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HOERZEEDEERK aylAcERH 2
1EE5E & 2= 3R

RN SE4E' RR%® ZEE® RgE5

LR VRS [ SRR S [ RS P
2. B[]y BV (BN Pk

3. Ry Pk SRS P A

A il b plide o a pa T

(= rrp] i ol 87] 31F)

B =

G2 IES N E.J";é
= B

= TR E B VIREET 2002 R B 24 FEY crylAc
BRI FESAFTIF Efﬁiﬁ | 44 : 185—208.

agt

\

}{i’jfﬁj’#l( Bacillus thuringiensis) -3 55 54 E 9-11 7 cryl Ac L I') PCR
iﬁﬂ’ﬁ%".F’??Jﬁ@%ﬁ%@iﬁ'iﬁi’%f@ﬁ@ﬁﬁ%ﬁﬁ [FE{ 1 3.6 kb J} & ’}I%LP‘F'I By XE’ETFFJ
?}%*}JF%I Cry B = eatksy - pAZLT 130 kDa%}'['NgTﬁ P71 (1ACSB) » 255 RS
SRR - PR35S Btk HD-73 09 cryl Ac FETRT-F] ) 8 it % ]
fil o AR KL 4 figt g BL T T - ? %f’%liﬂ‘iﬂf'ﬁi’ﬂt}&ﬁﬁﬁ‘%ﬁfﬂﬁ@?fﬁ% * [ ALl U
Elflﬁﬁl?ﬁl‘f_t » R R T2 'J‘E?j » ZeEEE) %Fﬁaf{[[},iaéfﬁﬁ?%lﬁij[l Xentari ~ Delfin &
fﬁJTﬁ.Ja b FA' cryl Ac L iy HD-73 A1 {4 1AC£B ==Y Ii“%;’:ﬁfﬁj/%{é%‘{‘ e
% 24 ’J‘Iﬁj‘ IR PR R RLETY el R 48 ’J‘Eﬂﬁ‘ ﬁ?p (I I B
SF RO AR 5 AR T2 ] R R, R 2 i
1HI0 £ > 20 VRIS e R (3 fic ] 7 3 g i i H H”fﬁﬁ%%’lﬁf&ﬁ o FEHIT
1ACSB #; 3 [FIEE BR[| RS Ay | fi”%ﬁlff@ﬁ"’rir' e R 5 TR SR
R T A+ R PR R 003 S 3 - RLIT R
f;\[i—:#ﬁ—lz/_\[ lﬁ%gV ﬁ/}gﬁij/ ] o ;E_L-F\I [ﬂﬂgﬁiﬁglﬁ EJJF&‘?F‘T[ [~ 53 ’E’J@FIJEVT?I@ ) “EJ I”%‘]‘ﬁ‘{ S
ezt o

fl

CRUSEH - 01 ~ R D/~ BT B - oryL AcBLE S RS
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&

il

HPoh it - DRI PRI R Y2
ol BRUHIP S - B ! SR T R fﬁiﬁ%ﬁl
F?Elflﬁiﬁ‘fﬁ% AR A T AR W
EliJE':J“%”j }@%SJ‘“% ‘E'fJﬂ*‘i’fiﬁ’ti#”‘ﬁ’ & B
T (“’Ei,’?-%lﬁzab%if‘,ﬁ?ﬂﬁ ’ “l’@‘ﬁ' HEFI A
PR [ PR R TP e
B (Bacillus thuringiensis) i & I & Bk
;,g,;g;[‘r ’ ?Eég’d}&ﬁﬁéJ}J&#li%f# E’mﬁ;’r@l Pl
"% o B BARLY PR
i =23 AR 3 4 o1 ) TRk
W EL AT o Bl ﬂ%ﬁ"ﬁq’mﬁ?}’#l PSS
i BfEQEDL Fon L
o PARIRIE - P gE R 2B #[ 2 B
P pre A e O Cory BT
BRE) > AL PR fr 'HFF’ ﬂf’jﬁfr%z‘%m
T U RRL T Rl oy T
AT ] U L A P T R e
O U L A
e R A SRR T A e
p=B . F%‘J’T%IT%VI‘?FE}% cryl Ac il ™ }Ifj
(NS ke oI o
B~ WP g YT -
U4 Btk HD-1 38211 crylAa £l ©9
EORUE R T G BRI B A b
(GMO) ™ - 1985 j' ({-Bt kurstaki HD-73
f}% ,':l', Cryl Ac gl [M(B) , AEJ ; _E(S, 14, 46, 55, 64)
R % el 2 K 3537 nted cryl Ac
ﬁl P> = 2 E. coli #5111, 133.3 kDa (1178
aa) j/%%?['l » fHS N ifﬁ 68 kDa }ud 1+
PZEx ﬁﬁ * 7 ﬁ’:ﬁ?@%‘ﬁw 1836 nt EJJE » 68 kDa
FirVET P RCEARE T g2 KA Oy
B cryl Ac BLP - & ElfJ%;’[’l'gﬁ‘rEJ‘{J N
bl 970 WAL ke 3RO K fiH( Ostrinia
nubilalis) 6% T 91 Bt kurstaki = 7 T
e f’ﬁ”{Elfanlfﬁjfr[[ﬂ , I?‘THE’J?\ rﬁJE[U}—'gFE%jF"[AEI: s
191 Bt kurstaki #[! Bt kenyae %% I/
cryl Ac FLIH - = & Bacillus ﬁ} Fﬁ[!m” o
1??,%'\' B2 1 Bt kurstaki F‘,[!,;.T iy CrylAc »
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fik 4 |1 Bt kenyae BV CrylAc » %f[ 3¢
(Plutella xylostella) = Bl f fpevis
Foik©s |1 HD-1 85 cryl Ac B i
Nk %;’[’l  SHEEE (Trichoplusia ni) HY
F{E s [T HD-73 F k0 o AT
B R T FLPGE B o T
cryl Ac HLIHZ| S)H%ﬁéfﬁ‘ Ui = =2
DGy P g v R Y iR B B9-11
FupUts (template) - 3= 75 $FA' S
il cryl Ac BLERR: » SRS AHETR] -
ﬁ@@ 7‘7" ﬁ’FTFF:!J’FJ% AT ?EUF%%;F! *
EARVE % S

SEESE

Wﬂfi%lﬁ?;ﬁ » FJM cryltype 9[+° PCR
 PCR-RFLP L » & i cryl Ac #L ™
(39)’*[3 LB if&rFFjiSfF Ze £l (Luria-broth medium:
1% trypton, 0.5% yeast, 1% NaCl, pH7.0)#%
280, 1.75 xg * Wil % + FI /10 i i
TR A2 52 3 ] - 'J’E’Tfﬁﬁilﬁéwﬂ

( EasyPrep™ System with Plasmid Prep Kit,
Pharmacia Biotech) » #4387
1= DNA # v o

“ BT B imas (competent cell) 2
Fr=
KSR IM10L B > U B Bei
W 3ml LB ?ﬁﬁ?{%?ﬁ:g » I'] 37°C » 1.75 xg
Rﬁ:fﬁiﬁ%& o I 1ml 2 100ml 7 LB ?['J&rlﬁﬁ,',
#F > 37°C > 175 xg 12[‘“%%{: 2hr > &
ODsgp=0.3-0.6 - B=i{fk ¥ » 4°C 115 15min >
H % 4C > 6300 xg £ 5min « 1k »
I'} 4°C »90ml CaCly/Tris-HCI( 50 mM CaCls,,
10 mM Tris-HCI pH8.0) Yk I T - il
[RIFFIESS « L ik I') 4°C > 45 ml
CaCly/Tris-HCI ek Erigh » Filp FEE « F]



TR B T BERR orylAc LK

I ik » 1) 4°C > 3 ml CaCl/Tris-HCI 1k
TREURY > B 4CH - 2hr > Fp A 60%1 |
1 (glycerol) 1 ml > 535> &f 4C > 1hr>
75 R 70 T R0 -

111
it
A
L
T
Ly
iy
L
‘uE
]

w%mﬁ%cMAcEWﬂm¢w
<8>1§;ﬁ+f,59‘2 EST B = K cryl Ac J ™
NG IR I}FFIJ 1A29A : 5° TTAACACCCT
GGATCCAAAATTGATATTT 3> Bﬁvrﬁj
1Aac37B: 5° TTAAA CCTGAGTTTGCA
GTCGACTATTCCTCCATAAG 3> 5‘*1%1’ lq—‘
-154 fitfy F P (nt) BEETHiIE > 1T RIS
ﬁ@%ﬁF &' (initiation of transcrlptlon)
@, .12 -8 nt Fmﬁgﬁfﬁ & b
( ribosome binding site) o, ¥, 1A29A
rfﬂjfﬂ =l I%ﬁ’r lrﬁ* BamHI F"KF‘LfﬁlJ =2
ft o lAac37Bfﬂ IEIR I%ﬁ‘f— Sall Kﬂﬁﬂj
@it (f ?%U“ﬁl}fﬂ 55 (s cIT}JKF\LﬁfH =
[ I/;ﬁ)ozp—‘f o 37kb V PCR &P -
2 /_\[ }E%er 1;5‘(13 15 37,38,47): 1y, 1 J';E‘ﬁFT
FA" dNTP's mix (250 uM for each dNTP) ,
primers( 1.0 uM for each primer ), template
DNA ( 15 ngl/assay ) , SuperTag DNA
polymerase ( Protech Technology ) ( 1.25
units/assay ) , total volume 50ul - I') DNA
5?1‘[’5%,%,%" ( Thermal cycler, Perkin Elmer
Cetus 480) » {1 ™| DynaWax ( Finnzymes
Oy .':",F[IIE,) > IS5 primers ~ template DNA
53¢ Rl dNTP's mix ~ Tag polymerase
PAC L - PSR R 94C Smin s 5
- EFT,@ 94°C 1min > 42°C 2min > 72°C
5min > 10 [l 1= WF},@ 94°C 1min ~ 50
‘C 2min 10sec » 72°C 5min > 10 iR 5 &)
= WFIP§ 94°C 1min > 52°C 2min 10sec > 72
‘C 7min- 10 fApL: HVIKE 94C 1min
55°C 2min 30sec > 72°C 15min - 1 f’ﬁ%‘i‘
ACHE o IR 1] 0% 5 B
(agarose gel ) > @ TAE buffer » E = 8.33
v/cmF tﬁ,ﬂﬁu@j %37]«30 mine | }ethldlum

T AFOHIR 187

r‘r

bromide ( EtBr) % & » &% UV 3K+ @lgs 3.7
kb & Pv=" it fi o

o TG M EEEA T
;rf{p Higg e S g AR V3.7 kb

PCR &¥2:I') GENECLEAN®II KIT (BIO
101, Inc.) |‘P[ﬂil[5f [l i ’%:ﬁ??ﬂz—ﬁme
TRl Bk T = pCR™ 11 #A
(vector) (Invitrogen Co. Ll'ﬁ fiy Original
TA Cloning® Kit) i%f?,%ﬁ (ligation) %
1ACTA ’E"TEE‘ }lﬁ’ 1ACTA TE"'TEE‘ » 357 E. coli
pJT?’T?E‘%EF'J(transformatlon) i+ CaCl,
%@ﬂ AT IM10187, '] APK X-gal

iﬁfﬁ%ﬁl (Luria-agar plate: 1% trypton,
0.5% yeast, 1% NaCl, pH7.0 > ﬁ 100 ug/ml
ampicillin, 100 ug/ml kanamycin, 25 ug/ml
X-gal, 20 pg/ml IPTG) wm, G0 . p 10
e phs 0 Tk RS
YT e

% & Cry" B Bthl Z &g SETE
HF =
fll?j Cry B4 Bt51 [;3;”;[; rFFi I/F‘jﬁ

TF SR - ’f‘?’“?ﬂ Bk d 5 ml BHISIK
Tsﬁiﬁ%&ﬁl( BHI/sucrose medium: 1:1 mixture
of 2X Brain Heart Infusion ( Difco) and 1M
sucrose) 37°C » 1.75xg Kﬁ&iﬁ%& > I 0.5
m = 50 ml BHIS?&FF]%%‘J:E » 37°C >
175 xg A% % 35 H > = ODeo=
0.2-0.25- iFijfkh> » 4°C9t 30 93% 4°C >
4030 xg &&= 10 53 & - e - 1) 4T
50 ml Hepes/Sucrose y£ijk (I'] 10mM Hepes
pH7.0 2 1M sucroseiﬁi ) Elah rF'JFJH
AR Fi?"fﬁ ’ J‘ 4°C » 256 ml
Hepes/Sucrose {1 Eligh » rﬁJF;H—g B o 2
fiﬁ??ﬁ » I'] 4°C » 12.5 ml Hepes/Sucrose yk
TRE N rﬁJF’]FJi@“\ o FJZL f?ﬁ?fﬁ '] 4
C 6 ml Hepes/Sucrose £ ik Erah» I & 50%
THfras5ml > 55553 200 pl » 51 4C > 1
5 o 75 R -T0°C il i) -



188 LRI = TRy

&Y RATEE FE
r) FA'[ 100 ppm ampicillin 7 LB ?F‘Fﬁfﬁ
Zefl o b i%"iﬁ LACTA FFRD -~ AR B i
t - PRI b = A ( EasyPrep™) #is
#7( DNA- ¢ BamH |~Sal | 4] ( Gibcol
BRL) gj= > ]:f[[,[,l'?‘ 36 kb fEE » gmi@
BamH | ~ Sal | 't (Gibcol BRL) =
;'/Fgﬂ@}&gﬁ;sﬁﬁg,gpgw;lrgﬁ'ﬁaglgp
FF;{ pSB909.9 (fé%’}’?%ﬁg?f@ﬁeﬁfﬁg,%[' BN

PR B F&,<57> o

T8Ik

?(’Fﬁ'{}’f%l Cry B~ Bt51 EFFFFJJ/ *«ZFFj
AV 40ul - B PR fpA 2 ul f,‘”,;"T
FF;{ ’ iﬁif’—}ﬁ—f’f%‘[‘l’ﬁf 1538 - ff1™] Bio-Rad
Gene-Pluser & [+ ?T B ( electro-
transformation) » F& 1% ks 1.25kV ~3
Froo R i plACSB FTffj# * Cry B~ Bt51
i1 G TR S o R R Ry
* 400 ml BHIS gt Zfl - 75 At 4
37°C » 1.75 xg iﬁ?‘i 35 'J‘E%'j » I'J Erm LA
3"%%%@ ( fA‘ 100 pg/ml erythromycin [/
Luria-agar plate: 1% trypton, 0.5% yeast, 1%
NaCl, 1.5% agar) &> grﬁggm 59)%[[%@“3“
(electroporation) “® -

SDS-Z W % T W HWEE j 45
( SDS-PAGE )
3 1ACSB i | BART CY Sikffih 2
£ (CYSmedium) © : (1.0% casitone, 0.5%
glucose, 0.2% yeast extract, 0.1% KH,PO,,
0.5mM MgCl,, 0.05mM MnClp, 0.05mM
ZnS0Oy, 0.05mM FeCls, 0.2mM CaCl,) » 28
T~ 175 xg % 5 2 o 5 S
5 B Vi o Qs Pl S 2

?I"ﬁ%‘)’?%l?%lirﬁﬁ%&i‘ ’ #Eﬁ%%ﬁﬁﬂéﬁ
5 I'] 1,000 fsfmp@ﬁ » Bl F%IFF!'}VP\J]ﬁ_IFFI
i E
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)

;

5187 85 g

| RS ] BT 52 I £y
e A G o MR P
| AN AT AR B
I} 7,500 - ok LT B
M= AL <

(eI

fz’?%ﬁ‘f; j/ﬁ@»’i:"[?ﬁ?}’?%l 1ACSB HYTH
Th o A LB RF{IS Z L - 28°C g il 4
oA B 2 o T FTRRA S A (QIAGEN
Plasmid Midi Kit)» 1%~ ﬁ?ﬁﬁ@?ﬁlﬁt’%ﬁ [
©0 cryl Ac HLRRZ® 5 & 400 nt et
59— %X 20ntJ[-" > 7] ABI PRISM™ Dye
Terminator Cycle Sequencing Ready
Reaction Kit ( Perkin Elmer) 3% f» fE il
e » I'] ABI Prism 377A DNA Sequencer,
Perkin Elmer 3& (- ’fiﬁfﬁ’?ﬁfb}k?%ﬁ%\' °

E;TFP_E*% A R R ETE
HEKSL B EREZ2ES
RSEITITTRL (PLACTA) gy
B 1ACTA ~ & r’j%&;l%&rﬁ (pSB909.5) I/
fix] 7 SB909.5 ~ E*’RF’TF@%J’%I CryB -~ fix
TR 1ACSB 1-4» 4 B g
E9-11 B‘g}%‘}’?%lfrﬁafh[!, Xentari & Delfin- ']
30ml NB ?[J&Ffj ( Luria-broth medium: 1%
trypton, 0.5% yeast, 1% NaCl, pH7.0) ffﬁ?‘:
Fat 28714595 1.75xg » PR 2 5 -
FEC Qe IR 4C 2 40309
10 % %?J?E‘*%?ﬁ = ?ﬁarﬁrfdiﬁ Fo
10ml » i"’."l%jﬁ'[ W ES RS ( sonicator ) E5FE
?I’Eﬁ&iﬂ{]@%}'['lﬁﬁf;[ o I'] Pirece 23225X
j/{ég['lﬁﬁfglﬁigé #E ( Biurate reaction,
ABS at 562nm) - J‘HF‘,—‘[ E‘liﬁ%}'{'[ (BSA)
B o W T s O
W R R i

ERAPetes S
(ENCRSHE TE SR <) Sf
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e TR PIRLEIBS SRR (15
cmz) EACEE 9 om DRz B
Hﬂ“"ﬁﬁ"fﬁ- ( Potter spray tower) * » &
BER Ry 5 psi/ cm?s I'J& 1 ml SN
R 2 B T e SRR
B0 B B R 10 & 3]
g ¥ 25°C ~ 75%RH -
L:D=12:12 j/%_iflﬁffﬂl » 24 Eﬁ i’&@%‘?[
g I A R
WEREEI S 48 [ ~ 72 ] 53 T e
N E E R I
SFSUES T L

- REEMS R it ey
/.H—-.L%k_nl %*%ﬁ_i‘ e

BtW ( B. thuringiensis wuhanensis)
BtE » BtH B9 cry HLPI s Y BtE
(crylBdl glfﬂ ZEH T T [’FTFF;{ I/ Bt51 Zf
EX NN ﬁ@i"*l B @ ; BtH (crylel
gmﬁ@ Fd -l Bt51z]* % T
M ) @, . daoos 5( & BB+ BH~ 1ACSE
s prEa s gl m Ly E R
(pSB909.5) ; E 9-11 (4 - p& 14 f{fﬁ TTH R
)5 1AcSB (crylAcgfﬂﬁ@?ﬁ#7 [’FTFF;{
G CryBﬁ ﬁ% THRL RS R ) Xentarl
Delfin (ﬁ% T%I?plf[! amﬂff’ﬁé) HD-73 (ﬁ%
T BRI )

%

“ —-&Ek_nl

AN WBE EED B4
717 CYs LRSI kS N
AR T B A - 1) NA
- (Nutrient agar plate : 0. 5% pancreatic
digest gelatin, 0.3% beef extract, 1.5%
agar) i~ # %%‘}‘F%IF%ITSF cF2 A 5ml
CYS iﬂﬁ?ﬁng »28C ™+ ~1.75xg° ]ﬂ?ﬁ#fiﬁﬁz ;
FJ72 7 250 ml w50 50 ml CY S 2
H o %’%%%F*] H 28C ~0.63xg ™" » =P 5~ -
4800 xg =) 85 10 55 8 > =l _Fifik -
5] 50 ml % Bk (10mM Tris-HCI
pH7.5, 10mM EDTA ) > E{Fﬁ?j‘i%ﬁcf X

& Flaiy lfFJ” o

mﬂ*ﬂﬁ%&@#
FOEE gﬁ‘fﬂ‘f’f*ffﬁ

E@ IFJ FI °

EX e
1LY ge By e ) ge2! K57
T a\]irt&FIJﬁﬁTi’%:fﬂ Fi] 5 a¥ | 1 Artogeia
rapae) : ﬁﬁ?*\f;[f% 1A Bresf dig B JHSFE@;?“‘[J
DHEERVD FNG R s B3
| (5VISffIET > M £ SD=67.2+ 10.2 mg)
fﬂﬁj‘f‘? Jvk]iﬁ' ﬁfﬁtﬁ Tl Foy 5 a9 |G g
e ﬁﬁﬂ@,{;l T ARLE 8 59 R
=2 (45 cm?) > BT % 9cm jf%?ﬁl
o b f ke H;“"Fjéatfr& ( potter spray
tower) * ﬁ;ﬁfﬁ}‘l’}@ 5 psi/ cm? > I'] &
1m ﬁ%*}’f’%lﬁi#,?fﬁﬂﬁ%ﬁﬁé Jy =
[ e SRR R o R iz =
B 38 3y pﬁﬁ VSRR R
67.2+10.2 mg) - &' 25C ~ 75% RH -
L:D=12:12 I i [1 - %2 24 T L
“ﬁ*‘%‘“‘"EJT’ ?FUE% Plf?ﬁ R R
Jp o A i 48 ) E%'j ~ 72 ’J‘E?'j 75 I 8L
%"?W“"QT’ iﬂﬂélﬁéﬁé‘l? R R
Fi o Flfﬁﬁéﬁrl/ﬁ; f%,ﬁ;#,%f:tgﬁwﬁw
TP [ RS e [ B
#egicss #E (Probit analysis) 753
PR T BB B |G R
¥Mﬁhlﬁfﬁﬂﬁﬁf‘T%ﬁ%N%W
O S i"ﬂf]?‘lﬂfxi” T Il @%Eﬂﬁﬂ A
(ppm) S¢St 1% [ A3 [
I*i‘é E'ﬂf“’(’fi‘ Fo= (P P —FR Pl
i[ﬁ?’%pl?/ﬂﬁﬁ pﬁ?) X 100%] &
If J‘ q!ﬁ.ﬁ'ﬁﬁlﬂﬁ FrOERCENEY, S e

nJF%EJI,

2,58 T B ga2 AR
ﬁ[;[it [L3i (Spodoptera exigua) I'] * -
ST S T ?@VW
ﬁ@?%??@%ﬁ§7ﬁﬁ T D
RER ﬁi&w4@%ﬁ('ﬁﬁg’
M+3SD=96+20mg) = ﬁ%?ﬂg ﬁ"



190 TP s F“f F“f all

S PAY 52,

9 8 U1 Ll ik BRI > 10 FI -

SHI] ARG - ¥ 25C + 75% RH -
L:D=12:12 V&[> = 120 ’J‘IE'?J‘ [E1. k=3
R RS

11

SiA

I

Y BicEiR- BRI FHE
cryl Ac X 7 818
s 1AL oryl Ac LN E®

Efp* 4t = K 3713 bp- i'ir"%ﬁ@%@i’ﬁ [F
(R Fﬁfﬁpl*’[ = Lt H TN
s PIEd]S ﬁu‘ﬁ;k YB3 EERR E9-11
FT7fl DNA / PCR ™~ /- % 11 3.6 kb %1
i@ 1% agarose gel ’I?%iz 5 T’?qﬁf'ﬂ » PR
3.6kb V&P

4 BT O EHEEE) AT
ﬁ:-ggp Prgints » F[H|H PCR +F

A- #fJ %2 3.9 kb 7 pCR™II | I'FHEI&'FFH%
F‘y 7.5kb f/’ETFﬁ (plAcTA)(Tﬁ'— o
¥ F!F“jﬁ A }IAIZ;_%—E]& FF! Jifﬁy rm?%

wwﬁ’ﬁlﬂ@wmﬂ P
Sal I KFif[ﬁ[J PRy Rk (Ilnear) ) i{;l o
e 1 i i r’?f‘#fﬁffﬁ‘lfﬁ@h
7.5 kb SR A o 2 BamH | il
F}j’wiﬁﬂ% ) ['rg ;:pﬁ_ﬁ B Ry rf, ﬁl}%
(3.6 kb+3.9kb) P cryl A LRI fRL
EfJHJP V£ R H cryl Aa ﬁlfﬂ(sg)?
cryl Ac HL @ 4 LRy “(&Lkﬁ’ﬁ' =2y
BEFYT RRLAENT] o A 7 % Bl S ke 7 g
S EJFJFV I fﬁJﬁ%ﬂPﬁ crylAaéjJ:[3 cryl Ac gi
W= RV o iR [ B R E9-11
W FE > (& PCR-RFLPY“) 5 PN > BT
(7] cryLAa 2= cryl Ac L B> NI R L
P T 1A29A 1Aac37B g [-1" %} E9-11
DNA j&f PCR [ » HIIfi* B2 il & 1 iy
&jgw;l EE o ! cryl Ac ﬁuﬂ A =
iy 1 Hind 111 =7k > crylAa £l 1 £

= Zﬁ*b f—
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P2y 2 fif Hind 11 =71 > g
T Hind 1= G 3 PYFT RS Hind 111
B ey 2 /) # (6.9 kb+600 bp) » Rl
cryl Ac El a2 ’]]"ET?‘” e HE}”F‘
cryl Ac £l ™H l/’F’TFj [ LA cryl-type |
o= *T*fl *E—%J;y JE(37) %E' L E 487 bp FH
cryl Ac Bl i ’fAlel'F TR S5

= 5
-

Y RAISFEEE] Y

i i ervL A o it 1
RIS 1A29A [~ I%“f |H BamH | =/ »
W 1Aac37B J[-7" L=~ |fﬁf Sal | =/ >
%;Lr;lgyrﬁg pSB909.5 7| I Il #t! 5 e =)
it 5 HIF J’FTFFJ plACTA - ““ ’\fgiiﬁ?’iéﬁf" [~
% BamH I-Sal | % = =] » T{Hll'>T 3.6 kb
ooyl Ac FL L B i o S sk AEISsp= b
<% 2.9 kb 1 pSB909.5 Wi -+ &
6.5 kb b k] BARHITR (- )
FdeT g 2 TR )75 Cry B o
AFEEA Bt51 o i fk 1ACSB ¥
FE - i’aﬁﬁﬁ?}s’lﬁ ( Xentari ~ Delfin) ~ & f
E9-11 - =) BA#{fl (pSBY09.5) M ffi

W@ (Cry B)& DNA I Ej) cryl-type
ITHER R I R
% Xentari ~ pSB909.5~ Cry'B #} > fﬂ 3k}

¥ ocryl Ac fl W7 487 bp Tﬁ.'@r o W&
PCR-RFLP A% “grzy 1AcSB-2 i<
BR o | A 317 1 (K5un2-K3un2) [ -
U eryl Ac £l 801 bp~ 518 bp
322 bp ZIE[ ) B o fp A" 2 (primer 2)
[ {10k i eryl Ac B I 726 bp~434
bp ~ 244 bp ZIH[J} & - E'lf%’ﬁﬁf cryl Ac
B PRSI i iﬁlﬁfﬁfi{%‘}’f’l CryB o
& F%lr[ii?m -‘,wﬂ;gg(ﬂ'ﬁﬁﬂ NTNE AL
i R TR (S A)
FI‘SF E9-11 }n% aq“J (rﬁ" B) » HD-73 frl'/
BCR= C)e FF}T”P“Q:J fé@ﬂ*ﬁ ’
w8 1??# 3";‘4#%‘@’[““?5' | (rﬁ“ A)> P'J
PE E9-11 F”wﬁf J"Hﬁ}w B (W= B)-

iw_%::r{v \@{&

U
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LacZa
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Fig 1. Construction of plasmid plAcTA and plAcSB containing a complete cryl Ac crystal
protein gene amplified from the B. thuringiensisisolate, E9-11.
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fﬁ': ~ 1,000 %;L?%TG{T%FF .’J/Fﬁ%‘}‘f_—%'@ ;&E['lﬁ'xﬁﬁg, » A. 1AcSB Elﬁ’@ﬁ‘}’f% ; B. E9-11 B
¥k 3 C.HD-73 ik

Fig. 2. Micrograph of parasporal crystals in recombinant B. thuringiensis 1AcSB(A), in B.
thuringiensis isolate, E9-11 (B), and in B. thuringiensis HD-73 (C).
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Iﬁ#’ﬁg }?}[ 1#%& SDS-PAGE 5% T’%Fﬁf# ’ pllfﬁlll“{ Xentari ~ Delfin ~ E9-11 ~ HD-73 & &)~ %
M

ST b RIS B MR Xentari~Delfin & E9-11 [{Batk - ?‘, c‘-'u%f?maa@ﬂ[gg@ ﬁ},\;., 1ACSB |
Ry 130 kDa 7 % P - f *Fﬁlg,#léﬁm?: il 4-6-4-3 lf. > i 130 kDa H]l
It ‘E’Tiu_f;[ (10 pg/ml) FIJF BV S EET fI}“’ 1ACSB % BiEv 5~ 7 ~ 10 ~ 8|Iff,

Fﬁl ]ﬁ}}*‘pk ey ,%Elﬁl‘f?i_‘ Vﬁ TFE 1&,[ hﬁf > A. 1AcSB quﬂﬁ%}*?}el ; B. E9-11 F#ifk o
Fig. 3. Scannlng electron micrographs of purified parasporal crystals from recombinant
Bacillus thuringiensis 1AcSB (A), and from B. thuringiensisisolate, E9-11 (B).
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}w HMW ]Eq lﬁ@j -1 2 }w

Xentari (10 pg); 7 3 {~ Fv Delfln (10 ng): J7 4 > Fu E9-11 (10 png): 53 5 [~ v 1AcSB
(10 ng) 5 &7 6 {~ Ky 1AcSB (20 ng) 5 &3 7 [+ Ky HD-73 (10 png) -

Fig. 4. SDS-PAGE anaIyS|s of Cry protein from BacHIus thuringiensis. Lanes 1 and 8: HMW
protein markers (Pharmacia Biotech), Lane 2: Xentari (10 pg), Lane 3: Delfin (10 ng),
Lane 4: E9-11 (10 pg), Lane 5: 1AcSB (10 ug), Lane 6: 1AcSB (20 pg), Lane 7:

HD-73 (10 ug).

1AcSB ﬁ@ﬁﬁ‘)!?}éljf cryl Ac %‘L;EZ%rL

P Fe PRI hy 3534 SR (1177
WHE &) > =14 NCBI F’J;H ’ﬁl ( National
Center for Biotechnology Information,
http://www.  ncbi.nim.nih.gov ) =
(Accessmn No. AY 122057 ) » #&5=9 ﬂ’ﬁl
L fﬁ%\' e AL IFZNFE“‘ i
’Hffrlg‘f&’:f #|| ( Accession No. M73248 >
Feitelson (1991) - | 383 ) - El7v L5 Btk

HD-73 % cryl Ac 1 2] ®)( Accession No.

ML1068) H% - ] 8 [ F| 6T il » 4t
HEL3 fﬁ?‘ﬁ%’gg@ﬂ I ( L,J;FI 1 lﬂqg,gmu
s CHgt =) e

SECEACE | Y RS T Y T
AR B L b R B

3 g3

RIS AR PR

Tﬁ%a’a g FP%J ] 1ACSB-2 itk 250
pm iﬁ@“ » 24 ] Eijﬂfj | 6097+ Fy
BAEE [y LR TR AL D R P
S IE{ 136% v 5 {l*"ﬁﬂé p[???a[ﬁ’?v*}
(11.3%) #FyT EHJE '/irli?? Eaaa= &
“IE 96.7% - iy §% wﬂ$mﬂk

2500 ppm > Ey 1AcSB-2 HY-| 'FF' N IIEN

'] EJT N ﬂJJj K 20% o H'FFJETT;%
(1ACTA) 2= 1% F;{‘I/Zf % ‘B (Cry'B)
bf}é‘c Fj“slgj&fr?j ('SB909. 5)’ = HRR 72 )
SRR LT S R ER

1ACTA ~ SB909.5 7 #El = 48 /] 'ﬁ > T
ST rfﬁﬁﬁ'ﬂ"’ 2-2.4 Pff ff;,é p[iﬁ [F?’?ﬁ
e AT R A - S R
R E9-11 ~ Xentarl 5= Delfin » 250ppm HE
Fiz 24 'J‘E%'j » HITES 96.7%)°] F 7%=+ >
S AE R IACSB-2 Ju ik (- )



BamH 1

iR AR T EERE erylAc LN TR AR

ATT TAG TAA AAT TAG TTG CAC TTT GTG CAT TTT TTC

1 TTA ACA CCCT GGATCC ARA ATT GAT

6l ATA AGA TGA GTC ATA TGT TTT AAA
L2 TTG GTA TCT TAA TAA AAG AGA TGG AGG TAA
sk GGG CCA GAA TTC ACT TTT CCG CTA

G P E F

i F 2] L

1201 ATT GTT GCT CAAR CTA GGT CAG GGC

I Vv A Q

I. & © &

el CCT TTT AAT ATA GGG ATA AAT AAT

E i n i

G i I I

1321 TAT GGA ACC TCC TCA AAT TTG CCA

e G T, S

= I L P

1381 CTG GAT GAA ATA CC@ CCA CAG AAT

L D E i

P P Qo N

1441 TTA AGC CAT GTT TCA ATG TTT CGT

L S H W

3 M F R

3661 GTG GAA TTA CTC CTT ATG GAG GAA

v E L L

B ~ LACSB JiFZ F% HD-730 0 Feiew 15 L JRrt-wll5 B Ol ¥ H % B -

TTG TAG TAA TGA AAA ACA GTA TTA TAT CAT AAT GAA

I

N

CTT ATG GAT AAC AAT CCG ARC ATC AAT GAA

E

TAT GGA AC ATG GGA AAT GCA GUT CCA CAA CAA CGT

¥ G i

I

P

R

GTG TAT AGA ACA TTA TC TCC ACT TT TAT AGA AGA

v T R

=

T [rE ¥

R

CAA CAA CTA TCT GTT CTT GAC GGG ACA GAA TTT GCT

2 @ L

L

T

A

TCC GCT GTA TAC AGA AAM AGC GEA ACG GTA GAT TCG

S A A

K

iy

s

AMC AAC GTG CCA CCT AGGE CAA GGA TTT AGT CAT CGA

N N v

R

F

R

TCA GGC 'l'T AGT@AG‘I‘ AGT GTA AGT ATA ATA AGA GCT

S G [Fr3

S

i

TA GTCGAC TGC ARA CTC AGG TTT AA

L M E E

Sal 1

A

195

Fig. 5. Comparison of nucleotide sequences of the cryl Ac gene in 1AcSB clone and HD-73®
(those areas marked indicate changes) .

F— CrylAc%'&fﬁé’:ﬁfﬁgé‘J%?['l]ﬁ Cry'B fik ]G [135) | S B3l A g M3t
activities of CrylAc ICP in recombinant Cry

Table 1. Insecticid

aganist Plutella xylostella larvae”

Bacillus thuringiensis

% Mortality and % leaf area reduced

Samples (ppm) 24 hr after treat. 48 hr after treat. 72 hr after treat.
M (%)? LAR (%)Y M (%) LAR(%) M (%) LAR (%)
1AcSB-1 (2500ppm) 0 - 0 - 0 -
1A cSB-2 (250ppm) 60.0 13.6 96.7 8.1 96.7 11.4
1A cSB-3 (2500ppm) 3.3 - 6.7 - 16.7 -
1AcSB-4 (2500ppm) 0 - 0 - 6.7 -
1ACTA (250ppm) 0 30.8 3.3 80.7 3.3 50.1
E9-11 (250ppm) 96.7 13.3 100 - 100 -
Cry B (250ppm) 3.3 28.4 3.3 35.8 3.3 45.9
SB909.5 (250ppm) 0 23.4 13.3 67.6 13.3 31.8
Xentari (250ppm) 86.7 10.9 100 9.2 100 -
Delfin (250ppm) 90.0 11.8 96.7 11.1 100 11.6
Control (water) 0 30.63 3.3 33.3 3.3 41.3
Check - 11.3 - 10.9 - 11.5

Y Third instar larvae were tested. There were 10 larvae/replicate and 3 replicates/trial. Both

sides of the leaf discs (15cm?) were sprayed with 1 ml Bt suspension on each side.

2 M, accumul ated mortality.

9 LAR, leaf area reduced.
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EESTEMRSE - SRS A&l BFIEARE TR BIW B 1ACSB 4
SR ITAFE SETRFRDY 48 ~ 72 'Jﬁfﬁwgmwqu |
ES R R~y e Bt b B2 PEIRETE S Bl PRI SR i1 5 48 ]
| ?‘.?%Iﬁéi?]i [ iﬁ’“*if&%’ﬁﬁ Y LCoo (1 Fu ! AV ETR (R 2 ) =
F}FJEWF%E#E%EJ P E R 48 [ LCeo

\

Nl IS WIS R S e
Table2 Insecticidal activities of Bacillus't urlngleIE5|5|soIates strains, or recombinants aganist
PIuteIIaxonstelIaIarvae

L ethal concentration after treatment

Samples Parameters (ppm) 24 hr 28 hr .
SB909.5 LCso > 10,000 > 10,000 > 10,000

BtW LCso 249 34.8 23.6
(95% Fiducial limits) (175-411) (30.6-39.6) (20.1-27.6)

LCq 2110 119 118

BtE LCso 125 14.0 12.1
(95% Fiducial limits) (96.0-174) (11.8-16.4) (9.89-14.5)

LCq 1400 70.7 62.7

BtH LCso 907 233 195
(95% Fiducial limits) (714-1227) (180-309) (149-261)

LCq 7620 1210 1130

HD-73 LCso 46.3 6.34 497
(95% Fiducial limits) (38.6-57.1) (5.02-7.86) (3.46-6.72)

LCq 261 34.0 25.3

1AcSB LCs 279 9.12 3.82
(95% Fiducial limits) (136-1130) (7.01-11.5) (2.61-5.19)

LCq 5650 93.0 50.5

E9-11 LCso 10.5 411 2.98
(95% Fiducial limits) (7.79-15.6) (2.88-6.01) (2.11-4.15)

LCq 38.5 18.4 16.7

Xentari LCso 251 5.22 4,12
(95% Fiducial limits) (19.9-33.2) (3.94-6.87) (2.97-5.58)

LCq 236 36.6 325

Delfin LCso 60.6 6.35 4,96
(95% Fiducial limits) (47.5-80.6) (4.80-7.99) (3.02-7.03)

LCq 456 59.5 44.2

D Third instar larvae were tested. There were 10 larvael/replicate, 3 replicates/trial, and 3 trials/
concentration. Both side of the leaf discs (15 cm?) were sprayed with 1ml on each side.
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Fig. 6. Insecticidal activities of Bacillus thurlnglenS|S|soIaIes strains, or recombinants aganist
Artogeia rapae larvae. Third instar larvae (larval weight, mean + SD= 67.2 + 10.2 mg)
were tested. There were 3 larvae/replicate and 3 replicates/concentration. Both sides of
the leaf discs (45 cm?) were sprayed with 1 ml on each side.
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Table3 Insecticidal activities of Baci Ius thurmglenss isolates, strains, or recombinants aganist
Spodoptera exigua larvae after 5-day treatment”

% Mortality of different feeding dosages (ug)

Bt samples
5.0 25 1.25 0.625 0.313 0.156

SB909.5 0 0 0 0 0 0
BtwW 40 0 0 0 0 0
BtE 20 0 0 10 0 0
BtH 10 0 0 10 10 0
HD-73 10 10 0 10 0 0
1AcSB 10 0 0 0 10 0
E9-11 40 10 10 0 10 0
Xentari 100 60 20 40 20 0
Delfin 70 30 50 0 0 10

Y Fourth instar larvae (larval weight, mean+SD= 9.6+ 2.0mg) were tested. There were 1
larvae/replicate and 10 replicates/dosage. Each larva was fed with 1ul diluted Bt suspension.
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ABSTRACT

Tzeng, C. C.Y, Kao, S. S. %, Chen, L. J.2 Chak, K. F.3 and Hou, R. F.* 2002.
Cloning of crylAc gene in a Bacillus thuringiensis isolate from Taiwan. Plant Prot.
Bull. 44: 185-208. (‘Department of Bio-pesticide, Taiwan Agricultural Chemicals and
Toxic Substances Research Institute, Wufeng, Taichung, Taiwan, ROC; ?Institute of
Molecular Biology, Nationa Chung Hsing University, Taichung, Taiwan, ROC;
3Institute of Biochemistry, National Yang-Ming University, Taipei, Tailwan, ROC;
“Department of Entomology, National Chung Hsing University, Taichung, Taiwan,
ROC)

Full length DNA (3.6 kb) of the cryl Ac gene encoding insecticidal crystal
protein (ICP) was amplified from a locally isolated Bacillus thuringiensis (Bt) strain
of E9-11 via PCR. This cryl Ac gene was constructed into Escherichia coli plasmid
vector, pCR™ |[l, and then subcloned into the expression vector, pSB909.5 to form
plAcSB. After transforming plAcSB into Bt Cry B, the recombinant Bt expresses a
130 kDa ICP in the shape of a spherical crystal. Comparing the nucleotide sequence
of this cry gene with that of the cryl Ac gene from Bt HD-73, only 8 different
nucleotides were found, therefore, this cry gene can be grouped into the cryl Ac gene
type. Toxicity of this ICP against larvae of Plutella xylostella was similar to that of
Xentari, Delfin, and HD-73; however, this ICP was more toxic against larvae of
Artogeia rapae than all other Bt control samples tested. Larvae of Artogeia rapae
stopped feeding and died 1 day after treatment with this ICP even under low
concentrations.

(Key words: Bacillus thuringiensis, isolate from Taiwan, cryl Ac gene, cloning,
expression)
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