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AMEERBBRLGECRETEAMER L > RTRKNDERS - wAARE
MBMZIHENA » BAAMEEZ IS » MA— B ORT - RXLNERE
NI AW B EESEAZ RS NRRERE YR LSRR 0L DREN Y
ZHB B MAREGT LA - R ASLB N BN BN L MG A R L
BB R GBI AL T AR A TS A EE i

BASEET - SohsE M MAMAMBSHR  LEE - oBY -

DINEEEFJIE (Polyvalent Bacillus thuringiensis)

B H (B thuringiensis) e T E AL AZEF LR IR L E K E G H (5-endotoxin
or insecticidal crystal protein, ICP) M E A HEHR > ERAYKRESR LTI REH
HEEMOAR AL EAREARGBLNRAES (vegetative insecticidal
protein, Vip) » A% AAMM AR GARARAL AL MANRO YA £

(zwittermicin A) A % T HEE (chitinase ) » o> A Z S A B A BTG

(acyl-homoserine lactonase, AHL-lactonase) L& & (bacteriocin) & B3T3 KR
Bk (kurstakins) HEF @B 2 4R o L2 EMMHE » EEFE—~FHERELR
S B RRGHRAEER -

— -~ EBEIGEER (Vip)

B HARI AP MALHFEATEUMEAARLBTOHBEIBEANRE
% & (vegetative insecticideal protein) &, Vips » £ # # 4 &I} (log phase) X & & i »
BTEREIES SR AZ Cry & Cyt % £ &40 404 (Nunez-Valdez ; 1997) o
B & Vip 48 M 69 57| 5 B 3 {8 B 69 2 3] Vipl, Vip2 ## Vip3 ° 445 2007 £ &I H
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GLEBREZRE BLEETHZMEE (Class) Vipl, Vip2 #= Vip3 » 8 1@ &%
(subclass) * ViplA, VipB, ViplC #= Vip1D, Vip2A, Vip2B, Vip3A & Vip3B, # 54 #
Vip & @ (Crickmore ef al., 2007) * Vipl #¢ Vip2 & & & =& % (binary toxin) X
A RS HWHB AR HBEHR - ViplAal # Vip2Aal #ERABEALLAER
I T & (Diabrotica virgifera) B& A ¥ T & (D. longicornis) &4k 3% (Han et al.,
1999; Warren, 1997) ° Vip3 B & H FF & & M0H » SisHB T RGN E Tk o #
A IR (Agrotis ipsilon) » L3R (Spodoptera frugiperda) » 8 R (S. exigua) »
3 5 LM (Heliothis virescens )+ 2 KA & (Heliocoverpa zea) Z BN £ KIE (Ostrinia
nubilalis) 387 # & &M (Estruch ef al., 1996; Yu et al., 1‘997) o Vip3A 3 88 kDa Z &
EHEE o B EEEMRE 62kDa > B9 PG A KX 80kDa #v 100kDa LR EZ &G &4
(Lee et al.,2003) L0 E# &AM XE & (apoptosis) » (2 RREF K
HaEaHERAN . B Vip3A EFAEILAY K (pore-forming) & & » 5259
feff bR % 69 E Tl (on channels) (Lee ef al,,2003) ¢ B AMEGHTE Fik
Z R EAE R R R G A5 (Selvapandiyan et al., 2001 ) o s #A4E M #E X A= 2 2 & &
EQHMRE » BAMEG T AEE R HAREME 2 R R AR EL o T LH
TR B B 2 8 (stacking ) R A R B B K S ftovip A R E Y b A 22 KA (stable
expression) » & HI 4 4858 £ K% & RILZ plant-opimized Vip3Aal A B » B##K
838 F S5 A REN (Bstrucheral, 1998) ° 5 91> £ A Vip3A AR X &tk fe S i
(Cot102) RALAM4 AR (EPA2003) c SR EHANE LR AEEZEER (Vip)
B3] s Hahat AR S 2 AR H R OB ELE - B e R Tdn B 698 2k
ESHEGHRETRENRETRZ (Rangeral,2005) ©

—BYEE (Zwittermicin A)

Handelsman ef al. (1990) #H EARR S 82 —H Y FHER (RREY ERA
Phytophthora medicaginis) W& 3 R & & 100% XA AEHE (Bacillus cereus
UWS5) o & UWSS X R EH A » A RAERTHEY B HEH  ATHHE
W EmHE 4K (Silo-suh er al., 1994; Handelsman er al., 1990)  JLATL A %7735 1K
R E (B thuringiensis) w0 RREE LB FR A B ERGYH « HEMATE &
RAEAZFAHTYLKEE (Zwittermicin A ) » 75 & 44840 (Manker ef al., 1994) ©
YR B EA—FEEHAKL L TE (linear aminopolyol) 2T # 396 Da* A —EE 5
RO FE » A THORR AR EAZ AR 0 pHTO HEGHET » BRBER A
Yo sb el o SR E ERIHNEPRIGHA SRSy » UATREAETH A
Fa#Z Ak (He ef al, 1994; Silo-suh ef al., 1998) « ZA M4 Hw L Hm b
(Phytophthora sp.) * M#c& B (Pythium sp.) &% &8 (Aphanomyces sp.) » FZ
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Ay % SR AT 95 5 093 B HCR (Osburn er al., 1995; Silo-suh ef al., 1998; Shao et al.
2005) c WHE ELABATN - RRESBARGAK > BRBIRZEKS Eﬁ—&fﬁ?
é’a‘éﬁ j‘&r@:‘ * E”ﬁ/ﬁ‘xﬁlffﬁﬂﬂ‘] > ,};’2/ %7’7 Eﬁﬁ’ff}ﬂ o 1)35!./ '3(.}\ ri
AR » RETUE TR BOMAELE (Broderick ef al., 2000) ©

= ~%TEM (chitinase)

ETHHARTRAEIEATEANT AR EARHABRLGERYE - 2
&0 BAER > HREOBREIRTG - MEBTHhB o ETHER ) Ra
RFBATE (B circulans) ZMETH RM4 > 30k A RANEZXETHE 5 Fw
@ (chitolytic bacteria) > ¥ &bhw 383 77 B 6 ML - Regev FA (1996) #E >
W B F5H 1 F K (Serratia marcescens ) 2. % TRl A /£ X543 8 (Escherichia coli)
ARG LEMEEHRAE AR ENR (B thuringiensis 5-endotoxin Cryl1C) Z 4%
i 8K (Spodoptera littoralis) % 8 B ¥ 16 A o Barboza-Corona F A (1999) 1%
HE—HEN AN EARALREORETHES  HBRAFTRADAER « 25
ETHHMRKEEETHOREAR > BRI SRk o AR FABREE P
J M 1% T K &8 (endochitinase) § £ 2 E 4 (peritrophic membrane) X F 3. » 3%
Ao §-PFF 4Tl AL &I (epithelial membrane) » B f 42 A8 8 Z 3% (Regev, ef
al., 1996)

FRL BRABETHEZE ) HTREME MR EA S E - S8 E W
R AL ETHEBTHWHFSHEARLANEA R PHAXEBETAHERE

(Sclerotivm rolfsii ) A 100% 47 #] 2R » # L s (dspergillus terrus) ~ Tt (A4

Slavus) ~ 2388 (Nigrospora sp.) ~ 4B (Rhizopus sp.) ~ Bsat (4. niger) ~ 5k
W B (Fusariumsp.) ~ =@ (A candidus) ~ B B#E (A4bsidia sp.) ~ Fo kAR
3.5 ( Helminthosporium sp. ) A 55% % 82% X 30 ¥ # R » #5085 (Curvularia sp.)
H 45% ¢ IR (A fumigatus) BVH 10%Z 0 Rk o §REMLTF LG HRH B
o BBRHERETd 3% THE 25% ; EwAKTER (0.8U/mg protein) » T4
FRYIAP 0% - BRI ZETHEAWHAKREAFOERFLOMBRRLGZ
A5 (Reyes-Ramirez, et. al., 2004 ) ©

I8~ Bt ESHHEEBNESE (acyl-homoserine lactonase, AHL-lactonase)

BRAETE G — N XM EDREIIP R LT (signal interference ) 447 %]
M Ay 9w R S ESE E (Erwinia carotovora) % quorum-sensing dependent Z & 77
(virulence) - X KB R A L BL A HH A8 A8 (acyl-homoserine lactone) &
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quornm-sensing &> BEZ F B ARG ZwEREFIEEPENERILNL
BB GA S S AB AN B (AHL-lactonase) & —FE B 2 B A 5 &%
AMABMIERE L ROIBFETHREZBEIE A& ECHEBAR#
ABMABAEZ RN  LEWARERBUEZES - B0 ARG ERAE
WA RSE LBEZAAE (incidence) FrR M E R - AR BRI B LMD
BH A Fe L EARA RS ABRANMEZRIAN (Dong, etal, 2004) °

T #EZE (bacteriocin)

P B TELN AL ALERAHH %a@:}wﬁ S Htk o BRAHE HD2
&A%, HD2 » %-F & 950 kDa ( Favret and Yousten, 1989) 5 34 § BMG17 £ 4 thuricin
72 5-F& 11.6kDa ( Cherif, et al., 2001) 5 871 B By K E4E (Bt tochigiensis, HD868 ) »
& % tochicin » ~F ¥ 10.5kDa (Paik, et al., 1997) i 3 /1 # B439 & £ thuricin 439A
fo 439B + X 4-FEH 3 3kDas —F 4% 100Da (Ahern, et al., 2003 ) 5 377 8 &
35k =48 (Bt kurstaki, BUPM4) & 4% bacthuricin F4 » 9~-F % 3.16kDa (Kamoun, et
al.,2005) ; # 71 8 NEB17 & 4 thuricin 17 » 4-F & 3.16kDa (Gray, et al., 2006 ) ; &
HEHEEDME (Bfentomocidus HD9) & % entomocin 9 * 4 F % 12.4kDa (Cherif, e
al., 2003) s RABMEEM (Bt entomocidus HD110) /& 4 entomocin 110 » - F &
4.8kDa (Cherif, ef al., 2006) i fm B £ 3 LM A X AR (bactericidal ) °

77~ EHTEEEIX (kurstakins)

8 Bt Kurstaki. HD-1 T 48t 4 AMEMAL  #AHEMEA (Stachybotrys
charatim) B H R » (Hathout et ol 2000) °

R EERSE (Microbial protein pesticide)

FEMAMEG R IR EG T HETHE (protein elicitor) XHH » L REA
BRFAEET AR EEOYAFRAGEGEALRE  BREFEHLER - L FHE
RAM G H BHEE (harpin) » [BE & (cryptogein) RBtE%XE (activator) °

— ~iB8E=ERA (harpin) (Jones, 2001)

YR FEBRERELEHES BRI ARENARERFA (1992) A »
BEtE » R ® 0 FH R (glycine) » @S E S (extracellular protein) & 403 18
R R (B RE A cysteine ) * B9~ F £ B 40kDa & & MERH B & (Erwinia
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amylovora) &£ fE5lAetidh & A BE R JEHE G H - £ B EDEN Bioscience * i
— TR BRES > LR S E B Messenger® #2000 £WIELH
RAEZOHAE  TEREEMRA - TEEEGEAB MM L i a At ko
AL - MWL E (receptor) &4 M — AT BN AR ERE
(signaling pathway) : &1t & G343 (systemic acquired resistance, SAR) £ B
FHEKAB/TH (jasmonic acid / ethylene) R% (dependent) %48 » MBMHH A &
AWM RG - EREBERFREMY - SR REH T AN AEE AR E
RREE R MEHEEFRT o A IA G HAS ~ i AR A W e
MER BRBREGAMIRELRLZdATIH —BRBALRA : (1)1
R QP8I B Q) EmEME ; ()BARBER OMMETFEY 5 68
T (NRERTEFT s ORTEATAR -
BEEAE 35 RAFLNGRE - BEHFRE » R E 45 8HA X 2E4 L
o BRI AR BHF S R ET R YAt~ R A A HE R
Fofe A A - BHBDATRICEER T LM ARE ARG E o BEH
Pl T &R A ERARAREERE X ENA TR EAEFUAR TR E
# % (curly-top virus) ° Messenger® & 2 49 H55 .40 75 % A A ¥ %8 (galling) ;
HARB RS EAZM (tolerence) » RETH WK ERFG R [ Fo B2 AL o
Messenger® 2 X H#4 B R 048 & (cystnematode) B &b o T4 k44 %32
Fio AR RER NS FX IR TN Y (Fusariumspp.) o BEEG B R &
BATEFHRE  BLFEEAERES  REGHETLMEARER > HoH0
Frib S R RA EARKZE T4 o

—_ “[EEBR (cryptogein)

Hm A B (Phytophthora spp.) W T #H¥ %R (P nicotianae) % » #5343k
FEMMAEEEFBHMIER (hypersensitive-like necroses) © B T 383 5% 45 4 »
ERERALERGEIR—REG » MZEARHT > CHANEZI TR > #o
ZAZ MR AF B IE (incompatible reaction) A M o B » BT 5548 3K 3 o4
AERBRZZYE R EGERERIER (P oyplogea) Pioib » Tikshit » i85
Ao dfiide » B8 B — AL (elicitin) » 2—# L |0kDa 4 FB84 %4

(holoprotein) #3#7## (novel family) (Terce-Laforgue, ef al., 1992) © 3.5 & &
BRRETRTAEALELBEREE » BREAERREE GHRBNE » Aid
B RS B R AR M 6040 K e T ~ MR E (phytoalexin) ~ 5% %] 40 b &
& (pathogensis-related proteins) % (Milat, ez al,, 1991) ° Zhang et al. (1999) #4%
WS (P palmivora) ¥ ET B ESTEE 10.6kDa R B AGRAESG >
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AN EAEEN E £ BB RIEHR AL 10kDa & & B ABEF
HOGBET o

= «EBEEQ (activator) (Qiu 2004, 2006)

14385 (Alternaria spp.) ~ L4 %A% W (Rhizoctonia solani) ~ B (Asperglius
spp.)~ KA ( Botrytis spp. ) ~# sk (Piriclularia oryzae )~ 8L # ( Penicillium spp. )~
KA (Trichoderma spp.) Fo4kAb (Fusarium spp) ¥ % A58t F 8 & oAbt
B UEE o kAR ERAASFET RS RRAAGEEG RN
% €(Qiu 2004, 2006) ° ARIE L AE M EH - MEEGGLHREEEG (activator) ° %
BOFRSEUAEHAGBEAL  RBREOFUTENHAEELBHALT
Blo RH#HEHERE - FALER SRS ZIER B RAR 75%  BAEREALE o
BEEGRBS AW AN S T AR A RRSMY S I RES  REMEH
PR — AP KM BB REEG AR P EL RS ERS - ARERR
EtEdh 65 8 &g <

B - RERAREVIERNHRE

KA (Photorhabdus luminescens} B8 WARH A (Enterobacteriaceae) * &
EHMAIEE > TH E AL (bioluminescent) R - THEFHAE FHRE
( Heterorhabdits bacteriophora ) # % » RIFHE B 1993 F4 & A e £ AT H B
( Xenorhabdus spp.) F#-% (Boemare ef al., 1993) o & T8k £ /£ 2004 5 k% 4
RITERLEE B TR LA MRMBAEYHE > #ARYIRATE (Galleria-bait)
BAEEALRENELALE 2005 FHEABBEALEIFRE SRR DTR
S O RHBEH G OBALE NG ASAEL MRS o BAERL TY
ARRBYELE S HUREARABARE SR ELFE K TF 15 &
St 4t SR B R~ AR 16 SIRNA 4% > #ERA AL AT HH
¥ (P Luminescens subsp. akhurstii) » (Hsieh et al. 2005. Hsieh ef al. 2007)

— ¥EEEH

AT 4-8k8 3 MAH REREREEMGHEIEE LA (Forst er al, 1997 3
Fischer-Le Saux ef al., 1999 ; Ffrench-Constant et al., 2003 : #% ;5 2005) « £ B
Wisconsin KB A B R FALER B IFREHICERG—ERFE TR —
BEGHEH » EF A>BC~DHEAMEA (Boweneral, 1998) > 1242 & & H 4
W T HEME LA EEEHS s AU AYNE LRARBGEREE T4
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FABRELR  BERATRAEL R GHEETF ko BldoTHEEE bt HiEE
REMWENET  AGEES  RERAN IO AR EANEY T £ EHHA
AHAREWRABRETELARRGBEANES o £ 1998 £ M4 —58 £ 4|
(Ensign 1998) F=# H R K BH L P (Bowen and Ensign, 1998 ; Bowen er .,
1998; Blackburn, 1998) @ £AFH H4k W-14 F89HF a4 LR A MAR S %
(genetic knock-out) # &, #1 % R4 w84 455 F @ #48 (toxin complex, tc )
6 R 4% tea (13kb) teb (7.5kb) , tee (11.5kb) %= ted (12kb) , £ ¥ tca Ao ted
WA BT TEEGMSN a (complex a) A G MR d (complex d) 3% 3 Rk
( Manduca sexta) % & &4 065 o REH (oral toxicity) » KK EEGHLHE
shar b s 5 FE KA 100kDa o L AEMAF R AT A B E TN o Ragni F4E 1998
FAMEH A RA) T ARERARE XPO1 698 B H RS B 5k A ApH - M
LA EGRRAEAKRGIRER  TRRULEARES  2AFFHoRE
o BN THREZAEG R LR ER TG RS ERI TR - 2R H &
#FEatARE (genomic islands) K » IR (Waterfield er al, 2002;
Ffrench-Constant et al,, 2003) e A RA BEHE R L TmB S H W9 EE » 40 Mcf
#% (makes caterpillars floppy toxin) % (Daborn et al., 2002; Makrokhazi ef al.,
2003) ° Mcf RETHAX A WB T RAKGE L > BEATHRBEARP Mf
TaAOR & F WG £ B (Daborn er al., 2002) » 12 JiAs 59 5 A 4k A 518 45 & A 4o
(Dowling ef al.,, 2004) * Mcf # % 65 % % bk 6 F-Pk 0 B8 VA% » 3000 Mof A& — A &4
ERAT  HAAMIRBRTHERAFRONUHPALNRET - HAR LS
EONHE T X S RHAY S RARH BRAREF G AKE—FHE
( Clarke and Dowds, 1995; Daborn e7 al., 2001 ) °

—nEYE

EARADHTRELEHLREM - SHREHTELT RO NEA LS
TR ARG EE ETHHLCREARERBE R ERMEHIAE AR L
£ WM EHEF (Your 2005) c ARAIBRAMREAHHELORAYHTERuR
RAHRI A FALE CO B AEARAELLM (3,5 —BA4ERE ZXTH) W4
4h &My twH (Huand Webster© 2000) - B4 K122 A4 13 521 5 FH #1244 »
Heime ~ AR AL CHOREAIEER c BERAWT TG $ BIERAS AL
HAEW &R SARAN S LA AR MRS FAHAHE (Ffench-constant e al.,
2000) ° AN EHB R A L ELARFERAE ) LLHEDRR LA KRR
R Hl B R o A2 B AT A8 B 40 A9 A B Y JOE BT R (Paul er o, 1981,
Mclnerney et al., 1991a; Chen ef al., 1994; Li ef al., 1995a, 1995b)
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= B RERRRE
£ R O 2004 55 T BIE AL E REE DS T F KA 100kDa 89 F
B ARRGnl LA RBGEAER ) F-RKERAES BRI AR
5 TR EA R R o EXTREA N IR E KB AW ST F AL 100kDa 85
EOHOM HHAERALELTE » Bl N ER - K > B RARSE ~ FEA
Mo RREMMERMESNA LSBT EARLERE - SABRERF LI TE
k7 100kDa 94 &4 #0 Eakfe MU F R RRE S5 K 56 ppm
200 ppm > BFAEABFHRSEBR > REREATERNEAR o HAREHT
FALHW (P luminescens subsp. laumondiiyZ. GPS12 A GPS1l # & » # 3 B
(Luciaphours sp. 4 HiGAT ) #Elgfeis AR & 49 5% % (Bussaman et al., 2006) ° X
XY (P temperata ) HEF M Hfe BH BHA BTGB A SR (Gerritsen ef al,
2005) » AWM A B RHELAERAH O RAR  ARATRTETHARK
WEE S MERARY  FRBHAY  WEERAY - FERERY ~ TEAMRR
W mEBAY S BABERY S KEESREEERT SO SR B G RE - R
HREALTHEL QM ERA A B R AR HA A 9 A R B
ARSI E AR AEHARRASAEY - BRAEFRE - HRBAERE - AR
FPHAAMEEEWEARE - L P EMCHAABRRERBETRREMKR T
(bioassay) * HER XA E B RA RFGHEHR - A HEAT AR I A R AR
A RA B ey sl A RRBRAMMUATE S IIRE - RBAE R
BRBed PEYLBRARGESEREF c B oM A RO E AR
(Hsich et al., 2004. Hsich et al., 2005 Hsich et al. 2006) « .7 #F A LA 1§ 69404
WET gty s (Hueral, 1999) °

EBE (Beauveria bassiana) ZYBYIRETETE (endophytic colonization)
HigtmeaasEina

H5 43 B P 5R B X G 5B B (B. bassiana 11-98) 36 B| & 56 A AR ILAE T-0 > ST 243
g EAMANETE  BTHRELRE IMYEMYE (Rhizoctonia solani) = % T4k
MERE (Pythium myriotylum) FHMHRRAHE - REWFEZRE > REENMET
LORUSLEBTIAREEPLREARANEL  GBH 1198 THFHRAH
4o WM BE B 9% (Xanthomonas axonopodis pv. malvacearum) &% RSERA MK
(systemic resistance) © 4 £ 247 (parasitism assays) 7 TREH B H H 4B 4%
EHEEEAER (P myriotylum) BHABGREL » bR RMTEBEARARSES
2 o (Ownley et. al., 2004, Ownley et. al., 2007.)
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X @55 H TR AEAS B KR A AR P A > HBUN K S B4 & 2 9 3k (Wagner
and Lewis, 2000) « ZAL 695 ARG h G728 G41 R FEMBAEE ML E 5> T
AR 6 F R EF K& (Cosmopoties sordidus) ( Akello et al. 2007
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Recent Advances in Biopesticides
Suey-Sheng Kao' and Feng-Chia Hsich

Abstract

Biopesticides is considered to be the main co'mponent of integrated pest
management {IPM) in green agriculture. Furthermore, the extensive use of modern
biotechnology opens a new window for the development of novel biopesticides. This
article reviews main advances in development of biopesticides both in Taiwan and abroad,
including polyvalent Bacillus thuringiensis for plant pests control, new type of microbial
protein pesticides, multifunctional symbiotic bacterium, Photorhabdus luminenscens and
entomopathogenic Beauveria bassiana, as an endophyte with dual biocontrol activity.

Key words : Polyvalent Bacillus thuringiensis, microbial protein pesticides,
Photorhabdus luminenscens, Beauveria bassiana
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