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H# 2 PA Erwinia herbicola == Al fz1 Escherichia coli [fl BT fi = [AF 1A pr’
PSR~ PUBEERAPIR 1 SRR S 02 d 1 I 3 Pag s Porn]
fijl k¢ (fire blight) 7 FUf Erwinia amylovora fiu % 5% » R E il
L U TE—T'?J E. herbicola it A2 =P (7 FAvF[H] 'E*“E, e AR e I
.V E. herbicola ATCC 14589 > || Egil*ﬁ B e g A 4 E‘IVH{ E
herbicola TC1= TC7 ]‘IZEEL[#\JE{LJV (transformation ) I/ #,[4 , ,&I{ﬁ}%ﬁi‘ ug;gzn/
#}Iﬂ%fﬁr‘ #ixJop4 (Bacillus thuringiensis) $L[X crylAal puTf pUN4 53 ;2
ATARE - E] Ehd ~ ERSEE EG YA o O EIEE crylAal BLPNATRI e TETRY
ORI - Eh4 ~ EN5 = EN6 VA 1R P > TR 1 2.5 mg/ml ™ BLA)
R Z GEIDE T2 P R ST A 100 % pUgd S [ 9 0.625 mg/ml
o T HIEEE] 80 % ~ 94 % 42 %=t Sk 5 K1 Ehd ~ EhS T IS S R
0.312 mg/ml * » {75[i" 73 Bligy s | 2 S i 43k 26 9% 42 % o Ty PR 1
FOfIEE o HI M RS 5 1.25 mg/ml Y Gk S 1 SUPIERLA - A 48 ) I E
E[“pJ 2 H”l’ﬁ’?&/ 84%-82% == 5 Z%FILJ TR ST }%%H%{ﬁ;{‘ HE% 0.625
mg/ml & 72 o [ &lFﬁipr =t =k o B Tﬁﬂ%ﬁ%@ R B T Y D
ETTIV A - gt rj:T S piet 2 Ampicillin CAmp) pjiaﬁ(‘[ EIF o BIETT pUNA
T {HT Y E. herbICO|a%I?§‘HI1Eﬁ; AT - T b%ﬁﬁﬁé%lﬁi—t[ﬁpl g
PR LAY o F 'Wfﬁﬁlﬁ IF“EW%'EI AIFE T | IR F“ IO 5 14 o i TR T O
;J Fo i Amp E ;LE_E’E& J_‘\ﬁ’:tl Eh4 Fl‘/ Eh6 > gﬁzﬁf[ pUN4 ﬁ?ﬂﬁuﬁ@g‘f 'iiifﬁ
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T Sl Jﬁpﬁw o3[ | A B AR 7 107 — 10" CRU/MI > SEpA e
10" CRU/mI %7 » B il %Iﬁéﬁt{ﬁ WSSV PUNA - 57— 0B 7S
B EEE 7E§r§' YT e B AR AR L @Fuﬂﬁg\ o R 106

10" CFU/mI [y Ehd iy EN6 14 SaE B o | itk ot 2 ! o PRIV S
Mo FRTE R PO SR > S - S e 10° CRU/MI B R @W'F

B o R R f”{fﬂ RETY SR £ 10% CRU/MI > — ffat F] e Pk 2 30 Z [ phidk
f Jﬁﬁﬁ i) £ ORI P B A - I RER] 10 #~10° CFU/mI fiphisy» -4
= }{ﬂ;ﬂ;ﬂé%{ﬁ[‘pt by oE PO BERG E [FRY F' ﬁdﬁ{h/;ﬁ}zﬁﬁﬁﬂguﬁu& EX A PR X0
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U BT thufﬂryF 1 g e
lth“Z'}Z ToREI *E&“i 2 Hufhﬁe,ﬁ:k%
TFIPaT - Ay BT Pl R BE i o
%E{" Jr F—T CAF i Tﬁ"ﬁp‘fﬁﬁ%ﬁﬁn ELE
B 3 ([ ] S
;&E'[’I (insecticidal crystal proteins » ICP) %l
PRI T S RLYE I 2 1
(711 e R i’*w[ * PR IR AR
B Ay 2RSSy ICP - B
r?j’&%ilawq’i %= 1CP Tl Eﬂf%‘, L E 1o 1ICP
PLEESLENT  H - F‘ﬁggﬁg‘%g\l s HITF rFJF‘m ICP
FAEOEGT o FIp EI%Y’I%@EIHJ
Cryl 2% ~ 2 EH@WF %@EI}%@EIFU
Cry2 ;7% ~ 2 El%i’,&'nﬁﬁﬂ TBY Cry3 577 »
) S E T WHCry4—. #1190 1cp
%ﬁ#fi‘p%ﬁmw%i (endotoxin) I7— » i&’h
PR [ 1 RS RS B (pH 10.2)
H;&E[’f (v E] > ey R % (protoxin)
Fla “FI[PJ{ LR, 1%1{ I C & J';WFE[#[
TEF;J FISHTS 55 ”771 N *‘%‘ el (toxm) ENERH
2 E‘?ﬁﬁﬁw“ﬁﬂ&"“ S 2 (receptor ) ﬁﬁ
i SRR s T
SR LR
AL E R i 0% E e Lt 1CP

DR

Hdﬁ]ﬁjﬁg A Piglgk s :VuluggF’i)

FLFERET ) cryl-cry37  I') % cytl ~ oyt2 ;
o cryl ;7% erylA-crylK » 201 &
SAUIIERE ww@}%ﬁk%ﬁ%mw%
H1 ICPFERIGE > ] B ICP LU= 1 SRay
Fo T PR SBEE HIHER YR R R PE R
JFJFE%ZE’[% fﬁjfl' Py Fo ?Tr“ °
IR IR T ICP Y L
PAGEO S R B
T%I’F?IEI}% ﬂ:E'Jiff\‘F"F}ﬂoH— ALY '%E'lﬁ
Pofl XfgiEE (transgenic) ﬁzl’ﬂr }{fj ICP Hv
FL P X;F*:VJT,,?”N F1E 1 A P - \f;‘
%3'wJE?ﬁﬁﬂﬂw@%m%uﬁ:l%
ffwd?l& BV HFZ 5] lﬁtrgit]ﬂim_l@i I bﬁiglgl
PR %@QH SR I TR
E%@Hﬂgﬂﬁw S TR LT
PR TIEE [ BTN R e
SRR PO (RO S g
FLPKB g2 e ??%‘\?%’}’ﬁél ICP £l PHav |
}.;[rpg.[ o EIR[= LA 1CP fo L P ﬁ,L R
¥ % ( Pseudomonas fluorescens) ~ & GFI
( cyanobacteria) ’1’*’)5”?‘[ Paplno FSF}:%‘IE_I.’I’.
T FEY ICP - TH] EJTJ'IJFJL»E‘IEH” IR PR
i?: II(S 11,17, 18) o Fl H[ ) ﬁ S [@]E&‘f;q"r%uﬁ\cfgjﬂj"
ﬁ‘i}ﬁ_{fﬁhﬂ J?FRL?;ET%[ I — ,EIF? illl'_lf”“]ﬁ@rf‘
-1" (transposable element) Tn5 }H ICP v EL
PER A ARTBE O O RS ER



R pRLESLY R S BB herbicola iU I IR T & 03 A 23

2V 53 AU e |
E-lfg‘slﬂﬂf%ﬁ;é E. herbicola |* }bﬁ%’}l?}v’l ICP
RIWNavEH2 o crylAal LMW &~ E
herbicola ATCC14589 == |1 [~ fije E.
herbicola TC1 &2 TC7 » jf[Z¢EH &F ICP Y
Fit’}ﬁ??’ﬂg? o =415 [t Ty crylAal EWE&FE
HY pUN4 FI:‘F“, HIgT Amp Elfigﬁiﬂgﬁf‘lﬂ )

}?ﬁ@ﬁ,ﬂf“ E. herbicola?%vl"&ﬁ[[r » Mo flL=gr
%;l/;"[ gﬁ WL F[H R F%l?%i[“’\f;iiffl
HERT B ICP o I s PR [ T G gs 1
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B E. herbicola ATCC 14589 (i
F'ﬁﬁl[!l:' E § é@%lﬁﬂzl‘fﬁ’?ﬁﬁﬁ W T ]
fu\(i?%'l’aﬂj IES Edfﬁslf}@’d’, ) E. herbicola
TC1=TC7 ?%Iﬁé 53 T%f [ F’} H AR ﬂﬂﬁ‘:
RIS 3 i« =] g
R & R[S D A PR A
e - f«:[ﬁ;L [ B 11 LB( 1 % trypton,
0.5 % yeast extract, 1 % NaCl, 1 % agar ) £
Bfl b 28 COUBERIEIF T o AT E [ 16
EYHE] S bi— PIEL E. herbicola - 73 LB fﬁ
Fefl o AEREVEL TR o IR B
BT o S B R S 1 - 92y
ﬁEJF%NFf_' » #2770 E. herbicola ATCC
14589 [V G L™ R R G 1  A6 Yy T i
ﬁé’:‘?'ﬁﬁ”"ﬁﬁ?%iﬁﬂ@f' R [FE TCl =
TC7 E@iﬁﬁ*%&f" (kK -

BB 2L 1B 1CP B
crylAal ( GeneBank accession no. M11250) »
(%% | 1 B. thuringiensis var. kurstaki HD1 tv
[N TR PESL % ] 49 17 kb® - crylAal
B RfEAT pESL v 2 ffﬁf Nde | =1 1y F}FJ ’
2 R HM Klenow 3 £ }-ié"j Nde | =

(5’-protruding) #i='" » F |4 * E. coli Ei7f!
ETFFI pTZ19U ( GeneBank accession no.

Y 14836 ) BY Sma | TSELfﬁ[j P 5 M Ji;!g,}l',
e ﬁ@iﬁ%@i’ﬁif% ATG $uyT pTZ19U lacZ

g BT > MU ] PUN4 T O
_)Q

E. herbicola &2+
Bl 2TR8 (competent cells) 7 &% :
Pt - Bk ev E. herbicola ATCC
14589 ﬁ‘} TC1~TC7 > iifﬁ?-f:'l'j 7 F‘?ﬁfﬁ{*ﬁ@E’lfJ
LB iﬁﬁ?&ﬂ& 5 mlf[1- 28 CHEH 120 rpmi@
T o RIFJ:E I 4 ml Gk~ Eefeens LB iﬁ?ﬁfi
400 ml {[1 > éﬁfﬁ% 3hr> T'%lifﬁi%}i@ (ke
¥ &K 600 nm > ODgy) # 0.6—0.8 ;I/F|LFJ o
A eI F10mino 5 4 °C T #545,000
rpm > 15 min (rotor model: SS-34, centrifuge
model: RC5C, Sorvall, Dupont, Newtown, CT,
USA) ; BTl Eli’Jijh'i%}Fj‘s’ng » B&avl gy
“f 400 ml EFTy o AR A R e
Y FIfE 2% 0 B )] 10 %6091 3 400
KT AR (TRIELE £k 3 10 cells/ml ) =

=% 1“3+ (electroporation) :

;-IEJ’ 40 pl Frieeey fy‘F’JEIfJ E. herbicola #
AV I A S A% %‘%ﬁ ( electroporation
cuvette) » 52~ DNA > oI EJH}I@]%@PFT
= 7\%”}@{3‘%&{ ( Gene Pulser, Bio-Rad, CA,
USA ) B i (] » FSEEEE [ Jo 25 uF 2.5
KV ~ 200 Q ~ 4 msec - FEsE R o)y
1 ml B SOC i?'f,,%i[& (2% trypton, 0.5 %
yeast extract, 0.5 % NaCl ) - iﬂﬁfﬁ—f’:’%’ﬁ‘;
A 1.5 ml ElfJfJL%fz*zfgtJ’F’ﬁ[l s BIES 37 CTH &
WEE e 1 hr e BRSO - R ki
H T 7 100 pg/ml Ampev LB wl?rgtﬁ
Bl e -

E. herbicola &= &7 353
~ERIZE

}-{%E‘e[}}ﬁgif 500 ml 8% LB iﬁ?&if&“r )
28 C* & 180 rpm > Bk 2x 48 hr o &S
6,000 rpm > 10 min » J¥3v 8% oA 10 mi
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Hindlll Sphl_Psfl Sall Xbal Bami{l Smal Kpnl Sadl_EcoR1
Promoter P(lacZ) | = = B

Ndd crylAat Ndd
ES1
Al T
Sphl  psd
Sall
HindII Xbd

Promoter P(lacZ) 1| /

pUN4
6629 bp

Amp

crylAa1

Sad Kprl

Fﬁ,l— . ﬁiﬁﬂ'éﬁrﬁg pUN4 ElfJFﬁifo YR} 1 B. thuringiensis var. kurstaki HD1 'pt Al ’E’T]%‘F{ PESL ( %V
17 kb) Eli’Jﬁ}e*JJT%lﬁﬁ‘[iE,ﬁEﬁ?[’lﬁl[’d crylAal £l @iﬁﬂfiﬁﬂj Nde | =/ ﬁs"z‘ﬁl[ﬂ
i 3.65kb I L B > . coli gﬁﬂ’;ﬁ? pTZ19U (2862 bp) HY Smal =/ (# > grﬁ;%:“
% lacZ ﬁl[’dﬁ”ﬁjﬁ’lﬁi%% rFIJElflJFﬁiﬁf’ HTH %] pUN4 (6629 bp.) - rﬁIHIH« SR Ry
crylAal FLPd > prénmifched Amp 7 B-lactamase £l ™ (Amp') - F’ﬁtpmivm JT’F'IFFIJ
e ) -

Fig. 1 Construction of plasmid pUN4. An Nde | fragment containing crylAal gene (3.65 kb)
was isolated from pES1 (17 kb), an endogenous plasmid of B. thuringiensis var.
kurstaki HD1, and cloned into Sma | site of plasmid vector pTZ19U. The resulting
plasmid with correct orientation concerning the direction of transcription of lacZ
promoter was obtained, designated as pUN4. The crylAal gene is shown as a filled
box, and Amp' gene encoding B-lactamase is shown as an open box. The arrows
indicate the direction of transcription.
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BV IV % Bk (50 mM Tris-HCI, pH8.0, 50
mM EDTA, 15 % sucrose, 2 mg/ml
lysozyme) » 1 H 5 % &iF & 0 37 C 7 I
B2 b IR ERARG o 20 TR
T ZI#S (VC500, Sonics & Materials Inc.,

CT, USA) %ﬁﬁl% Jy“f‘j‘\ v 237.5—
332.5 Waitt » %‘Hi’i«;ﬁﬂfﬁ«:ﬁf £ 5 sec > it -
1sec> &j#,i@%ﬁrﬁkﬁﬁ Fjil 2m|no I’] 15,000
rpm > #&< 20 min s = %T%IFEW}[ » 53 -

e » B0 s 1T -

, _E:_}‘fl.‘:_f}ii

F}cl}?‘ﬁ*fjif 5 ml iy LB Ffﬁi‘ii&[[l » 28
C1 ) 180 rpm & 2 28 hr o v 3 ml T%l
Ik > + 12,000 rpm » 1min U520 B
LS 150 pl BV 2V [Efk( 50 mM Tris-HCI,
pH8.0, 50 mM EDTA, 15 % sucrose, 1
mg/ml lysozyme) » [(IEH % = &F (% » 4 C
T Z&A 30 min o H%’)F%ifh#ll'%iﬁ]tﬁ‘ o2l
%wwwmQW%ﬁ%%’ﬁuwxw
142.5 Watt % wﬁﬂfjf«:ﬁ:F fr 1 sec ffr i
1 secsH 107% - '] 15,000 rpm zse 20
min » =L &%Flfﬁﬁ%ﬂ » IFEY - ?ﬁifc » HITHZ

Jf;[ EIU%@'_P:{ I’F’T

A 4 25+ (Western blot)

m?“ ? 14 “X"I'F, f ICPElfJﬁ@%,ﬁ[’l'gT’ﬁiﬁ
Iﬁgq 10 %i% SDS FE P JW’@FF{ (SDS-PAGE) FJ?
Yz > J0 FBH ’;‘H’@H SHE H“(%Er@ﬁﬂﬂﬁ?‘?
FZERIE[[ (25 mM Tris, 192 mM glycine,
20 % methanol, 0.05 % SDS) > 30 min {%; » ;Jlfj
i ﬁﬁ‘ﬁ AN ;FEIFFJHJ NC (nitrocellulose)
A% 1—1 &éﬁ* i 4IRS LS J;FEITr[jr:“ ,
NC ks FI%FEJL ﬁ@??ﬁuﬁﬁ’ki;iﬂ o P2y
FIJﬁIEIi?:]— FE]Y ,%‘Wﬁ"ﬁi@ifﬁﬁ ( Semi-Dry
Transblotter, Blo-Rad Inc., CA, USA ) Hu:!” F‘
> ‘E-F 22 V > 50 min- v ﬁqﬂjiﬁ“#r‘ﬁu
NC &% » & ;;Eﬁf[lﬂlfglmgﬂl » I'] 50 ml BY
TBS-milk #% &k (10 mM Tris-HCI, pH 7.4,
150 mM NaCl, 1.5 % non-fat milk powder) %

WASHE 30 min > F J?L'liﬁ;i BT - H
2 hr e M5y TBS #%f ik (10 mM
TrisHCI, pH 7.4, 150 mM NaCl) 5% NC
A% > 10 min > F#EHy TBS #% Efk - ’yf%{ 5
o RGO 2 o RLIGE ke
ﬁ@iﬁ NC #35k » 50 ml B TBS-milk #% &k
Hpp & 6l E’[fjlllél' e Pa@ﬁ‘i?&{[ (B
F | dkaine phosphatase, Pierce Inc., IL,
USA)» £ ﬁﬁ%&ﬁ 2hr> F|I'J#t TBS
REER > ik 5 KR - B I
iF'F’gEIfJ NC %35t » 20 ml 69 APB Y& k([1 (10
mM Tris-HCI, pH 9.5, 100 mM NaCl, 5 mM
MgCl,) » (&P A 132 ul B9 NBT (5 %
nitro-blue tetrazolium chloride in 70 %
dimethylformamide ) == 64 ul BY BCIP(5 % 5-
bromo-4-chloro-3-indolyl-phosphate p-toluidine
salt in 100 % dimethylformamide) » #% 3 min
fHp fd ICP BV é’lﬁiﬁﬁﬁfo

& iga

Il = SR A

;‘jJF‘#‘;L_ [ ?a;fzﬁ%‘_

& ( Plutella xylostella)
# “fvf'J ICP B 57
IFF’ 7'“("(*@ BCA %u[ li;l[]{:l:iﬁ] (Pierce
Inc., IL, USA) 4| VT 7 Bl - 2 it
T IFRERIEL - 2 20 o’ EEW"H?:Q%' ’

2R ENE 9cm FIJ% AN b "Fj%fféﬂ

(Potter spray tower, Burkard Manufacturing
Co., Hertfordshire, England )- ?Iii,ifﬁ[}, J1ml/5
pS' R JI]FJ?‘ f[']EJ ik H B JV\II‘JP[ ’ ?“TEFJM?E”
AR - B S B R 10
IS f‘;’:ﬁﬁﬁ BT 25 C > 75%RH > DiL
= 12:12 VYAl 24 hr Rlley 3+
P WER PR 2R R L
f% 48~ 72hr» 3 Hu{zjg_@gﬁaé&wﬁ[ s
Fi o ’?‘ﬁm{[i‘% 5 F'Fﬁ ,AI ,gpfgrl Jaze+
= f:!»?&"% [ [/FI

EEZEpUN4 % E. herbicola % &= iz it
E
AT TR PUN4 B9 E. herbicola
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(Eh4 75 EhG) iffﬁ%ﬂf £ 100 pg/ml Amp
fY LBffFI 2k 5 ml f[1 > fﬁ Ifslp“xz[& s B3
50 pl BVTRNRLE [~ B1E - /“iTj;@ X, \‘/%:EFJI;"
LT fi Ampr LB iR L
B 726900 CFU & (colony forming
unit) > ' b g R (CRUt) - Tl
[+ P2 50 pl avBak - #5715 Amp Ev LB
fﬁ Zeykf[r & ‘“[J«*ﬂﬁ ‘fv'l' 5ou| nr[rﬂ
SET6 W@ﬁw%%’%ﬁ#A
Amp Y LB [F*, [ ¢§FL o *f;,r CFU ,a“, )

Hfﬁﬁ 2:@ 3 IR ;’3%’ L0 24 hr

FAvEL L . Eﬁ*%i@ i P"?"‘#‘ Amp‘r%l
fé‘r AR J/*/‘F[H i f;[
Q%ﬁﬁmﬁvwﬁwr%'ﬂm

f& o P T AR TR o

E. herbicola ET"E'E# Aty H R A ek
S

H?Jj?ﬁ | T pUN4_’EIfJ E. herbicola
(Enh4 F% EN6) iﬁ%#ﬁ £] 100 pg/ml Amp
iv LB if,?i?ffc 50 ml {1 EI ?[JT%I?[&?%‘;}@
(ODgoo) i 0.6—0.8 V- fj B%IFF:!&%“ o
I’] 15 ml 8% 0.001 % Tween 20 &)F - ;{fj
[Eht=le ’"Fﬂgﬁif"i [t e 2 hr (%20 Lem?
BHEIAET (| Ampiv LB iifﬁ%t:?& [l 3%
[ g “IJ*T?% g W}%F"A'J Amp i LB
%Fﬁ*?%&ﬁl *f;[ s CFUtO EREN
" VR B i }HH AR R FEAT 28 C
Al Ejf[[l (75% RH > D:L =12:12) > &}
1-4-7~10~13-~18-~23-28- 33Fl N
_";‘;JLL_L?WF%:?[JEC ’ ?V[F’"‘L [X?%ﬂi} & J*?'—,u I—J‘
CRU (g T = $71 07 T 777 Tl
pUN4 B E. herbicola ATCC 14589 (Ehl)
f¥ TC7 (Eh3) "giilE =1 > Jb‘ﬁ‘fﬁj“jﬁ”ﬁj;l/ E\ij
F}FJ%?ﬁﬁ:%ﬁ ’:i”'i_f*H%Lj T f} An?p s LB Tl
e SRR CRU o Y R E.
herbicola 1 % % - 1#R1 RavsHiaH -
Rt S SRR 1 5 i A T AR 3 1gl
[ R RIS e RS Y A e 2 Amp
Itk R P e B S
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% E. herbicola 2 ¥4 £ &~ % crylAal £
R 7 E.coli&EE

{7 Ndle I G =% crylAal LB
7 B. thuringiensis var. kurstaki HD1 Eli’J?Tflﬁg
PESL - Hl57%v 3.8 kb i DNA Ji & - I
Klenow B?F’ﬁ FF?f"}l,%EImefﬁ »# * E
coIi Eradl ’ETFFJ pTZ19U A% Sma | EﬁLﬁgu )

i Wﬁjﬁj%#ﬂ;‘; HHE ATG FiyT
pTZlQU lacZ F[v‘;ﬁ 1 F[J’ETFF; ' [HE] pUN4
Frfrg(fﬁ'— )e FJ' | E. coli FliﬁlPﬁI;Inﬂﬂ‘m—ﬁ
Wit > ¥~ E coli UT421 Tf;f} o g;ﬁﬂﬁﬁr
2’“&9@@11'2?;‘3@3 » #§ E. coli E‘(’J?TFEI pPUN4
¥ » E. herbicola- #fiI7¢ i 2 % E. herbicola
BURTHH DNA » 1 JBUG| i pUN4 1)
W E. herbicola Fj‘s’lfl?gﬂr?ﬁ‘gd o f flrZEY E.
herbicola Pff=xi1% % 2v i1 T DNA

#“% E. herbicola ® #&* < €31 =F CrylAal
= vipdsa't3F

Fo g S B coli BT FAVELEN
,%L_“‘[Fl‘ '} E. herbicola f[ 13 » % ﬁ:ﬂsﬁ%ﬂj
n” ,h%li?“ii E[JE*JGPJ[ LN =R rﬁh i
’ETFFi PUN4 FrY crylAal HM-7 lacz ﬁv‘;ﬁ
= %&ﬁpﬁffﬁqﬁf [ 2 (ribosomal binding site,
RBS) fafp™ » f'i M E. coli *)i:
E. herbicola T'j?llaﬁ[[lf&tﬂ— fit 53 -1 f;[
130 kDatr J;&F% ,Fﬁ‘ [ICrylAal J»‘”‘
720 E. coli fiy kL E. herbicola F%I’F“,,.\\iiif‘[][ﬁ
CrylAal - EIILF"'[ mgli?ﬁ? fif 1 ey E.
herbicola # 0 @ﬁ%#fﬁ“['lﬁ E. coli *
K A L LS
R i

ﬁ@ilb [&FIJ E. herblcola""?Eu:‘«fng‘%TT
WE - > f A2 ev B FE E. herbicola
ATCC14589(Eh1)~TC1(Eh2)~TC7(Eh3)
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Fig. 2
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E. herbicola

E.coli
ATCC14589 TCI TC7 UT421
cryidal  + = + = + = + = MW
1 2 3 4 5 6 g/ § 9 (kDa)
CrylAal - [ ' Ll :

P gliﬁiﬂﬁiﬁﬁ fﬁj E. herbicola i 2f%{[1 CrylAal ;&?['Ngﬁ‘rﬂﬂ?&c}ﬂ c RPIZFEE
herbicola {2 Bk (strain) » 53 Hjl ks ATCC14589 (EhL, lane 2) S=¢ ¥4 -1 53z
TC1 (Eh2,lane4) %= TC7 (Eh3, lane6) - fii lﬁf‘éjﬁ#jlf%lgl[ﬂ crylAal (#7)+)
E’IU'E’TF*' PUN4 > 55 [}y Ehd (lane 1)~ Eh5 (lane3) ~ Eh6 (lane5) - ?ﬁ?ﬁ’?ﬁ;‘[hﬁ
WD CrylAal gy TETH P2 550§l ] 130 kDae = 1415 7 pUN4RYE. coli UT421
i %! CrylAal f,;pl (lane 7)» %7 5 pUN4 IV E. colf (RS (lane 8) - T
{1127 lane 9 Ju s I sy 1153 frf,-i%% » PRI 53T A ]

Western blot assay for CrylAal expression of E. herbicola transformed with pUNA4.
Equal amount of protein extracts from E. herbicola ATCC 14589 (lanes 1 and 2), two
locally isolates TC1 (lanes 3 and 4) and TC7 (lanes 5 and 6), and an E. coli strain
(lanes 7 and 8) were subjected to SDS-PAGE and analyzed with antibody against
CrylAal. Protein samples from non-transformed strains (—), Ehl, Eh2, Eh3, and E.
coli UT421, used as the negative control, are shown in lanes 2, 4, 6, 8, respectively.
Protein samples from transformed strains (+), Eh4, Eh5, Eh6, and E. coli UT421 with
pUN4 are indicated in lanes 1, 3, 5, 7, respectively. The arrow indicates the position of
CrylAal with an apparent molecular mass of 130 kDa. A prestained molecular weight
marker is shown in lane 9.
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F— ~ BT Za0 E. herbicola 35| 3% ,%}PE{F‘; = D
Table 1. Insecticidal actlvmes of the transformed herblcola strains against diamond back moth
(Plutella xylostella)®.

. Mortality”  Concentration of protein Remaining
Strains 3)
(%) (mg/ml) leaf area™ (%)
Eh1/ ATCC 14589 18 4.35 55.5
Eh2/ TC1 5.0 6.18 55.5
Eh3/ TC7 11.3 7.17 66.0
Eh4/ pUN4/ ATCC14589 92.2 9.24 67.0
Eh5/ pUN4/ TC1 100 10.54 715
Eh6/ pUN4/ TC7 92.2 5.88 67.5
H,0 0 0 45.8

Y Data collected after 72 hours of treatment.

2 Ten or twelve 3rd instar larvae were assayed per treatment, each data point represents the average
of five replicates.

® The original leaf areais 20 cm?.

* BP0 E. herbicola i e | 1FTH1E! iﬂﬁ'*{;ﬁ‘ﬁ pi e AR Y
TabIe2 Protein dosages effect on insecticidal actlvmes agalnst dlamond back moth (Plutella
xylostella) for transformed E. herbicola strains that expressed ICPY

Mortality (%)

Recs?gﬁ:g ant Concentration of protein (mg/ml)
) 2.5 1.25 0.625 0.3125
Eh4 100 9 % 80 6
Eh5 100 100 90 9 42
Eh6 100 94 64 42 5

Y Data collected after 72 hours of treatment.
2 Fifty 3rd instar larvae were assayed per protein concentration for each recombinant strain.

F =~ FLEfrzas E. herbicola R | VTS| 5 Bk ﬁs{ EESE LN Y

Table 3. Time course effect on insecticidal actlvm% ag diamond b k moth (Plutella
xylostella) for transformed E. herbicolatrains®

Mortality (%)

T. . .
(r:g:ﬁs) Recombinant strains
Eh4 Eh5 Eh6
24 2 2 5
48 84 82 50
72 96 90 64

Y The protein concentration used for each treatment is 1.25 mg/m.
2 Fifty 3rd instar larvae were assayed per treatment for each recombinant strain.

1a* MBS (1.25 mg/ml) 93| I'E'T—Ig | les |k o ;ﬁg\lgga T 24
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Fig. 3.

Plasmid pUN4 retention analysis of transformed E. herbicola in culture without

antibiotic selection. Two transformed E. herbicola strains Eh4 (A) and Eh6 (B) were
subcultured daily for 14 days in the media without ampicillin (Amp). Samples
collected daily were in series dilutions and then plated on LB media with ampicillin
(+Amp) and without ampicillin (—Amp), respectively. The number of colony on plates
was calculated and expressed as logCFU/mI. Each data point is the average of three
repeats and its standard error is also shown.
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{1 PUNA T3 E. herbicola flin 2t 1 8t o 0 & 1 Grifesd e F"‘f 53T e ﬁ@i
I ZIFIPE Ehd (A) 52 Eh6 (B) » I') &4 il 2 irifk Ehl (C) == Eh3 ID) BV BRIk 73 H[J
Q,zpumgjiga %0 ST 0 (2] Ej) 1~4-7-10~13-18-23-28-33 X%
Ffff(’ 1cm I8 Jﬁ,&pl » et 9,é|}| l/T’%IFFi"”’T M]?T?}E ) ?%}% il r‘fJ Amp (Eh4 7|1 Eh6)
Amp (Eh1 #1 En3) BY LB % ,%ﬁl FHerd "/ I?”ésgrl R THYR 25y L
|-j ) VTR o f I [[’ﬁ"iI IS EEEE .
CoIomzatlon of the transforrged E. herb|cola strains on cabbage leave. Two
transformed E. herbicola strains Eh4 (A) and Eh6 (B) and two non-transformed strains
Ehl (C) and Eh3 (D) were used to spray on cabbage leave surface, respectively. A leaf
disc with 1 cm? area from the sprayed leave was collected after 2 hr (as the starting
control), 1, 4, 7, 10, 13, 18, 23, 28, and 33 days. Bacteria washed through the leaf disc
were in series dilution and plated on the LB media with ampicillin for En4 and Eh6, or
on media without ampicillin for Ehl and Eh3. The number of colony on plates was
calculated and expressed as |logCFU/ml. Each data point is the average of three repeats
and its standard error is also shown.
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ABSTRACT

Lin, C. H."? Huang, W. C.}, Tzeng, C. C.2 and Chen, L. J.™* 2002. Insecticidal
activity and plasmid retention of the epiphytic Erwinia herbicola strains
transformed with the Bacillus thuringiensis crylAal gene. Plant Prot. Bull. 44: 21 -
36. (‘Institute of Molecular Biology, National Chung Hsing University, Taichung,
Taiwan, ROC; “Department of Bio-pesticide, Taiwan Agricultural Chemicals and Toxic
Substances Research Institute, Wufeng, Taichung, Taiwan, ROC)

The crylAal gene encoding insecticidal crystal protein (ICP) from the pES1 was
cloned into an E. coli plasmid vector pTZ19U to form pUN4. The pUN4 was
respectively transferred into three different isolates of epiphytic Erwinia herbicola
(also known as Pantoea agglomerans) by electroporation. The transformed E.
herbicola strains Eh4, Eh5, and Eh6 expressed | CP and conferred insecticidal activity.
An amount of 2.5 mg/ml total protein extracts from the E. herbicola transformants
resulted in 94 to 100 % mortality against the diamond back moth, Plutella xylostella.
With much reduced amount (0.312 mg/ml) of total protein extracts, Eh4 and Eh5 still
display 26 % and 42 % mortality, respectively. Time course effect on the
insecticidal activity revealed that Eh4 or Eh5 could reach up to 84 % mortality after
48 hours of treatment using 1.25 mg/ml protein extracts. To test the stability of
plasmid pUN4 in transformed E. herbicola strains, Eh4 and Eh6 were either
subcultured daily for 14 days in ampicillin-free LB broth or sprayed on cabbage
leaves for a month. The results showed that pUN4 in bacteria was excluded
significantly one day after culture, then retained with a concentration of about 10" —
10" CFU/ml till the end of the test period, while the bacterial concentration in
ampicillin-free media remained the same as those of the first day (10" CFU/mlI).
Distribution of transformed E. herbicola strains on cabbage leaves decreased
gradually from 10° — 10’ CFU/ml to about 10* CFU/ml in a week and almost
completely eliminated after a month under green house condition, while
non-transformed E. herbicola retained at about 10° CFU/ml. The insecticidal
activity detected in transformed E. herbicola strains and the characteristics that the
recombinant plasmid will eventually be eliminated in the environment makes the
transformed E. herbicola strain a good candidate as one of the environmental friendly
biopesticides.

(Key word: epiphytic Erwinia herbicola, Bacillus thuringiensis, insecticidal crystal
protein, gene transformation, biopesticide, biological control)
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