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Abstract

The&-endotoxin gene from Bacillus thuringiensis aizawai 7.29 specifically active against the tobacco cutworm Spodoptera spp.
has been cloned to baculovirus trasfer vector. Three transfer vectors were also constructed, ie. 1. PIBL-T7 : The characters used
baculovirus polyhedrin promoter to drive foregin gene and the inserté-endotoxin gene was not truncated. 2. PIBL-UW1 : This
transfer vector using P10 promoter to drived-endotoxin gene, so the tentative recombinant virus would be expected to be a
polyhedra positive virus and provide a good persistance for the recombinant virus. In addition, the 5' terminal was truncated to
remove excess nucleotides between promoter and translation start site, which may reduce the influences on gene expression. 3.
pIBL1393 : The cloning vector provides multiple cloning sites, and is convenient for gene cloning. The insert gene will be driven by
polyhedrin promoter. TheS-endotoxin gene used for cloning was synthesized by polymerase chain reaction, which would be
expected to be a high expression of thed-endotoxin due to the exactlly cloning the coding region. All of the above three transfer
vectors were co-transfected with wild type DNA from Autographa californica nuclear polyhedrosis virus (AcNPV) to generate
genetically engineered recombinant viruses. These recombinant viruses were purified by limiting dilution. Polymerase chain
reaction and Southern blot were used to confirm thatd-endotoxin was exactly inserterd into the genome of AcNPV. Three
recombinant viruses, ie, Acendo-T7, Acendo-UW1 and Acendo-1393, were obtained during this experiment. Thed-endotoxin gene
expression was detected by northern hybridization and western blot. Those result indicated that all of three recombinant viruses
producedd-endotoxin when infected insect cell.
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# 8 5 8 (Bacillus thuringiensis aizawai 7.29) SNEFF AR T EAL B RAE
BERE ARBRAEHE =B ERE, 244 pIBL-T7 > pIBL-UW1X
pIBL-1393 o Lk =46 H MM R 4B % » AR T HF G ES ; AR DNA L4 >
R RABEZ BRI K A PCRF % BHEINEAFAREALZE A ARE
BEBRAEINEFTARZI LA KA F R LR DNA» 57 EF 4 2% & DNA #47
ERSEE, BRI AINEFTARSAEIFANRELRAY - FAZTUREANAL
AR A o A A BLBHERBAHSRARTFFEBELTUERE ) AL
% Acendo-T7 > Acendo-UW1 & Acendo-1393 - 3@ T ok H A R @i RNA i
A dot-blot #A-R » TRF TR FH4ZINEF mRNA o #|R western blot
ThAZEARFREZ@HRAINEETZOTNAR - EEUALZHERSNH KK
BRTBLEAREETSAKSAINEFFAR ARBIHEITERELWONT
ARSNEAEG o
RRE: ARAEAARN BEANAE RIE ONEEFAE T4RE -

Construction of Recombinant Baculovirus Containing the

Bacillus thuringiensis d-endotoxin Gene
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ABSTRACT

The é-endotoxin gene from Bacillus thuringiensis aizawai 7.29 specifically
active against the tobacco cutworm Spodoptera spp. has been cloned to
baculovirus trasfer vector. Three transfer vectors were also constructed, ie., 1.
pIBL-T7: The characters used baculovirus polyhedrin promoter to drive foregin
gene and the insert é—endotoxin gene was not truncated. 2. pIBL-UW1: This
transfer vector using P10 promoter to drive d—endotoxin gene, so the tentative
recombinant virus would be expected to be a polyhedra positive virus and
provide a good persistance for the recombinant virus. In addition, the 5’
terminal was truncated to remove excess nucleotides between promoter and
translation start site, which may reduce the influences on gene expression. 3.
pIBL1393: The cloning vector provides multiple cloning sites, and is convenient
for gene cloning. The insert gene will be driven by polyhedrin promoter. The
d—endotoxin gene used for cloning was synthesized by polymerase chain
reaction, which would be expected to be a high expression of the J-endotoxin
due to the exactlly cloning the coding region. All of the above three transfer
vectors were co-transfected with wild type DNA from Autographa californica
nuclear polyhedrosis virus (AcNPV) to generate genetically engineered
recombinant viruses. These recombinant viruses were purified by limiting
dilution. Polymerase chain reaction and Southern blot were used to confirm that
s—endotoxin was exactly inserted into the genome of AcNPV. Three recombinant
viruses, ie, Acendo-T7 , Acendo-UW1 and Acendo-1393, were obtained during
this experiment. The d-endotoxin gene expression was detected by northern
hybridization and western blot. Those result indicated that all of three
recombinant viruses produced é—endotoxin when infected insect cell.

Key words: Baculovirus transfer vector, nuclear polyhedrosis virus, Bacillus
thuringiensis, 6—endotoxin gene, recombinant virus.
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ERSMEMBBAE P, XURRE

# (baculovirus) RE1HE (Bacillus  thuri-

ngiensis, Bt.) RS HEH - FIAREXH
BB ES > MAEHEY, EREENE
BELRFH AR » HHEZE(CEBERBS
HIREST » IR R ERREENE
Y EERBEPEEIERNNES ) UK
BERERREEMEDNERHETR, 7
meTRABEMZRBEYE ) BREREES
RMEHEMEY , REHEHREME - (Ki-
rschbaum, 1985; Wood and Granados,
1991)

Smith et al. (1983)EKINEIF A ETEREH
%% A B8IK & (Autographa californica nu-
clear polyhedrosis virus, AcNPV) &
BRI B RILE B % (baculovirus express-
ion vector system, BEVS) AJAERIR
FEN, BRHENZEZHERREHE (Mi-
ller, 1988; Maeda, 1989) o K| F I R4 o] i
HEBEFE-MNESERNEAFAERENR
REERES  2EFEENSURAR  BE
BRI, BREEDNEME (Stewart et
al., 1991; Tomalski and Miller, 1991;
Hawtin et al., 1992) °

BRAOFEERBREEYTEE (flagellar H-ant-
igen) K& 45 » FJ45S 34 {EME#EE (sero-
vars) (de Barjac and Frachon, 1990) - & /J
Rt ELEERED , HPLIORER (6-
endotoxin) A E B EFH - HFEMEHE
DB EREREN B L (Gl et al,
1992) - SNBRNWEA T EEH Bt HBHEE
REEFHELHECERALE  BHREA
BRLZER (cry gene) ERZEEHRIE F 3£
FEHR , REFFEE A IE 5SS A (Hofte
and Whiteley, 1989) » HEH cry[BERE£H
ERBETERASIE RS - RHBEINS
NERERNEEBR Bt. aizawai 7295 &F

M Kalfon and de Barjac (1985) &M% o
Sanchis et al. (1988) %A [FIRR HIEFL]
& EEBETFANAZTRER » K pHT
71 2R ¥ Spodoptera :E—BHIRBEHE -
B R (Sanchis et al., 1988; Sanchis et al.,
1989) °

FHEMNABERNFESEZIHE , Y
Spodoptera BEBEE—FHCHNEIANE
RER, DHFEEL FARBEINFEAKLS
ARREERNEL, ELEEHRS, FHR
EME TR ST e ERBNE , HEER
REERER » RERRFARSEHMPG
®HUIE & #5(Spodoptera litura) Z AI{THE -

MR %

w7l
— BROIENERERARE

BRIIE (Bt aizawai 1.29)0NFRERN
PE# pHT71 £ > B & HindIII-Pstl /B
5 MEBEEEELZEE Dr. V. Sanchis FTHg
8o BOBEIAZERIBABEEMBRBAN
HHIEH -
= A ARR RS

LM bR S FK 1T E 8 (Spodoptera fru-
giperda)fiffitk SF21AE » HE KEIYIFTREM
FHREE - BB EE 8% B4 MF (fetal
calf serum, FCS) ~ 1.75 ug/ ul fungizone
150 IU / ul penicillin & streptomycine #J
TNM-FH $# &%+, HERER 28°C»
BERETEAER - EEERES ARK
F(AcNPV, E2 strain) Rt FEERZHE
DNA # H Pharmigen 227 Z Baculogold
kit (cat. 21200) -
= &XNERXKE
1. :E5EE % : pBluescriptll SK(+)> BH
Stratagene 2 Fl(cat. 212205) °
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2 RBMRHME 7, AAKS ABEREY
&) (promoter) & 5 8 3’ BIEEFY (flan-
king region)  HE KEIFTEM S $i%E
8- pVL1393» BAMS ARKSERLE
¥ K pAcUW1, B& P10 ERZHF ., &
B Pharmingen A& (cat. 21201D &
21102D) »

BB & H 5| F (primer)

XFABFT ARG FTIE Oligo A A #H R
BB NFREH  SEFRIAT
Primer 1 5 GGA TCC ATG GAG GAA

BamHI
AAT AAT CAA AA ¥

UBNERER +1 RZEASITF, 7
+1 BTN E— 18 BamHI BREIESGIOL » DAGE#E
FTERLIE o
Primer 2 5 GAA TTC CTG CAG GAA

EcoRI
CAA TCT AGATC &

(oM FRENA Pstl site ZAAE[T
£ Pstl  site <& AN_L—{8 EcoRI IR #IEsY)
i » DUEEITEFETAE o
Primer 3 5 AGA TGA GTC GAA ATT
AA Y

U ZRER 2476 bp LT ZEME|
Fo
Primer 4 5 CTA TCA ATA TAT AGT
TGC TGA TAT C 3

{1 polyhedrin promoter EcoRV site
ZIEFSF >, BRERZEEZ M REERZ
BV EREN -

FiE
— E#8 DNA #HE

B DNA D EHEERA boiling me-
thod (Sambrook et al., 1989) ; K EHIE
HIFIA Qiagencolumn (#&H Qiagen A7
cat. 12125)ETHAL -

448 R SR TR

— > DNABY#EER(E

KRR HIES 8 Klenow enzyme /5 H
Boehringer Mannheim A% & BRL 28 »
T4 DNA ligase # H BRL A& , A H#%2
R A2 HAMRE - DNA KB AT#L
AMEEE (agarose) Bk ¥ DNA R BBt »
DFRAHEIN B R ERMA DNA FE
RIIRYITHRERZFE - A 15 pul B8
LEH > FF Qiagen 2 F HEH elution
kit (cat. 20020)#% DNA #1EH2K » R TE
BERPERA -
= > EB DNA EFiE

EEEHEBENBEERE T, EEMA
DNA EF# » UREISHHER DNA BB
BREBRFIINERYE - SEEMEND
B DNA, REABEHR Promega A F K
Minipreparation kit (cat. A7T100)/F4 &E
BB DNA Bt , BH USB ARIAER Se-
quenase™ ver. 2.0 #) DNA sequencing kit
#ITDNAEF » AR BREKEREZHRH
& o EFEEBOT - B4 3-5 ug DNA >
A4 @1 01 M NaOH, EBTER 5 4
# > HN8ul 5 M NH40Ac 52 75 4l 100%
EtOH » E®-20°C > 15 78 > F LA 13000
rpm B0 16 7E R 5 TIRYILL 70 % EtOH ¥
YA FEEZ - 2L 7 ul ddH20 ~ 1 4l 31F(10
ng/ ul)~ 2 ul reaction buffer IEFEITEY)
WA 100°C » 2 7788 » JKRs Al 1 478,
A 87°C /KB FEIES| 7455 (annealing) 15
74 - E annealing #H% > MIA 1 4l 0.1M
DTT > 2 ul BB ANTP » 0.5 ul a—p32
dATP 2 ul #&HEH Sequenase » E{BE
s a#%, 2356 ul MAESEER
ddNTP > 37°CYEM 5 778 » BEBMA 4 1l
stop solution FHP-20°CkFET - L 6%
acrylamide gel EITEk B » EETENX
R AR 5648 100°C 43 B% (denature) 5 538 >



BBF%LL1600 V THEE 1 /MR, HEIKER
%L gel dryer HEZBH , AR FLL
X-ray film />-70°C THEX 8-12 /INF o
M . £FE R (Cotransfection)
AIEFE T A Baculogold kit(Pharm-
igen) ETHFEL , FRAOT : B 3x10° M
MRS B 60x15 mm HIFREI A, #& 15 &
BIEREEERE » A bufferA (Grace me-
dium) PEEBILF 5 HEFEIEHRE DNA (05
) MEHENERERERNZEREE (pIBL-
T7, pIBL-UW1, pIBL-1393) DNA (10 ug)
ERE—ELE > 5 SEEFIA buffer B
(calsium phosphate) » BB HHEHEHEE
BEEY buffer BIMARENF - W/NRE
BEIREZ > #iK 10% FCS # TNM-FH 3
ul, EREBEEFEHRFZ TNM-FH H&KK
£ L #E EBITREMAL -
7 BHERBALREE
BRI LR AR BB S (end point
dilution) - MEMEMEWEMREELE
W, BEER 107> 10° 107 % » LAFFL 100
UREBRES 1x10° fiEA 96 FLIRE RS
o 28 CERBFHE TR - BIEME®K
FERYRE L Z MR # (cytopathic effe-
ct) » BUPGERE - REBRPEZEEE , EM
MitFEk  ERRSNEERUREES
¥ (dot-blot hybridization) 1T o ZEst B
MTEATR -
N REHNME  BERER
BiENFERERNZEE » A BM AF
Fr4#EH Dig nucleic acid labeling and
detection R ¥t » FEMBESBEF2RBAER
B o HEESFBIHE 2R ARMT « #0.3-3
pg LONBHRER DNALIRER pHTT1
£, 27 Kb)l L2 y] random primer > 2 pul
labeling mixture » MIZAKZE 19 ul > LA 100°C
3O, KB 1 08% > M1 pl Klenow

enzyme, 37°C TTERA—EKR L - SEEMEX
Hi s 58LL 0.1 X TE buffer fiZE 100 ul » A%
FiE G-50 column » FHB-20°CHER -
FIFRBL RSN 50 pl WERTRHT
> Hybond—-N membrane (Amersham cat.
RPN.303N) L ifi# membrane 735 L2 {4
HEPFIEREER 10 08, £ DNA REH
RoH2XSSCEE 108, A UVRA
EAEZRETT DNA WEE - B membrane
MAREE S » TAKEEE R (hybridization
buffer) » #50°C ETRIHESKIE (prehy-
bridization) 8/FF» MIRBEMALATR
ERAFEWNHES (probe) ETHEK
FE 5 42°C > 12-16 /INKf - BB L Dig & »
BEHEBRARRF , DL X-ray film £ 37°CT
ROt 15-40 78 -
+ - EHERHZHA
1. R 5 ESEE R FE (polymerase chain reac-
tion, PCR) ¥ :
FIFAPCRAGETEEREZEE » /7
¥:2 | Malitschek and Scharti (1991) &
Goswami and Glazer (1991) > fERATF :
BY 10 pl FRER BIAOA 90 ul PCR bufferA
(50 mM KCl, 10 mM Tris-HCI, 0.1 ug/ ul
gelatin, 0.45% NP-40, 0.45%
Tween—-20)#1 10 ug Proteinase K 7 60°C1E
F 1N, FER 10 78 > B0 ul fER#E
HRBTENIA TSR EY)  1.25 mM dNTP 18 ul
»25 U Taqg DNA polymerase> 0.5 ng
Primer 1, 2 5 ul PCR buffer B (25 mM
MgCl, 10X PCR buffer A) » fIPKE 100 pl
y WHIA 50 ul mineral oil » EIAH#ETTR
FE, RIEBRMIT : 94°C 1 min; 42°C 1
min.; 72°C 5 min. ; #7735 cycles - ¥ .
B PCRETZEY » BL10 pl ETERS
o, BESTENIRERERMBLUR B8
B F LiHybond-N membrane {EF F# &
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(Southern blot)% » BMAENEEKSEF
¥ DNA B L ETHARNERELES -
2.RNA ZERKHEKIE

fAE mRNA BRI 1 X 107 SF21
AE MEHTS:RES 80T WIS R & , AR
FmENU MOI=10 ZBI B ERHME , 248
INEERE R EBWAEIRLA 1 11 RNA z0lB
(TIB, cat. CS-104) > FEMHTER , AAN100 ul
chloroform » #RE 15 & A 13000 rpm
B 30 08, BEBW, MEERiso-
propanol, 4°CYT¥& 15 538 » A 13000 rpm B
0 30 5 » Bl LEW, A 70% EtOH %t
MR > BERER 50 ul i€ DEPC (Diethyl
pyrocarbonate) BB AKF 5 AMER 65°C
KB 15 HEUEHE RNA > BL10 plfF
dot hybridization ° IR & R SRR
BRRLMEEISEE , TRNAZBER
50 ul/ 10" cell - Northern blot RIET RS
EH#IT 10 pl FEZ RNA f140 pl 15X
SSC R4 » FM 30 ul 20X SSC M 20 ul
formaldehyde » 7E 65°C /KB N# 15 8
%, DBEBHASEE RNA BHZ Hybond-
N membrane s Bl Dig BEHEHETILTT
BT EATRERE -
N BRRMSH

FIFA 7 /5 55 B 5 (western blot) FREIEAH
RERAZINEREHE - FENOT : &
SF21AE ML 3x10° cell / well FEE
B4 H, L MOI=10 ZHBRER
B, EEE R, BEERERE
i L PBS B MK » FRASMIARER 100 pl 1 X
SDS sample buffer §1 , & 5 SEE » B
10 ul #ETE Ik (SDS-PAGE) - ER&F| A
electro-blotting(E 5 100 mA » EE 40
Vv, BHES 1/ AR , BEHEBHE NC
(nitrocellulose) paper © 1 1X TBS W&
¥ > B 3% MRARIIE A 87°C T blocking 1

450 R AR

INEE , R EE 1 RILEE (rabbit anti-eryIC
antibody) 2 87°C FTIER 1 /M8 - LL1 X
TBS¥H =R, X 10458 Hhl2 X
# (peroxidase—conjugated goat— anti ra-
bbit antibody)EH 37°CTEM 1/IN\K » H
L1 X TBSHEZR, BR10 08 HEEE
AT R ERIE -

#RIATR

— EEENENBREEEERFEREEX
WA
1. BAOENEBRERCEM -

ERBATE AR BN ERERMLL
B8 pUCY L » H 5 I HindIlI ZFTEEE
RalEy TR E , BERAE™RE Hind
TI1 FR&IBEYIAL » 4E¥E DL HindIIT 1 Pstl E#
IEIBBBER , FINEEBEZY, BHRES
NEZERNREERAFENBRBBEY
i » FIf pBluescript SK(+)FRBEEE
¥ EHRIEAERER -

i pHT71 F§ HindlIII §2 Pstl BRHIEEYI K
=B, 288 2.5 2.69 & 0.2 Kb - HH 2,69
Kb IFERERE pUCIHBE » # 2.5 Kb 0.2
Kb 5 B # A pBluescriptll SK(+)# » i
#7 (transform)ZE E. coli DHba strain » &%
B EEEE®E - pHBHH % pHBHP(E
—yo W BB EA T HLREREL, FR
YUEFENEANEZERALMERREZ
o
2. pIBL-T7 Z %

BTIENEXRERNTEREEE TTHE
BH® L, % pHBHH & pHBHP A Hind
I [R&IESYIRE » #§ pHBHH L Z 25 Kb A
BB 4L 3R 5 %74 (ligation) A pHBHP E 4
pBTHP - f Xhol ¥1Bf pBTHP EAHEE »
E 1l Klenow enzyme FISNTP # 7F B #4



Bgl I

Pstl {  pBluescript II

SK(+)
Hind I

Hind I

Hind II PstI

endotoxin coding region
puUC9
pBluescript I

E— ERIENSREETEE -

Fig. 1. The flow chart of recombinant Bacillus thuringiensis 5—endotoxin gene.
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% (blunt end) s A PstI YJ% » & 2.7 Kb
HESABRZE ML ER, BARKE
Smal 1 Pstl V18I T7 B8+ - WEHRE
BRBREEYE - DNAEFRPCRES
FHENSRERNBEARRR (BHRY
A BH—ERHEBELR pIBL-T7(E
Yo

pIBL-T7 %% ARZEH F 2R EANE
FZEAEHRE (coding region) ZHiH 240 {8
BEY, HFHAEE 5 HATG, EAABE
ETESRNERNESLE , HEHH DNA 77!
B, HiEE ATG 2R 60 EHEEHNY
&% TAA > TAG > TGA Hp—BEEK L
% HE (translational stop codon)» FTLAZER
EXNEAR LA GERE -

EAmPAREREy AT EBERLE
B, LEAMBEERE LR EER, Al
WET7E pIBL-T7 oM FREEEHLFE 2549
EEEL - FIARRFEERFHEN , HME
K 5 W2 JEFEEE (noncoding region) &
o HRBFABNWPEBRERE-ENER, B
— R BB BB 30 EHEEE RILNEYIER , KU
REENFRERNER (O'Reilly et al,
1992) - AEHEBRRETBCAEFREN (B
¥& ribosomal binding site, promoter re-
gion &), HERMERT 5 IRNFEEER -
BEY sy meEBEHERCRE  HET Y I
YR, WET VIR FREREE
pIBL-UW1 ## -
3. pIBL-UW1 KBS -

FIABRRKEE PO BB TRE N RE
W, TELEAS AREORENERR
&5, BEREBEBEPCREN - AAHE
HECEA pUWL BEEBE , ETAFERER
Eig o ARNBSERRESHEHERE  FYURE
HONEBERRIE -

#/ Gene Bank HESERESTHN

452 thER MR- HNEETH

EXEERA, RBHEEWRGBESUIL » EoRF
FHRK ATG LR 80 EHEEHE Ndel ¥
i, AJASILERFERE B TIER - 4% pBTHP 1A
Ndel % PstI FBHIES(ER » 2L Klenow en-
zyme fFH > 25 Kb FEMLE , Sk
AMBE Bglll FRHIEEE Klenow enzyme 7
BE pAcUW1 BB, RIEHEY
# - DNA E/F &k PCREERRIER®E » EHR
pIBL-UW1(E =) -

0/ pIBL-T7 —# > 738 80 (HEEEY
WA ELEBBEIAN ATG , LESHER
ATG ZRIEEBILEBEL , T EERK
HEAGRFE ARRBECERRTEHE
i, WAEFIH pAcUW1 _EHFTIRE
HEE, R MHE7E pIBL-UW1 FEER
HH 2601 EEEY -

4. pIBL-1393 HE B BAVHEE

FIF PCR A pHT7T1 LHOREFERE
FEABHX, JHBHERCABFIIE
B, ISR FIBRRFEERERBRERHA
o AR AEEREMR, EARAERE
K25 7R, BAHETREIEEYIML, FHEE
K5 RMEHEA pVL1393 < I PCR /TEE K
SHNEXRZEFHR 25 Kbtk #HiEAKEBa-
mHI % EcoRI IRE &M pVL1393 H#EH >
RIRHIEEYIE » DNA EF R PCR MR #ER
% B4R pIBL-1393(E M) -

— % PCREAKEREEES HEgH—
f A (Gyllensten and Erlich, 1988) > FT A
7B H Klenow enzyme W EHE - KARE
HARENEFEERE  PCRERBREBER
B A pBluescript » FHEMA E.  coli F K
EWGE% , HEBEEA pVL1393 H - L
PCR AR B EEERLFEE, AN
pVL1393 L#HILEHE » AT LUSEF pIBL-
1393 WEER L 2573 EHEEY -

BERREIHEANETERERAEEIEER



Pst1

Xhol Klenow Pstl
RN

Hind II

B endotoxin coding region B PH coding region
pBluescript II I PH flanking region

Bl= HERE8 pIBL-T7 Fi2E -

Fig. 2. The flow chart of construction of pIBL-T7 transfer vectot.
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Ndel
Pstl

Ndel ATG Pstl

\ endotoxin coding region
n P10 coding region

- P10 flanking region
pBluescript I

B= #SEERHEpIBL-UW TEE -

Fig. 3.The flow chart of construction of pIBL-UW1 transfer vector.
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pBluescript II
SK(+)

EcoR1
BanH I

BanH1
EcoR 1

pIBL-1393 \ [ pBluescript I

N ¢ndotoxin coding region
- PH flanking region
PH coding region

B EE(E;R%58 pIBL-1393 2 -
Fig. 4. The flow chart of construction of pIBL-1393 transfer vector.
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AR, REHAGBKRSEEEDELE  EH
TLEREZEEREE - EFTIRERBYR
FBE, HNaRdRsalEgEe FF
Bei, ATIREREE ; pVLI33 RIBEES
HEBE U (multiple cloning site)Z & » H
RHESEERS ; pACUWL BFIA P10 K&
TERENFERNEE, AHELBEERSE
BEENSABAEIRESE TEHRELER
BHREN -

T HEESNBERERZEERE
1EZH® DNA 5% DNA ZHFEE

ERTERABA RN T EEEEE DNA
MR EEG R B DNA » fllA Pharmigen 2%
A% Baculogold kit #fTHlE » HEEGE
A SF21AE #ifE » FRERREANAFELR
FDNAKAES , BEFELERES - KE
AR EERE DNA KRR HIEEYIE K E 1L
(linearized) » ML $ER DNA AH#E , 5
411595 B DNAM B — B LR E R (lethal  de-
letion) » B EIRBRHBEAEHEEH AL
RETHRERE ) BRI TAREMLASE
IR Mt BEHRE -

— ikt R R A B AR H DNA &
BREE DNA — &3 AR &, #TEE
H#i o DNA BB AMBNAAECERSE
%140 calcium phosphate, polyethylene gly-
col, electroporation, liposomes, microin-
jection & (Walker,1989) » {E7F B &L AIF
AL PAcalcium phosphate BB R - &
A& Z DNA 272 calcium  phosphate
FARET - ARBRRLAFAEL=EEHS
B2 #2588 DNA BERA%F (parent virus)
DNA PHKITE 8 SF21AE #fEHRE » Mt
FTA=BXAHSEN®, MECERRERET
Acendo-1393: 4 1% > Acendo-UW1: 3Rk
Acendo-T7: 6t o BiRFTHE 2R FREH AL
FEYREMARE , RATERRKE DNAEH

456 FEER SRR

B EBE , EEERTRE2HNEH(single un-
equal crossing over) o RItTvE—FERE
ML TE -

2. BEMR BMALEREE

FIERERBEMCERRBERN ) B
HEBRCEMEENERRSIRNERE
Frls— kM REBRZFIE 10
107 10° R B EMFE - HEH
fEE— S Mies , MIZEEHBR 10°-
107> 10 BEFUESMLEZERRE - &R
BRAEASSEEAREL 13 RETMIL
I, B EBEHRESk—HRETE
=,

EHRECECEUEBREGET, &
BN B ZHFH EERERY p-galactosid
ase ZEREE - BE—FSHERTHRAIA
SXERKE DNA REZIEENE , HFH
PCR WA M H - HERES PCR RAMRM
BB (template) DNA » BIE2#ARS
HT(Webb et al, 1991; Malitschek and
Schartl, 1991; Tessier et al., 1991) - PCR {E
F%I 10 ul BEBXRAHT > FIBEROBE AN
oo REAFAEHENES 25 Kb i, =
BAENEHRS LEE B DNARER
TMEFLERRFFANGE > I DNA RETHSTF
BEA/NEBEANIKNEBRERK/NMEE - Hik
WIS, ABTECEREIRTEES
NEZER . BE—SPEEHBANERE
EERINERER , B EMKESERRENF

BEREBRELTEFEETFA pHTTL LK
oW E R DNA ML IERK#S » IPCRA
B EDER S RER X-ray film 2&
%, BROEAHR - RERTH PCR EY
AN B REM S, WBAERHREER
PR ER DNA K/NFIHE , BFEAT
pHT71 L #¥NE %X DNA HE , FEIFEZ
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Fig. 5. Identification of recombinant virus genome
containing J—endotoxin DNA fragment by
polymerase chain reaction
Lane 1: 4 Hindlll marker, Lane 2: Ace-
ndo-1393, Lane 3; Acendo-UW1, Lane 4:
Acendo-T7, Lane 5: AcNPV.

BEREEEINERERNS -
= EARBERENSRESZRA
LA EERE mRNA B9
BHETHEKNIFEINFRER ZEHRF
B REGETONEREOEERIE, £
EHERA mRNA FEETRE - FIHRE
e, BIEHEE /AR RNA , #H)
7 Hybond-N membrane L « LSRN EHRAN
BB BRSHETH G RIE » RIERRS R
BLATR - ARARBATZERZ RNA ¥H
108 SF21AE M » #EAH BB 2% 5 B RFT
EagmE , RILDIER oA ZFREEE
northern blot % » HHAKEREE , K
FRREE, RRELRNA SBER - £HB
BARBYRIRER . BARBEAREESR S
SEEMEREE TEBSZRNARR10 u
ETHES, KBEAGERAH, REREE
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Fig. 6. Using Southern blot to confirm d—endotoxin
genein the genome of recombinant viruses
Lane 1: Acendo—1393, Lane 2. Acendo-UW
1, Lane 3: Acendo-T7, Lane 4: AcNPV.

HHBRRTFAAR SR GRRIE , MEE=
ERREMAREEEERE, MHRNABE
WENRFE » 2L Acendo-1393 B2 Acendo—T7
FRERMNERS » T Acendo-UW1 FT&RILHY
2N FEMHRERAANFTRIRE -
—RMEREMEEENAE BEE
AEBRBRO—BREREE . BHES
B WESMYERERE . RAEREE
% (O'Reilly et al., 1992) - HEHBRATE Z Hill
R S R SF21AE Mk » WfF
EHEBERST BRBEAERENIANE
FEOAWFRR - HAHFERFERIANFTRE
ARRERG  UBREE—-BEOERE
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Fig. 7. Using northern blot to detect the transcrip-
tion of d-endotoxin gene in the recombi-
nants.
Dot 1: Acendo-1393, Dot 2: Acendo-UWT1,
Dot 3: Acendo-T7, Dot4: Mock, Dot 5:
AcNPV.

FEEEENE - HEARBRABER
& (sensitivity) B =R 7E /7 B2 ERTE o
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HERR  FISZERIOE /N - B/ \ARRR
HARER 72 /MK, SIRERRIER , =
HREMRFS AP 106-80 kDa HHE —EEH
BHRMASRNBELEROKIE - R Sa-
chis et al. (1989)FiEEEZ pHTT1 » H EZ5
NEZRERAMEEAWEHESTES 92
kDa » A EE7E 106-80 kDaZ 1 — IR E
HEHHR, REkgoFEME  KEQE
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EABEEMBEANZBENE  HETTRBRRE
B EAERE  FHRERER 96 /N
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Fig. 8. Using western blot to show the protein
production of dJ-endotoxin gene in the
recombinant viruses. A. 72 hours after
infection, B. 96 hours after infection.
Lane 1: Mock, Lane 2: AcNPV, Lane 3:
Acendo-1393, Lane 4: Acendo-UW1, Lane
5. Acendo-T7.




B, BHEEBMEERERE (nontoxin  domain) &
B, REEEES/EAE (Sanchis et al.,
1988; Lecadet et al., 1988) ; ATSNEFERN
Y EBIAERELABIERER, B&E
mRNA WIBEEEM » FTUER 3 Wi 2R
B, TMEERSEBERPK, MAZFERE
REOERTBENH R (Hofte and White-
ley, 1989; Aronson et al., 1986) o ATLATER
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NNAREHE , RONIREZEREEE
BR EHHREIBT-
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