protsine tronquée A activit6 Insecticide ayant uns s6quenco
d' acides amin6s de la figure 13 erépressd@rsB1 | es positions de nucl 6oti dss
de la figure 13 de |'ADN de la revendication | ou 2. S. Un systinme de

voct eur plgs ol f .

Vbt o e S Al 5 U 00 AR M By
6vent uel | e Wbrfdnfn izGrh Bel@hhpiBh VoA b skddptbia, daQurch gokatngdichhet, dak Manautdie lhbldbpth'ﬁ daks de
| a revendi cartstin dieldubgplegéhe Beutiin nath ehipimdeparisprichsSbisdauprifgt. M once A. 35
tumefagi ens. 10. Un vectour d'sxpression plasm di que bactsrien, par exenple
d' E. col i ,13c BNAotifiitdas Prisiq ader ausagiareng Breteingan Angaichfeader &pdifidi cat | ons 1, 2 et
4. 40 11. Une bactb6rie autre que Bacillus thuringiensis, par exenple E.
coll, hibergoant |e vecteur de |la revendi - cation 10. 12. Un procede de
lutts contfe¥enrdicationdi 4oni eres, conpronant | application aux Lspi doptires do

| a prota | do Ia RI’OtEI ns uge ﬂf ﬁhu.ﬁl SQngus gl
nce de Bacillus t is de la figyré 13 de | ition
revendi catt oASNET 314 b s ;ﬁ' gﬁ‘m‘mima 1938 b1 S1ET NS

t ronques des ‘reven

2. L'ADN de la revendication 1. comprenant la séquence d'ADN de la figure 13 de la position du nucléotide

15 141 & une position de nuciéotide entre les positions de nucléotides 1 961 et 2 308.

8. L'ADN de la revendication 1 ou 2 formant un géne chimérique qui comprend également : une région pro-
motrice dérivée d’'un géne qui est exprimé naturellement dans une cellule végétale, tel que Pnos, PTR2,
Pssu pea, Pssu 301 ou P35S ; et une région 3’ non traduite, comprenant un site de polyadénylation, d’'un
géne qui est naturellement exprimé dans une cellule végétale, tel que 3'ccs, 3't7, 3'nos ou 3'SSu301.

N
4. L'ADN de la revendication 1 ou 2, comprenant la séquence d’ADN de la figure 13 de la position du nu-
cléotide 141 a la position du nucléotide 3 605.
5. Une protéine ou une protéine tronquée & activité insecticide codées par 'ADN de I'une quelconque des
25 revendications 1, 2 et 4.
6. Une protéine ayant la séquence d’amino-acides de la figure 13.
7. Une protéine tronquéé a activité insecticide ayant une séquence d'acides aminés de la figure 13 entre
30 les positions de nucléotides de la figure 13 de I’ADN de la revendication 1 ou 2.
N
8. Unsystéme de vecteur plasmidique hybride pour transformer un génome de cellule végétale, comprenant
un plasmide Ti et I'ADN de la revendication 1 ou 2, éventuellement intégré au plasmide Ti.
9. Le vecteur plasmidique hybride de la revendication 8 hébergé dans un Agrobacterium, de préférence A.
35 tumefaciens.
10. Un vecteur d’expression plasmidique bactérien, par exemple d’E. coli, contenant '’ADN de I'une quelcon-
C que des revendications 1, 2 et 4.

4 11. Une bactérie autre que Bacillus thuringiensis, par exemple E. coli, hébergeant le vecteur de la revendi-
cation 10.

12. Un procédé de lutte contre les Lépidoptéres, comprenant 'application aux Lépidoptéres de ia protéine ou
de la protéine fronquée de I'une quelconque des revendications 5& 7.

13. ADN codant pour la protdine ou la protéine tronquée des revendications 6 ou 7.

55

I

RUTLT G



