OO AR
EJ112200000125

@%{%ﬁﬁ%@@ﬂ 125-134, 2000 125
AEBABELERHZGRE
aaed ' piRE ! ERE' AER

‘BB (THRRES B GRS R
PR BRI b R AT

(BZHE : pERBE 89 F 4 H 13 H)

wm =

BELE - RIER  RYIE KRR 2000 XEHHIEZLEFHIEE HEE
GF| 42:125—134

SHEBEBETRE  RoBEERTEER 574 BRARLENE (Bacillus
thuringiensis) &1 » DL HPLC GHE8 HEZEEESME - ZIRA 321 £ (55.9%)
HEREREEHRER (thuringiensin) ZEEST - ARMEERES Y B. thuringiensis
darmstadiensis HD199 (6.6 mg/ml) 3 » & 14 #% (BPDI1-BPD14) E & 6.79-9.62
mg/ml 15 - HEREHE HD199 #9 1.02-1.45 {52/ - "I B Rk %
HIEMRIEERE o WAV ETSE R ERMUIME R R # € - 8837 BPDI1 ~ BPD2
BPD3 B B. thuringiensis kenyae #J H-antigen 4a,4c - jfij BPD5 + BPD6 - BPD7 #[I
BPDS8 PUtkEIEHL B. thuringiensis tolworthi 1Y H-antigen 9 [ yHHEY - 88 B FiiREFIFES
WAER BRI =AY /\F#H H-antigen (1~ 5a,5b - 5a,5¢~7+8a,8b~9-10 K 11a,11b) #H
EE#% - 3%3R H-antigen 4a, 4c BRTRINAEE 4 #5 JIB R H-antigen o FHLLLESMR
RS EMETTR 2 ES - tH HD199 3588 — R NE RS 2T UVI-3 » HEx
NEERZEZERFEM HD199 2 1.73 % - M EREEFTSEKR IEE S ZEIRE
FiE ( Musca domestica ,CMA080192 FL% ) FUFLERER » H LCso [ES L 2.3920.19
F] 7.83+0.17 ppm N o [E4} > BRDERE KW ACIBRE IIEIRIRE 6.7-30 ppm EF
FLEAK - hE 85.28%HIMLIFRE ST - R EIREE 53.6 ppm FFHALIFEE JEEE T
EE 60.15% - 2B MR KHIFE B B e RIB IR AR E - ERRE
6.7-30 ppm KA HAAEAIR(L » AR ERE 77 ELE 23.33% - M NTERHERE
W B T I 7.84% -

(BRGERR © BRJIE ~ BRNER - B - EP)

*EASEZE o E-mail: sskao@tactri.gov.tw
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&

#5778 (Bacillus thuringiensis ) Fs—#f
REE R 2 SR K% (Gram positive )
IFRIERE » FTEEZRaEBERCHE/\
FE® 1020222, = chgs 132 (thuringiensin )
ERNTENRELSMENERTEEBERNE
BB R SR B R
" Bkl ATPY - N IEE
RS  SARMEENE S TEE
i 1990 FEARHA de Barjac Fipf 37 IYH
S DIEEE PR BT R S 2
B RIS E AR ERT R 2 1E
Z S - HATEAIsR DB I3 82
iy E - T B BTHEATRE D SR ST R AIER
FIERRE MR 1~ Sa, 5b~5a, 5¢~7-8a, 8b
9~ 10 % 11a,11b % /\FE"" ' - M#RNER
£ RICzEBEERE TEEEE - 2
—IEH L ECBR  BUMVERRESE
N R R il sh e TR B SRR
iR - NEEEL ATP /0L > [
It & B ATP % 9 DNA-dependent
RNA-polymerase » £l RNA Y4 &K
@29 o L/ e B R AE R SRR 7 SR HE
EER  FRBIAEEFERES  HEL
TR STEE ~ TR - SR IR EUE B Ry
RBECY - 5344 - BRI E RS R EZ
¥ E &M < B E (Lepidoptera) ~ &3
H (Diptera) ~ #851H (Coleoptera) ~ JE#
H (Hymenoptera) * & HE (Isoptera) ~ H
#WE (Orthoptera) "+ JR#ME (Neuroptera)
. 4@ H (Hemiptera) @ « R H

(Heteroptera) V% 1 HE £ - EEHH
OfnigE! O B R EEN: - MENEEA
B EFEE M - BRI B A RERY 25
o FERE—EEEHER IR EREE
V5% s o TED ¥ SR 2K i i A B B 1 R RE
B ' FRESHA T ERSELT - AL
AEtESHHARA LK N EREEREKR 6
- EEET-RINCEET -

i

MELERT A

HiERERIEES B

B 24 100 (ERSEEERE D HIIRE
FOEERRSL 10 g > EEAEIBLS - HY 0.5 g £
fa A 10 ml EEVKEIZ R EMIEF © 1K Kao
% N7 BRI R > B Nutrient
Agar (NA) PSR A E > 28CHEE S K
PREE % o ENG AR AT ZE RS
574 #k > AANLARRIR

EREATEMRBEEKCERIEE

B Luria agar (LA) S8 E FRHEAR
TERE-FE%S A EEE 2 ml Luria
Broth (LB) R&EEMATHIE » @E - BUE
B E B 100 ul 2% 3 ml SMB (Soy
molasses broth) EZEE P » i) SMB & E
Bt /7 2R Holmberg £ A"V FHELIAE
HAMERBEREEEETERR - B
135 KH,P0O40.5% » K,HPO, 0.5% » MgSO,
0.005% > MnSQ, 0.003% > FeSO, 0.001% -
CaCl, 0.005% » Na(NH;)HPO4e4H,0 0.15%
soy protein 3%}z molasses 1.5% - E LA 1/20
(v/v) 85% H3PO4 % pH 7.0 - WERFH - 1?
28°CHEFEAGT LAENE 200 rpm fREZIEE 72
/N o EITER IR R AT -

EigEE
i BY B. thuringiensis darmstadiensis
HD199 KA 43EfA% BPD1( A1-09a )~ BPD2
( A3-0la ) ~ BPD3 ( A3-03a ) - BPD5
( E12-24a ) ~ BPD6 ( El12-26a ) -~ BPD7
(E12-33a) ~ BPD8 (El12-34a) £ /\f% » #
1TEhe I - RIS R TR R R A ZE R
ZKBEZR > HY 100 ml ffA 60 mm 28 (%58
MM » A Bio-Rad UV crosslinker 254 nm 7
RHEEE 100 mW - GR35 PO - RCEEMEE
1000 fZ1% » IZEY 500 ml ¥EEKHA Nutrient
Broth (NB) B85 - 5238 16 /N BH
BUlEfET 25 ml SMB BEEEL » Y 28°C 8
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FECPLAEE 200 rpm JREIHE 72 /NEF -
TERITER AT -

BIEEERBHPLCO)EEHRNER
SR EWE LA 10000 rpm ~ 4°C R
15 o348 > B EWIRLA 121 CEBRRE 15 95
1% WMERCEERE > BT AREYES
IE ° SAMERBE < LR 0.22 pm
AR R EE - B AR HPLC 434 - H
HPLC 53471645 Water C18 Reverse phase
n-bondapak 46 x 150 mm
( Phenomenex® USA ) » W2 i : 2
ml/min » (£ R © 260 mm » HERARTER ¢
50 mM KH,PO, » pH 2.8 » 2211 0.45mm F&EE
A R - MR AR B > DA
Levinson 2 A\ "VHy5347 7 HE B ERE UG T1E
AT « BERHIE 35% 2 EEEHEL
LA 50 mM KH,PO, i AR ER BC SR 2
4~ 6~ 8 mg/ml FHUFERFFHIEE (DL 0.22 pm
BE=UEIE R AR ) - WU S8 IR ER
ARETR BRI E IR 2 22 A ¥ IR G SRS
HIRIEFE 77 HITE (Peak area ) By TR {REL
TEFRRHEHRAR -

column,

HEMBRZET

R Charles™® - de Barjac®R Thiery'*V%

A Bl H-FURFETT RE S E -

(—) BERETEE Craigie tube ((NE4[E
HEZ Nutrient Agar) = - 18-24 /[\EF »
30°C » 5 F vegetative-stage > FEH
#ZE4S% 100 ml Nutrient broth (pH
7.4) ZHEIEPREE 4-6 /N 30T -
150 rpm #R%E > {FE ODgsonm /M1
0.8-1.0 f5 > A0 A 0.5 ml formaldehyde -
DMERETHEEERIE (flagellar
agglutination ) » [L#FE W 4C T
ARIFEIER -

(Z) H-antigen [ 5~ B4
R T ES H=ET - AR
FHIFHE 0.5 ml (OD650 nm :1) A

Frb o EREE SRR LS IRE S
AR nEFHEE (1ml> 2ml>
4ml) K5 338 - NERB—REHERE
8 X v HY 2 ml ZIMEHIETHEIEZE
& E (172500 ) K H =H — 4
(specific) o LLOMgIRIM G =CERM > &
AEBE T RFEEE » 72 2000 rpm F o
L 5 mino BUAVERFN 4°CE-20TC -
(=) MEEZEE
A5 ml 2 BRE S 1.8 ml Y 0.15
M NaCl > FHIA 200 pl 2 EEHLIME
DUEERRE (1:1) B9 A=ET R
F—EHE 100 pl & 900 pl AHEE
BERBIMEES » BN 37C > 2
JNEF - FEREE 101000112000 12 400
“HEmEBEECE  REHERERIE
ELE - HEAGTREE > AIFEE
RS EE 25600 £% WEM 377C -
2N BIEERERERS -

HARMEZAEREMIRTE

(—) FEaEERl - BB AR LA 1 1 kR
BREEHE -

(2) shEaedrl « BEistht 36 g - BERER
(&85 )186 g nE#EF 7k 600 ml EA
RIS o AR PEIEER
KD 7K B (400 ml EBEF k& 7 g B
KK - RipHEBEE9% - sEEEI
& (FAT#) (200 ml/cup) KEHE
(350 ml/box ) o » 55 HL i & Bl ] 58
> 8E LEERER 4 CokFE+iE
}Eﬁ o

() &PtgERE - LA 3 HEEshasae ik
( Musca domestica 'CMA080192 L% )
B R 0 BB 30°CIEBEF -
FREY 15 g ful R e &l il shaseait
BAREBH B —EE - BRERGE
HBIREZHENERBRE 1 ml 35
OA 15 g FRiEShRRETRI AT S
FFERHEE B—EREA 10E 3
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4 5&

R K 0 Y 30C Efsz_‘hihfﬁ?%f‘wll
e gk o JAEE S RGBS » 3510
RSP (R 'n*lr Lo Gl ke RS

B AR TR A L4 ES 5 fu
( probit analysis ) 73471 B LCs {1
Tk I A (] S e
B2 8 BtEfT 8 N - R
B3R I -T 10 12 3 H i
al B M Abd ~ A2k B Wi IFe 2 TEI T o
It » dfil L Duncan’s multiple range test
( DMRT ) Jjikiorbr Mo st

EE ST R

S AE S EEERE T 4.2 574
FR&g 11 - HETT SAEGERR 1 1R 2 F AR
i+ L HPLC fifise 1647 321 #% (55.9%) 1
R D & 0 SRR SR R AR
FLUET 14 BR (2.4%) ([ )« o BRI
6.79-9.62 mg/ml [{i] ( HD199 75 6.63 mg/ml ) »
(T AERETHAI S 1.02-145 (% (14 HDI99
FRRHE(ER 1) (& -) TRELRR JJH e R

F42E w2 2000

JSTR0 @ N SN PR o X o B o N s
{1 R s - (AR A ( MNNG
( N-methyl-N"-nitro-N-nitrosoquanidine ) -
4-NQOI 4-nitroquinoline oxide )~ DES( Diethyl
sulfonate ) » EMS ( ethyl methanesulfonate )

2-AP ( 2-aminopurine ) ) R SEVLGR 7 G5

KNSR 2 A ) DES - EMS
2 2-AP (£ 50 mM (12 AR BR < (I S e
PRI « BUf o S ol B 0 S e ) T
JIE 2 FE R - BRSSP i
F AT L (R0 1 G R 1 M
s gL T RS E AR L E
BPDI - BPD2 - BPD3 - BPD5 - BPD6 - BPDT7 »
BPDS JZFEEAE [ F: HD199 » FE4E G gt 55 5
i g - QERFE |I;if‘ﬁl§5'!\(lﬂil’1f”§§‘ 155 + #RIMT
(Mt HD199 5% 3 R
B UVI-3 5+ Hag U{z‘.}%a i 12.22 mg/ml
R FE HD19Y 2 173 % ( & ) jik&k

131 A R Syl - dEp BPDI .
BPD2 - BPD3 [g H-antigen 4adc .” kenvae
MLl s L1ak Yk BPDS » BPD6 « BPD7 J%

BPDS !5 H-antigen 9 .7 tolworthi [fil 50 %
) - BEL 3T A R GE S 6K D R A )RR

Quantity of thuringiensin
higher than 6.6 mg/ml
2.4% (14 isolates)

With thuringiensin
(<6.6 mg/ml)
53.5% (307 isolates)

Without thuringiensin
44.1% (253 isolates)

-~ A @R PR R TR ERE R R T

Fig. I. Percentage of

thuringiensis.

thuringiensin-producing

isolates among the indigenous  Bacillus
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F— « FEBFH BB HIERAAL EEG ml 58"

Table 1. Relative amount of thuringiensin production among different Bacillus thuringiensis

isolates (in 3 ml culture medium) "

Isolate Thuringiensin (mg/ml) Relative amount of production
BPD9 (19-03a) 9.62 1.45
BPDI (A1-09a) 9.56 1.45
BPD2 (A3-0la) 8.79 1.33
BPD3 (A3-03a) 8.66 1.31
BPD4 (A9-01a) 8.57 1.29
BPD7 (E12-33a) 8.34 1.26
BPDS (E12-24a) 8.02 1.21
BPD13 (114-05a) 7.97 1.20
BPDS (E12-34a) 7.84 1.19
BPDI12 (17-01a) 7.67 1.16
BPDI10 (15-01a) 7.42 1.12
BPDI1 (I5-08a) 7.36 1.11
BPD6 (E12-26a) 7.23 1.09
BPD14 (127-08a) 6.79 1.02
HD199 6.63 1.00

" The amount of thuringiensin produced by each isolates was calibrated with 35% purity of

thuringiensin as standard.

#_ - HD199 BEH S RH BN UVI-3 2B HBEERQS ml 5380
Table 2. Quantity of thuringiensin produced from a mutant (UV1-3) and parental strain (B.

thuringiensis darmstadiensis HD199) (in 25 ml culture medium)”

Strain

Thuringiensin (mg/ml)

Relative amount of production

HD199 (Parent) 7.03
12.22

UV1-3 (Mutant)

1
1.73

" The amount of thuringiensin produced by each isolates was calibrated with 35% purity of

thuringiensin as standard.

H-antigen (1~ 5a,5b -~ 5a,5¢~7-8a,8b-9
10 % 11a, 11b) "' fE1E#% » 2535 H-antigen
dade B BHBEELEAKNERED
H-antigen - [ F| @k TSR E EMIG 8
NERHFREEETEYRE HE - H4PE0E
BE(LCso)5 55 BPDI : 2.39% 0.19 ppm ~
BPD2 : 3.01% 0.57 ppm ~ BPD3 : 2.68% 0.51
ppm ~ BPDS : 7.83% 0.17 ppm ~ BPD6 : 5.99
* 0.13 ppm~BPD7:4.36% 0.11 ppm~BPDS :
3.66% 0.11 ppm fz UV1-3:3.77+ 0.11 ppm

(FRM) - EHEEFGER N TERESCE
PREF Z AR 3SR - HP 2L BPDI ~ BPD2
K. BPD3 FZasSRiiE - #ERIttAER IE
2 /\EEEHE R REEE R EEREZ
FHR - FRER AW A E RS LIS E
FHRESERERERIE - AHFEITEE
HREEHNIERIGEEECRHFEYE
4 AIREE Y E & IS R PR A 8
TEEEFZEE - b4 HRMHEGIEEY
BZRE > BFIERBER L2
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Table 3. Serotyping of 7 indigenous Bacillus thuringiensis isolates

Isolate H-Antigen Serovar.

BPD1 (A1-09a) 4a,4c

BPD2 (A3-01a) 4a,4c Bacillus thuringiensis kenyae
BPD3 (A3-03a) 4a,dc

BPDS (E12-24a) 9

BPD6 (E12-26a) 9 Bacillus thuringiensis tolworthi
BPD7 (E12-33a) 9

BPDS§ (E12-34a) 9

R0 - \MEF D EREE R BRI
Table 4. Toxicity of 8 thuringiensin-producing Bacillus thuringiensis isolates against Musca
domestica (CMA080192)"

Isolate LCso (ppm)2)
BPD1 (A1-09a) 2.3940.19
BPD2 (A3-01a) 3.01+0.57
BPD3 (A3-03a) 2.68+0.51
BPDS (E12-24a) 7.83+0.17
BPD6 (E12-26a) 5.99+0.13
BPD7 (E12-33a) 4.3610.11
BPDS (E12-34a) 3.66+0.11
BPDI15 (UV1-3) 3.77+0.11

" The amount of thuringiensin produced by each isolates was calibrated with 35% purity of
thuringiensin as standard.
2 Average of 3 trials, 10 of 3-day-old larvae/replicate, 3 replicates/trial.

T~ HWOBEREREAC 22"
Table 5. Effect of thuringiensin on the adult emergence of Musca domestica (CMA080192) D

Conc. range(ppm) Pupation(%) Emergence (%) Malformed adult (%) Failed to emerge(%)

>53.6 (ppm) 60.15 ¢ 0.75¢ — —
6.7-30 (ppm) 85.28 b 23.33b 7.84 2.34
CK 95.62 a 92.23 a — —

D Average of 8 trials, 10 of 3-day-old larvae/replicate, 3 replicates/trial. Data were
transformed to sin”'y/ x prior to analysis, and means in each column followed by the same
letter are not significantly different at 0.01 level by DMRT.

SRAE 6.7-30 ppm REAEE (#785.28%)  HE & (6.7-30 ppm) HIFN T EHAALEREEH
RERBEEE R 53.6 ppm LLER - (LIER0ERE  BAEREE 23.33% > JREDAIN 53.6 ppm RFAA(L
E 60.15% M NEREIERERMIGRNT  RER 0.75% - ORI RERERRIELEL
PEEGTOTEMTEIR B BRI B EIRIR WP 7.84% > M HRSAF T ZIEREE
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AATREINE 2.34% (K1) H Sebesta
E \PHAXBEEREHE I EEHES
HIHIEOVE R - S8R LIS T BB AR
HRfEL ATP =REMARERAIZRLL P& RIBERR
TERERALFEE) » & EE A B M HI &I 7E
( competitive inhibition X[ FEE RNA B&
BE R mRNA 2 ER > M2 2% RNA
94 &R - TifRIE Sharma F Dash™$gH:
RNA ZE— @ IHH 2B - [E¥ (RNA
ZIEHE RN » AL EEAE R
R et e b ry S R AR A AR <
RNA EAJEEIKA » Ktb— B RNA &5/

PHEGEE © (RSB HAERKAN - KILLHE
RENBRETE - ERFE (MIER)

BEANZE (ATP) I » RNA REHxES
AR - R EMEE R RNA © SR
EEEREN T RIRAEAM - B8
AT B o b EEES SRARRF - T
Sharma 1 Dash®JRFgHER DB E LA it
BEOEEERESTE - ALLEH TNHEY
Feinls - BIERLAGE B IHEIRER
B4 HH T IEEYIEFRAER  KIEEZ
AR S mRNA ERALGEITEE(E A
(transcription ) » RIS & BB R rRNA
TMEEEREHEER - AN EREEK
BN o T TRNA 28R (turn-over
rate) i85 mRNA Z IR o KIHIEFTREZ#R
NEREARRENERE — - MEEIEE
XS BRPRER AR
o MOFRBAME @ FReRHKNIEEE
RNA A& - KIESEL ATP 559 RNA K&
B & BB mRNA B R H#H A
( miscooperation ) 352 » KSR A KH
§83R mRNA HYELERAR S o ficE T R HEEE
(translation ) S@FZIRBHEIRSERR - ATLUEK
W RUEE B M ST R RUBEREEE N - Kt
HRBREHNIERFET » XE (ATP) #
BREE (HHEER) <HLLPIERREEH
417 B REAMCELES < BRGEFRAE - i@
{Hif 2 R RAZ - EERBEN

R adHMe SR el £ BERI TS -
HEIL SRR E R H S AR S R E B e
HRZE - BREENE R NEREFE - DUH
HuERERIS ) A BB S B E R - B
R AP EEER AT 2RI EE e
BLESE B NJERR ~ ARRPH RSB RS
AT AR KA &
EHVZERIAE HL B - A AYRERI A
TRITERFOEEN—EERELRD - &Y
R aaBIERREE BARIEE £ - NG E RS
ERIREFHIRE . EATSHERE - TRt
BEAE A PUEEME o SEREA B TR
RIEEAYIREBIRIMER - AW Fist AL
EPRETTERR - LR EIEERNIERS
B % e SR RRURR ST BRI T Btk > LURGE
B UV RS TR AR B E %
ERIERESIFZEENR - BRAEBELL
FRRR A IR P BN BRI B AR » TR
HAFrEERIRE - 5951 FEEYIRE T E
BRI A R AL - TRAT LU - B
RIS ETE HFRMHEER > mESD
ERHECRHIRESBICR - IRREcEEM
ZER (40 - AER) ZIREHEAEET S
FRUR R i - DA R i dn b A I
AR A R -

B B

A W 58 K AT BB Bl Bt & NSC87-
2622-E-259-002(3)7+ BIiS & il - XE G
REBEREE LRI E RS M ERE
T AP B RGN LB ERE R
K REREARS O RIS
AT 5 B O A JE AT A S AE B B
A8 - R —HEEH
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ABSTRACT

Kao, S. S."*, Shih, C. H.", Chang, M. S.!, and Ko, J. L. 2000. Screening of
indigenous thuringiensin-producing Bacillus thuringiensis isolates. Plant Prot.
Bull. 42: 125 - 134 ('Biopesticide Department, Taiwan Agricultural Chemicals and
Toxic Substances Research Institute, Council of Agriculture, Executive Yuan,
Wufeng, Taichung, Taiwan, R.O.C,; ? Institute of Toxicology, Chung Shan Medical
& Dental College, Taichung, Taiwan, R.0.C.)

Specimens of stored-grain materials from different locations around Taiwan
were collected. Isolation and identification of Bacillus thuringiensis (Bt) isolates
were made. Five hundred and seventy-four isolates were selected for thuringiensin
screening by HPLC. Results indicated that 321 out of 574 Bt isolates produced
thuringiensin. The best 14 isolates of this collection were isolates BPD1-BPD14
which produced 6.79 to 9.62 mg/ml thuringiensin. The relative amount of
thuringiensin production was 1.02 to 1.45-fold as compared to reference strain B.
thuringiensis darmstadiensis HD199 (6.6 mg/ml). The high thuringiensin-producing
isolates BPD1, BPD2, BPD3, were serologically classified as B. thuringiensis kenyae
of H-antigen 4a, 4c, while BPD5, BPD6, BPD7 and BPD§ were serologically
classified as B. thuringiensis tolworthi of H-antigen 9. Isolates of B. thuringiensis
kenyae were found to be a novel thuringiensin producing serotype. In another
screening test of mutation, UV was tested against 8 thuringiensin-producing isolates.
The quantity of thuringiensin produced by UV1-3 (UV mutant of B. thuringiensis
darmstadiensis HD199) was 1.7-fold as compared with the parental strain (HD199).
The LCsq values of 8 high thuringiensin-producing isolates against Musca domestica
(CMA080192) were between 2.39 * 0.19 and 7.83 % 0.17 ppm. Pupation rate of M.
domestica was 85.25% when treated with low concentration of thuringiensin (6.7-30
ppm), however, pupation rate decreased significantly down to 60.15% at higher
concentrations (>53.6 ppm). Emergence rate was drastically declined to 23.33% even
at the concentrations of 6.7-30 ppm. The percentage of malformed adults reached to
as high as 7.84%.

(Key words: Bacillus thuringiensis, thuringiensin, screening, malformation)
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