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@WW?ﬁﬂFV%E&WU’ﬁ$¢§WWmF@“WWWWM5§WﬁW

m’@zﬁ@ﬁwzy,
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cry1Ac E[H1EiE
I'J LB 552 (28°C > 250 rpm Bﬁf&i‘ﬁ%)

VB 1 IR T g T )
[* D4-01 f%[ﬁi ) J‘}@T’F‘Ei‘i' TER( IAqulck
Gel Extraction Kit, Qiagen Co., USA) F Hl
HES ff'JET’ﬁE' DNA > i%f’?fi‘%ﬁf@iﬂ.l%?@i%
(PCR) - F%’l“?rﬁé i BamH 1 =75k g5
( primer ) 1A29A ( 5-TTAACACCCT
GGATCCAAAATTGATATTT-3") @ » &
~ [ Sph I =Jib ][5 1Ab37B1 (5°-
TTTGCATGCATATATTATTCCTCCATA
AGAAGTAATT-3 ) - IEI HIENE T?E -
(proofreading ) “Jsfjc 7 DNA # F" f” (Taq
DNA polymerase ) ( Toyobo Co., Japan) -
BRI RL94°C » 5 min; 37 1 Y1 947C,
1 min » 42°C, 2 min > 72°C, 5 min > rFIIE‘ilO
VY281 94°C, 1 min 50°C, 2 min 10
sec > 72°C, 6 min » f’ﬁﬁ 10 7% 5 &7 3 Y58y -
94°C, 1 min » 52°C, 2 min 20 sec > 72°C, 7
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min ° f’ﬁﬁlo 5 BT 481 1 94°C, 1 min >
55C,2min 30 sec > 72°C, 15 min » 4°C f{ &
(5 1L 1270 S 3.7 Kb 19 crylde $LI -

p1ACTA1 KISIEE ERE 2 1S EnEZ

fLH PCR Erig] ﬂjﬁ 3.7 kb crylde L[N
LI ﬁﬁﬁﬁ’?ﬁ’&[w%“l’ (QIAquick Gel
Extraction Kit, Qiagen Co., USA) -
EEP?E}D:,‘ 5" ( Yeastern Biotech Co. Talwan)
VAV yT&A - [175 pIACTAL VETH -
Y, N A (Escherichia coli) DHS5a
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f?’?‘ﬁﬁ' DNA '] M13 universal J[="%2 MI13
reverse 5[+ Y& R [F[J%‘_’H“ R
WO F SN P Y] 5 D4-0IFI
( 5 -AAAAATAGCCGCATTGACAC3’ ==
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A S BT N SR AL
g =" ¥} D4-01F2 ( 5-GGATGGTAATC
CCTGTACTT-3" )~D4-01R2( 5’-ACAGAAT
AACACCGTGCCAC-3") ~D4-01F3(5°-TA
CACTACTACTAGAGCCTG-3") ~D4-01R3
( 5°>-AGCGAGAATTGTCCGAGAAA-3’)
~D4-01F4( 5>-AACGACTATTGATAGTCG
CG-3> )= D4-01R4 (5°>-GAGAGACAAAC

GTGAAAAAT-3) » Ry Eeds -

] S ey PR T

(7 o A S A ﬁzéﬁ % ( National
Institute of Health, USA) A&t Vi &
Puik ff?ﬁ?*ﬂ"“%fﬁfﬁ (National Center for

Biotechnology Information, NCBI, USA,
http://www.ncbi.nlm.nih.gov/) - I'] &gk

[T ]fﬂ 7 %’[ﬁ fﬁ ( Bacillus thuringiensis
Toxin Nomenclature, England, http://www.
lifesci.sussex.ac.uk/home/Neil _Crickmore/Bt/
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24 pSBY09.5 AR ik ) T i
I VIV o AP PCR HTIF crylde FLP
TR IR R
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EEM TR TR
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AR T B P
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Alpha Innotech Co., USA) » # ['Ff[ 130 kDa
535 &l jfiééﬁﬁ’%#[:éﬁfl (Cry toxin) %!
HE -

/R 2 £ E MR

) maggr' G4 5’@,3? = 3
g ISP o SN S TETIRE
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RH.'L:D=12:1 I/ﬁ‘_&;ﬁ,gugﬂjcl

G FRECEIG 24~ 48 % T2 JEJJ: o] 2
ﬁfﬁﬂff*ﬂ e
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S [ES?IF?T?&%@F@E'I‘?FE[H FVENEEY
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cry1Ac B[Rz 1Eig

'l 1A29A (FA" BamHl =ik ) &
1Ab37B1 (& Sphl <k ) d[+ » $f D4-01
INES F'J%f’r MiE = PCRIIR > ik > TG
13702 bp IV crylde FLPHA Ew

KEZAZE p1ACTA1 ERSRIHE IR
F|I*'] Taq & FA iy PCR &9 3 fﬁ}i@? -

It dA I J'JF*J & fH PCR %WFEFILJ crylAc ﬁl[ﬂﬁ:
PrE yT&A BVELE ﬁ}% | P yT&A U
LA deT [l 3 Bkt
dA v PCR kP NI 6.4 kb piy
pIACTAL EVE > 0 qlis) A RARTA 1 - T
BamH 1~ Hind 111 ~ Kpn 1 % Xba 1 ﬂiﬁfﬂf"i
JPFEFfER D BamH 1 B«Lﬁfﬂf@?y 1o HAS
6.4 kb | [/H Hind 111 Biﬁrﬂfgﬂ‘ Iy =
it > 5] lﬂﬂnn‘% 29kb~2.7kb== 0.8 kb ;
Kpn 1 [EGHIT070 » 7 4 - 51
L4Kb ™ S Kb : Xba T U= » 9 P44
B 55 3.7kb~ 1.8 kb~ 0.5 kb %= 0.4 kb »
E"Fﬂﬁjﬂ@ﬂyﬁ@%@ TR [J’fgfi?/w
?Eﬂ/f—%ggﬁﬁﬁﬁ'ﬁﬁ (It ) e
L TE R EA 7 51 L

G 3.7 Kb M AT R
"EJ 3702 bp > H pflj‘é[;‘! B ﬁ?—f ('start codon )
=R ‘HJF4 ('stop codon) =8 3531 bp
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Fig. 1.

» pLACTAL I'f[EGHITES]) - GERARSFRL N A BV Fisd ATl » Lane 185 1 kb DNA
Marker > Lane 2 £, 5% Bﬂﬁjﬂ'ﬂ?gr 7V DNA > Lane 3 ~6

f‘, % BamH 1~ Hind 111 ~ Kpn

Digestion of plAcTAl with different restriction enzymes. Lane 1, 1-kb molecular

weight ladder marker; lane 2, uncut plasmid DNA; lanes 3~6, BamH 1, Hind 111, Kpn 1,

and Xba 1 digestion.

S (translation ) (1% 1177 {lafk KL% - F:fz
S AT NCBI Wik pit %y €1
S D PR3 7 L
?ﬂ”“?&ﬁiﬁd?@ cryldes FLWNE[ > H e
crylAc5 (accession number M73248) 3|
CRRE SN TR S LS TP
Tﬁl{ﬁj( q%.\[: A) I WEE crylAcll (accession
number AJ130970) F=%f > g El T
[fil » ') 57 442 fean gl > A% Tk
( Asparagine, Asn, N) pYF[¥& (deletion )
([= B) o F=9F £yl JL
= L AR PR R eryldel s
(accession number AY122057) ﬁl[ﬂm e
DNA 5] 3 7 (g o B0 » g
B ST 148 (R PR

(Leucine, Leu, L) ( &éﬂ': C) -

p1Ac5SB N EXRIR G e i rmmEp®

B S plACTAL TV AR
B ATV E ETE] DNA > 55 BamH 1% Sph 1
BELﬁ'][J:'g;f”Jl['UH', 3.7 kb [V crylAc5 > $
2.9 kb fiUEE I RASLETE] pSB909.5 -

Cry'B > /&1 1Ac5SB [UfHFa Bk » ?"}}ﬂ,@ﬁ
FRPAPRE & VRE R T 1000 (%50 S0
(B %Eiﬁiﬁ'};‘/ﬁﬂfé‘i( )fﬁJ L [EH
7 AR [ E] o SR T PR B R G
erythromycin 100 ppm 7 LB ?f&’ﬁgiﬂ‘fﬁ%

Fl> 3 2VETETRS DNA > GBS 878 cryl-type
FLP PCR & > HiERL L 487 bp fi9%
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BamH 1
1 ttaacaccctggatccaaaattgatatttagtaaaattagttgcactttgtgeatttttt 60
61 cataagatgagtcatatgttttaaattgtagtaatgaaaaacagtattatatcataatga 120
121 attggtatcttaataaaagagatggaggtaacttatggataacaatccgaacatcaatga 180
1 M D N N P N I N E
2075 acggattatcatattgatcaagtgtccaatttagttacgtacttatcggatgaattttgt 2134
641 T by H I D @ V S N L V T Y L S D E F C
3515 gagaatccttgtgaatttaacagagggtatagggattacacgeccactaccagttggttat 3574
1121 E N P C E F N R G Y R D Y T P L P V G Y
3575 gtgacaaaagaattagaatacttcccagaaaccgataaggtatggattgagattggagaa 3634
1141 V. T K E L E Y F P E T D K V W I E I G E
3658 cagcgtggaattacttcttatggaggaataatatatgcatgcaaa 3702
1170 s vV E L L L M E E Sph 1

BamH 1
1 ttaacaccctggatccaaaattgatatttagtaaaattagttgcactttgtgcatttttt 60
61 cataagatgagtcatatgttttaaattgtagtaatgaaaaacagtattatatcataatga 120
121 attggtatcttaataaaagagatggaggtaacttatggataacaatccgaacatcaatga 180
1 M D N N P N I N E
1441 aataagccatgtttcaatgtttcgttcaggectctagtar——gtagtgtaagtataataag 1497
430 L S H v S Mm F R §$ 6 S S N S S V S I I R
1498 agctcctatgttcectcttggatacatcgtagtgetgaatttaataatataattgecatecgga 1557
450 AP M F S W I H R S A E F N N I I A S D
2098 gtccaatttagttacgtacttatcggatgaattttgtctggatgaaaagegagaattgte 2157
650 s N L v T Y L S D E F C L D E K R E L S
3658 cagcgtggaattacttcttatggaggaataatatatgcatgcaaa 3702
1170 s v E L L L M E E Sph 1

BamH 1
1 ttaacaccctggatccaaaattgatatttagtaaaattagttgcactttgtgcatttttt 60
61 cataagatgagtcatatgttttaaattgtagtaatgaaaaacagtattatatcataatga 120
121 attggtatcttaataaaagagatggaggtaacttatggataacaatccgaacatcaatga 180
1 M D N N P N I N E
570 gtgcccttacaaccgectattcctettttggecagttcaaaattatcaagttecctettttat 629
139 S A L T T A I P L F AV @ N Y Q V P L L

L

1110 atcaaataatggcttctcectgteggttttteggggecagaattcacgtttececgetatatg 1169
319 H @ I M A S P V 6 F S G P E F T F P L Y
1230 atagaacattatcctctactttttatagaagaccttttaatatagggataaataatcaac 1289
39 Y R T L § S T F Y R R P F N I G I N N Q
2070 atgtaacggattatcatattgatcaagtgtccaatttagttacgtacttatcggatgaat 2129
639 N V. T D Y H T D @ Vv S N L V T Y L S D E
3658 cagcgtggaattacttcttatggaggaataatatatgcatgcaaa 3702
1170 S v E L L L M E E Sph 1

1Ac5SB JHISEARE=E (9 cryldc FLPFGPRA(N ] 2 i BLER PS5 (7 < i) Pk
GIE B SRS PR R | BB RL PRAFs * OB (AJE cryldcs (accession

21

-

number M73248); (B ) == crylAcll (accession number AJ130970); (C) == crylAcls

(accession number AY 122057) -

Comparison of nucleotide sequence and deduced amino acid sequence of the crylAc
gene in 1Ac5SB clone and cryldAcS, crylAcll, crylAcl5 genes. (The red marked,
dashes and vertical line indicate the position where changes, deletion and insertion in
the sequences) (A) 1Ac5SB clone and crylAc5 (accession number M73248). (B)

1Ac5SB clone and crylAcll (accession number AJ130970). (C) 1Ac5SB clone and

crylAcl5 (accession number AY122057).



22 PR ARl 48T

SRR TR T”JL"‘J cryldc FLH o 7Y BamH 1
> Sphl B«Lﬁ‘uﬁzwﬁ R T ST
T\fu 2.9 kb ¥ 3.7 kb g@f}ﬂ A
%Eff T A cryldes B
'““?‘FWE“ ,Tfﬁrf VERITH Cry Bl e

E8NE cry1Acdh ERRIKBIREE/IE
W A% S8 0E 1%

IV H AR AR BRIESERE 1ACTAL 1%
ik ERA ] A0 ww&ﬂa ES O
RN ﬁl[ﬂﬁiﬁpu HRITAR B D4 01 Ky -5
lf‘F”’ - JEE YRR A R FTEIRE © 03
I A S R 250 ppm = 25 ppmﬁ% a3
g S R W ESETTE 24 ~ 48 K 72 0]

31 kDa— S
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A= E R TR )
TACTAL HEGEAE T A | DR B 250 ppm
(I=# 130 kDa | R G i S 1> 79
MAF 1Y 3.9% =9.75 ppm ) E%'J: (ﬁ%ﬂ‘} )
R T2 PR BT R B R

33913t ‘?F P F R T 25 ppm o I
A g [l“* o BRI AR D4-01 YAl grF NRE
Ve 250 ppm ( 130 kDa E[ﬁ%@%ﬁ?}ﬁ#@gg [
AT 1 51.4% = 128.5 ppm) M 25
ppm " HURUP RS 72 L E ST
S 97%5 33%[ugseak o A L A R AR

&engﬁiﬂwﬁﬁm1d§;d;za)pmnpyzs
ppm puia@i ) %xi@ﬁ%ﬁ 72 ] Eﬁ o %t
g 4‘:*’%«?

REIFHE (2 ) -

W

”— 130 kDa

= > TACTAL fH5EREV CrylAc s 1R F3< £7 « Lane 1 £ HMW grf 1ETISGE > Lane 2

E% IACTAL §E5ff% » Lane 3 £} E. coli > Lane 4 £} D4-01 -
Fig. 3. SDS-PAGE analysis of the CrylAc protein from the 1AcTA1 clone. Lane 1, HMW
protein marker; lane 2, 1AcTA1; lane 3, E. coli; lane 4, D4-01.
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Table 1. Insecticidal activity of extracts from Escherichia coli strains against Plutella xylostella
1)

larvae
Cumulative mortality (%)

Treatment 250 ppm 25 ppm

24h 48h 72h 24h 48h 72h
1AcTAI 10 30 33 0 0 0
E. coli 0 0 0 0 0 0
D4-01 90 93 97 23 33 33
Control 0 0 0 0 0 0

Y Third instar larvae were tested. There were 10 larvae/replicate and 3 replicates/treatment.
Both sides of the leaf discs (15 cm?) were sprayed with 1 ml of the Bf suspension.

1 2 3 4 5
116 kDa— -2 4 o Pl
97 kDa—

66 kDa— -

45 kDa—

31 kDa—

qgﬁlp% + 1Ac5SB1 fEFfif% . CrylAc }ﬁg’—fl@if?ﬁ%ﬁﬁ o Lane 1 £ HMW &F IEVAREE > Lane 2
E% 1Ac5SBI1 fH5F » Lane 3 £} Cry' B 7 FVEI IV @R 974 ( FA' pSB909.5) » Lane 4 £
CrylAcl5 > Lane 5 £ Cry B = FVRIV w7 fAl

Fig. 4. SDS-PAGE analysis of the CrylAc protein from the 1Ac5SBI1 clone. Lane 1, HMW
protein marker; lane 2, 1Ac5SBI1; lane 3, Cry B (containing pSB909.5); lane 4,

CrylAcl5; lane 5, Cry B.
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Table 2. Insecticidal activity of extracts from Bacillus thuringiensis strains against Plutella

xylostella larvae"

Cumulative mortality (%)

Samples 250 ppm 25 ppm
24h 48h 72h 24h 48h 72h

1Ac5SB1-1 0 90 100 0 80 87
1Ac5SB1-2 0 80 100 0 67 87
1Ac5SB1-3 0 97 100 0 63 80
1Ac5SB1-4 0 100 100 0 90 97
1Ac5SB1-5 0 97 100 0 70 90
Cry B (pSB909.5) 0 3 3 0 0 0
D4-01 97 100 100 3 67 67
Xentari 23 100 100 17 87 87
Delfin 67 100 100 37 100 100
Control 0 0 0 0 0 0

Y Third instar larvae were tested. There were 10 larvae/replicate and 3 replicates/treatment.
Both sides of the leaf discs (15 cm?) were sprayed with 1 ml of the Bf suspension.

BRI EEEIEM 1ACESB #/\ R pIR% S0
3V U R E ] B AR T pr i

F o 2B 5 S BRI ML - 1
AL F EE 250 ppm = 25 ppm > B! 3 &y
PRSI IR 24 5 48 B T2
R AR f, 1Ac5SB [k ]/ frijH
FEFR > IS EF % 250 ppm (130 kDa !
AR G il A AR 1Y 47% =
117.5 ppm) (P4 BR A 3 46| 2 S bk -
fi* 7 B8 LU 48 ) [ e 3E 7 80~ 100%
Vg e T RUR R 72 T EP > Pk
fEE 100% o A srp R [ (X2 25 ppm >
[9f T MR i 48 (T R S R IS ARG
H 60 ~80%[UF=t o 5 72 | g Sl
H = 80~90% o ALY ™ o EfHT AR
(CryB @FA, pSB909.5 il ) t E AR A !
% 250 ppm o BRAUVGEE Y 72 ]
]2 B SR B F ) 3%V » B R
RORIE R > ST R BT R RN TE -
AR B IR > HEgR TR 1AcSSB
FEREE UG R DA-01 [ R Srp
(25 ppm) FEAIFIE  FEEECE 48 2 72

'J\E%j‘ % U J%“NE% 1Ac5SB {EgE AR S
SRR PR Da-01 £ -
B9 1AcSSB T g 1) iy i
Delfin ( FAI CrylAa ~ CrylAb ~ CrylAc ==
Cry2 3,3 )= Xentari( {7 CrylAa~CrylAb-
CrylC = CrylD # %) Pk » P
HIE &TEWﬁJ%%I"%[’#* ST 250
ppm == 25 ppm UG VBT > RS 48
W72 | e BEETLHIF I R
BV I (R2)

SN 1AC5SB $5E R ERaE s

Rl B PR e BB SE PR
1Ac5SB > i%lzqéiﬁ‘]%;[\[%ﬁfj;&ﬁgdﬁ’l‘i:ﬁ?\% o
'} 250 ppm == 25 ppm YU G F R BR 42 2
s NS > IR % 24548 2 72
TR VAR T < fR VPR 1ACSSB R -
E'}’l’EUE'J'?T‘F?lEEEW%@ 250 ppm (|55 E
A F“jiw‘ 47%5 117.5 ppm) [ » [i' 7%
B AR E 1 48 TR S 60~80%.
U S 5 72 P gl SR
S 80~90% o [ (B SEF 1 = 25 ppm >
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Table 3. Insecticidal activity of extracts from Bacillus thuringiensis strains against Trichoplusia

ni larvae"
Cumulative mortality (%)
Samples 250 ppm 25 ppm
24h 48h 72h 24h 48h 72h

1Ac5SB-1 0 77 87 0 40 70
1Ac5SB-2 3 80 87 0 33 70
1Ac5SB-3 6.6 70 93 0 40 67
1Ac5SB-4 10 67 97 0 57 73
1Ac5SB-5 3 67 93 3 50 80
Cry B (pSB909.5) 3 3 10 0 0 0
D4-01 23 67 77 20 23 60
CrylAcl5s 10 73 93 0 53 67
Xentari 43 57 100 0 60 80
Delfin 70 70 97 10 60 93
Control 0 0 0 0 0 0

Y'Second instar larvae were tested. There were 10 larvae/replicate and 3 replicates/treatment.
Artificial diets were incorporated with the test sample.

'ﬁﬁ:;&;ﬁ[ % 48 '] Ejj:l' ?U 30~50%EI'U

=k 0 72 ) Ef 1&@‘4[ = 70~80% - %Eﬁ

itk (Cry'B @Fﬁ pSB909.5 EE?E}) (]

g 1R 250 ppm [ o SR 72 ) B

B SEHENUETE ) 10%259=5 » B aREE R
SRR IER o PR 1ACSSB {E AR )Y

f%lﬁi ) = j FF? ff[[l Delfin =* Xentari %lﬁi v
EEEJJSF%\I’JTIIJ (=) -

&
YT:TJIZ[“’EIEIfJi_’Q,;_zj: + E{ff* TPl
Hi= LI 8 S RGE I R 2

¥ TIRHAE S Vﬂ% %lf?ﬁ P =
Al I?# 378 BamH 1 -I652 Sph 116k iy
9 R gér’ﬁﬁj}g’éﬁk D4-01 f[1 >

S eryide AL - TP S

K% 3.7 kb - 3%% PCR E’r‘?ﬁﬁ SEH | B ES IR
Z Elfjr,‘a%fgﬁrjrﬁ: ,}‘.{g‘j’% FL‘, V% (annealing
temperature ) [I142°C T HHF| = 55C > i

B Iﬁ<1‘r%fJ'E~FJ;— If’:ﬁfrmﬂjégi o [F=9f > Eﬁlﬁ[
 DNA X W > o £ WL*T?JH Fl‘ Vi
IEEJF% (75 ERENRRCEE R TR
PCR &P iﬁ" EHF SECIHIEY crylAcs > {E
£ 2 Rl S AT "WEFE[* °
}qﬁfgmﬁ V3. 7kb A S T yT&A
AV B 359 plACTAL ’W,@‘E‘ i L8
Z NP DHS o Fl 3SR s = B B
TR B RN 5 s
(translation ) AR > (11 yT&A Ehﬁ?’ﬁ%’
PR AT R v MR AR PR AR e P
I SR A PR R S 1L N = AR
[RNNTEE = Eif%&“uﬁrﬁ s oA
AR A l"Et Tf“rfgrﬁ f%lfﬁs%;ﬂ
plﬁ”’ﬁt ['}J[J%“—’rgud = th ] vgiﬁFJ p‘ T
HYerylAc F'Jgui, SrP 1B T oyl B HL
[ PCR =2 PCR-RFLP ( Restriction fragment
length polymorphism) " =& » 5 A E S
WL IAL ryldc 1L » [



26 #ﬁ?ﬂfﬁﬁ%%ﬁﬁflj 5T48%  ST1H9 2006

PR (T
‘4‘6& I*ﬂ%‘ = A Fﬁ ’J‘ﬁJ
fi[“’:" /IJ?%HLEM /le il
éf HRLPNAFZ cryldces ﬁamw )
@ﬁé;%9%’@vinﬁ@§ ke
SRS = AE - B AR E‘el%ﬂé&lﬁdﬁu
FEI U o SR B P T AR RS S A
%l > I') SDS-PAGE ?’i%ﬁﬁ [ -
J3 BN ] A9 130 kDa fUFEG SeF I P
Tt CrylAc5 2 51 - EIWMMW S
CrylAcS HEF L 22 NCBI 28k )i ph
Ak EAAT IR CrylAces 2
AT 3 A ]I S A R Al
CrylAcs 51 ™% pI s if‘[iiﬁﬂ
B B FRERESEY CrylAcS 3 g1 A
IR SHIES IR H%ﬁ?' ' Fﬁ%
Popud 1A (PRS- W IR
A7 | R LY B T-IR Y l;!ﬁ (LCso) >
) b pEE [ PR
S PR ARIS TR P
TACTAT B PrifESE AR == BL P YR R
JIARE DA-01 o5 U JESHAT 1ACTAL
TR | 2 BRI > T PR g
Fk D4-01 » FURPT Aol - AT AR A
FREL 130 kDa | S Sl rf 1333 > B
B b AL 1 3.9% > 2 g D4-01
AR BT E a9 Mer 2 kT
At =% £ 130 kDa | SN g 1R
P Goffisef 1y 514%) (=) P
gt NBWREZE ery ﬁlﬁdﬁ‘if&?ﬁ’ﬁ} ’
FUNE PIpvAR &N T E o B [ﬂﬁj
U TACTAL SBGERR AR I - PO Ak
PRI ALY AT o BEGRYIP > (R
AR A LR ) B R A T
o B S RS s J
G L S N o Rl P e T s S B N

"EJ%}F’SL‘O
FIH RPN ETRS $ o 2 (R LR A
TR > el lﬁfﬁiﬁ”“ﬁéﬁg #l

’E” = ER %IH'F’?IEIF‘ [i8 i ) (shuttle

vector ) ﬁﬂ_f[ = B AR T A Y 9t
DNA 4 fa 1% 22, —WDNAHEQQE%%B
Cry &) S (FLNpURR L1 o Ao 17T
A9 pSB909.5 # f%@%lg&ﬁﬂ kL= TRAR
ERT R B 7‘5%&%‘ PR s
E]J'Eﬂa& %[FI]E}&?E El O j{"sr#&%é‘:{%_jﬁn
&yéﬁﬂﬁwwo%ﬁﬁw%ﬁﬁﬁ
1Ac5SB ZERIFk D4-01 SRR | 3k b5,
VRBITHE BT 1ACSSB IR b
D4-01 ;‘Qﬁﬁﬁf‘li;’? L) ] A B cry
FLTE R AR RS R 1
PR T AR A T AL

1Ac5SB AR SIS FLAAFYE, 14 - Rl
o R TR TR - BLPE Ppusd i o
#r P DA-01 Ff > P ekl 278 g 15
[ (14a”, 14c%, 1C*°, ICb“, D% 3¢7)
H [ﬁJ%iEﬁ?‘aﬁ%‘ ° :gﬁfﬁi‘ﬁﬁ‘ﬁ‘) RE=
VR SR R A T e
('synergistic or antagonistic effect) - F|[X
T SIFO B S PR
j’;‘%\[% 19) | w2 j [r,f‘s‘;?pﬁuf&ggugﬂ NE
fi »Eﬁﬂ@rw%[iﬁwwﬂuﬂa(”> P
l'[ﬁ{fleJﬁﬁfJ/% rf R RIS @*W’Fli[ﬁ
%Jﬁzﬁé]f T -“:i_[ﬂt“ ’;Jﬁzpllf* it 23l
[ ri%w%‘ﬂig*ﬂfl'@lwﬂ ’ "ﬂi/['i/ﬁr
EI’?‘MJJ o PUE) S - 7E SRS FL R
lfk LN e e R P l[‘{lﬂﬂizﬁ'

1 52 ﬁﬁ#ﬁﬁfi$EWf AT
ﬁﬁ”%hﬂﬁwii i GE R

t[F J 1:;[;(2)
FPHCEFAY cryldes BB A
g A cryldcls Bl PG, L

P‘“%ﬁﬁzfu BT 57— i (domain 1) 2%
1 EL PR > 5] CrylAcs 93T 148 [l

PREL| 1 %R( Leucine, Leu, L) [fij CrylAcl5
B0 BT 148 [ W R PR B KL T W MR
( Phenylalanine, Phe, F) > [li#* domain I
AR kLo 5 A1 B ’?‘9 =
yﬁgqaﬁf Ffrﬁm L3 P IEIAFTOR

F‘y[kﬁiﬁlwzﬁ”“'ﬂ@ r‘gj —”jl‘/\bfﬁ *QEEEJF[



£ B eryldes TBHEL IR K Z

PGS YA - PG =T B AR
tﬂ%—[‘“hy'ff&% 2T T R fi [E3K

Cry 2 §rf 1B FLE AP, 35 B> TV
o g VD T AL
P (receptor) T [fIFEE frudgsd » [N
[filf Cry 3 & 1> 2F T [AIY FLE D )
[Fil /@4~ 1% (susceptibility ) ® By CrylC
SR IR XD VR AR R R
HIFIF A B CrylAc [F - NP CrylC ] ki
RAD g3 » FT PR B 1
19 CrylAc H e TEAH Rt (Heliothis
virescens ) =! fj@ﬁ,’ﬁl@?ﬁiﬁﬁﬁ(m) ' [P
TAUF (R 1 R PR O APN
(aminopeptidase N)== CrylAc ) [ 1T %
ORI - L AR 5
[ crylAes BIFLN > Z2HH A REE 3T
SR Y eryl Ca9 FrLH© o » EI AR
[l R e S R R N 2 T f}m“[i ;
b} rﬁ{*ﬁ”na?ﬁ Cry1Ca9 %} 25 i 2
LCso( 52F! 72 hr & )% 41.0 ppm> [ 1Ac5SB
ESEARAT S F R £L 25 ppm E\ﬂj‘ » 72 hr & f
P 80%~90% » HEIET Rl B
72 ’J\E\jj:l[/q"' YL RS 25 ppm o B
FA'[ crylAcs FLKVER T TAEGERR 1AcSBS %f
| TR ) s (BT S eryl Ca9 FLPN Y
ETAPATE  Cry1Cad SHEN MDA ARY R
E%'?ﬂﬁ”ﬂﬂ*,\ﬂ VG RFERHE LCso [l
/! 1Ac5SB ﬁiygﬁ?ﬁ"ﬁﬁ NEE 25 ppm
[ > 72 hr i BRI A 2
60%~80% + ZGRA PEA TN crvides
FLENT ]P0 A SR
Qs 95 A eyl Ca9 NV S
Pk -

ng[P"“’ ,“Eﬂ F]tw%h 77?%&'?[]‘%& J%l?ﬂ ﬁi

o SR A AL P B LR S

#’J[iéfﬁ‘ﬁjﬁ‘ ¥ L E ﬁ'ﬁlglﬁz'ﬁ”lglﬁ o

B B
R

B AT 1995 F HL D CryB Pl
= PR pSB909.5 AIHENE 3 BRI
?‘ﬁ% B E s B IRE S BE s SR A
PRI R AL ) B IRES -

5| F3ZRR

L THE O] 2005 - 7 W ]l s
crylAc ﬁi[ﬂﬁﬁ SO S ZE E =
Prit PSR G e {iH 1 96 1

z.m%@ow%oﬁi%@%@%ﬁﬂﬂ
PP ~ R 5T AT [EW'BHF'FJ
AEL P %F}Frﬂ%“{ Tud’ = by
93 fI o

NG L EIN LT T F
B 2002- B PAT WTEERE cryldc
L ﬁb%$ﬁF@m$*W44
185-208 -

4. Bruce, K. D., Hiorns, W. D., Hobman, J.
L., Osborn, A. M., Strike, P., and
Ritchie., D. A. 1992. Amplification of
DNA from native population of soil
bacteria by using the polymerase chain
reaction. Appl. Environ. Microbiol. 58:
3413-3416.

5. Carozzi, N. B., Kramer, V. C., Warren,
G. W., Evola, S., and Koziel, M. G. 1991.
Prediction of insecticidal activity of
Bacillus

thuringiensis  strains by

polymerase chain reaction product
profiles. Appl. Environ. Microbiol. 57:
3057-3061.

6. Crickmore, N., Bone, E. J., Williams, J.
A., and Ellar, D. J. 1995. Contribution of
mosquitocidal activity of  Bacillus
thuringiensis subsp. israelensis. FEMS
Microbiol. Lett. 131: 249-254.

7. Crickmore, N., Nicholls, C., Earp, D. J.,
Hodgman, T. C., and Ellar, D. J. 1990.

The construction of strain of Bacillus



28

10.

11.

12.

13.

14.

PR 77

thuringiensis strain expressing novel
entomocidal J-endotoxin combinations.
Biochem. J. 270: 133-136.

Ferr, J., Real, M. D., Van Rie, J., Jansens,
S., and Peferone, M. 1991. Resistance to
the Bacillus thuringiensis bioinsecticide
of Plutella

xylostella is due to a change in a midgut

in a field population
membrane receptor. Proc. Natl. Acad.
Sci. USA 88: 5119-5123.

Gamela, P. H., and Piot, J. C. 1992.
Characterization and properties of a
novel plasmid vector for Bacillus
thuringiensis displaying compatibility
with host plasmids. Gene 120: 17-26.
Hofte, H., and Whitely, H. R. 1989.
Insecticidal crystal proteins of Bacillus
thuringiensis. Microbiol. Rev. 53:
242-258.

Kalman, S., Kiehne, K. L., Cooper, N.,
Reynoso, M. S., and Yamamoto, T. 1995.
Enhanced production of insecticidal
proteins in Bacillus thuringiensis strains
carrying an additional crystal protein
gene in their chromosomes.
Environ. Microbiol. 61: 3063-3068.
Kalman, S., Kiehne, K. L., Libs, J. L.,

and Yamamoto, T. 1993. Cloning of a

Appl.

novel crylC-type gene from a strain of
Bacillus thuringiensis subsp. galleriae.
Appl. Environ. Microbiol. 59:
1131-1137.
Kao, S. S., Hsieh, F. C., Tzeng, C. C,,
and Tsai, Y. S. 2003. Cloning and
expression of the insecticidal crystal
crylCa9 of Bacillus
G10-01A from Taiwan
Microbiol.  47:

protein  gene
thuringiensis
granaries.  Current
295-299.

Knight, P. J. K., Crickmore, N., and Ellar,

5748 &

15.

16.

17.

18.

19.

20.

21.

57119 2006

D. J. 1994. The receptor for Bacillus
thuringiensis CrylA(c) -endotoxin in the
brush of the

lepidopteran sexta is

border = membrane
Manduca
aminopeptidase N. Mol. Microbiol. 11:
429-436.

Lee, M. K., Curtiss, A., Alcantara, E.,
and Dean, D. H. 1996. Synergistic effect
of Bacillus thuringiensis toxin CrylAa
and CrylAc on gypsy moth, Lymantria
dispar. Appl. Environ. Microbiol. 62:
583-586.

Luo, K., Lu, Y. J., and Adang, M. J. 1996.
A 106 kDa form of aminopeptidase is a
receptor for Bacillus thuringiensis CrylC
the brush border
membrane of Manduca sexta. Insect
Biochem. Mol. Biol. 26: 783-791.
McPherson, M. J., Quirke, P., and Taylor,
G. R. 1991. PCR a practical approach.
Oxford University press, New York. 253
pp.

Miteva, V. 1., and Grigorova, R. T. 1998.
bifunctional

d0-endotoxin In

Construction of a
genetically labeled plasmid for Bacillus
thuringiensis subsp. israelensis. Arch.
Microbiol. 150: 496-498.

Park, H. W., Kim, H. S., Lee, D. W., Yu,
Y. M,, Jin, B. R., and Kang, S. K. 1995.
Experssion and synergistic effect of
three types of crystal protein genes in
Bacillus thuringiensis. Biochem.
Biophys. Res. Commun. 214: 602-607.
J., Fritsch, E. F.,
Maniatis, T. E. 2001. Molecular cloning:
a laboratory manual. 3rd ed. Cold Spring

Sambrook, and

Harbor Laboratory, Cold Spring Harbor,
N. Y.

Schnepf, H. E., Wang, H. C., and
Whiteley, H. R. 1985. The amino acid



TR cryldeS TS PN E T A5 »

sequence of a crystal protein from
Bacillus thuringiensis decuced from the
DNA base sequence. J. Biol. Chem. 260:
6264-6272.

22. Schurter, W., Geiser, M., and Mathe, D.
1989. Efficient transformation of Bacillus

thuringiensis and Bacillus cereus via
electroporation: transformation of
acrystalliferous strains with a cloned
d-endotoxin gene. Mol. Gen. Genet. 218:
177-187.



30

ﬁ?ﬂ@%%ﬁﬁfu 5T48 % BT 1 2006

ABSTRACT

Chen, W. R."% Li, G. C.!, Kao, S. S.!, Tzeng, Y. M.%, and Tzeng, C. C.'* 2006.
Cloning and expression of the insecticidal crystal protein gene, crylAc5, of Bacillus
thuringiensis D4-01 from Taiwan. Plant Prot. Bull. 48: 17-30. (" Biopesticide Division,
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Wufeng,
Taichung 41358, Taiwan (ROC); * Institute of Biotechnology, Chaoyan University of
Technology, Wufeng, Taichung 41349, Taiwan (ROC))

A new cry-type gene (crylAc5) was cloned and sequenced from Bacillus
thuringiensis (Bt) D4-01 native to Taiwan. The full-length (3.7-kb) nucleotide
sequence of the crylAc gene for insecticidal crystal protein (ICP) was amplified from
Bt isolate D4-01 by PCR. This crylAc gene was constructed in the Escherichia coli
plasmid vector, yT&A. After transformation, the cry gene carried by the pSB909.5
expression vector was electroporated into Bt Cry B (a crystal-negative host), and the
recombinant Bt expressing a 130-kDa ICP was obtained. The sequence of 1Ac5SB
cloned from D4-01 was determined. The new gene, crylAcS, consisted of an open
reading frame of 3.7-kb, which encoded 1177 amino acid residues. The polypeptide
has the deduced amino acid sequences predicting a molecular mass of 130-kDa. The
crylAcS gene had 99.9% homology with the previously reported cryldc5 gene, and
only 2 mistakes were found in comparison to a sequence stored in GenBank. The
mortality of the Bt Cry B clone 1Ac5SB against larvae of Trichoplusia ni after 72 h of
incubation was 60%~80% when treated with 11.75 ppm crystal protein. The mortality
of the Bt Cry B clone 1Ac5SB against larvae of Plutella xylostella after 72 h of
incubation was 80%~90% when treated with 11.75 ppm crystal protein.

(Key words: Bacillus thuringiensis, crylAcS5, insecticidal crystal protein gene,

cloning, expression)

*Corresponding author. E-mail: cctzeng@tactri.gov.tw
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