A o 3
(MEdsta R3S A7

s

A =

of 39jd ANEH AE2 3FY FTHo2RY A wold 4 gl o7 7
AES 7ML ME F¥S ol A gl Jeu B4 5SS AQuid w)
A= £HIES 7] 25t Yo @Y /48 Heke AMgEA =g
olgldt Y4 woke] AMRE 5F sFout 54 UEhlE Ro] ofjal hH el
BEA ] 54 UshBEE AFe Aol siE 7132, BilEz gt AR
of AzZet BHed FAE Ut oy & ]""‘u%% s 4st7] 915t 2aliE
T 23, BF Feiqt So|xyog zL& 4= Q= Bacillus thuringiensis7} '%‘
st SAAUNALS IR formulations]a] AMERero T x&31A ¥t}
2Lt o] &2 zpejdo] o A o] mH But ofa}, M4t virizt 7%
8 wotel vlE] WA wixch o]HT AFE SHThR {AAGE AEH £
A B2 5F 3FoiE HAEL BRI 5 = YIS JHA
A EAE NUstA = e

B. thuringiensise Gram %F/ddolm EoF vtelglol2a] Ex} HAA| 7o) AA
chafg el §-endotoxing /st YA} ®x} A 2o AAFICH Dulmage,
1978). tiH-28] B. thuringiensis 5o 23] BdE= 5-endotoxin QIA|E
(Lepidoptera) £3of H4& uUehin, d¥E e|H(Diptera)?t =R Y&
(Coleoptera) Z{ztol el UMz QA& ma|g Falo H42 Uehis
Zies odelA gt J#BR §-endotoxine] HAAL Ul &3welel S AR}
71 gde] P24 FAdel ZASt A 419 #Ax 289 Lepidoptera-
specific(cryl), Lepidoptera®}t Diptera specific(eryll), Coleoptera-specific
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(crylll) 8|a Diptera-specific(crylV)eE MHE¥8tEHHofte2} Whiteley,
1989).

S4ee] AL AS ARYE, MY SAENAEL Aededes =39
oA Ty F3jaAo] o] 4£3HE v BEE 7MY SETNAR R
ol wf, B4& I FATIUIAL FF Aol Exdh= Hold £gao Ay
T ohy, S8 o-helix Fel= 4 o R AgE o] odo|R MY AdS
Faurh 1 A2} 3 AEE K B Ao UeA HERH A2 AXE &
Al B|oh(Gill 5, 1992; English?} Slatin, 1992).

ZEUEFe] AEQl  Agrobacterium tumefaciens= Ti(Tumor inducing)
plasmid§ 7}xI5L Qlel Agrobacteriume] AEAM Y A ¥-glof 7EEUS of
plasnid®] 77} A&EA ¥ AR HolHe] W AcrHChilton &, 1980).
o] plasmidg ©]-&3le] JIFAEL FAARE FAL SNAHE AUstA =Hox,
o|®HM Agrobacteriurd o] &Y VAIH PYPoz Y= KAAE AEHMUE =
Uy 4= olA = rk(Fraley &, 1983).

olu] FEYH rlgtt SN {FAR}L, crylA(b)el erylA(e)E HAAHE
82 FubAe] Al ghelst  EntREe]  WAAFIREHN  Manduca
sexta(tobacco hornworm)gh= #30] &S H9YE& HsterhFischhoff &,
1987: Barton &, 1987: Vaeck &, 1987). o] #Fojx HYNFL RAAE 15
AEolA WHEAZoRHN J¥PEI 2FAETE] AEEoxE I E(codon)o]
M2 el o] fRzxte] Uy Ggo] Holxle EAEE WU S4UwA &
AR} erylA(b) 2} crylA(c)E olm| it Mdojs W3lglo] @71 whe WEHA
HBA crylA(b) &l erylA(e) R-AXE 3o £l 2 W 58S Fujaz
CH(Perlak %, 1990: Benedict &, 1993). 3 ©izxjyg AEqys
electroporation “}Ho]i} microprojectile bombardment 3o 7jdgo| wla} =
T2t ol HBHE orylA(b) FAXY =Y @ Wdo] RIE grh(Koziel F,
1993; Fujimoto &, 1993). ¥A7}A] /|LH old FAAH 2 EMN= 24 A¥YSE
of 2t}

atabx £ =ZolMe sE HoldtA B4e vehis SAdwwd fazt
& B. thuringiensis subsp. kurstaki HD-1 FF2HE Ea|dle =3t}
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a#5 22YE crylA(b) 8} oln] SEYEo] Eouhe crylA(c)(Min 5, 1986)
FAALe] Y FHE Wil olF fAx FEEE ARYsl Zolzt 77 o
T AN 71R ] AZUH crylA(b) &} erylA(c) R-AA 25 A3t ol
6712 SE2E5S ti@dFolA Ztzt WEAHA oA MAshes AR 33l wh)
A Mol (Spodoptera  litura), Wujulel(Heliothis assulta), Y=ol(Bombyx
mori), BiS-F L}l (Plutella xylostella) 8|5 BELIMH Hypantria cunea) S0
HAAAMAAN 2E 54 BAxE v FdEsiych ok oley AxE Ed
crylA(b) 2} crylA(e) RAXE AFAEY FAARE {Ax 2ukAlo] Adsta,
Agrobacteriumg ©|8% el /IR Z=UWHE o|8ste  ©wl(Nicotiana
tabacup) A EAo] =Y W WEAZICZHN ghulibie] ofs) WEE Zte BAA
e 2ol A EAE Ustazt st

= =2
i [

1. B. thuringiensis subsp., kurstaki HD-1 FF23y SAdchalzl 8.4 =x}e]

22y

(1)B. thuringiensis subsp. kurstaki HD-1 @325 plasmid?] Ea] 9 ZA
3] [} HelHHel

B. thuringiensis subsp. kurstaki HD-1 FFE2X-E plasnidd 22|% ¥ BamHl
3} Pstl o2 ATEFEL Atz ArjdBy th, B thuringiensis subsp.
kurstaki HD-73 @3 28H 224 crylA(c) $AAMin 5, 1986)2 %P2 E=x|
5to] probe® ARR-3)A4 Southern ZAJ3} WS-8 4¥¥ A PalI T FAHAT|
%t plasmid4te] 15 kbp DNA band $]X|oflA positive signalo] Zzis}eit}(Fig.
1A(1)).

(2)EMBL3 vectoro] SHAdwtuizdl J-Azte] S84y
15 kbp BarHl DNA AHE& Z 2wWsl7] $5te] BamHl arn& 713 EMBL3 vector&
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Aelslo] ligationAlZl ¥ in vitro packagingsl¥Tl. Packaging FEES
E coli T3 LE3920] 2+ A|F|5L LB agar #l]x]oll =25l plaque ¥4 & RT3}
At} FAH plaque nitrocellulose BtoE Holx|Zl F ¥pg HX|H crylA(c)
FA=S o] &34 Southern EA¥ whE-& 3SIATE Positive signal& LE}

£ plaqued] DNA & FuiA7I7] #lst &3 MES FFEst wjaT F,
phage DNAS Ea|sleirt. Ee2|¥ phage DNA:= A 3tH A BasHI, Hincll, 1E|3L
PstlS Helstel AZGFE F, PE EXH coryi(c) HARE ol&3A
Southern ZAJ %} w22 =31%t A3} HincllE A 2]%t plasmid DNAAYOlA] 7} 7}

51 Zh2 positive signal& @& 4 2 Yri(Fig. 1 A(2)).

(3)pBR322 vectord] E WA [FAzpe] 22y 4 HEL = A/

Hincl1E& 2%t plasmid DNAAe] L}ElY positive signal-2 ¢F 4 kbpoll 3w
31, 4 kbp DNA A& gel 2PE % $35lo] pBR3I22] EcoRV $IX|o] A YUBIRZH
pBTbl z§Z 3% plasmidE A%ttt 22X YH plasmid pBTblS ©]-&-5led Thokgh H A
& At ¥ dA7|gEstney AfEs ASE /g3t riFig. 1B),

2. E. coli FFoAA crylA(b)2} crylA(c) Hgde A2 iy

pBTb12} pBTcl 2L o]L3l E  coli®] ¥ vector?l pl6HB(Choi 5,
1988)0y subcloningdl= A& R A#5s1o] Fig., 20 FEASHE}

()erylA(c) St {3 x}9] 5° upstream F-9Jof Exfdl= ATC L ES] HA
gl d71448 &4
Z] 2% plasmid pMK73 (Min%, 1986)o] E2YH crylA(c) ZAehd FAAE
BarHI Q.2 A g|¥t F 3.7 kbpol 3jdt= HAATHNA {AAE gel 2FE ¥ -5t
of pUC19¢] BamHl l1xJof Atelstdct. olFA z2MZYH plasnidE pBTclLE HHY
st
ZE2YH crylA(c) FA=L2] 5 upsteam F#lofl= A g ZfAEE, ATG,
o] dox 1 eF-9lo] W ATC =L 7R 9loEg SAduhal {AxE

50



L

i

H H
E E E 5
B ND ND
C ¢ N K N FVEV K
B e
[ NH2 COOH |
0 1 2 3 ’ 4 (kb)

Fig. 1. BSouthern hybridization results for the cloning process of the
insecticidal toxin gene from B. thuringiensis subsp. kurstaki HD-1 and a
restriction map for the toxin gene, (A) DNA was isolated from A&,
thuringiensis, digested with BamHl or BamHl/Pstl, electrophoresed and
Southern hybridized with *P-labeled crylA(c) gene (1). Cloned toxin gene in
EMBL-3 was isolated, restriction digested, electrophoresed and Southern
hybridized with *P-labeled crylA(c) (2). (B) B. thuringiensis subsp.
kurstaki HD-1 toxin gene in pBR322 (pBTbl) was digested with various
restriction enzymes and run on a 0. 8% agarose gel electrophoresis in the
presence of ethidium bromide, visualized with U.V. and a restriction map of
pBTbl was built. M, BRL's 1 kbp DNA ladder: B, BcIl: BM, BamHl:; C, Clal: E,
EcoRI: H, HincIl: HN, HindIII: K, Kpnl: ND, Ndel: P, Pstl: PV, Pwill; S,
Sall; 8C, Scal. U, uncut,
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T3 (Min e al,
1988)
!

t
Sunclening of the toxin gena

X
B VH" X ONSS HM imta plcLe
: ! i
FETHL
EB X HNPRYEH
R sBTel
}
Ydel cut/ sma] euv/-# ' Pl T2 paTel
' Soal eut /
End filling
o | | g
Lxga:‘.mn Baldl dllgesman Kol cut P
f al e Shal/furdlIl cut
pLC? Self ligation $eal partial eut ‘
. ~ I | !
‘ Hingll aut/-P 1 ! ot DLinn
Pvull cut SamHl cut :
e — End filling Self ligation
i
joedly ' \v AT |
v
: Ligatisn Poull partial mut |
! Self ligation
Bamdl/Patl sut , l | damil euie?
. ! .. _ NGpEMT
l famHI Pst] eut Barmd] linser I 8P K Tedt BN
e . [EE— il P .
\ Ligatien (pBTe2 -1) ‘ Ligation \’
| pBTR2"
| +
/Clal parsizi o €3 X HNPVBE
Pstl eut/Clal parsian Sdv v il X N F 31f tigatien (5.1 vop)
Psrl/Clal cun! pBTe!
! - -
PR . MNOISM
! el x bnoge B4R g B AVH K EHN
: - e r——— el
L.gation pETc2 e
Bati pa'rng' /-
(6.1 kop)
(5.4 kbp)
.. NDTEM
EB PYIH K N BC K SHN
Ll oLty
26Thl
) oTGHB/BTR3  pIoHB/SToZ  pif+E/3Tol’ oTe-R/BTed  aTeHB. BTc2’  ATGHB/BTel
(6.8 kbp I

Fig. 2. Scheme for the subcloning of the insecticidal toxin genes from B,

thuringiensis subsp. kurstaki

HD-1 and HD-73

in an E.

coli expression

vector, pT6HB. Thick lines are for the toxin coding sequences. B, BamHIl: E,

EcoRI:

H, Hincll:

HN,

Hind11l: K, Kpnl; N, Nrul:

ND, Ndel.

Scal; SM, Smal: V, EcoRV: X, Xhol. -P, dephosphorylation,
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E coli FZ A EAolA LHAZES 7§ o]4t3Habnormal) Thido] A3
7Fs2do] EX317] wiFol A A T I EA il Aol AztFe] ¥
4E& 7HR wualo] HYAHE g QdEE grE o] Ex|sls RE AT I =L A A5}

I} st cH(Fig, 3).

BECE | orvif(o) toxin gene [ plC19

ATAAGATGAGTCATATGT
TTTAAATTGTAGTAATGA
AAAACAGTATTATATCAT
AATGAATTGGTATCTTAA
TAAAAGAGATGGAGGTAA

CTTATGGATAACAATCCG

G ATC

f

OO OD=HOOOPROAPB O~~~

Fig. 3. Nucleotide sequence of the 5° end region of B. thuringiensis subsp.
HD-73 toxin gene before (A) and after (B) Bal3l treatment. Arrow indicates
the border line of the toxin gene and the vector, pBluescript SK(+). ¥Ef is
the translation initiation codon of the toxin genes.
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(2)pT6HB vectordll cryIA(b)2} crylA(c) R2AAZHE subcloning® 67}x] E7F2
Edehdd R-8 =9 subcloning

crylA(b) 2} crylA(c) SAdet A {HAZHE 5 upstream F-9|71 €5 AHAEH
3 Bt M2 tlEA AAH 671X Q2 F2E¢ pBThl’, pBTb2’, pBTh3’,
pBTcl’, pBTc2’, 1&]3. pBTc3’& o|&&te] BanHl FAZ AWYE F, ztzh 4.0
kbp, 3.3 kbp, 2.4 kbp, 3.6 kbp, 3.3 kbp &| 3 2.4 kbpol S|@st= DNA AHL
¥ 2%t C}2 pT6HB vector?] Tac promoter®} terminator A}o]2] BamHl ¢|x]of 4t
als}adct. o]E ztzte] =258  pl6HB/BTbl’, pI6HB/BTb2’, pT6HB/BTb3’,
pT6HB/BTcl’, pT6HB/BTc2’ L&|5l pT6HB/BTc3' O & WHWslECHFig. 4).

1 2 3 4 5 6 7 8

[
®

N oos
Lo Al e o

M

Wl

Fig. 4. Restriction pattern of the recombinant pT6HB carrying the toxin
genes. The recombinant DNAs were digested with BamHIl and electrophoresed on
a 0.8% agarose gel in the presence of ethidium bromide, 1, BRL's 1 kbp DNA
ladder; 2, pT6HB: 3, pT6HB/BTcl’: 4, pT6HB/BTc2’: 5, pT6HB/BTc3’: 6,
pT6HB/BTbl’: 7, pT6HB/BTb2’; 8, pT6HB/BTb3’. The bands at about 8 kbp are
from the linearized pT6HB.
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(3)E. coli -FZH¢ whyze] Fa] 1 Western blot 24

6712 zj 2]} DNAE EFSI= E coli FF2HE SAthyale] org Zrjajs]
7] $iste] IPTGE AM&sle] Hdutwiale] wag [=31%cth pl6HB vectorihs:
717 EFE URTE AEsgon, 352 o Holz @S ek
+= VWestern band”7} ¥AJE|z] ¢}eir}. pT6HB/BTbl’, pT6HB/BTb2’ 1&]3 pT6HB/
BTh3'& ZtZt X§Sl= E coli FFEY ZFdE IPIGE #5357 Mo o
130 kDaz} 68 kDaol| 3@l 271x] £52] band7} BEE Y, IPTCE S53F F
2] B-fole 4zte] {3 Ao sjHsts w3 130 kDa, 110 kDa 22|35
73 kDa2] band7} EelEjgoem 1 8lo|x 68 kDa?} 60 kDao 3|utsl= e =7)
o] whA pand®= L}E}GICH(Fig., 5A). EE®Y, pT6HB/BTcl’, pl6HB/BTc2’, &3
pT6HB/BTc3’' & E¥8l:= E. coli TF52 7= uls:g Azly} Ratggdy),
pT6HB/BTc2’ 8] 7ol 120 kDa®} 68 kDa®] band7} UFE}ytsL, pT6HB/BTc3’¢] 7
2-ol= 80 kDaZ} 68 kDa?] band®} pT6HB/BTcl’'2] Z-9-o= 130 kDaz} 68 kDa2]
band7} #&E|glem, IPIGE (=S Z-PolE bandd] Z=E7 O o ASHA
LIElytCH(Fig. 5B).

(4)E. colioll A 'LHH Fdchwae] Z&of thst 54 =4}

6712 A z¥H S JAHxI} E ocoli FFoNM WHEE AL Western
blot 422 FHAFGon, gy SHdchide E4d5E XA ¢std o
FAHOE ASH WA ZEol vis] dystact

crylA(b) 2t crylA(c) Hdehwa {AAE 2¥sle BEE dF= D AAMA|
vhge] tiEjA s ojH F4%E vehdA] ¢hokcH(Fig. 64).

gujibde] oM es ol #F EF7F AR H4& vehiddch B
thuringiensis subsp. kurstaki HD-12} HD-73 F-F28E o2 ZAvhwz F&E
2 1Yete] RE ANEEE S0}, Ecoliiey g2 SAghy 2o
FA EzFolx|= R¥Ch crylA(b)2} crylA(c)e] I3 F4eds X3t
T3 24 F¢ 4E F45e Urhidont 3799 AAE #Foles AL
545l #EAFA Yot T 48 B g E Fole AL BRE AEF0]
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Fig. 5. Western blot analyses for the toxins produced in E. coli from the
recombinant toxin genes in pT6HB. E. coli, strain JMI09, cells carrying the
plasmids were harvested and total proteins were extracted, To induce the
activity of Tac promoter, IPTG was added in the culture in half of the
cases. Polyclonal antibody against B. thuringiensis, HD-73, toxin was used.
For the visualization of the bands, alkaline phosphatase reactions were
carried out. A) 1, protein molecular weight marker (Sigma Chem. Co.): 2,
noninduced bacterial cells with pT6HB only: 3, induced bacterial cells with
pT6HB only: 4, noninduced bacterial cells with pT6HB/BTbl ': 5, induced
bacterial cells with pT6HB/BTbl’: 6, noninduced bacterial cells with
pT6HB/BTb2’: 7, induced bacterial cells with pT6HB/BTbZ : 8, noninduced
bacterial cells with pT6HB/BTb3';: 9, induced bacterial cells with
pT6HB/BTb3’. B) 1, protein molecular weight marker (Sigma Chem. Co.): 2,
noninduced bacterial cells with pT6HB only:; 3, induced bacterial cells with
pT6HB only: 4, noninduced bacterial cells with pT6HB/BTc2’: 5, induced
bacterial cells with pI6HB/BTc2’: 6, noninduced bacterial cells with
pT6HB/BTc3’: 7, induced bacterial cells with pT6HB/BTc3’: 8, noninduced
bacterial cells with pT6HB/BTcl’; 9, induced bacterial cells with
pT6HB/BTcl .
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pT6HB BTbl’ BTcl’

(A) S.litura

(B) H.assulta

(C) B.mori

(D)P.xylostella

(E) H.cunea

Fig. 6. Insecticidal activities of the toxins produced in E. coli carrying
the full length toxin genes in pT6HR against various insects. Bacteria cells
growing in a medium containing IPTG were harvested, washed with buffer and
applied to the diet. Insects were fed on the diets for 7 days. pT6HB, E.
coli cells carrying pT6HB only: BTbl’, E. coli cells carrying pT6HB/BTbl';
BTcl’, E coli cells carrying pT6HB/BTcl’,
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2922 Hlstgth(Fig. 6B} 7A).

Fojloll thsiAE erylA(b) 7} erylA(c) St doe] wjs) ¥ 2% H4& v
ebd-g wastarh cryla(c) S4w9Ae] Aol 5UA ALY HHE& Ve
A orora, AAe] crylA(b) FAwhAL 31F Fob AL 50% ARFS FUL
o, 37597 AAY Syduude] AfodE Sdsel A4AES ¢ + AUdrh
crylA(c) B4ehae 7¢] A3 Folx thx] 30-50% F= A BdFS Hole ol 2
#tHFig. 6Ct 7B).

S bubel tisiA e 28R SAdchyde] BE ¥ R4& Ushde 22
2 PHEE| gt B thuringiensis FF2XE 4L S4¢Nd F&EEF3 E coli
ZHE de S 28 BRF 2¢ ¢ BRE ANEHS Frh R ] E
coli &5 Z$ O SZ4%ol 2F WA Uehl:s Zlez & 4 9ddom, 3
BBo] AH #70 ZAfos Aze] Sz e FE2 7 Z4ES U
Ehje Zo® #FAE drk(Fig. 6D} 7C).

BEL thsjAs B thuringiensis2RE 9L 25589 A$ 3% ¢
NEES BF 2901} E colidld] A4E S4aidE 21zt A2 tfE 54%
& UEhAATE. crylA(b)ol ¥l crylA(c) S4ehdo] Bl ¥ 548 UEhd
S U $ dodx, IEY7 AAR S A9 S4dso] A HaFgUCH
T 7d Betels RE ARF0] UL HUstechFig. 6E2} ).

3. Wl(N. tabacus) AZAAN ST WA

(1)Binary vector, pBKS1-1of HAdthia J-Axle] F2Y

3" %4171 AR AAY FghyAe] [fA=R] Fpole FHY Xl A Tt
Agdel 28Y $ UAEF A P FZIE, TACE WEII 7L A=
F £%F2] oligomer 5' GATCCTAGGTAGGTAGA3' £} 5’ GATCCATCCATCTCTAG3' & ¥4d 54l
t}. o] £4 Ha|s}3 kinasingdlod annealing¥t ¥, pBKS1(Songz} Hong, 1991)
vectorS BagHl © % AThsl3l dephosphorylationA]Zl Tk ligationdted pBKS1-1
& #Hzspdch =F, oju] ZEH 6719 ARY ZESU pT6HB/BTbL',
pT6HB/BTh2’, pT6HB/BTb3’, pT6HB/BTcl’, pT6HB/BTc2’ L& 3L pT6HB/BTc3’ ZH-¥]

r =
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P. xylostella
6

100 | o5 @ T2 o? "
- — =
Rf T8 »
s0 | A
PS5 -
A H. cunes
0 #———{4 + ¥ L © L s
0 % ‘ 5 s
Days

Fig, 7. Dose response curves for the insecticidal activities of the toxins
produced in E, coli., Bacteria cells growing in a medium containing IPTG were
harvested, washed with buffer and applied to the diet, Rf represents the
percentile of the insects dead. Days represent the lengths of insect
exposure to the diet, Each datum point was obtained by combining the number
of insects dead from three replica plates with 5 insects tested per plate.
O—O ,HD-1; A—aA |, BIbl’'; V—~—V , BTb2’: O0—{] , BTb3': @—@
,HD-73: l— , BTcl’: A—A | BTc2’; v—w , BTed's O—= , pT6HB,
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plasnidS E-2|8}l31 Bamil o= FHxhslo 2}z} 4.0 kbp, 3.3 kbp, 2.4 kbp, 3.6
kbp, 3.3 kbp, 2¥]3L 2.4 kbp DNA ¥ 4% v} AZH pBKS1-1 £ BagHl
© 2 A z|3}3 dephosophorylationt]Z] vectorof ligationr Zt}t, ztzite] ZAdch
Wz SARISL CaMV3sS AApAle] promoter?}t nolpaline synthase A =le]
terminator Atolof AlQlElelon, o] & z¥ plasmidE 27} pBKS1-1/BTbl’,

pBKS1-1/BTh2’, pBKS1-1/BTb3’, pBKS1-1/BTcl’, pBKS1-1/BTc2’, gz
pBKS1-1/BTc3’ 22 ¥ st THFig. 8).
BHA LI §
;’ £ i I L ﬁ pBKS1-1/BTh1 ¢
| Toooe
EB& K NYK a
| —t iy PBKS1-1/BTH2’
1
B HP ¥ B
"-"—‘-’-‘ PBKZ1-1/RTH3*
I
[BH/E e x WD P B
Ilv IE 1 1 L 1 1 pBK31-1/BTcl”
]
LH/P x HO FHB
u L . I pEKSL-1/ATc2’
| i
BH/® O 1
| PBKS1-1/BTc)’
I
i
! T peme
1 .
[P Oy el Ty

Bamil fanu] -

[13kb)

Fig. 8 Restriction enzyme maps of a binary vector, pBKS1-1, containing the
toxin genes, crylA(b) and crylA(c). Thick lines are for the toxin coding
sequences, B, Bamil; D, Ndel: E, EcoRI: H, HincIl: HD, Hind 111: K, Kpnl: N,
Nrul; P, Pwull; Pt, Pstl; S, Scal; X, Xhol; LB, T-DNA left border; RB, T-DNA
right border: NPTII, neomycin phosphotransferase gene II: Pnos, nopaline
gsynthase promoter: Tnos, nopaline synthase terminator: Pass, cauliflower
mosaic virus 35S promoter. ‘' indicates the restriction enzyme sites
removed, ‘— indicates 0.7 kb DNA fragment for Southern probes and ---"'
indicates 1.7 kb DNA fragment for NPTII probes, ##E is the translation
initiation codon of the toxin genes and P58 is the translation termination

codon
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(2)gvie] FAAH U 7 23

6F-F2 FEAAS TR Agrobacterimzt eie] ¢ AWML T wjorgt
T vl @ AR A, kanamycin(250 mg/1)3} carbenicillin(250 mg/1) 18]
al A1F hormone, NAA(2 mg/1) 2} BAP(0.5 mg/1)& 383 MS wjR|o] x|Aatsle] &
AAEYE €@l o EBHORNH callig§ FESIHTL of 23 A ¥, HAHH
callis FUF w2 #4429} BAP(0.5 ng/1) W FH-3 MS wiX|Z A shoot
F f718td e, of" hormone® H5HA] @2 A MS uix|ofA B2 & F=3}
drt. 6712 FHY SHdeE fAxE HAAHE s Hetzogu} 4%
S5 Jglal WASA ] dojA FAAH HA G2 et AL w|=stA dAs)
gem M2 ChE HFEdd [y SAARE e 159 gz o
ol 2 XolE UAY F gl 27t FAARAE ghle A7beE2
ZARNE ol FAE WA, olE T Fof AAol A&t

(3)hufie] HAA Aol Exjsts FHTHA fAze] FHel

FAAEHE ol ozl denRy AN DNAE 22T F, ¥4 oligomer
5’ TTCAAAGCAAGTGGATTGAT3’ 2} 5’ ATCTGTATAGTTGCCAATAA3’ & o]&&}o] PCRE =313}
ArhFig. 94). 2 A3} S f-gxte] N-wet Felo sjwsle 700 bp DNA
band7} ¥d¥ oo (Fig. 9B), wufe] HAA Alej Hdchaal J-A=}sl obgst
A AddEe] UFE FHelstach

EI FAAHRE ehl2FE Feld @44 DNAE EFcoRl H4% At F A
719535t nylon# o2 HolA7l th2 P2 EAH 4T3 {AAES probe
Sty Southern E & wIg-& 3%t Ay EHduiwze] N-whk £¢9] 700 bp
DNA band7} EQIE|lvh(Fig. 10). PCRY Zzje} umizrixz ZEadwiwia {Axz}rst
FAAEE w@ule] AR IFA dYH U FAstgnh
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A

5 TTCAAAGCAAGTGEATTGATS'

B
1234567 8910111213

<=700 bp

Fig. 9. PCR analysis for the crylA(b) and crylA(c) toxin genes from the
transgenic tobacco plants. (A) primers used in PCR: (B) 1, BRL's 1 kb DNA
ladder: 2 and 8, nontransgenic plants: 3-7, transgenic plants with the
crylA(b) toxin genes: 9-13, transgenic plants with the eryIA(c) toxin genes.

A B
12 34567891 12 34586748
i e L . * e =

T

9 10

g )

<=700bp

Fig. 10. Genomic Southern blot analyses for the crylA(b) and crylA(c) toxin
genes from T, transgenic tobacco plants. Chromosomal DNA was EcoRl
restriction digested, run on a 0,7% agarose gel, blotted onto Nytran
membrane and hybridized with 3p_1abelled 0.7 kb FEcoRI DNA fragment of the
toxin gene. 1, BRL's 1 kb ladder; 2, EcoRI digestion of pBKSI-1 carrying the
toxin gene: 3, EcoRI digestion of genomic DNA from tobacco plants
transformed with bacterial B -glucuronidase gene: (A) 4-10, FEcoRI digestions
of genomic DNAs from the tobacco plants transformed with the crylA(b) genes:
(B) 4-10, EcoRI digestions of genomic DNAs from the tobacco plants
transformed with the crylA(c) genes: Southern bands at 0.7 kb were from the
introduced toxin genes.
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(4)etufol Al UEH =i RNAS] &

poly(A") RNAE Fe|sl= 2polM RNASY Aele} 2} Al Bof gl RNATE &
gog AMEEAERA HAs] fAste] PR EXH F9| rbS FAAHE probeR
AH&Sted Northern EA¥ whg-& £33 Az FAARE AEN FAAFER|
o2 AlEA EFoja ¢ 1.2 kbo] 3igsH= Northern bandgd ol3}eirH Fig.
114). o] A}E Bl poly(A’) RNAS EHOF AMESI nptll A XS probe
2 o|&3]A Northern Z % whg-& =33lqivl. FAAHE A EA MY nptll
S-Axpe] ArAo] 3jtst= oF 1.3 kb Northern bandE Eels}eicH(Fig, 11B).
o] Az FAAHH A EAo EUH & nptll FARIT AAFEA UFE S FH
dstaict. vt Hdehwd {AAE probe® AME-31A Northern EAE ¥hg-&

£t 74 -0l = 8§ Northern bandE ¥el®t 4 ¢laic).

(5)Ehfol A UEY Fgntze] fFof th3t FHdzAl

DBKS1-1/BTbl'© 2 HAMAHRH 1070A] HelF oA 732 BA F7HgE vz
o HZE wf 40% o] A A ZPE= 47iAela, 10-40% BEE AH A
e 1704 2Ela AL dix-et Xol7h AL 10% n|te R oA L 5
A E UiElRtth pBKS1-1/BTb2 02 FHAARFH el Z-fole 10754 FoiA
37NA Rl §-32] 4AE 40% o]A JAXZIL, 10-40%xE A A ZL 3744
2l 47l AL Alel7b gAY 10% njRte R oA A)F T}, pBKS1-1/BTb3 2] 72
folle 40% o] 4o 2 JAAI7] A2 370, 10-40%= 270A] LE]3L 0-10%= 5784
2 st

pBKS1-1/BTc’' 02 HAATH whle 40% o] A AL 2704, 10-40%Q)
AL 4A 22 0-10%= 47§42 UE}F O pBKS1-1/BTc2’ 2] 7oL A 87)
Al F 7MA7E 752 BFES 40% o] JAAZLH, 10-40%= A A7 A
A )3 0-10%¢) A2 47AE LEFIT), pBKS1-1/BTc3’ 8] Z-S-oll= 40% o)At
52 4AS AHA 2L 270A, 37T 10-40%2 577} 0-10%F A A7)
Aoz BT Gr}(Table 14).

Axre] FHvhdr 3' 297t AAE BddwAe] EdsoEs F3HEE 2o}
UAR ] eloten crylA(b)el crylA(c) E4vhiAT A nlx3t Fxo BHS

63



Fig 11, Northern blot analyses for the RNA isolated from T: transgenic
tobacco plants. (A) Northern bands indicate the position for the ribulose-1,
5-biphosphate carboxylase and oxygenase gene transcripts as a positive
control. (B) Northern bands indicate the position for the neomycin
phosphotransferase 11 gene transcripts at 1.3 kb. The RNAs in pannel(A) were
loaded with the same amount as in (B). 1, nontransgenic plant; 2,
pBKS1-1/BTbl’ transformed plant: 3, pBKSl-1/ BTb2’ transformed plant: 4,
pBKS1-1/BTb3’ transformed plant: 5, pBKS1-1/ BTcl’ transformed plant; 6,
pBKS1-1/BTc2’ transformed plant: 7, pBKS1-1 /BTc3’ transformed plant,
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Table 1 (A). Bioassay for the insect-resistance of the transgenic tobacco
plants., Ten neonate tobacco budworm larvae fed on the leaves from the
transgenic and nontransgenic tobacco plants for 7 days. Assays were
performed for three times. +++, more than 40% of the insect-growth was
inhibited; ++, 10-40% of the insect-growth was inhibited; +, less than 10%
of the insect-growth was inhibited. Data were represented in the number of
plants showing the degree of growth-inhibition/total number of plants
tested,

ree Toxin genes
D?gthe &S

ol che ;gﬁ?gl tod introduced | BTbl’| BTb2’! BTb3'| BTcl’| BTc2’| BTc3’
+ 4/10 3/10 3/10 2/10 3/8 2/10

+ o+ 1/10 3710 2/10 4/10 1/8 3710

+ 5710 4/10 5/10 4/10 4/8 5/10

(B). Bioassay for the insect-resistance of the T:; transgenic tobacco
plants, Ten third-instar larvae fed on the leaf from the T transgenic and
nontransgenic plants for 3 days. Assays were performed for three times.

Tested plants No. of tested :I'otal larval A_verage larval % of we%ght
larvae weight £ S.D. (mg) | weight + S.D. (mg) | reduction

Nontransgenic 60 2819 + 23 47 £ 0.38 -

% BTbl” 60 1363 + 32 23 + 0.53 51

* BTb2’ 60 1962 + 16 33+£0.27 30

#* BTb3" 60 1701 + 28 28 + 0.47 40

% BTel”’ 60 1551 = 22 26 £ 0,37 45

* BTc2’ 60 1846 + 18 31 £ 0.30 3

* BTc3’ 60 1549 + 30 26 £ 0.50 45

* Transgenic plants transformed with the indicated toxin genes, S§.D.:
Standard Deviation

Uehds Zloz st 7d B wido] Byt ohE viz7et niasiA A%
9] crylA(b)$} crylA(c) Sderia R[S HAABH el Qo HAHE
x}o] & Fig. 12Ad] LiERj¢iTh.
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Fig. 12. Protections of the T and Tz transgenic tobacco plants from the A,
assulta (tobacco budworm). Ten neonate larvae fed on the leaves from the T
transgenic and nontransgenic plants for 7 days (A), and ten third instar
larvae fed on the leaves from the Tz transgenic and nontransgenic plants for
3 days (B). N, leaves from nontransformed tobacco plants: T-bl7, a leaf from
the tobacco plant transformed with crylA(b) gene: T-cl8, a leaf from the
tobacco plant transformed with crylA(c) gene; T-b013, the Tz transgenic
tobacco plant transformed with crylA(b) gene: T-cOll, the T2 transgenic
tobacco plant transformed with crylA(c) gene. T-b013 is the T generation of
T-bl7, and T-c011 is the T, generation of T-cl8,
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(6)BAHHH 256 B2 T2 kanamycino] thgh vjdRA}

crylA(b) 2t crylA(c) Hdwtud fAxtz HUAFRE gl HEAE =4F
g A7 O Foddx fAEel FAo] UHE=2F HUSII] #iste A
Ty A ENZ5E &2 FAE kanamycing 3 wiRlolA LolrlA Frf AlEH
oM nptll {2t FHGtS AmEgict

FX7t dotgt ) 25E A F oaptl] KA oigt FelulE Al 2 4
2 JAAHA 30708 HEA A 26 AL nptll FA=I7L 3:12] Ee2n|E, 4
AAE 15:18] FeulE vebdgdel. &, aptll {f8AH= AEAY A Aol
QHaslA AelEHol 2 FuolE Mendeld] A Ao mel FAES ¢ 5 ok

(7)Fch 21 EAe] G Ao Exjsl= Fdehyd f-8xte] el

pBKS1-1/BThbl ' & #HAAHH 7 Poj= 4 kbp, pBKS1-1/BTh2'2 3.3 kbp 18]
31 pBKS1-1/BTb3'-& 2.4 kbpollA] Southern band7} FQixgdc) =&
PBKS1-1/BTcl ‘22 HAAHH AlEA= 3.6 kbp, pBKS1-1/BTc2’2 3.3 kbp I&]
31 pBKS1-1/BTc3’& 2.4 kbpoA] Southern bandZ EHQI# 4 9lalch(Fig. 13).
nptll §-Axe} np7i 8 Sz fAzE A BN Aol ¢ASHA
AdEe] Exfshy, Fof AEANZ A RAEE o 5 Ak

(8)Ful MEAAM YHH FHGYAL TFol & Fdzxt

AZH F52 vgAATA L} vastge of FAIBHE o] HAG 0-20%
Ax AA A= 2oz FHEFHACKFig. 12B). /% HaE FA 7ol
pBKS1-1/BTbl ‘2 HAMHH Fof 4 EA ZALols 51%, pBKSI-1/BTc2’ 2 30%
8|3 pBKS1-1/BTc3’-2 40% BE A= o, pBKS1-1/BTcl’ L2 HAATH
Zr] AEAje] ZALoll 45%, pBKSI-1/BTc2’2 34% 183l pBKSI-1/BTe3’'& 45%

AT A A ZACHTable 1B),
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A B

Fig. 13. Southern blot analyses for the crylA(b) and crylA(c) toxin genes
from the transgenic tobacco plants in Tz generation. DNAs were BagsHI
restiction digested, run on a 0.6% agarose gel, blotted onto Nytran
membranes and hybridized with %p_labelled RNA probes of the toxin genes, 1,
BRL's 1 kb DNA ladder: (A) 2, Pwull digestion of pGEM-1 carrying the BTb2’
toxin gene: 3, Bamll digestion of genomic DNA from nontransgenic tobacco
plants; 4 and 5, BamHl digestions of genomic DNAs from the tobacco plants
transformed with the pBKS1-1/BTbl’: 6 and 7, BamHl digestions of genomic
DNAs from the tobacco plants transformed with the pBKS1-1/BTb2’: 8 and 9,
BapHl digestions of genomic DNAs from the tobacco plants transformed with
the pBKS1-1/BTh3’: (B) 2, Pvull digestion of pGEM-1 carrying the BTc2’ toxin
gene; 3, BamHl digestion of genomic DNA from nontransgenic tobacco plants:
4 and 5, Bamll digestions of genomic DNAs from the tobacco plants
transformed with the pBKS1-1/BTecl’: 6 and 7, BamHI digestions of genomic
DNAs from the tobacco plants transformed with the pBKS1-1/BTc2’: 8, BamHI
digestion of genomic DNA from the tobacco plants transformed with the
pBKS1-1/BTc3’.
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B, thuringiensis7} EX} XA A 7)o MMl f-endotoxins®] |AXL 25
2] "HMH F2 plasmid Aol ¢tF ¥Eo] eltMKronstad 5, 1983). Southern &
45} whg-o] AT HE| B thuringiensis subsp, kurstaki HD-1(KCTC #1507) =
F= &% 8-endotoxin X7} plasmid Aol ExfsHs ZoE HFgon
Fig. 1), o] 5258 ZEYH SYthy3d {FAxE= 21588 AR L: XX
27 38te] oln] Thorne 5(1986)0] 23] R.31H §-endotoxin KAt FEZ UL
Ao gt HYehid fAxA SEEE EFY Schrepf F(1990)8] R
of &J51H, B thuringiensis subsp. kurstaki HD-1 #F#25E ZEYH FIA}
crylA(b) H-Ax}Zol] %3, Min 5(1986)o] 2l3] B. thuringiensis subsp.
kurstaki HD-73 @FF22E SEYHE FHA:= aylA(c) F8ARte] &3t 2o
2 #HJdsgart

E. coliolA WEHA Sduvhide] 3o tj3t Bz A3, S litura 7%
< crylA(b) 9} crylA(c) of tis] o &2 ANHS 73 s Zew wivkd
tl. crylA(b) & crylA(c) & B3] H assulta of tis] Z3 F4& Lehid,
crylA(b) &} crylA(c) F3=#}e] 3° F4& AWt u 549 #4471 FEL
eEel B4 WAL TR 5 Relol ol s HAY 4 AU} B mors
of sl crylA(b)el crylA(c) Atolo]l FEZE J4de =xltolrt AAEF AL
crylA(b)8] Z, tfFEZ2Y FFol 3¢ el Xastd o, crylA(e)d] Z-$=
Axe fFo] dFY A3 Fo=E ol Ao} qdrt F HAxp 3 EoA
700-300 bp &2 1,6-1.2 kbpoll 3igsl= DNAZ} AwtH 79 Fag xjo]Ho]
FEA] ¢fetert, 3R/ AAYH Ffole FFY Hduhide] uls] Hido] =
A Z4stodct. D2 BE carboxy Wyt §-9] FolE Fd g T EXNFE
A& 4 orh crylA(b) & crylA(c)= B3| P. xylostella of th3] Z¥ 54& K
o ol W& RE f35Y A7 HAFHACE EF 3 FHE UGS e
2y Hgdol IulE [A|H O] P. xylostellao] tis] HAde] #AES el F
27t N-"eho] 9l FHolo] HelE|Art H cunea: crylA(c)ol 213 = mizbgt
& oo} crylA(b)o] MR 54 2 #AZ XAE-E KHArh Carboxy

—

fr
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417} AAR ZHs 5do] ZAFE ZLE Kol o] K% H cunea of tiglt &
NEg ZAARAE 847 Ud3E ¢ 4 2UUrhFigs. 62} 7). o{7lolA EAME
crylA(b) 2} crylA(c) 9] T F2 RFol vidt HEEY vl E4 Fdd
Aol zt 5 F e [o|dzt FdehA o] By F-olo cfFt FEAQ A
= 7FsStAl stden, olgdt Hgduhua [HxLE o83 JAdvhwid FE 4
w42 B. thuringiensis {9 do] F4& Liehl= 713l oigt 232l 3
g o]Go] ¥ 4 o.& Zlo|tl. B. thuringiensis subsp, kurstaki HD-13Z} HD-73
T2 E FEH crylA(b)9} crylA(c) FAHXE o] &3ty Frfolld A7} HL
A FE HAsI| s dze F-Fol tid FHAXE UGt o] FA=}
& AEYH T USS HIstden, ol fAxE guld =d3kA glch
crylA(b) 2} crylA(c) fAAIEo] EUH BAABAZFE Northern £4& 43
stESwl, AEAe] dyAgo] Exdte rbes FAAN} Fgdviya [f-Axp £
Al A =dE nptll [AREe] HAbM 7-P-ol= Northern bandz} el ¢lovr}
(Fig. 10), crylA(b)e} crylA(c) -F-E=}oll thgt Northern band= FHQUEZ] ¢kat
. Ax7EA] Al EA A UEE FAchA {FAxEY HAAIE A EA oA o)
£ ST "WrlA] o]f-E MAWEW, Axl, SHHhyA KAL) IAE usager}
A EA b= ol TIERE vhid e JEo] "ol A 3 58, A
AL 9] 2x1d Az, AapAel A¥sof ¥ polysomed] MELW X o4, g
3O E SgAe] of So] AxAe Aol HES ZI¥rta X3 (Daarst
Maquat, 1988)%]2% whuial A4 FHFo] W Fgchid [FHxte HFpoes 2
o AAAZ EUFY = Ak B, SE4HYE {fAxE 25 {AxE
AT BFr A7) Eufoll polyadenylationd] #HAsH= 7S wol 7ix|z gl
Cl. J2#E22 AxAZ 833 PRI = Ao o] i $£x glct opx|g}
o5 YA [RAXE ASAHL [HA ] w3 AT G714 98] u]&o] wrl
Shaw 5-(1986)2] Ei1of o3}, HMAAEL] AAMolA @S AT A7 92 Ax}
2] processing®} 3o HFAFE O] 9SS WL o] WrlA] ZAEE 1y
3P S /3A FAAY ABEE Y 4 2o e} AFEHCL

EF B A UF5S Ze FEAEY NUSE AE AAHH AEA
i WHEE = FH4AL 43 F71E HYE +5 S ol & dFdyx
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crylA(c) Sdebadof ofgt Tk A E ol &3l W Ao st oz W ut
E3A Western 2L 3t} R Vestern bandS TAY 4 ¢loich
ole MEANAM Hdehdde] I3 agow wiHggon, ALH A}
SAENA S QIAY Hxe Ze(sensitivity)E Zt#] E8lr] wjolzt AlgH
th ololl Perlak (1990 2} 1991)8] Biio] 2stH crylA(b)9} crylA(c) S8 =}
AxA 9] 2xpd Al =&, polyadenylationo] Hests @71, T2l AEH
AN AL AHEHZA e IE T& 1l olmal Hdes WEglo] d7A
dubs HPFAZ HFH S9N SAAE Y5t olejst WY HEAaThw
TAXE g2l F2 EnEd =g wHAsIE2a defo] HHchda {AxE
HAZE dRor S9ehade] gH-go] 1008]71 FAELSE B3},
Al gegx Sdehid fAxte] Hol Halpol 7t dHo]| S4d5o] Z1E
& B 4+ ook
2+ AFolA crylA(b)#} crylA(c) #AAZE QW FLAFHE whje] AL
Fischhoff &(1987)2} Barton %(1987)o] &8} HKaxje]zl M sexta(tobacco
hornworm)ell ¥]3} tobacco budworm(H, assulta)?] ZZo] Rr} LjAdo] ofst RS
E UelsitHTable 1), o]# ¥ A2 Qo H e AF3 uiel o] e Sadchy
Aol st ele AR ThE 3o tisl Uelle 542 Ax7t N2 AosiRs
tobacco budwormo] tobacco hornwormX¥ Ul crylA(b)#} crylA(c) EHAghdzlef cf
3] uige] AR Aoz wMHch ol: crylA(b) crylA(c) HAdhBAoe]

sexta(tobacco hornworm)®2} Trichopulsia ni(cabbage looper)oll= KT} HAdo] 7}

Mo+ m=

Bl3L  Heliothis virescense(tobacco budworm), Spodoptera exigua(beet
armyworm), Heliothis zea(cotton bollworm), Helicoverpa zea 2|3l Ostrinia
nubilalis(European corn borer Sojl= HAjo] gt Zio g R Az Ax]s}
NE& & <+ rk(Perlark %, 1991: Koziel, 1993: Warren =, 1992; Jenkins
1993: Benedict &, 1993). 28|B=E ZF2H crylA(b)2} crylA(c) JHAAchya
W3St BELbE Sos B 4% 548 UEhRE o] S o] we
YIE Ue HAEN csjHE crylA(b)2} crylA(c) RARE o] &stH 2ESH
U352l Foi7t byt Ao g wietdct D8a AXAANE RE A7 ghya
Y ZES F7MZ + ARE /A5 HYstn, 23 Bol4 promoterd Al

ZRchd Bl W Ese] 43 AENS a4 goaal AlgH

flo o rr
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