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SUMMARY

To develop novel viral insecticides using recombinant baculovirus enabling
environment-safe control of economic lepidopteran pests, novel crystal protein
genes and recombinant crystal protein genes of Bacillus thuringiensis were
screened. Crystal protein gene profiles of B. thiringiensis K1 and B. thuringiensis
2385-1 which were highly toxic to lepidopteran insects and predicted to contain
various novel crystal protein genes were investigated using PCR-RFLP analysis.
Five novel crystal protein genes were cloned from these two B. thuringiensis
isolates, and their insecticidal activities were estimated using recombinant
baculoviruses expressing corresponding novel crystal protein. All of five novel
genes showed high toxicities against Plutella xylostella larvae. In addition, two
genes, cryl-1 and cryl-5, showed high level of insecticidal activities against
Spodoptera exigua larvae.

For the expression of recombinant crystal protein of CrylAc and CrylC,
recombinant baculovirus, ApPAC-F, expressing CrylAc-EGFP-CrylC fusion
protein were constructed. About 190 kDa of CrylAc-EGFP-CrylC fusion protein
expressed by ApPAC-F was occluded into the polyhedra produced by the
recombinant virus, and activated as 65 kDa of crystal protein when treated with
gut-juice of Bombyx mori. The insecticidal activity of ApPAC-F against P.
xylostella larvae was about 1.7 fold higher than that of recombinant virus, AplAc
expressing CrylAc. Also, S. exigua larvae fed the recombinant polyhedra of
ApPAC-F refused to consume the contaminated diets.

In order to develop recombinant baculovirus highly toxic to insect pests which
were difficult to control and resistant to other insecticides by expressing

insect-specific neurotoxin, recombinant viruses, ApAvT, ApPrT and ApAalT,



expressing AvT, PrT and AalT neurotoxin genes isolated form spider, firefly and
scorpion, respectively, were constructed. When the insecticidal activities of these
neurotoxin genes against S. exigua larvae were investigated using corresponding
recombinant viruses, the AalT showed the highest toxicity among three
neurotoxin genes.

On the basis of above results, novel recombinant baculovirus, AcBb5B-AalT
expressing Cryl-5 crystal protein as a fusion protein of
polyhedrin-Cryl-5-polyhedrin under the control of poyhedrin gene promoter and
AalT under the control of early promoter of ORF305 from Cotesia plutellae
bracovirus was constructed. About 150 kDa of polyhedrin—-Cryl-5-polyhedrin
fusion protein expressed by AcBbB-AalT was occluded into the polyhedra
produced by the recombinant virus, and activated as 65 kDa of crystal protein
when treated with gut—juice of Bombyx mori. The AcB5B-AalT showed about
50% reduced LTs value compared to that of the recombinant virus, AplAc,
expressing CrylAc against P. xylostella larvae. In addition, S. exigua larvae fed
the recombinant polyhedra of AcB5B-AalT showed about 4 fold higher refusing
diet effect compared S. exigua larvae fed the recombinant polyhedra of the
recombinant virus, AplC, expressing CrylC. These results suggested that the
novel recombinant baculovirus, AcB5B-AalT, could be applied as advanced viral
insecticide overcoming major defects of wild-type baculoviruses such as narrow
host range and slow pathogenicity.

AcB5B-AalT could be transferred to wild-type baculovirus along with serial
passage by the homologous recombination between two polyhedrin genes
contained in polyhedrin—cryl-5-polyhedrin fusion protein gene. This character
could make AcB5B-AalT get out of the feasible problems as a genetically
modified organisms.

The gene structure, expression and enzyme activity of a serine protease from



the firefly, Pyrocoelia rufa (PrSP) were examined. The PrSP gene spans 1,474
bp and consists of two introns and three exons coding for 257 amino acid
residues. Southern blot analysis of genomic DNA suggested the presence of
PrSP gene as a single copy. Western blot analysis and enzyme activity assay
exhibited midgut—specific expression, suggesting that the midgut is the prime site
where large quantities of PrSP are synthesized for degrading the absorbed protein
from the diet. The cDNA encoding PrSP was expressed as a 31-kDa polypeptide
in the baculovirus—infected insect Sf9 cells and the recombinant PrSP showed
activity in the protease enzyme assay using gelatin as a substrate.

We describe here the cDNA sequence and mRNA expression of a novel
venom lipase from the bumblebee, Bombus ignitus. The 954 bp cDNA encodes
for 317 amino acid residues. The deduced protein of B. ignitus venom lipase gene
(BILP) contains the conserved catalytic site (GXSXG). Alignment of the deduced
protein of BiLP showed high identity with insect lipase genes (P. papatasi, C.
pipiens, D. melanogaster, B. mori, P. annularis, A. aegypti, and A. stephensi
lipase genes). Northern blot analysis revealed that the B. ignitus BiLP mRNA
expression was detected only in fat body. In addition, B. ignitus BiLP mRNA
was expressed in both female and queen, but no expression was found in the
male.

A venom protease gene (BiVP) was cloned from the bumblebee, Bombus
ignitus. The B. ignitus BiVP cDNA contains an open reading frame of 1,080 bp
encoding for 360 amino acid residues. The deduced amino acid sequence of the B.
ignitus BiVP cDNA was closest in structure to Apis mellifera venom protease
(61% protein sequence identity). B. ignitus BiVP possesses catalytic triad
residues and 14 cysteine residues common to venom proteases. Northern blot
analysis revealed that the B. ignitus BiVP mRNA expression was detected only

in fat body. In addition, B. ignitus BiVP mRNA was expressed in both female



and queen, but no expression was found in the male.

We have cloned cDNAs encoding toxin from the spider, Araneus ventricosus,
and constructed a recombinant baculovirus expressing the insecticidal toxin. The
cDNAs encoding toxin were cloned from the cDNA library of A. ventricosus.
Sequence analysis of the cDNAs encoding the toxin of A. ventricosus revealed
that the 240 bp cDNA for AvToxl and 192 bp cDNA for AvTox2 have an open
reading frame of 80 and 64 amino acid residues, respectively. The deduced
protein sequence of the toxin genes of AvToxl and AvTox2 was aligned to that
of the snake Anemonia sulcata and scorpion Centruroides limpidus [impidus,
respectively.

Furthermore, we have explored the possibility of improving baculovirus by
incorporating the P. rufa serine protease (PrSP) or A. ventricosus toxXin genes
(AvToxl and AvTox2) into Autographa californica nuclar polyhedrosis virus
genome under the control of polyhedrin promoter. To determine the toxicities of
the three recombinant baculoviruses expressing PrSP, AvToxl or AvTox2,
toxicities of the recombinant baculoviruses were evaluated against fifth-instar
armyworm larvae and compared with wild-type AcNPV. The improved
insecticidal activities of the recombinant baculoviruses were demonstrated by
reduction in LTs value. 1) The LTs value for recombinant baculovirus
expressing PrSP was reduced to 130.72 hours compared with the wild-type
AcNPV. 2) The LTs values for recombinant baculoviruses expressing AvToxl
and AvTox2 were significantly reduced to 124.53 and 125.72 hours compared with
143.02 hours in the wild-type AcNPV, potentializing the serine protease as an
effective insecticide. In this study, we demonstrated that the recombinant
baculoviruses expressing PrSP, AvToxl or AvTox2 are more effective in killing
of armyworms than the wild-type virus.

Mass production of recombinant baculovirus in vitro and in vivo system and



formulation of wettable powder (WP) and suspension concentrate (SC) were
performed in this project.

In vitro systems, monolayer culture and suspension culture system was
confirmed using Spodoptera frugiferda (Sf-9) insect cell line. Especially to scale
up of insect cell culture in 5L bioreactor, a paddle type impeller in current
bioreactor was changed to marine type impeller to minimize a damage to insect
cells and to maximize a flowing powder. High-Five cell line among 5 kind of
insect cell lines showed the largest amount of productivity of recombinant fusion
protein and recombinant polyhedra in monolayer and liquid culture. Using
High-Five insect cell line optimum viral infection and cell culture condition were
established in suspension culture. The artificial cell culture media for Sf-9 and
High-Five cell lines were tested to reduce the production cost, but the stability
of insect cells and productivity of polyhedra in the artificial media were not good.

In vivo system, third instars of Spodoptera exigua larva was used and
optimum viral infection method was established. Viral inoculum was sprayed on
the selected artificial diet I at 10° polyhedra/mé. S. exigua larva were maintained
in large size plastic container (13x21x7 cm) at 25~27C. Infected larva were
harvested about 7 days after infection and washed and freeze-dried. In vivo
system was more practicable and economical than In vitro system.

Using recombinant baculovirus technical powder WP and SC formulations
were established. UV protectant, sodium ligno sulfate was selected and inserted
into formulations. Physical properties of established WP formulation were good
enough in wetting time (2 30''), suspensibility (80% up), particle size (11.3 gm)
and pH (6.7). Those of SC formulation were excellent in suspensibility (90% up),
viscosity (190), particle size (83 m) and pH (6.5). The WP formulation was
stable at room temperature for 6 month and has being examinated continuously.

There was close correlation between stability of SC formulation and washing

_10_



process of harvested sludge. The SC formulation made by washed technical
powder was stable at room temperature 6 month and has being examined.

Recombinant baculovirus, Bactrus WP and SC formulation showed about
80-90% efficacy against S. exigua and Plutella xylostella larva in the field. On
the point of change to wild-type, expression level of fusion protein in Bactrus
was decreased along serial passage. But the decrease of the fusion protein
expression was smaller in Sf-9 cells infected with Bactrus passaged at 10 MOI
than that passaged at 1 MOI. Also insecticidal activity of recombinant polyhedra
produced by the Bactrus serial-passaged at 1 and 10 MOI against P. xylostella
larvae was decreased along serial passage with similar trend to the result of
fusion protein expression pattern.

Recombinant baculovirus, Bactrus WP and SC showed the decrease of
insecticidal activity 10 days after spray in glass house. 2 or 3 times of
application of product at an interval of 7-10 days is to be performed to control

target pest properly.
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Table 1. Oligonucleotide primers used to amplify crystal protein genes of

Bacillus thuringiensis and neurotoxin genes

)

Primer name Sequence1
ATGI1-F 5" ATGCAATGCGTACCTTACAATTGTTTAAGTAATS”
N400-R 5 CATCGATTCGGTTCACCGCACCTTCC3

Xhol-FATG1-F  5'CCCTCGAGATGCAATGCGTACCTT AC3’

BglIIN400-R 5’ CCAGATCTCCATCGATTCGGTTCACCGCY”

AvT-FXh 5’ AAACTCGGAGATGGCACTTGCACTGCTGS”
AvT-RNt 5" AAAAGCGGCCGCTCAAGAAGGTTTTACGCATACS
PrT-FXh 5’ AAACTCGAGATGAAAACTCTGCTGATTAAAGACS’
PrT-RNt 5" AAAAGCGGCCGCTCACGAGTTACACTTATC3”
AalT-FXh 5’ AAACTCGAGATGAAGATACTCCTTGCTATTGS”
AalT-RNt 5’ AAAAGCGGCCGCCTAGTTGATGATAGTGTC3”

V" Restriction endonuclease sites used to clone the amplified fragment was

underlined.

2) MEL AT FHA #d 9 75 &4
AMZL cryl-type A2 ynlE 3o e FAS dolry] $5Ho
22493% fFHAES BEVSe A&t ddaAAHT 74 fFHAES X
ANzF wtolel =& A& ste] Wi 3 o
AEES Fesg. gdAe @A S 2000 ng/mE-E dHoz gAME
%

4 o A71Y WjEYe Z=dsle] A
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U AES Bt WSAwNA ARG A% A%

1) Transfer vector A2}

EGFP +#A#+= EGFP-FXh¢ EGFP-RBg primerE A}&3le pEGFP
(Promega, USA)ZFH FZH3AY. FZHAELS pGEM-T easy vectorol
cloningd & (pGT-F), Sacll ¢ Notl1& Ay sle] EGFP F4AE dojuo]
Al pGEM-5Zf(-)ell  cloningstAth  (pGEM-F). 1Ac-FSc¢/S1#%  1Ac-RXh
primerE AF&£3te] Bt HD73 strain® CrylAc 73 A7} cloning¥ ¢l 91+ pProAc
25E CrylAc N-2d FHAE SFF F Sacll ok Xhol & At 2
2422 AH#3 pGEM-Fo| cloningstsitt (pGEM-AF). 3 CrylCa N-%got
A A= 1C-FBH®} 1C-RNt primerE A}&3le] Bt HDI133 strain® CrylCa
FAA7E 5o 9+E pBacPHerylCEHEH FZE31949. 52 &L BamHI1 F
Notl & HZ3 F Bgllle}t Notl& AHE 3 pGEM-AFl cloning3} S th
(bGEM-AFC). pGEM-AFCZ%-¥ Sall 3 Notl & AHEste] 94 DNA ©H S
Xhol# Not1& &3 pOBI vectorell clonigdle], ®WlEZn}ole]~ AcNPV
polyhedrin 42 ¥ ol CrylAc, EGFP, CrylCa A <oz Z&A3=

transfer vector pBacPAC-F& A #3tth (% 2, 19 1).
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Table 2. Oligonucleotide primers used to amplify crystal protein genes of

Bacillus thuringiensis and EGFP gene

)

Primer name Sequence1

EGFP-FXh 5’ AACTCGAGATGGTGAGCAAGGGCGAG3’
EGFP-RBg 5’ AAAAGATCTCTTGTACAGCTCGTCCATS”
1Ac-FSc/Sl 5" AAACCGCGGGTCGACATGGATAACAATCCGAACS
1Ac-RXh 5’ AACTCGAGTGTTGCAGTAACTGGAATS’
1C-FBH 5’ AAGGATCCATGGAGGAAAATAATCAAZ
1C-RNt 5’ AAAAGCGGCCGCAGTAAACAGGGCATTCACS
1C-FSl 5’AAAGTCGACATGGAGGAAAATAATCAAZ’
1Ac-FBH/G 5’AAGGATCCGATGGATAACAATCCGAACATCS
1C-FBH/G 5’ AAGGATCCGATGGAGGAAAATAATCAAZ
1C-RSI 5’ AAAGTCGACAGTAAACAGGGCATTCACS’
1Ac-FSI 5’AAAGTCGACATGGATAACAATCCGAACS’
1Ac-RNt 5’ AAAAGCGGCCGCTGTTGCAGTAACTGGAATS”
EGFP-FSI1 5’ AAAGTCGACGCGCAACGCAATTAATGS
EGFP-RSI 5’ AAAGTCGACTTACTTGTACAGCTGGTCS”

Restriction endonuclease sites used to clone the amplified fragment was

underlined.
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Fig. 1. Construction map of the transfer
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P, pBacPAC-F
10.72 kb
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2) AMxF vlole 29 AL
ANzFE wpolel ol AALS 9E|A mupolelAE bApGOZAE &3+t
bApGOZA® DNAXE polyhedrin $1Xoll MiniF @A} Fhtmlolal A a4

FAAZE st olelA Fhvekolal EA) el it WellA AT 7hs
AcNPV 2 DNAelH, #s #3x<91 ORF1629 #FHA7F Hid dE &

°

UoIA Sf9 M Eo| A transfer vector®}t co-transfection®l AZxF wpo] e 2=rko]
=238 £ Q== A zZE DNAoth =3 pl0 FAA promotere] ZFZ 3ol
HuE Sf9 AlE WelMd vdAAE F8E 4 Utk Transfer
vector, pBacPAC-F& bApGOZA DNAZE LIPOFECTINZ 37 co-transfectin @t

e

polyhedrin®] '3

plaque assayS T3] &4 E3sta PCRY d3dnrd ##2S T3] Axd

_’6_
o8 sAsArt (1Y 2).

AcNPV AcNPV
12c50 bp -{ Pol | crylAc | egfp | crylCa | 1433 bp — pBaCPAC-F
P,

Pol

< >
s e S—

Truncated
ORF1629 bApGOZA
AcNPV . -m
Pp1o
l Cotransfection
4‘ Pol | crylAc | egfp | crylCa li
PPol
ApPAC-F

Pp1o

Fig. 2. Generation of the recombinant baculovirus, ApPAC-F.
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3) Az vlo]l# 2 gz dild Ay F B4 (SDS-PAGE)
Sf9 Al Eo A Z=A3 wFzntoldx dzAS F=AY 05% SDSSF 05
NaCl €HE&  AFgste] dZAES AAStT Laemmli (1970)8] WHo=

A7195S FHeAY. AHAAH vZAd 5x sample buffer® 42 oS
=

=

m

100Col - 58 H<oF 7}¥93 ¥ 10% polyacrylamide gelolA & 7] <

et

4) dE W52 P el activation 4
kel ol xstls At 91e] SDS-PAGE W& F3,
AR = WAL activation o1F-F EASEAT iz EA ANPV S

CrylActhe Washs Axg vholel2 AplAce] Chzhalg Abgsgivh

Triton X-100)9] sE= FY8kaL, 314 of 27|19 wFQe =ete] e 5
5 4

MEEY 33 4% 120teo] AAAZON 74 BEEE 4 wEsgn. 1247
whoh Abge 8 ARG on 7247 Bob BEsn

W) mpabupabe] A AR =3
oA dgaAs 2x10° PIBs/m¢ (DW, 0.01% Triton X-100)¢] ¥==Z
FH)Ea, 349 ore WlFQo] Z@Em bk 18 E 20mE]E A AAA

2]
(3HFE) 48 AJ7F Fo] Leaf area meter CI-202 (CID, USA)Z < WAHS
6) gt L e o A=
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1C-FS1¥}+ 1C-RNt primerE Ab&3e] pBacPHerylCZ5-E CrylCa N-¥4
FAAE  FEFG T SallH Notls AHste 2 &4
pET-41b(+)°]  cloning3dt¥t+ (pET-1Ca/Sl). CrylAc N-Z¢  H#
1Ac-FBH/G$t 1Ac-RSl primerg Ah§3kel pProAcZHE FHsklth. S%
MEL 42t BanmH1 Y Sall & AHEs * 22 845 A pET-1Ca/Sldl
cloningst1tt (pET-AC). lac promoter’} ¥3t¥ EGFP # %A= EGFP-FSI1#
EGFP-RSI primerE Ab&ato] S3%ata SallS A §F 2 4= A
pET-AC®| cloning3te] pET-AFCE A %3ttt (29 3).

d WY pET-CFAC A1zt oh53 2tk 1C-FBH/G®} 1C-RSI primer&
ALg3te] pBacPHerylCEZHE CrylCa N-9¢ F3122 %3 & BgmHI1
SallS& A3t & 422 AHEE  pET-41b(+)9]  cloningst$th
(pET-1Ca/BH). CrylAc N-Zo FAHAE= 1Ac-FSIZF  1Ac-RNt  primers
Ab&3to]  pProAcZHH  FEsqith
Age F 2e &S Ag 3 pET-1Ca/BHY cloningdtitt (pET-CA). EGFP
A A= EGFP-FSIZ EGFP-RS] primerE AF£3}9 lac promoter’} X3¢

olN

% aw

Zy7ty BamH 13 Sall &

flo

BEHR FEEA SallS HYd F 2e 42 A pET-CAl cloningdte]
pET-CFAE A&ttt (19 4).
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Sall Notl

crylCa

1.91 kb PCR product

Sall/Notl E. coli expression vector
1 pET-41b(+)
Sall Notl
pET-1Ca/Sl BamHl
7.84 kb crylCa PET-41b(+)
BamHI Sall
BamH1/Sall
crylAc
1 1.84 kb PCR product
BamHI Sall Notl
pET-AC
9.68 kb — crylAc crylCa —
Sall Sall
Sall
egfp
l 0.72 kb PCR product
BamHI Sall Sall Notl
pET-AFC
10.4 kb E— crylAc egfp crylCa

Fig. 3. Construction map of the Escherichia coli expression vector, pET-AFC.
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pET-1Ca/BH
7.84 kb

pET-CA
9.68 kb

pET-CFA
10.4 kb

BamHI

Sall

crylCa

1.91 kb PCR product

BamHI /Sall

E. coli expression vector

l pET-41b(+)
BamHI Sall
Notl
crylCa PET-41b(t)
Sall Notl
Sall/ Nofl
crylAc
l 1.84 kb PCR product
BamHI Sall Notl
crylCa crylAc —
Sall Sall
Sall
egfp
l 0.72 kb PCR product
BamHI1 Sall Sall Notl
crylCa egfp crylAc

Fig. 4. Construction map of the Escherichia coli expression vector, pET-CFA.
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o A, wiRlEe] 2 Ad f A ke A

AT (Araneus  ventricosus), WS E©]  (Pyrocoelia rufa) 2

ARRY Qe A4 4E4 FA45S 247 AVT, PrT 9 AalT# 99a
A Zewest 448 WEzveles wd WHAZ ol§se 774g
TR e AEH A4S ANSAT

1) Aol=E o] A2

NG A FAAE ol &ste] vAAE Aitste A wWEFmutelg s
A zekr] et Ao Ee®  Cotesia plutellae bracovirus (CpBV)<
ORF305 ZZHEHE o]&3Att. 7] A2H pBac8-Pro305EGFP o] ¥ g 2]
EGFP #3# 91Xl Notl#} Xholo.Z HE 3 F 274 AFAH FHAAE
Adste] pBac8-Pro305AvT, pBac8-Pro305PrT %2 pBac8-Pro305AalT

Aol e g Al2ael

2) xS welgf o A4t

ANz wpole] o] AAS 9 Eufol] ~® bApGOZAE AME3FoTh
bApGOZAS] DNAY polyhedrin $1x ol Mini-F f3 29} Fhupulo]al A g-4
AL daleta QlojAl Fhubute] Al EA el o WelA EHA7E 7hs g
AcNPV 2l DNAolH, Fs {3221 ORF 1629 fFxx7F F& ZAEw o
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polyhedrine] FAH B2 Sf9 Al WellA A5 4T 5 vk oy et
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2o wyhiwe odew AF4 A4e FSATh vz dAgdg
1x10%, 5x10°, 1x10° 1x10° PIBs/m¢ (D.W., 0.01% Triton X-100)9] ==

=HskaL, 100 wel ERlEs 4 ar A7]9] Wl E=EEtel AxAz ¥

gt A4 Bt FAAs AF A FAAE 2= Az wpoly s

AcB5B-AalT®] #|zt

1) Aol e o] A2

Xhol-ATG-F¢ Bglll-N400-R Zztelvj & o] &3t 434 Bt #d4=
SE3 & dolHE <l pOBI ¢ Xhol 3 Bglll sited] &4
A ZskA Tt CpBVelA  felgh ORF305 X2 RE ] A sloA 25
dEA @iAE Edsty] fete A" EdWE pAcUW-305ProAalT €]
Xbal ¥ BamH1 sited] polyhedrin ZE2EE 9} FHAAE Iwgo g F2Ysld]
pAalT-BE Al&stdrt. A=E pB(1-5B #WEAA Xhol 2 SnaBl1 E4E
o] &3t cryl-5-polyhedrin #91& ©oulo] pAalT-B2 polyhedrin % #}9]
Hol AdetArt. HEH o ORF3056 Z2EE A dho AAE4L7 Hdsw
polyhedrin 2R E o] %4 3o polyhedrin-cryl-5-polyhedrin fusion +dA}7}F
W-d 5] = pBSB-AalT dual ®HE A 23k o).

2) Az wolgf =9 Azt

AzF wpole] 2o AFS YA Rulol# A® bACGOZAE &3ttt
bAcGOZA®l DNAX bAcGOZASH whb7bA = polyhedrin  $1A o] Mini-F
FAARE Fhdebold AFA FHAATE st SlolA ghumtelal EA st

AT ol A EHA7E 7Fsd AcNPV #3 DNAol™, A4 fFxxkel ORF1629
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A7 R AEEH] dofA S99 MEAA transfer  vector$}
co-transfection®l A&7 wpolelxnto] FAE £ UEE AZE DNAo|TH
AolwE 9 bAcGOZA DNAZE lipofectin®® &£33o] co-transfectiond 3
plaque assays &3 Ax3 vlelH~E 5 st PCRY #n4d ##ES

B AxF ¥ Fastar

3) Azx3 vpolel~ tpzbAle] @l 7| E 4 (SDS-PAGE)
SI9 Ao A FA%E WlEZlolglx Y AE A% 05% SDS9 05 m
NaCl &9 Arg3ste vZdAE AASL Laemmli (1970)e] wWHo

A7195S FFeAY. AHAAHD vZAd 5x sample buffer® 42 oS
5

100Col 5E  H<oF 71¥93 ¥ 10% polyacrylamide gelolAd #HA7]|HFE5&
Ty kA

4) A 5L A activation 4

o] ol xstdl& Asta 919 SDS-PAGE WHS F,
ddE U5 @A activation oIFE EASATE 2T EE CrylAcs
Bd sl Bt HD739 crystal® oA AcNPV Y thZd A& AF-g39dth.

5) Az Hholel=ol HEH 17

7h wiFEue] e W H1A
thzhA] @erelS 25x10% 5x10° 1x10°, 5x10°, 1x10%, 1x10° PIBs/larva (DW,
0.01% Triton X-100)¢] =& ZFH|slal, 2 of Z7]9 vjF o] =wate] L
T, ouEEu 28 5 100kl AAARed 7 sxdE 3 wEEach

12412 it Al 9] =8 2AFERlen 5 ot dEs T

AN

W) shel 44 A

=

4z
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1x10", 1x10° PIBs/larva (DW, 0.01% Triton X-100)<]

Fulaka, 2 arel wWFd mwe Foshuhg 2% % 100k E AAAA
ol

9] Leaf area meter CI-202 (CID, USA)Z A &x & ¢

6) Az wlEZulolefno] ofp S HFEEnfolefame] g A
SO Mo AxF wWEEvlole]~E 10 MOIZ HEstar 7+ Adue
AR d4AE #7138kl 05% SDS9F 0.5 mM NaCl & 45 AR-8-3ho]
Wew Arjdss Fdsd. AAd

et 7HEd F 10%

3l ol A
gzAE AA S Laemmli (1970)9]
thZh Aol 5% sample bufferg 412 The 100TCo A 5%

polyacrylamide gelol 4] A7 9 5& 335},
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2. A7 4 317

hoA=e Bt WEavad faAe] Su

=
Bt Kl 59 Bt 238-1 52 plasmid DNAZE template® 3}l
ATG1-F¢ N400-R primer (% 1)& ©]€34 PCR W& 33 A}
dAsZ ¢ 24 kb FE<2 PCR &S &g 4 ot (29 5). 4L

PCR AHES pGEM-T Easy PCR cloning vectorel cloning3til &2 colonyE el

ATOL-F bl i0-F
= p—
I Eraummin | | Desamisn 1 | Donin B C-Term
| |
] I
g

plian-T Easy clonmg

o

Sequence analyvzis

Fig. 5. Screening of novel crystal protein genes from B. thuringiensis K1 and B.

thuringiensis 2385-1 strains.

- 47 -



Table 3. Similarity comparison of nucleotide and deduced amino acid
squences of novel crystal protein genes from B. thuringiensis K1 and B.

thuringiensis 2385-1 strains with reported crystal protein genes

Max homology (%)

oyl -type genes

Mucleotide Deduced amino acid

cryi-l 73.3 720 (witheryd Hb 1)

cryl-2 100 100 (with eryd Bal)

BtK1 Vi 99.8 99.7  (with cryl Bel)

erpi-31 100 100 {with ered dal

cryi-44 92.2 91.0  (witherylde)

cryd-d 97.9 98.0  (with crylAb1)

Bt iz 29.0 80.0  (with erviJald)
2385-1 _

cryd-14 100 100 (with ervidal)

SR A2 AT FAaAe 719 FAAE 44 et Axd
g zutolel 25 Aztste]  wiEEFUEI gl digte] A S
A, 55 AxF vpely 2 B AplAcol] Hlste] wiFF o] =2
d3AS UEhida (& 4), Apl¥ Apd whejEaes dhpledl: w2 dsAs
Jetd (& 5). AEA &EE 539 cryl-type FAAELS BT HAE
AZA R o8 JHAZF doH, O FAME cyl-bE T Fo =T EF

|22 o] §A4E ol gste] olF e 4@ FaAsA A

Y,
2
ol
2
Q

i
flo
i
ofj
o,
o
s
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Table 4. Insecticidal activities of recombinant baculoviruses expressing
novel crystal proteins from B. thuringiensis K1 and B. thuringiensis

2385-1 strains against Plutella xylostella larvae

Veruses L (ngiml) FL,

Wt AcHEFV A00
Aphc a6 6 17.35-54 8%
AplC 500
Apl 911 305-193.83
ApS 159 10.75.32.7
ApT 199.6 117.05-380.52
Apl2 ¥ 500
Apd4 253 11.25-58.08

Table 5. Insecticidal activities of recombinant baculoviruses expressing
novel crystal proteins from B. thuringiensis K1 and B. thuringiensis

2385-1 strains against Spodoptera exigua larvae

Vruses LTy (pgfml) FLgs
Wi AcHFV } 2,000 B,
Aphe b 2,000 i
Apl 4349 373.1-532.1
Apl 1,105.5 932 8-1,203.0
ApS 4808 360, 96465
Apd o0 -
Apl2 2,000 -
Apdd ;2,00 -
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B sts AxF WEZvlolyA~E A4ESHY] 98l transfer vector pBacPAC-FE

A4
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C
(28 1) A 229 HHY sequencingsS =3 cloning %
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ok (2’ 6).
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i

o
R

do
ol

pBacPAC-F

Notl
HindIIl  Xbal Xhol Xbal |HindIII

| [ 1 | |
AcNPV AcNPV
1250 bp m Pol crylAc egfp crylCa 1433bp |

PPoI

M 1 2 3

m

=R
T oo

Fig. 6. Restriction endonuclease digestion pattern of the transfer vector,

pBacPAC-F. Lanes: M, & DNA digested with HindIl; 1, HindIl; 2, Xhol and
Not1; 3, Xbal.

Transfer  vector pBacPAC-F¢+ bApGOZAES  Sf9 A X ol A
co—transfectiondle] A Z3 wH|F=Znlolzl~ ApPAC-FE A4hsta, PCR#
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dAnd #EE Tl
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Folgl i Sf9 AE ol A

254 B @A

ApPAC-F
Pol crylAc egfp crylCa Virus DNA
— <+
1A-MF _ EGFP-RBg
EGFP-FXh 1CaD2-R
M 1 2 3
<« 2.06 kb

+—1.01 kb

Fig. 7. Verification of the genome structure of the recombinant virus, ApPAC-F,

by PCR using 1Ac-MF/EGFP-RBG primer set (7}) and EGFP-FXh/1CaD2-R

primer set (4). Lanes: M, 100 bp ladder; 1, ApPAC-F; 2, pBacPAC-F; 3,

wild-type AcNPV.
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d

Fig. 8. Microscopy of Sf9 cells
recombinant virus, ApPAC-F (1}). Sf9 cells infected with wild-type AcNPV and
ApPAC-F were observed by light (LM) or fluorescent (FM).
ApPAC-F vztAle] vdiid H7]95S 3] oF 30 kDa2l polyhedrin &1 2
2o AcNPVelA= & 4 gl o 190 kDa9 wildo] ddr = A&
sholat i, o]AE CrylAcet EGFP, CrylCa’t fusion® wWuzel AHo=
FAHAG (2" 97h. H, EdE Bt W54 wwdo] EF AuledA
5 gelstzl 98 rell AsAS Agstar A7) g E 3
A3 AplAcY CrylAc7} 65 kDal & activation® A3 wpzrixe] @715
As FAT F AN
= Axt oF 25x10° e TZHA7F 100 ngl
Aoz ZAHO, 2 49 CrylAcE
o] o3t "HolAl= Zow

(19 9, ol &
activation® WS4
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gAH Ak o= fFAdAel Ariel uid dd gl Aeldl oF Feom
FA4 5 A

(7H)

kDa
225
150

100
75

50

35

Fig. 9. SDS-PAGE (7}) and activation (B) analysis of the recombinant virus,
ApPAC-F, containing CrylAc-EGFP-CrylC fusion protein. (7}) Lanes: M, protein
molecular weight marker; 1, AcNPV; 2, ApPAC-F (1) Lanes: M, protein
molecular weight marker; 1, AcNPV,; 2, AplAc; 3, ApPAC-F; 4, gut juice of
Bomyx mori. arrows indicate fusion protein (7}) and activated crystal protein

(1}), respectively.

2) A% wlFZutolg 2~ ApPAC-Feo] HAXA #AA

WESu 38 fEol td ApPAC-FS W94S ANPVE AplAcE
T2 dte]  FAE Ay ApPAC-F thzbA|e] Wk XAbsR (LCs) 7t
AplAcel H3] °oF 1.7 W} =& ZAo R YElWTE (GE 6). °]= ApPAC-F thZHA
el g uiEA ] oFol oF 14w utu wjFF bl ois
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CrylAcHt} HAlo] ¥ CrylCaZ} #o] a7 w&ed HAoZ FAHIHUG

ACNPVE I3 EU fr3ol B dehuA e,

o

Table 6. Insecticidal activity of the recombinant baculovirus, ApPAC-F,

expressing CrylAc-EFGP-Cryl1C fusion protein against Plutella xylostella larvae

LCs" 95% FL”
AcNPV - -
AplAc 1.91x10" 1.64 - 55.96
ApPAC-F 3.33x10" 255 - 117.2
Y PIB/me

©

x10" PIB/ml

B

vl g mA4e AAS] flste], AR wERuelex
ApPAC-Fell 93] shuhblt 3] A2 ARl o wjxzdo HA% #Has
zAbetgth 2x10° PIBs/m w59 thzhA] de e =gk w2 18 f3
AAAA 48 Al F o WAS SAsta A AEA

vpg]e]  sulul {50 2 T FAEE 4936 mr, AcNPVE 3566 mr,
AplAct 3553 mi, ApPAC-F& 1565 mwrel A4 &S ydetdidet (28 10).
olg gt A¥= ApPAC-F thzbAl o] Ul&5a gzl CrylCazl el
=4 205 dedo] AAS AR Wil o Holn, 9A Z2 o]

_<|_>[_
CrylAci+sS wasl= AplAc thdAo)] vlaid = ApPAC-F v A7 v =&

f
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Fig. 10. Refusing diet of Spodoptera exigua larvae by the recombinant

baculovirus, ApPAC-F, expressing CrylAc-EFGP-CrylC fusion protein.
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AzxF oARe skt (29 12, 13).
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Fhol & Frdl Dhel & ¥l

Fig. 11. Construction map of transfer vectors expressing neurotoxin genes under

the control of the ORF305 promoter from Cotesia plutellae bracovirus.
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(A)

ApNeurotoxin
AcNPV AcTEV
— — -
AT-EMi  FETm-BgR HEFm-Xhal
PrT-R¥i
AalT-RI%
(B)
APV ApANT Ak Y ApPT .&_‘.HE"J F_-.E_HEIT
12 M1 3 1 3 M 1 3 1 4 M 1 4

(EM )

'TEEY

Fig. 12. Verification of the genome structure of the recombinant viruses, ApAvT,
ApPrT and ApAalT, by PCR using specific primer set. Introduction of neurotoxin
genes under the control of the ORF305 promoter from Cotesia plutellae
bracovirus in ApAvT, ApPrT and ApAalT (A) were analyzed by PCR (B). (A)
Solid arrows indicate primer positions used in PCR analysis. (B) Lanes: M, 1 kb
ladder; 1, primers 305Pro-XbaF and 305Pro-BglR; 2, primers 305Pro-XbaF and
AvT-RNt; 3, primers 305Pro-XbaF and PrT-RNt; 4, primers 305Pro-XbaF and
AalT-RNt.
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(A) Wild type (B) ApArT
(C) ApPrl (D) ApAalT

Fig. 13. Phase-contrast microscopy of Sf9 cells infected with wild-type AcNPV
(A) and recombinant baculoviruses, ApAvT (B), ApPrT (C) and ApAalT (D),
expressing neurotoxin genes under the control of the ORF305 promoter from

Cotesia plutellae bracovirus.

2) Az wEFZutoly o] 454 AA

ApAvT, ApPrT % ApAalT AZ3F wlolg o] sy 28 {3 didh
HEAHE ANPVE Uzt dto] 2AF 23 JF 54F 1x10° PBs/ml]
=AM ApAalT7F v F Axd nlolg o Hlgte] 7Hd dF=Hel =2
Aow FAEAT (17 14). o] 2R Fhpe] s we HFHS AHE

AalT FAA4E olg3te] Az vholel 22 A%slr2 sint.
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Fig. 14. Insecticidal activities of wild-type AcNPV and recombinant baculoviruses,
ApAvT, ApPrT and ApAalT, expressing neurotoxin genes under the control of
the ORF305 promoter from Cotesia plutellae bracovirus at the concentration of

1x10" PIBs/m{ against Spodoptera exigua larvae.

gt A4 Bt FAAe AF A4 wdAE 2d@s= A wol s,

AcBbB-AalTe] Azt 4 54 HAA

1) A z3 ufoldy = A2

B354 Bht AdT FAAE ol§slel FANIVIZ L HEH nH&
Az vpelaz ARe ANt Bt dSawud fdade 217 S
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FAAE FA B AR vlelgl 25 AFE7] 915kl pB5B-AalT dual
doldHE At Agdas sy AVAES Fakel FRYS st
(g 15, 16, 17). AW bAcGOZAE co-transfectiondte] A Z=37
Wl & 2ol el 2~ AcB5B-AalTE Al#tetil, PCR¥Y dwn7d ##s &3 A7
ol -5 Felstsinh (19 18, 19).

el Khol-ATSF

= — opis | —

Bglll-HéDL.E

pORII
16.99 Kh)

SiaBY . ,-"H
™ " " PR proded (24 E3)
Xl & Bgl . Dl & Byl
.,
",
-,

Fig. 15. Construction map of the transfer vector, pB(1-5)B.
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Fig. 16. Construction map of the transfer vector, pB5B-AalT.

_61_



pESE-Aall

Bl Barlll Dol FigH Kot SnaBl
Fe¥l ForFl Fio¥] Ecobl  Pan M’"
W Il LD
ey d-5 Ae PH.

(B)

Fig. 17. Schematic diagram (A) and restriction endonuclease digestion pattern of
the transfer vector, pB5B-AalT (B). (B) Lanes: M, 1 kb ladder; 1, Xhol and
SnaB1; 2, Kpnl; 3, BamH1; 4, Bglll; 5, EcoR 1.
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=
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Fig. 18. Verification of the genome structure of the recombinant virus,
AcB5B-AalT by PCR using specific primer set. Introduction of neurotoxin genes
under the control of the ORF305 promoter from Cotesia plutellae bracovirus and
polyhedrin—cryl-5-polyhedrin fusion gene wunder the control of polyhedrin
promoter of AcNPV in AcB5B-AalT (A) were analyzed by PCR (B). (A) Solid
arrows indicate primer positions used in PCR analysis. (B) Lanes: M, 1 kb
ladder; 1, primers Bacl and Bac2; 2, primers XholATGI1-F and BglIIN400R; 3,
primers 305Pro-XbaF and 305Pro-BglR; 4, primers 305Pro-XbaF and AalT-EcoR.
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(A) Wild type (B) AcBSB-AalT

Fig. 19. Phase-contrast microscopy of Sf9 cells infected with wild-type AcNPV
(A) and recombinant baculovirus, AcB5B-AalT (B), expressing neurotoxXin genes
under the control of the ORF305 promoter from Cotesia plutellae bracovirus and
polyhedrin—-Cryl-5-polyhedrin fusion protein under the control of polyhedrin
promoter of AcNPV.

AcB5B-AalT  tztAle]  wwd  drgss T8 <o 150 kDa<l
polyhedrin-Cryl-5-polyhedrin & ¥ do] g o] thzhAel] wg=o] ASS
gl = AJT (¥ 20). FFEHA 2o AcB5B-AalTol A= W= %] &=
°F 30 kDa®] polyhedrin &9 F3 ##d 4 ode=d, o= J=dd =
& @A A F polyhedrin FdAzEe] A2 Fell o sto] ofAF 3l ®
A7 Aoz AaEdn (19 20). ¢, FFG A Fez wE o tphA|
of W#dd Bt WsagWdoe] 2F AelA activation HiE A9 oFE=
shelstz] flal rol astdg HEgsta dr)gss A7, BtolA 23 E CrylAc,
AplAc®] CrylAcHt AplCe CrylC7} 65 kDal 2 activation® A3} wlzlk7}=] 9
a712 ggdwd e Cryl-57F activation® &= AS &8 4= Ut (2¥9

21).

%L]j:_]—ﬂﬂ 7%1
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fusion
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Fig. 20. SDS-PAGE analysis of the recombinant virus, AcB5B-AalT, containing
polyhedrin—-Cryl-5-polyhedrin fusion protein. Lanes: M, protein molecular weight
marker; 1, AcNPV; 2, AplAc; 3, AplC; 4, AcB5B-AalT.
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Fig. 21. Activation (B) analysis of the polyhedrin-Cryl-5-polyhedrin fusion
protein contained in the polyhedra of the recombinant virus, AcB5B-AalT. Lanes:
M, protein molecular weight marker; 1, B. thuringiensis HD73; 2, wild-type
AcNPV; 3, AcB5B-AalT.

2) Az WEEutolel 2o 4FAd AA

HjF=Zuk 38 3o i AcBSB-AalTY BHY9AS AcNPVE AplAc ¥
AplCE tizT2 dto] AN A3}, AcB5B-AalTe LDs> AplAcét A4S
=2 394 B2YdS AT F ATk (E 7). ool Wl AplCel Aol
AplActt AcB5B-AalTel Hla] FiAom vre WAddS How, of¥F

AcNPV= wiFEu 350 Wa94ds YetA skt

=

d
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Table 7. Median lethal dose (LDsy) of the recombinant virus, AcB5B-AalT,

against 2nd instar larvae of P. xylostella.

Virus ' LDso '95% FL
(x10° PIBs/larva) (x10” PIBs/larva)
wt AcNPV > 100 -
AplAc 1.48 0.82~1.85
AplC 4.03 2.17~8.27
AcBbB-AalT 1.23 0.74~1.57

sk, ol wiolEl e HiFEFUW fFol didt HYAdS S AARAT
(LTs0)¢] ZWollA] %As A3, AcB5SB-AalTE AplAcel Hl&) oF 50% A%
3 LTs #S HYozZH AFE5AL2QU AalTe Z7|edd 98] CrylAch

£
HEsk= AplAcel Hlal Bgo] A FFEAES FIE + AAT (& 8).

Table 8. Median lethal time (LTs) of the recombinant virus, AcBbB-AalT,

against 2nd instar larvae of P. xylostella.

Virus LTs" (Hours) 95% FL (Hours)
wt AcNPV NC” -
AplAc 93.1 34.8~103.2
AplC 142.5 122.4~201.5
AcB5B-AalT 45.2 26.0~59.5

a LTs values were calculated at 8x10° PIB/larva.

> non-calculable
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Table 9. Refusing diet of Spodoptera exigua larvae by the recombinant

baculovirus, AcB5B-AalT, against 2nd instar larvae of S. exigua.

Refused diet (%)

Virus
1x10" PIBs/larva 1x10° PIBs/larva
Mock-infected 0 0
wt AcNPV 5.1 10.4
AplAc 10.9 195
AplC 136 25.8
AcB5B-AalT 482 97.6

oldo] Ay, AxF wielei AcBSB-AalTE oFAF AcNPVUY U5 achal 3

R Fdshs AplAc B AplCell WlsiAM wfFEu 5 S 75l
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3) AxF wFmnte]y o] opAF HwERutolyame] HE

2 Aol AFE AcBSB-AalTw  whel#lx=e]  HAZE AFESE
polyhedrin-Cryl-5-polyhedrin &3 ©¥2 #3A9 F polyhedrin 7 AF7F2]
Azgtel olal 2 Atolol EAEE cyl-5 WEAEHNAE FHAIE @y
ofAF AcNPVel 5 93HA polyhedrin 3 AeF YA Hog
niol g ~o|t}, wheba] Adu]el wE FHFEWMHe] HHFS AFSY] 95Ho
AcB5B-AalTE 10 MOI=Z Althulata 2t Adhuled 3l
i HE] Fgem e ds] SDS-PAGE #4< 3315t

2 A3, Altfui o]l AvETE vdAd 23d FFENA ] Fe Haicte
= Bom 113] Aduigelses sddHdo]l 7o #FHA Fdtt (L9
22). o213 Ay= AcBSB-AalTE mAE HAFAl= ofgo] A8 A AxH
vlolgj 27k w2 A ofAF 3l sled GMO2Q ARgol 93k Aol uld AT

A 5 92 Aoz Bk,

7

.
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M P3 PS PT P9 P11

(kDa)
225 =—
150 —
100 =
15 =

S ==
35—

D5 + palyhedrin

15—

Fig. 22. SDS-PAGE analysis of the polyhedra produced by AcB5B-AalT at 10
MOI along serial passage. Passage numbers are indicated as 'pn’, p for passage
and n for number. Lanes; M, protein molecular weight marker; P3~11,

AcB5B-AalT with different passage number.
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g Zufol e~ AFAE MEstr] sk, Sulab AR Bl witliEo)el 7
el A FHAED AVT, PrT 2 AalT FdxE 242 ddses Axd
W& 2Zulol gl 2~ ApAvT, ApPrT @ ApAalTZ AZ&tqdth o] ulo]g ~9

AAE Aow Feld A2e Bt WEAWMA Cryl-59 sihdgel $5@
=z

sele wel A2 AASLE AaTE EAd rdde A

3

Fruteld =g AAetaz gk ol 9dte], polyhedrin A
2ZREY x4 sldE T hY  polyhedrin® 1 Alole] x| &&=
Sagmd Cryl-59 F3aNds Tdsta, 7] #dE= CpBVY
ORF305 X2RHe XA 3JlidA = AaTE Hdsi= Aze Axd
g Zrto] 2]~ AcB5B-AalTE Al&etddnh. olg A Azt AcB5B-AalT7}

AAdslE gdAdE 9 150 kDa®]  polyhedrin—-Cryl-5-polyhedrin €]

Az wlFZulo]l#] s, AcB5B-AalTe HAAS wj&=Fvpdy gy

Frgol distel zAIE AT, WFEUPl WAL CrylActg wdshs

FodE Aze
AxG WFzutelds AR BFAZ G834 o8 F U2 sow

Az wWEFzetelg 2~ AcB5B-AalTE Admde] AFE55

&
32 el 5 polyhedrin fralAbzke]l A zgtell o cryl-5 dlEaAwA
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. mE (hsiRe] £33 subd) 9 AuF AR A
2% % ANENE 2% AW fd 434 HA% dr % AR s

HA g¥olE HHolZ Jte =Wl Eo]  (Pyrocoelia rufa) i %

(Bombus ignitus)= 749, B SAA A oH, AnFe A7
(Araneus ventricosus)?t ol AAst= A 2Elar FAFoA A
AR AP¥E ARES FHA dHE g cDNA FHA28 Az

AHg-3he

S|

ol o], 3Hhd, Are e cDNA 223 A2

N
[-'O
-
2
>
oo
i,
K
ofjv

2 AvE= cDNA FAA&AE AZstr] 9o
ko] mhaste] SV total RNA Isolation System (Promega Co.)& ©] &3}4]
total RNAE 22|89tk total RNAS sk=& SAste] 500 pg =5 Hou
poly(A)  Quick mRNA Isolation Kit (Stratagene Co.)&  ©]&3}¢]
oligo(dT)-AE2 o~ ARvEIHF <) mRNAS 23 F 91 FEES
435l 5 pg®l mRNAE cDNA FHA428g A Ze] AR&3kdth. cDNA
FAxLd AL e StratageneAl (CA, U.S.A)¢ Uni-ZAP XR Vector Kit%}
Packaging Extract® A}&3+=d, WA poly A+ RNAZHE Xhol linker

primere} SHHAL EAE o] 83le] cDNAE Hutgddo=zw wEY. g

Agta s EcoR1 adaptors HZA1Z1 $ Agtas Xhol o2 Adslal size
fractionations AAH A3 ZA7]e GHEHTS HSAGY. oy cDNAE

Uni-ZAP XR vectord]l A7 bacteriopage A El7} ¥ X% coat protein =
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packaging3te] cDNA A x}238S Azl 7|54 £ (XL1-blue MFR ’ strain)
ol Azl & cDNA F%&5 HAsta ol AHIe vEzx FHsto] 2
Aglo] ALgstAdnt. olE A A FE cDNA FHA23S in vivo excision WS
o]-§sto] Zetaw=sgt g F oo FES MAwsle] 5Ed ke 3Ed S g
WEgor R dA7A4EE EAeta 7€ dHolHMol~E FF AEA A
ot FHAAEY FAEAYA Jes FAHste WY Fd fAA mEx
(expressed sequence tags: ESTs) 4] WS 333t dA Jdo=z HAuksk
S22 RE Wizard Plus SV Miniprep DNA Purification System< ©]-8-3}¢]
2% DNA (02 pg)E T3 &L T7 primer® Z%3 F BigDye Cycle
Sequencing kite} &3%3 F PCR (polymerase chain reaction) W<
<339, PCR A=< 1 capillary 22l 310 Genetic Analyzer (ABI
PRISMDell o] FAlste] A7IAds ARt dojxl d7]AEE  GenBank

database (www.nchi.nlm.nih.gov/blast)E E3slo] AEAS B3t 7]Fd

o
rr

e A FAA R F FF IRkl At FEAdE Hel

t}. cDNA FAA28) &8 Fok A FAx gr
A ZE cDNA 5422382 in vivo excision Y-S o]§3te] Zgtxn =3}

3 Qoo 2ee Awsd 5UW wE 3Uw F @% Wgow B

FA%ts WY ¥d 1A 1l (expressed sequence tags:
ESTs) &4 W& st WA oz Mdis 2025 H Wizard Plus
SV Miniprep DNA Purification System (Promega Co.)S ©]&3}e] Ez|3t
DNA(0.2 yg)E T3 32 T7 primer?} €3 ¥ BigDye Cycle Sequencing kit<}
E3tsk & 94°CollA 10%, 50°CellAl 10% 18]ar 60°CAlAl 484 253] PCR

(polymerase chain reaction) ¥F-$-& 333 th PCR A& 1 capillary W2 <l
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310 Genetic Analyzer (ABI PRISM)el| 2l&] #Asle] Ar|HEdS AAs 2

AojA A7 LL GenBank database (www.ncbinlm.nih.gov/blast)E %3}

Feds BAste] 7Ed dEd AFA FAAE FeAdE Hole fHAE
Rty e, wnlEol 2R 73 protease?] dFF¢l serine protease (PrSP)

A} 174, SuHERE 5S4 Eolx o g W EE lipase (BILP) +dA 170¢}
venom protease (BiVP) Az 171 Zgla ASAn25YH A9A 54
Eolxog wan = 2719 54 F4A AvToxl (kalicludine toxin) ¥ AvTox2

(potassium-channel blocking toxin)E A&dto] E ol o] AFE3}dTh.

of 2EfEl A =47 239 g4 AE Aikste WEZhtole & A%
UAlE Aabsts Az wlgZatolel 25 Alztetr] ffstel wE FAA
nEE A S ol&ste]l e 59 HAFA 542 FAAES HolHyH<d
pBacPAK9 (BD Biosciences Clontech, CA)ol|l S =243t 2437 ¢35t
AHEE AZE g4 wiblEe] PrSPe] A Sacl# KpnlS, $¥E BILPe
A9 BamH 1 3 Xhol S, BiVPe 4% Sacl & Xhol S, 2183l Av|oA 2
2709 AvTox13 AvTox2= 424 Sacl ¥} KpnlS HIste] HolwlgQl
pBacPAK9l E=24Y3to] BEF 579 AF:Ad =4 FAA
Adstginh. Axd wWEzutolgl A~ AFety] 98l 6-well plated] 1.0-1.5x10°
Ml Spodoptera frugiperda IPLB clone 9 (Sf9) &AM EE FH])3t] plateol
EL 2 27°ColA 3 A7r Feob WXt bApGOZA viral DNA (Je et al,
2001) 1 pg¥t 5709 =4 FAAE 3 do] ME EoAv = DNA 5 ugs 20
mM HEPES bufferel] 50 plell &3ata 7]l 50 ple] Lipofectin™ (100 wug/ml,

il
m

3 Aol uE &

GIBCO BRL LIFE Technologies, Gaithersbug, MD)& DNA Zgtolo] Yo 2t
Aol Aol 3087k WAt AFA Ea FAAIE viral DNAY AAEHES
WAtk o] Lipofectin-DNA &S 6-well plate?] AXE v @7

Aol Sf9 AEE serum-free TC100 HlFH o2 23] Mol F wHjgHo] Yo
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o omgaE FAS 2000 rpmolA SR AR E AAGY AedE
F718te]  plaque assays AAE wWi74A] 4°Coll H#AEATE 6-well platecl
15x<10°70e]  Sf9  AEZS  #HEt plaque assayE  AAEY Axd
WEZulol e ~E Adsle] AxF wlFZufol]no] F2lo] Alg3ton 579
AFA FAAE E2FgsteA RS PCR WS E3tel #dskith. PCRel

AL€-9 primerd] 971 E& 17 7o},

=51

Table 1. Profile of gene-specific primers

primer ) PCR product
gene primer sequence ]
name size (bp)

PrSP-F 5 -ATGTTCAAAATTGTGCTTATTGCT-3"
PrSP e
PrSP-R 5"-TTATTTTCTACTATGCACTTTTAC-3"

BiVP-F 5 -CAATGACGGGCTCCAAGATGCTG-3"
BiVP 1083
BiVP-R 5 -GTATTATTGCATCGCTGGGA-3"

BiLP-F 5 -CACGATGACGGCCATGGTAAATG-3’
BiLP 962
BiLP-R 5 -GATTTTAACTGCTAGTTTTGAAG-3"

AvTox1-F 5 -ATGCCTTTCCACTACTTTCC-3’
AvTox1 237
AvTox1l-R 5"-TTAGTGATCCGTGCAGGCAAA-3’

AvTox2-F 5 -ATGGCACTTGCACTGCTGGG-3"
AvTox2 195
AvTox2-R 5"-TCAAGAAGGTTTTACGCATACG-3”
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e

1) =HG Eo] serine protease f+AFe] 32 43 ¥d 2 g4A84d 54
7H) Als DNA %, PrSP +d#¢] PCR 18] 1L Southern blot &2
Swhl ol 25 E Al DNAE Wizard Genomic DNA  Purification Kit
(Promega)Z ©]&3lo] #e)dtil genomic DNA PCRS 9)8te] PrSP Eo]Z <l
primerZ A 2} 81 9 o ZA} MAZ=S EZ3kstk PrSP-F
(5"-ATGTTCAAAATTGTGCTTATTGCAGCT-3")¢ 37 ZddoA A 2sh
PrSP-R - (5"-TTATTTTCTACTATGCACTTTTAC-3)& ©]&3}% Pre-Mix
(BioneerAh)oll Z=WFGl&Eo] Al DNA®F 7} primer 0.1-05 pM< ¥ T3 DNA
Thermal Cycler (Bioneer’h)® 94°Coll A 30%, 48°CollA 40% z8]a 72°Coll A
2w4 33 wExAS AdAstel Fdsth. PCR A= €3 AAAA
10,000xg=  15%3F AAZHE AASL 70% @22 AHe AT o] FA

/\

_t
r~1m
mlo

=Hl¥l PCR AHELS 1% agarose geloll A7) F3sle] B8t d7)
3t pGemT vector (Promega)ell FEFZY3t1l BigDyeTerminator cycle
sequencing kit ©]83le 97 dS B4 AT

Southern blot #4]& ¢lste] =WtolEo] T4 2R 7l DNAE #g st
Agah BamH 1, Pstl, Sall 1231 Xhol & Hste] @A d Al7la 1%
agarose gelol A7]19 53t} o] geld nylon blotting membrane (Schleicher &
Schuell, Dassel, Germany)ol *2tA|7 hybridization buffer (5x SSC, 5x
Denhard’s solution, 0.5% SDS =2l 100 pxg denatured salmon sperm
DNA/mé)oll probe$} 7 42°Coll A hybridizations 2 A&t} probex= 771 bp
PrSP ¢cDNAZE [0-"P] dCTP (Amersham, Arlington Heights, IL)$} Prime-It I
Random Primer Labelling Kit (Stratagene)S ©]€3}o] labelling 33t
Hybridization $, membrane2 65°Col|4] washing buffer (0.1% SDS, 0.2x
SSC)ell 3084 33] washing dtal X-ray filmel]l =%A]Z T}

_78_



W) Az wEzntole g o] &3 Id 3l SDS-PAGE
Az WEzutel e 28 O'Reilly 5 (1992)9] WHel wel 15x10°70¢) Sf9
ME] mock-, wtAcNPV 18] %3 AcNPVE 5 plaque forming unit
(pfu)® #HAA 71 1Y, 29 28 394 A3 SDS-PAGE (Laemmli
1970)2 93t mock-, wtAcNPV 18]1 A %3 AcNPVE ZAA 7l AEE
PBS buffer® 23] washingsdlil cell IysatesE 10% SDS-PAGEC®]
A7NdEsAt. A719E F, gel& 0.1% Coomassie Brilliant Blue R-2502 &

o 43k g) v,

t}) Polyclonal antibody A2} 2 Western blot +4]
PrSP &A] A#e 9ste] SDS-PAGE gel25FH ©uld Wic=s 72 o
Freund’s complete adjuvant (200 g, Sigma)®} Z3tste] FH ol A}t
¢ antigens¥ Freund’s incomplete adjuvant (200 w0, Sigma)Z
Egate] 33 15Y HAo® FAStaL whAEE FAE 53 FHo] ARFEH JE

10,000xgoll A 5&3F daEgste] dFE FESe] Western  blotl

Western blotS ¢35t @l A8 10% SDS-PAGE] A7]9&sta @wads
nitrocellulose membrane (0.45 um pore size)ol| blotting3}$3t}. Blotting3dF 3,
membrane< 1% (v/v) BSAdl A-&oA 2AF st HAAIZ]aL thA] A Zgh
PrSP &4 (1:1000 v/v)oll A2olA 1A1ZF &k AAAZ T L8] i1 memgranes
TBST (10 mM Tris/HCl, pH 80, 100 mM NaCl, 0.05% Tween 20)°
washing3dla anti-mouse IgG horseradish peroxidase (HRP) conjugate®}
HRP-streptavidin E£¢&o Z A A7t} Membraneg HHE-3dlo] TBST bufferel
washing ¢t %, ECL detection reagents (Amersham Pharmacia Biotech)$} ¥H-g

A7) 3L X-ray filmell =3 A7t}

e vl

et
o,
A
o,

3)

M
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PrSpel 34 &4 A4S Sstel Kim 5 (1998)¢]  gel  whel
SDS-PAGEZRE =A3st9 . WA 0.1% (w/v) gelatin, 12% (w/v) acrylamide,
0.32% (w/v) bisacrylamide 81 375 mM Tris/HCl (pH 88)& £3}s}o]
running gel W& 4% (w/v) acrylamide, 0.11% (w/v) bisacrylamide 18] 1L
330 mM Tris/HCl (pH 6.8)& E33te] stacking gels TEUT. @z
samples HEZulo]lH 28 ZIAIZl S99 ZFAMESY P orufa 5 F2F9
lysates& zymogram sample buffer (0.5 M Tris/HCl, pH 6.8, 10% (v/v) SDS,
20% (v/v) glycerol 1#]3l 0.5% Bromophenol Blue)¢t &33sle] #7]9d 5o
Abg3tath A719% 5 gele 25% Triton X-1008 $H#3F 50 mM Tris/HCl
(pH 7.4 AAAAA A0 30&7F shakings AA3 S, zymogram
reaction buffer (30 mM Tris/HCI, pH 7.4, 200 mM NaCl, 10 mM CaCl, 13 1
0.02% Brij-35)ell 37°CAlAl 12417t wHEAI AT 12413 %, Gel Coomassie
Brilliant Blue (0.5%)°l 303t @M A]7]a @489 (10% methanol? 5% acetic

acid)oll Al &A1&l lytic bandE el % 2o st

2) 9§ lipase®} venom protease fAAFe] Fx H 54 4

BiVP % BiLP: 7]&£d RBu¥® %% venom protease % lipase®t
MacVector (ver. 65)& ©]&3le] vlustn FurE 2AE fEAMAE (Zeiss,
Jena, Germany)< ©]&35le] of g U

a8 n E8e st} zZhzhe] %34S PBS® 23] washing &, total RNAZ

2o e Al T, 29, <5

£23l3 denaturing formaldehyde agarose gel (McMaster and Carmichael,
1977)° A7l %3lo] nylon membraned] blotting 3 Th  ©] membranes
42°Coll A - Ao A] A3 cDNAE probe® 3F9] hybridizationS 2 A8}l

washing< 8to] X-ray filmol =%A 7t}

3) AvFd S FA4R, AvToxl3 AvTox2e] EA B4

Anl 54 FAAESY d7IMES ¥3al NCBIYA Al&% = DNASIS9
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BLAST program< ©o]&3lo] 7]&Eo] 4Ez F4x9 nusgdrt. BLAST
algorithm program= ©]-&39] GenBank, EMBL 18] 1 SwissProt databaseol] A
A ARl vl FAEEA T o] A =54 FHA 9A 919 2ol

Northern blot #41& E3to] 543 ZALsith

v, A 22 A Z23 WEZetolg 2] HAHF de A=A
Z}zke] Az wE=utole] 2o vZbA|e] A= countingstil AFAIEE
A A3 27](0.25%0.25%0.15 cm, 0.05 g)& A= A Fr 2 A3 44 =

5w (1x10°70) QAR Yol el QaFAtRe A7 ~2uEE2 W s
A

i
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7h SHbGlEo], b A5 cDNA FHdAE A%}

A ZE cDNA library 9 titerE 243 A3} ¢F 1.3x10° 7| o449 plaque©]
EA35A o, cDNA2 AZg vH&S dolrwr] 9ol o] phageE E. colidl
A F X-Gal# IPTG7F 78 NZY wiA|ell Al wjekah Ak 98% o149
palque®] cDNAZ} =948 A= phage plaque® A AT LY=o 44
oF 10%ke] e FAXTE o olF oF 15%Te] A JAIECA FEeHoZ
Ay, 3 MERIANAME abundant LFF rare LEFo| EA3c}h. 3k 9
FrAa2bE AR 1/6e si"etd, o] Hl&s A7 77 JiAe A& o

=<
A cDNA library= Al ZuUlel] 22 oz EAstE poly A+ RNAESS B

2

Z3oksl= Aow AT A AE cDNA libraryoll 4 ®WE o] A% ¢cDNA
arzlg gRlst7l st FFRE= AWst phageE in vivo  excisiond}o

pBluescript SK 33} 91 o}

. cDNA AL B

of

Bl s

o,

A g R

P. rufa, B. ignitus 18|31l A. ventricosus 52 cDNA F % 2}2 3o A
FA9IE in vivo excisions  ©o]&3te] A& HHF FEYEFE DNA
4719E AAHS Yl ZgAv= DNAE et 971448 #2448 93
primer= A9 cDNA°ol 3] A+ T3 primerE AFE-3l% 3l one capillary
Wale] 310 Genetic  Analyzerg  AR&3to] cDNA @7IA¥ES ZAAsHS

wusiBels ASelE wE 50N, EubdeAE 144) @ g
Aol 38570
ZEvht B 250 bp o149 G/INGS BEF 5 AdEd BEG GADL

GenBank databaseol| A 7|0l <43 fFHAe}e] e HAS T3t A

FaAE Akt

_82_



Yoo R dp o o Wy W o H o o oo M B N
T K o T R o KM W Tour o m oo
oF W m o T oo W Mmoo o o . W
5 ok ﬂ %o ~ ok & W %o % — Nlo i
) ol J ) T.ﬂ 0 o
C et T o 2 8 g 0 X% ANn oy 5 B = = Jﬂmr‘_ o
Wode W T T 2 g W SR - )
wm P H B w S B o T g o
Z.o N gl Hl o m oy N B o ~ ) -
i HJ ) T wr A B Lt gR _.)_M ) XL ~ T
-~ ! o o -
Z MM 3 iy oy mm m * 0 oj w Mo mwr' MW
3% p 8 % W £ S o T o . T o C m
N = K oa T i & TR w:m ﬂ A = n_% B X o
N C T g} T ow 8 B W
@ 5 ; g ® 3T BRs e o
S 5 No o = g o) 7+ T @ o
T Mo o~ 2 N =T ~ o T W o T B
o Ko X9 = | w2 Loy B og X
m o T T X o xR o oy T g
of W o & B T o L o -
o T, e 5T 8 Mg
) ) 0 o) +~
5. @ E R S
< S X w B T =0 a ;e a
NEAE w7 2 FTERTD FTE RS R
X X -
o o O eh] - = A n " I w ol & & s
Nfo Nfo o O
2 F
= o] =] o ~ 0 % = g 2
< o9 7 o} » = F o < S q W mJ A8 or B o}
= = X we N Q Q
Z 50 5 5 T B o AsT £ 7 e oo WO E
A o N X w0 o S S OB
° - o W GO O L
S § T o3 X oy S w32 g H g 2
fmJ 5 o o ANn xm = o AR oy R & o T ﬂﬂm
0 { ~
S W 8% ﬂ w@ @ W Bl ol < = m % W 70 dr oF
5 o B AN B A% LT do =
I N W o) & K T do RO
o E“ Mﬁ \Ul o Wm = e e M Mﬂ.” MA_JH_ m WW o = M 22
Mo e sk g o M o I 2 L = 52
™ Mo of B OF o W < B 5 X o Mo R BT
Mok g om o A- m oW oW R @S WS R R

=
L

A]

=

13.8%7F o

=

=

’

=
==

5371 €]
Al AvTox13 AvTox2

ok
24

23}

1
sheiet.
- 83 -

B
L.

1

S 2yt (29 1). o] A ventricosus cDNA

o

Z A}

AEE
SRRz A

L

fu

_]

73

14 v

9

223 44

w



Table 2. Summary of the expressed sequence tags isolated from the

cDNA library of the firefly, Pyrocoelia rufa

L X X i Overlength ~ Homology
Clone Putative identification Species (bp) ) Acc. No.
PR1-10 CoA-Ddehydrogenase Homo Sapiens 572 63 AT003771
PR1-15 Troponin T Drosophila melanogaster 476 81 AT003772
PR1-27 ATPase synthase 6 Limulus polyphemus 103 88 AT003773
PR1-36 CG3981 Drosophila melanogaster 443 51 AT003774
PR1-38 Integral membrane transport Homo sapiens 101 84 AT003775
protein
PR1-43 ATPase subunit E Manduca sexta 542 63 AT003776
PR1-82 RNase L inhibitor Homo sapiens 278 88 AT003777
PR2-19 Unconventional myosin-15 Mus musculus 323 37 AT003778
PR2-21 CG3981 Drosophila melanogaster 257 53 AT003779
PR2-60 Sodium channel alpha Homo sapiens 308 41 AT003780
subunit
PR2-79 Chitinase Aeromonas hydrophila 113 60 AT003781
PRX-1 Core 1 UDP-galactose Mus musculus 326 51 AT003782
PRX-17 Helicase-like protein Arabidopsis thaliana 131 54 AT003783
PRX-19 Non-functional subunit Homo sapiens 389 42 AT003784
binding protein
PRX-20 Integral membrane subunit Aedes aegypti 125 80 AT003785
PRX-21 Annexin Bombyx mori 374 64 AT003786
PRX-29 Carboxypeptide Astacus astacus 221 60 AT003787
PRB-1 CG3884 Drosophila melanogaster 413 67 AT003788
PRB-6 Myophilin Echinococcus 293 74 AT003789
multilocularis
PRB-17 Male specific serum Ceratitis capitata 254 49 AT003790
polypeptide beta
PRB-26 Serine protease inhibitor Schistocerca gregaria 89 56 AT003791
PRB-32 Alpha L1 nicotinic acetyl Acheta domesticus 74 72 AT003792
choline receptor
PRB-37 Histone H3 Drosophila melanogaster 320 99 AT003793
PRB-61 Phospholipase A2 inhibitor Oxyuranus 227 44 AT003794
microlepilepidotus
PRB-73 Sodium/Potassium Ctenocephalides felis 524 92 AT003795
exchanging ATPase alpha
subunit
PRB-74 Ribosomal protein L27 Mus musculus 404 72 AT003796
PRB-76 Endothelin-converting Bos taurus 380 68 AT003797
enzyme
PRB-81 Myophilin Echinococcus 293 74 AT003798
multilocularis
PRB-85 Phermone binding protein Choristoneura murinara 173 55 AT003799
PRB-90 Isopenicillin Nsynthase Streptomyces cattleya 170 48 AT003800
PRB-92 Serpin Oryza sativa 203 57 AT003801
PRB-94 Nucleolar protein p40 Homo sapiens 95 84 AT003802
PRB-99 Elongation factor 1-alpha Nanexila gracilis 227 94 AT003803
PR13 CG3950 Drosophila melanogaster 137 65 AT003804
PR65 Tropomysin [ Drosophila melanogaster 164 54 AT003805
PR113 Reverse transcriptase Caenorhabditis elegans 93 49 AT003806
PR126 Easily shocked protein Caenorhabditis elegan 227 74 AT003807
PR241 Ubiquitin Sus scrofa 203 85 AT003808
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Continued

L . . . Overlength  Homology
Clone Putative identification Species (bp) ) Acc. No.
PR242 Myosin II essential light Caenorhabditis elegan 440 80 AT003809
chain
PR768 40S ribosomal protein Xenopus laevis 581 89 AT003810
PR770 Glycophorin-binding protein Caenorhabditis elegan 239 48 AT003811
PR&24 40S ribosomal protein Drosophila melanogaster 425 85 AT003812
PR826 Mitochondrial outer Saccharomyces cerevisiae 99 62 AT003813
membrane protein
PR&84 Peritrophin-95 precursor Lucilia cupriona 113 60 AT003814
PRY51 Cytochrome p450-like Bacillus subtilis 143 39 AT003815
protein
PR972 783216 Caenorhabditis elegan 239 47 AT003816
PR1183 RNA helicase Drosophila melanogaster 287 95 AT003817
PR1310 Endothelin converting Rattus norvegicus 188 49 AT003818
enzyme
PR1421 60S ribosomal protein Drosophila melanogaster 323 46 AT003819
PR1429 60S ribosomal protein L15 Chironomus tentans 257 48 AT003820
PR1439 Phermone binding protein Popillia japonica 188 53 AT003821
PR1441 Myosin light chain II Drosophila melanogaster 407 74 AT003822
PR1505 40S ribosomal protein S19 Gillichthys mirabilis 143 64 AT003823
PR1512 Cytochrome b Rhytidoponera sp. 140 89 AT003824
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Table 3. Summary of the expressed sequence tags

cDNA library of the bumblebee, Bombus ignitus

1solated from the

Lo . . . Overlength ~ Homology
Clone Putative identification Specics (length) %)
72 carboxylesterase isoenzyme Rattus norvegicus 108 44
73 similar to zinc finger protein 91 Homo sapiens 135 38
74 cytochrome b Apis mellifera ligustica 216 45
75 VAB-10A protein Caenorhabditis elegans 105 45
76 cytochrome oxidase subunit 1 Physarum  polycephalum 117 35
78 elastin like protein Drosophila melanogaster 63 76
80 cellulase celA Polyplastron multivesiculatum 48 81
81 frizzled homolog 1 Mus musculus 123 36
82 hypothetical protein Enterococcus faecium 120 37
85 ferritin 1 Apriona germari 126 54
86 glucose oxidase Apis mellifera 330 43
89 Glucosamine-fructose-6-phosphate Caenorhabditis elegans 195 50
aminotransferase
123 ATP-binding cassette protein Mus musculus 168 48
124 unknown Bacteroides uniformis 153 31
731 CG17572-PA Drosophila melanogaster 171 40
732 Trypsin Pacifastacus leniusculus 159 57
736 Vacuolar ATP synthase subunit E Manduca sexta 180 59
737 Alpha crystallin B chain Oryctolagus cuniculus 96 56
739 Hypothetical protein Ralstonia metallidurans 102 38
744 Elastin like protein Drosophila melanogaster 54 83
746 Heat shock protein 90 Sarcophaga crassipalpis 117 87
749 ATPase C subunit Drosophila melanogaster 170 40
751 Similar to golgi autoantigen, Mus musculus 159 27
golgin subfamily a, 4
753 Putative cytoplasmic protein Salmonella typhimurium LT2 135 28
765 Lachesin Schistocerca Americana 129 74
767 Ubiquitin activating enzyme Drosophila melanogaster 66 68
778 Phosphatidylethanolamine-binding Caenorhabditis elegans 117 30
protein precursor
780 Abaecin Bombus pascuorum 93 61
782 Solute carrier family 21 member 14 Mus musculus 144 37
790 Delayed Anaerobic Gene; Dandp Saccharomyces cerevisiae 170 18
797 Similar to proline-rich peptides 673K Mus musculus 170 24
precursor
802 3-demethylubiquinone-93- Leptospira interrogans 171 29
methyltransferase serovar lai str.56601
803 Protease P27 Trichoderma harzianum 81 48
805 Fructose-bisphosphate aldolase Drosophila melanogaster 177 67
806 Mucin-like glycoprotein Cryptosporidium parvum 180 17
808 Hypothetical protein Homo sapiens 57 57
809 Expressed protein Arabidopsis thaliana 174 28
813 Defensin Bombus pascuorum 126 52
815 Hypothetical protein R10D12.8 Caenorhabditis elegans 123 29
816 Putative enzyme Shigella flexneri 2a str.301 180 52
817 Nonclathrin coat protein zeta 1-COP Danio rerio 102 58
818 Hypothetical protein Plasmodium falciparum 3D7 123 27
819 Elongation factor 1 delta Bombyx mori 180 73
821 Cytochrome oxidase 1 Bombus hypocrita hypocrita 180 73
822 Cytochrome oxidase 1 Bombus ignitus 171 45
823 Maternal-Effect Sterile 3/grandchildless Caenorhabditis elegans 129 35
protein
825 Serine protease  14D2 Anopheles gambiae 171 31
826 Activating transcription factor Bombyx mori 108 50
827 Hypothetical membrane protein Thermoplasma acidophilum 102 41
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Clone Putative identification Specics O(\/;:Z;;g)th Hor;:)zl)ogy
828 Putative outer membrane protein Salmonella enterica subsp. 177 69
Enterica serovar Typhi
830 Predicted protein Neurospora crassa 120 40
831 Phosphoribosylaminoimidazolesuccinocar Candida maltosa 150 36
boxamide synthase
832 Signal peptide precursor Caenorhabditis elegans 138 52
833 Similar to Hypothetical protein CGI-99 Rattus norvegicus 180 31
834 Ecdysteroid regulated 16 Kda protein Manduca sexta 135 41
precursor
835 Hypothetical protein Pseudomonas aeruginosa 159 37
PAOI
837 Protein-tyrosine kinase Drosophila melanogaster 84 50
839 Filamin-1 Bos taurus 145 30
840 Putative aliphatic sulfonates transport Escherichia coli CFT073 138 95
ATP-binding protein ssuB
841 Alternative oxidase Crocus sativus 33 100
842 Protein BYJ6 Nicotiana tabacum 48 87
844 Probable cyclindependent kinases Physarum polycephalum 153 58
regulatory subunit
845 Putative transport protein Escherichia coli k 12 87 62
849 Probable TonB-dependent receptor Pseudomonas aeruginosa 93 41
PAOI
851 Antifreeze glycopeptide AFGP Boreogadus saida 177 16
polyprotein precursor
853 Hypothetical protein Plasmodium yoelii yoelii 168 24
854 Neprilysin Caenorhabditis elegans 177 62
862 Salivary glue protein sgs-3 precursor Drosophila erscta 180 24
892 Hypothetical protein Chloroflexus aurantiacus 555 20
893 Glycoprotein gp2 Equine herpesvirus 1 180 21
898 Salivary glue protein SGS-3 precursor Drosophila yakuba 180 22
909 Ejaculatory bulb protein III Drosophila melanogaster 156 46
924 Breast basic conserved protein Drosophila melanogaster 165 39
930 Similar to Epstein-Barr virus genome Oryza sativa 330 28
970 Hypothetical protein Drosophila melanogaster 171 52
971 Vector
972 Protein BYJ15 Nicotiana tabacum 102 61
974 Succinate-semialdehyde dehydroganase Shewanella oneidensis MR-1 177 27
975 Hypothetical protein Mus musculus 180 43
976 Histone acetyltransferase Homo sapiens 180 64
978 Putative transport protein Escherichia coil K12 180 56
979 Elongation factor-1 alpha Papilio indra 180 44
980 Thiamine biosynyhesis oxidoreductase Mesorhizobium loti 144 33
981 Antennal-enriched UDP- Drosophila melanogaster 138 40
glycosyltranferase
983 Beta-glucosidase Clostridium scetobutylicum 134 25
984 Prolidase Caenorhabditis elegans 180 45
985 Ribosomal protein S7 Spodoptera frugiperda 180 65
987 Superoxide dismutase precursor Xylella fastidiosa 105 45
988 ABC transported MDR-type, ATPase Clostridium acetobutylicum 165 30
component -
991 Sulfate ABC transporter Agrobacterium tumefaciens 123 43
996 Phopholipase Al Eastern yellowjacket 135 37
999 Expressed protein Arabidopsis thaliana 171 30
1000 Outer membrane receptor prha signal Ralstonia solanacearum 143 31

peptide protein
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clone Putative identification specics Overlength  Homology
(length) (%)
1001 Cops7b protein Mus musculus 150 36
1003 Ankyrin repeat acidic protein cacrus Drosophila melanogaster 135 42
1004 Predicted protein Necurospora crassa 159 33
1006 Hypothetical membrane protein P43 Shigella flexneri 2a str. 78 61
2457T
1007 Vector
1008 prolyl-tRNA synthetase Acyrthosiphon pisum 126 37
1009 Hypothetical protein ychO Escherichia coli CFT073 180 70
1012 Trysin Blomia tropicalis 180 51
1013 Epidermal growth factor receptor Homo sapiens 126 35
precursor
1016 Trypsin precursor Simulium vittatum 156 34
1017 Unnamed protein product Mus musculus 120 35
1018 Cervical cancer oncogene 10 protein Homo sapiens 58 159
1020 ATP citrate lyase Drosophila melanogaster 180 56
1021 Protein of unknown function Streptococcus agalactiae 147 28
2603V/R
1023 Probable light induced protein Arabidopsis thaliana 180 38
1024 polysialytransferase Mesocricetus auratus 129 34
1030 Vector
1031 Metastasis associated 1-like protein Drosophila melanogaster 63 71
1032 Putative LACI-type transcriptional Escherichia coil K21 180 48
regulator
1033 Replication origin activator 2-related Plasmodium yoelii yoelii 135 33
1034 Cytochrome P450 Trichogramma cacoeciae 252 71
1035 Cytochrome C Trypanosome buucei 239 93
1039 extensin Lycopersicon esculentum 165 25
1040 Hypothetical protein Magnetococcus sp. MC-1 150 31
1043 Putative dTDP-glucose enzyme Shigella flexneri 2a str.2457T 102 88
1045 Prion protein Sigmodon fulviventer 171 31
1050 Ribosomal protein L18 Spodoptera frugiperda 180 81
1051 Sp7 transcription factor(osterix) Rattus norvegicus 117 39
1056 Cytochrome P450-4g15 Drosophila melanogaster 114 52
1057 Vector
1061 Hypothetical protein Neurospora crassa 96 40
1063 L-lactate 2-monooxygenase Caulobacter crescentus 105 37
CBI5
1065 vitellogenin Pimpla nipponica 90 53
1068 Hypothetical protein Rhodopseudomonas palustris 177 27
1070 Elastin like protein Drosophila melanogaster 72 57
1072 Vector
1076 Integrase protein, degenerate Neisseria meningitidis MC58 98 36
1077 Putative periplasmic protein Campylobacter jejuni 177 28
1149 Putative coiled-coil protein Schizosaccharomyces pombe 144 35
1150 Hypothetical protein, conserved Plasmodium falciparum 3D7 53 30
1154 Iron regulatory protein 1A Drosophila melanogaster 135 68
1159 Protease P27 Hypocrea lixii 93 48
1163 Ubiquitin-53aa extension protein Spoodoptera exigua 180 61
1165 60S acidic ribosomal protein P2 Spodoptera frugiperda 174 77
1171
1175 Transcription- repair coupling factor Shigella flexneri 2a str.2457T 177 91
1176 Trypsin Drosophila heteroneura 150 56
1177 Alanine recemase Escherichia coli 178 58
1180 Malate dehydrogenase Drosophila melanogaster 180 36
1187 asparagine tRNA synthetase Shigella flexneri 2a str.301 177 58
1193 Exoribonuclase II Escherichia coli CFT073 66 100
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Table 4. Summary of the expressed sequence tags isolated from the

cDNA library of the spider, Araneus ventricosus

a ive identificati Speci Overlength ~ Homology
one Putative identification pecies (bp) (%)
323 Ribosomal protein S11 Plasmodium falciparum 267 47
337 Cleavage stage histone H2B Psammechinus miliaris 198 92
531 AMV 219 Amsacta moorei entomopoxvirus 153 54
832 Cytochrome C oxidase subunit VIc Homo sapiens 196 70
673 R26529 2 Fomo sapiens 258 74
132 Histone H2B Psammechinus miliaris 237 93
1386 NADH dehydrogenase subunit 4 Hypsiglena torquata 247 38
1417 Astacin like metalloendopeptidase Coturnix japonica 204 57
1482 Tissue factor pathway inhibitor 2 Homo sapiens 110 62
710 AE006141 Pasteurella multocida 162 51
1395 Saxphilin precursor Rana catesbeiana 237 44
1401 Orf265 2 Paramecium aurelia 99 65
1424 Bv8 variant 3 precursor Mus musculus 123 40
1 Fl6M14.8 Arabidopsis thaliana 183 38
8 LORF9 Gallid herpesvirus 2 105 57
9 CG3604 Drosophila melanogaster 72 91
44 RAD23 homolog B Saccharomyces cerevisiae 108 46
54 MAL3P2.2 Plasmodium falciparum 135 55
93 Transforming growth factor beta 1 Xenopus laevis 132 58
precursor
75 CG10031 Drosophila melanogaster 132 68
79 Trypsin inhibitor Indian cobra 153 46
86 Tissue factor pathway inhibitor 2 Homo sapiens 129 60
90 Tissue factor pathway inhibitor 2 Mus musculus 63 67
102 Proteinase inhibitor Sarcophaga bullata 162 66
107 CG13748 Drosophila melanogaster 105 51
98 6-pyruvoyl tetrahydropterin Rattus norvegicus 288 75
synthase
113 Cytochrome b Cryptotermes brevis 284 80
115 Apoprotein A2 Porphyra purpurea 144 49
118 Proteinase inhibitor Sarcophaga bullata 81 59
119 40S ribosomal protein S23 Brugia malayi 245 88
125 Ribosomal protein S4 Plasmodium falciparum 297 44
147 ADP/ATP translocase Drosophila melanogaster 208 78
148 Catechol 1,2-dioxygenase Acinetobacter calcoaceticus 138 38
163 Insulin-like growth factor-binding Rattus norvegicus 96 57
protein 1 precursor
130 BG:DS00180.8 Drosophila melanogaster 153 45
245 Muscle LIM protein Epiblema scudderiana 247 87
243 Phosphoglycerate dehydrogenase Oryza sativa 108 60
251 LEK1 Mus musculus 351 52
270 Vngl894c Halobacterium sp. 117 53
271 Defender against cell death 1 Xenopus laevis 180 59
272 F46H5.7 Caenorhabditis elegans 99 54
261 Vir B11 Aeropyrum pernix 168 49
287 Alpha-N-acetylglucosaminidase Mus musculus 171 66
197 Gamma-interferon inducible Himo sapiens 180 51
lysosomal thiol reductase
201 Xeroderma pigmentosum gene Mus musculus 204 46
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) Putative identificati . Overlength ~ Homology
Clone utative identification Species (bp) (%)
205 Cytochrome p450 2P1 Fundulus heteroclitus 310 47
214 UDP-glucuronyltransferase-like Arabipodsis thaliana 84 70
protein
218 P-type cation transocating ATPase Plasmodium falciparum 267 50
221 Pectinesterase Citrus sinensis 300 44
225 Nucleoside diphosphate kinase A Cavia porcellus 321 60
234 CG11955 gene product Drosophila melanogaster 135 55
236 Cas54_1 precursor Ranid herpesvirus 123 51
329 CG8338 Drosophila melanogaster 159 65
439 Astacin precursor Astacus astacus 282 42
431 Merpin 1 beta Rattus norvegicus 159 59
432 Contais similarity to Pfam domain Caenorhabditis elegans 255 54
435 Progestron-binding protein-like Arabipodsis thaliana 135 55
436 Variant-specific surface protein Giardia intestinalis 90 46
426 Actin isoform A Mimosa pudica 198 76
422 Gp5 Lactococcus lactis 156 58
409 AE006141 Pasteurella multocida 81 58
462 Protein kinase Mus musculus 108 49
467 Transposon protein Arabipodsis thaliana 117 51
469 Cos54 1 precursor Ranid herpesvirus 183 51
479 Tissue factor pathway inhibitor 2 Mus musculus 224 56
498 Kynurenine 3-manooxygenase Homo sapiens 113 52
483 Protease Oryzias latipes 87 43
484 Hypothetical protein, PFC0905C Plasmodium falciparum 203 48
489 Proteasome subunit C10-11 Oncorhynchus mykiss 213 86
485 CG14028 Drosophila melanogaster 99 84
1405 Yjr070cp Saccharomyces cerevisiae 255 68
1418 Heat-labile hemolysin Virrio mimicus 108 54
1423 CG6763 Drosophila melanogaster 201 68
1465 High choriolytic enzyme 2 precursor Oryzias latipes 186 56
1476 CG18810 Drosophila melanogaster 153 52
529 Choriolysin H Oryzias latipes 197 68
516 CAAX BOX 1 Homo sapiens 346 57
522 Tissue factor pathway inhibitor 2 Mus musculus 65 63
528 Metalloproteinase 1 Hydra vulgaris 122 58
1047 Hypothetical protein Drosophila melanogaster 107 64
1004 Unnamed proteinproduct Homo sapiens 278 48
1137 Cell cycle protein pS5CDC Rattus norvegicus 389 76
1715 Cuticle protein Bombyx mori 246 48
1713 1gG Fc binding protein Homo sapiens 131 57
1707 Selectin, Platelet Rttus norvegicus 147 51
1692 Voltage-gated sodium channel Takifuge pardalis 128 57
1571 Heat shock factor 3 Arabipodsis thaliana 234 50
1642 3-hydroxyacyl-coA dehydrogenase Sus scrofa 363 63
precursor
1544 CG5184 gene product Drosophila melanogaster 177 63
1566 CG16781 gene product Drosophila melanogaster 336 73
1854 Glycoprotein hormone receptor 11 Drosophila melanogaster 137 58
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1855 Histone H2A-like protein Bombyx mori 181 75
1785 Hypothetical protein C24F3.3 Caenorhabditis elegans 186 75
1773 Endoprotease Bovine adenovirus 2 93 57
1843 Cacium binding protein Meleagris gallopavo 176 66
1748 Related to tol protein Neurospora crassa 170 51
1636 Cytochrome C oxidase polypeptide Rattus norvegicus 202 73

vic-2
1482 Vitellogenin 1 precursor Gallus gallus 174 57
1901 Unknown Pasteurella multocida 122 53
1874 Surface antigen p2 Leishmania tropica 180 41
2313 Polycystin Homo sapiens 169 67
2022 RpL 19 gene product Drosophila melanogaster 279 45
2096 Contains similarity to cell wall- Arabidopsis thaliana 309 33
plasma membrane liker protein
2087 Hypothetical zinc metalloproteinase Caenorhabditis elegans 207 78
2057 Cyclic nucleotide-gated channel beta Rattus norvegicus 240 61
subunit
2070 Dj 733D15.1 Homo sapiens 222 51
2146 Syntaxin-related protein At-SVR1 Arabidopsis thaliana 240 52
2194 Metalloproteinase I Hydra vulgaris 282 61
2231 Hypothetical protein F11G11.2 Caenorhabditis elegans 231 58
2244 Ribosomal protein L18a Podocoryne carnea 204 81
2248 CGl11727 Drosophila melanogaster 111 58
2353 Trypsin inhibitor IV Heteractis sp. 8 64
2380 Pfsm domain Caenorhabditis elegans 305 66
1993 Ferritin Echinococcus granulosus 98 84
2315 Beta-hexosaminidase Anophelea gambiae 188 61
2340 6-Phosphofructokinase Mesorhizobium loti 98 60
2349 CG9293 Drosophila melanogaster 203 93
2391 3-oxoacyl-acyl carrier protein Deinococcus radiodurans 110 53
synthase I11
2393 Protein kinase Arabidopsis thaliana 144 45
2404 FLJ12701 Homo sapiens 137 51
2421 Nuclear RNA binding protein SLM- Rattus norvegicus 179 61
1
2248 Elastin like protein Drosophila melanogaster 41 100
2473 Saxiphilin precursor Rana catesbeiana 132 72
2419 Hypothetical protein C54D1.1 Caenorhabditis elegans 63 80
2607 Cytochrome b Lateolabrax latus 252 78
2581 CG4090 Drosophila melanogaster 137 69
2475 Elongation factor-1 alpha Idiogaryops pallidus 354 89
2572 CG6763 Drosophila melanogaster 168 63
2580 Predicted using hex exon Plasmodium falcoparum 195 52
2628 Putative gypsy-type retrotransposon OryzaSATIVA 48 75
2609 Chymotrypsin inhibitor(AMC1) Oryctoagus cuniculus 117 53
2527 Choline dehydrogenase Rattus norvegicus 186 71
2627 Alveolin Oryzias latipes 179 55
2641 Tyr protein kinase Gallus gallus 69 82
2648 Adhesin protein Mycoplasma pneumoniae 150 38

_91_



Table 4. Continued

L . . . Overlength  Homology
Clone Putative identification Species (bp) (%)
2671 Capsular polysaccharide repeating Steptococcus agalactiae 132 58
unit polymerase
2683 Ribosomal protein S21 Drosophila melanogaster 246 89
2690 Ribosomal protein S11 Plasmodium falciparum 246 47
2688 Exportin 1 Homo sapiens 288 89
2675 Collagen protein Suberites domuncula 141 51
2661 CG5715 Drosophila melanogaster 2228 53
2660 40S ribosomal protein S25 Drosophila melanogaster 135 92
2766 Mitochondrial carrier homolog Drosophila melanogaster 267 66
2913 Ribosomal protein S11 Plasmodium falciparum 246 47
2895 Hypothetical zinc metalloproteinase Caenorhabditis elegans 219 44
2898 Ovomucin alpha-subunit Gallus gallus 150 53
2767 CG6696 Drosophila melanogaster 144 54
2924 Fibronectin leucine rich Homo sapiens 225 47
transmembrane protein 3
2967 Heat shock protein 20.8A Bombyx mori 299 54
3012 Astacin family metalloproteinase Hydro vulgaris 216 72
3029 Mod(mdg4) gene product Drosophila melanogaster 135 50
3068 Blatula protease-10 precursor Paracentrotus lividus 123 58
3034 Collagen alpha I chain precursor Gallus gallus 171 44
3048 Intestinal toxin I Dendroaspis polylepis 144 43
3083 Hypothetical protein yyc 1 Bacillus subtilis 186 49
3071 High choriolytic hatching proteinase Oryzias latipes 267 48
3074 Heme oxygenase-2non-reducing Rattus norvegicus 186 49
isoform
3075 Vitellogenin B Melanogrammus aeglefinus 233 46
3097 Heme oxygenase2 Mus musculus 207 48
3044 Hm I gene product Drosophila melanogaster 137 50
3089 RpL 19 gene product Drosophila melanogaster 158 89
3107 Cytochrome oxydase II Dryadula phaetusa 348 54
3108 Succinata:cytochrome ¢ Cyanidioschyzon merolae 207 52
oxydoreductase subunit
3110 CG10171 Oryza saativa 120 59
3141 Hemolectin Drosophila melanogaster 135 50
3154 Muscle-specific protein 20 Drosophila melanogaster 264 73
3167 Cystatin precursor-horsehoe crab Tachypleus trimesurus 315 48
3173 Nucleotide binding protein 1 Mus musculus 348 82
3175 CG2789 Drosophila melanogaster 258 75
3178 Mitochondrial carrier homolog Bombyx mori 183 76
3161 Ribosomal protein S26 Rattus norvegicus 291 91
3157 Ribosomal protein S11 Plasmodium falciparum 246 47
3209 Mitochondrial precursor receptor Rattus sp. 98 69
3224 AKR/J normal thyroglobulin Mus musculus 171 46
3239 Metalloproteinase 1 Hydra vulgaris 257 55
3256 Putative cell division protein Streptococcus pyogenes 183 48
3188 CG3753 Drosophila melanogaster 207 48
3294 Chitinase Anopheles gambiae 273 72
3275 Beta-actin Ovis aries 315 86
3283 Metalloproteinase 1 Hydra vulgaris 155 61
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Clone Putative identification Species (bp) %)
3300 Heme oxygenase 2 Mus musculus 185 49
3315 Phosphatidylinositol 4-kinase Solanum tuberosum 44 93
3266 Cu/Zn superoxide dismutase Onchocerca volvulus 179 78
3261 Cytochrom C oxidase subunit Drosophila melanogaster 276 80
3310 Integrin homolog Sacchromyces cerevisiae 248 52
3369 Heme oxygenase 2 Mus musculus 149 50
3373 Putative C2H2-type zinc finger Arabidopsis thaliana 225 45

protein
3319 Zinc finger protein mfg 1 Mus musculus 187 73
3357 CG18646 Drosophila melanogaster 102 68
3379 CG11583 Drosophila melanogaster 351 73
3419 Dipeptidyl-peptidase 11T Rattus norvegicus 369 72
3392 Alpha-A crystallin Clarias fuscus 240 59
3394 Serum/glucocorticoid regulated Homo sapiens 401 67

kinase
3401 Multiprotein bridging factor Bombyx mori 272 85
3527 NADH dehydrogenase subunit 4 Chrysomya chloropyga 336 72
3532 Protease Human adenovirus 183 47
3429 Eye development protein canoe Drosophila melanogaster 225 44
3611 CG15786 Drosophila melanogaster 393 62
3626 Ribosomal protein L36 Ratus norvegicus 294 88
3634 Vitellogenin Athalia rosae 177 59
3643 Adenine nucleotide translocator Rattus norvegicus 338 80
3645 Glutamate carboxypeptidase Homo sapiens 251 92
3341 Proline dehydrogenase Escherichia coli 303 85
3778 Hemolectin Drosophila melanogaster 147 50
3679 60S ribosomal protein Sarcophaga crassipalpis 204 87
3688 Zinc proteinase Astacus astacus 309 62
3756 Nucleotide binding protein I Mus musculus 252 85
3818 HSP 90-alpha Danio rerio 174 49
3816 Hypothetical protein Rv3843c¢ Mycobacterium tuberculosis 139 53
3844 Cytoplasmic superoxide dismutase Haemonchus contortus 138 72
3882 Hypothetical protein T22H2.6b Caenorhabditis elegans 114 55
3853 Cytochrome B Eschscholtzii eschscholtzii 324 74
3948 Heme oxygenase 2 Mus musculus 320 41
3973 Rrna-dimethyltransferase related Thermoplasma acidophilum 168 58

protein
3927 Xotch protein Xenopus laevis 129 61
3929 Heat shock factor binding protein Mus musculus 156 81
3934 Acid-CoA ligase Caulobacter crescentus 174 48
4120 Hemolectin Drosophila melanogaster 135 50
3987 DNA polymerase Porphyra purpurea 174 49
3993 Immunoglobulin A1 protease Haemophilus influenza 81 59

precursor

3997 Hypothetical protein ZC101.2e Caenorhabditis elegans 195 39
4089 Chitinase Clostridium thermocellum 129 47
4107 CG5715 Drosophila melanogaster 264 46
4197 Ribosomal associated membrane Rattus norvegicus 147 80

protein
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4188 Hypothetical protein yoaS Bacilus subtilis 156 47
4195 Translationary controlled tumor Lumbricus rubellus 66 81

protein
4240 CG8237 Drosophila melanogaster 159 70
4253 Metalloproteinase Hydra vulgaris 306 62
1556 PBRI113 Rat cytomegalovirus 66 67
4293 Alpha2-macroglobulin protein Limulus sp. 269 53
4286 LD21719 Drosophila melanogaster 219 62
4313 F28F9.1 protein Caenorhabditis elegans 216 49
4301 CG5715 Drosophila melanogaster 366 42
4398 TEP2 protein Drosophila melanogaster 213 62
2679 Putative secreted effector protein Escherichia coli 162 53
4391 CG9686 Drosophila melanogaster 273 53
4416 Fibroin-1 Araneus diadematus 182 56
4511 Alpha-2 macroglobulin Limulus sp. 384 52
4476 Ribosomal protein S11 Plasmidium falciparum 246 47
4649 Odorant receptor S50 Mus musculus 132 52
4656 CG15786 Drosophila melanogaster 246 47
4665 Proteasome subunit Rattus norvegicus 225 94
4499 DJ54B20.4 Homo sapiens 309 65
4543 Homocyanin subunit Eurypelma californicum 210 84
4487 Major tail protein Escherichia coli 329 84
4527 Ribosomal protein Plasmidium falciparum 204 48
4636 Mucin glycoprotein Mus musculus 171 44
4496 E-selectin precursor Oryctolagus cuniculus 264 38
4503 Hypothetical protein, PFC0905C Plasmidium falciparum 204 48
4659 60S ribosomal protein L7A Gallus gallus 303 87
4665 Ribosomal protein S11 Plasmidium falciparum 246 47
4694 CG1534 Drosophila melanogaster 348 86
4769 Metalloproteinase 1 Hydra vulgaris 189 66
4768 Putative auxin efflux carrier protein Arabidopsis thaliana 119 57
4762 DNA-directed RNA polymerase Plasmidium falciparum 213 49
4872 thyroglobulin Mus musculus 243 45
4941 C0O9G12.4 Caenorhabditis elegans 174 49
4855 PcsB protein Vaccinia virus 171 55
4726 Tyrosine kinase C receptor Gallus gallus 246 49
4727 Hypothetical protein FOSAS8.4 Caenorhabditis elegans 93 70
4867 Gilbulin-1 Zea mays 198 42
4832 DNA polymerase alpha 1 Mus musculus 57 84
4831 Thiolase Rattus norvegicus 357 76
4817 GST Nematospiroides dubius 255 48
4714 Predicted membrane protein Clostridium acetobuthylicum 144 53
4704 Polypeptide deformylase Thermotoga maritima 129 57
4807 NADH dehydrogenase subunit Albinaria caerulea 252 59
4806 Hypothetical protein Pfc0905C Plasmidium falciparum 204 48
4825 Protein-tyrosine phosphatase Homo sapiens 231 60
4812 Alanine dehydrogenase Synechocystis sp. 111 66
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4994 Actin Aplysia californica 216 97
4926 Bv8 protein Bombina variegata 174 46
4900 Cystain C precursor Mus musculus 279 48
4880 Alternative oxidase precursor Sauromatum guttatum 384 37
4963 CG6696 Drosophila melanogaster 246 52
4964 Putative nucleic acid binding protein Aryza sativa 181 48
4893 Homoglobin alpha-3 chain Silurana tropicalis 255 43
4898 L-cystain Tachyplhila trimesurus 288 41
4930 Tat Human immunodeficiency virus 78 60
4977 Fibriogen-binding protein Staphylococcus aureus 195 55
4959 Testican-3 protein Mus musculus 174 46
4935 Peptide transport protein Candida albicans 138 46
5013 Esterase/lipase VbfF Vibrio cholerae 147 69
5114 CG14823 Drosophila melanogaster 174 52
5107 Hypothetical protein 20kDa Gallus gallus 171 48
5035 Proteinase inhibitor Sarcophaga bullata 96 78
5086 Span protein precursor Strongylocentrotus purpuratus 216 60
5081 Hypothetical protein V37E3.4 Caenorhabditis elegans 93 77
5117 Decidual prolactin-related protein Rattus norvegicus 171 54
5068 Cystain precursor Tachypleus trimesurus 267 50
5146 Phosphoribosylformylglycinamidine Pyrococcus abyssi 165 49

cyclo-ligase
5151 CG6550 Drosophila melanogaster 270 73
5165 Preprosomatostain 28 Carassius aurattus 90 69
5168 Collagen protein Suberites domuncula 141 51
5172 Hypothetical protein C43HS8.1 Caenorhabditis elegans 111 80
5200 Hypothetical protein PFC0240c Plasmidium falciparum 204 50
5195 Conserved hypothetical protein Chlamydia muridarum 111 66
5216 Flagelliform silk protein Nephila madascariensis 174 36
5161 nuclelin Xenopus laevis 276 56
5158 Reticulocyte-binding protein 2 Plasmodium vivax 99 60
5198 Hypothetical protein T22G5.6 Caenorhabditis elegans 141 71
5218 Tu translation elongation factor Homo sapiens 456 62
5219 Short-chain dehydrogenase Pseudomonas aeruginosa 93 73
5228 Putative histone Agaricus bisporus 159 59
5229 Amylo-1,6-glucosidase Oryctolagus cuniculus 147 81
5233 40S ribosomal protein S20 Ictalurus punctatus 233 88
5236 Blastula protease-10 Paracentrotus lividus 96 77
5242 Putative RNA binding protein Rattus norvegicus 158 59
5255 Ymf77 Tetrahymena thermophila 192 53
5271 ATP synthase A subunit Pemphigus spyrothecae 317 73
5283 Major merozoite surface antigen- Plasmodium falciparum 111 63
malaria parasite
5286 Ribosomal protein S2 Plasmodium falciparum 210 52
5289 N-type calcium channel alpha 1 Mus musculus 144 52
5297 Cytochrome P450 monooxygenase Oncorhtnchus mykiss 117 71
5320 DNA-directed RNA polymerase 11 Norsema locustae 159 52
largest chain
5312 Awaiting fuctional assignment Arabidopsis thaliana 153 58
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Table 4. Continued

o . . . Overlength  Homology
Clone Putative identification Species (bp) (%)
5325 Hypothetical protein PH1825 Pyrococcus horrikoshii 120 62
5334 MHC class II-associated invariant Gallus gallus 174 59
chain
5372 30S ribosomal protein S12 Aeropyrum pernix 126 80
5340 Filament-interacting protein Dictystelium discoideum 201 45
5342 Collagen Ascaris suum 117 56
5348 Olfactory receptor Rana esculenta 276 44
5400 Ribosomal protein S23 Spodoptera frugiperda 174 96
1739 AGP-C-3630p Agrobacterium tumefaciens 99 51
1560 DNA binding protein Metanothermobacter 111 61
thermautotrophicus
1860 Hypothetical protein PFC0905C Plasmodium falciparum 204 48
1914 Heme oxygenase-2 non-reducing Rattus norvegicus 171 47
isoform
1906 DNA-dependent RNA polymerase 11 Trichophyton rubrum 230 41
2184 Putative delta-7-sterol reductase Castanea sativa 132 54
2066 DNA polymerase II subunit gamma Streptomyces coelicolor 159 38
2308 Gamete-specific hydroxyproline- Chlamydomonas reinhardtii 213 32
rich glycoprotein a2
2600 Unknown protein Arabidopsis thaliana 96 58
2715 Predicted coding region Mycoplasma pulmonis 240 48
2725 Zinc carboxypeptidase A Anopheles gambiae 169 73
2760 Hypothetical protein 1 Equine herpesvirus 4 144 51
2809 Utophin Rattus norvegicus 126 58
2897 Immunoglobulin Al protease Haempphilus influenzae 81 59
precursor
2930 Hypothetical protein PFC0905C Plasmodium falciparum 204 48
2800 Cell division protein Ureaplasma urealyticum 204 46
3035 Voltage-gated sodium channel Bdellooura candida 165 41
homolog BdNal

3049 Acyltransferase Mesorhizobium loti 231 39
3076 FliV-like protein Aeromonas punctata 144 58
3062 Putative maturase Asterella tenella 117 58
3114 Hypothetical protein FO8AS8.4 Caenorhaditis elegans 93 70
3230 Hypothetical protein PFC0905C Plasmodium falciparum 294 48
5153 Unknown protein Arabidopsis thaliana 159 54
95 Kalicludine 1 Anemonia sulcata 167 68
129 Potassium channel blocking toxin Centruroldes limpidus 85 56
1882 Sligene product Drosophila melanogaster 285 51
1888 Exportin Homo sapiens 189 78
1955 1gG Fe protein Homo sapiens 141 57
1882 Sligene product Drosophila melanogaster 285 51
2776 Cystein precursor Tachypleus trimesurus 267 50
2917 Metalloproteinase I Hydra vulgaris 312 61
2920 Exonuclease ABC subunit B Mycobacterium leprae 132 49
2932 Cell division protein Streptococcus pyogenes 183 48
2975 Myosin heavy chain Rattus sp. 110 70
2957 Cytrochrome B Blackburnia kauwa 315 63
3510 Hypothetical protein:15173-12677 Arabidopsis thaliana 119 61
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Table 4. Continued

al ive identificati Speci Overlength  Homology
one Putative identification pecies (bp) (%)
4568 Serum/glucocorticoid regulated Squalus acanthias 396 67
kinase
4488 CG10280 Drosophila melanogaster 81 65
4561 CG6763 Drosophila melanogaster 237 51
4565 Endosialin Mus musculus 156 45
4567 Chitinase Streptomycess coelicolor 114 51
5185 DNA binding protein Gt-2 Oryza sativa 126 47
5186 Cytolethal distending toxin subunit Actinobacillus 156 59
A precursor actinomycetemcomitans
5214 Hypothetical protein PFC0875W Plasmodium falciparum 120 49
5207 AMV 219 Amsacta moorei entomopoxvirus 153 54
5203 Developmental protein tolkin Drosophila melanogaster 126 57
3248 Hypothetical protein F32D8.3 Caenorhabditis elegans 184 60
3289 Tenascin Homo sapiens 87 58
3305 AMV 219 Amsacta moorei entomopoxvirus 153 54
3262 Crystallin, alpha binding protein Mus musculus 108 55
3311 Hypothetical protein FS9E11.6 Caenorhabditis elegans 204 40
3376 Ribosomal protein S11 Plasmodium falciparum 246 47
2588 Defensin B Ornithodoros moubata 153 43
2654 Metalloproteinase 1 Hydro vulgaris 207 69
3290 Elastin like protein Drosophila melanogaster 42 100
4199 Slit protein Drosophila melanogaster 225 47
4130 AMV 219 Amsacta moorei entomopoxvirus 153 54
3638 Chordin Danio rerio 246 42
3584 CG6696 Drosophila melanogaster 144 54
4559 Trytophanyl-Trna synthase Carsonella ruddii 165 47
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Fig. 1. Frequency distribution of ESTs showing redundancy in 385 clones. The

number of the EST clones is given above each bar.
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Aol Abgate]  pApNPV-PrSP,  pApNPV-BILP,  pApNPV-BiVP,
DAPNPV-AvToxl % pApNPV-AvTox2E WEUT (¥ 2). 5719 23FA4
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TS 2AH] USS FAsid (29 3).
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Fig. 2. Construction of transfer vector and recombinant AcNPV.

K &

-.'l.

iﬂfiﬂ:i'ib iéi‘

AvTox1 AvToxl

Fig. 3. PCR analysis of genomic DNA of recombinant AcNPVs and Photograph

of cells infected with recombinant AcNPVs.
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1) =HEG Eo] serine protease Ao 32 43 ¥d 2 g4A84d 54
7h) A& DNA %, PrSP +4d#¢] PCR 18] 1L Southern blot &2

PrSP #7422l genomic structureE <LolR 7] $5te] PrSP Eo]Z<l
primerg A#38til PCRS F8ste] stvbe] bandE RN A7|ALES 3l
2 A3, cDNA 49 coding 992 100% &eld 4 Aom I genomic
T2 a9 39 Yetl At Genomic DNAE WA ZE=d A FAIZETA] 1474
bpe A7IALEZE 2709 intron® 3709 exonl®E FAEFHO Yo (¥ 4a),
exon-intron®] ZAAG A= Ee AW EANA W3t glo] YEFYE intron 57 9
GT 193 intron 37 9 AT7}F A5S &It (18 4b). FHFEENA
Holx= A 7o Zujedolel Asp/His/Seret oA 719 Cys 7% exon 29 39
F "HEHo]l YUt (Kraut 1977, Lehane et al, 1988, Yan et al, 2001).

- 100 -



{A)

1 & Ly L Bl ] |4Ta

o i |
ate Ewom I
(L]
Wamn Lol il oo p) AN b IS [
ATITTERARETT « . v o - o o oo T TR TR L LT L
! i [E1] MF K 1 L & F [
Ltp—,LLl..'u:I-,l.?:rrn-. .......... T Lo | s
1 Im T ' F L : "B “
E A TAT. ..o oo TR AT
] Ee ] LRTE R & & @ I 5 L E Sx

Fig. 4. Genomic organization of PrSP. (a) Schematic drawing of genomic
structure of PrSP. Solid and open boxes represent exons and introns, repectively.
Numbers indicate the nucleotide position in the genoic sequences. The GenBank
Accession Number of the genomic sequences of PrSP is AY927992. (b) Length

of exons and exon.ontron boundaries.
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1234

Fig. 5. Southern blot analysis of P. rufa genomic DNA for PrSP gene. Genomic
DNAs were digested with four restriction enzymes, BamHI (lane 1), Pstl (lane 2),

Sall (lane 3) and Xhol (lane 4), repectively, and hybridized with radiolabeled
PrSP cDNA. Size markers are shown on the left.
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Fig. 6. SDS-PAGE, Western blot analysis and proteolytic activity assay of the
recombinant PrSP expressed in the baculovirus—-infected insect cells. Sf9 cells
were mock-infected (lane 2) or infected with wild-type AcNPV (lane 3) and
recombinant AcNPV (lane 4) at a MOI of 5 pf.u. per cell. Cells were collected at
3 days pi. Total cellular lysates were subjected to 10% SDS-PAGE (a),
electroblotted and incubated with recombinant PrSP antibody (b). The same
cellular lysates as in panel (a) were separated by 10% SDS-PAGE containing
0.1% gelatin. The proteins with proteolytic activity are identified as lytic zones
(c). The recombinant PrSP in indicated by arrow on the right side of the panel.

Molecular weight standards were used as size marker (lane 1).
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dgx w3y aga FHE dFste 2o @A samples 10% (v/v)
SDS-PAGE (1% 7a)& AA8til Western blot #4] (¥ 7b)S sttt L
A3 2 2AqME g 24 FAFXAqAT ok 31 kDa9 signal band”}

Heled ole PrSP7 5% SolAozm wEye fAdS JERdATH
F2EAS 93 proteolytic assayll A= SA] ¢F 31 kDadl A lytic zone (ZL#
7o)l YERREH ol Sl PrSP #ddd 9o F8 A0S YEHT
a3y 54 proteolytic  activityellA] 31 kDa¥ 24 kDa®l 2709 band”}
vetuEd o= Poorufa®l SR 2 EE e FF protease®]  shubel
AoR AT, zglar AEFHO®E Western blot #2413  proteolytic
activity ZAFoll A 2 Ao A Z2 PrSPE TolA 22 Holxoz Wy
23stghe FUR FSHHoA| =Y HWEZulolyAE ol&3 HAAH HlF

A A 2 &835te et AFEE Qo)
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Fig. 7. Tissue-specific expression of PrSP. The protein samples were collected
from epidermis (lane 2), fat body (lane 3), hemolymph (lane 4), light organ (lane
5), and midgut (lane 6) of P. rufa larvae. The protein samples were subjected to
10% SDS-PAGE (a), electroblotted and incubated with recombinant PrSP
antibody (b). The epidermid (lane 2), fat body (lane 3) and midgut (lane 4)
among the protein samples of panel (a) were separated by 10% SDS-PAGE
containing 0.196 gelatin. The proteins with proteolytic activity are indicated as
lytic zones (c). The PrSP (open arrow) and signal bands showing proteolytic
activity (solid arrow) are indicated on the right side of the panel. Molecular

weight standards were used as size marker (lane 1).
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71 GenBankell ®1d thE 259 lipasedt ¥ wstdct (28 8). 219 99}
%ol lipase family?l 2499 GXSXG7F & HEHO Jow B ignitus
lipase 9A] & HEZ o]t}
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Eolgoz ugrs AL 3% & dud, Avdd lpase FAR
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-103 cggccgcecccgggecaggt a
-121 gcgggcecgcet gaat t ct agaaagcagat t cat cagt gcgagt cggccat catt cat cagg
-61 agcggt aaagaaaggaagct gagaagt cgat ct at accgcggt gcgt at agcgaat cacg
1 [ATGACGGOCATGGTAAAT GCATCATTAGTGCTATTTTATCCTACGCTGCTCTCGACGT TG

1 MTAMVNASLVLFYPTULUL STL

61 AGAGAAGCCAATTATACGATTCTACCGACCAAAGAAGGAAACCCGTCTCTGGT TAAACTC
2l R EANY TI L PTKEUGNPSIL VKL

121 GATAATACCATACTAAGT GAAACAGACTTGATTCTTTTCGGT GCCAATGTGGATACGATC
41 D N T I L S ETDWLI L F GANYVDT I

181 AGITTCACGCTTTACACGCAAAAAAACAGTAAAAAT GGOGACGT CTTAAGATTAAATGAC
61 S F T LYTOQKNSIKNGDVLIRLND

241 ATAAACTCAGI TCGAAAGAGT AATTGGAACGCAAACAGACAAACCATCGTGGTCACTCAC
81 1 NS VRIK SNWNANROQTI VVTH

301 GGITGGAATAGCAACGGACAATCTGAATCATGTACGCTCGTACGCGATGCTTTCCTTAAA
101 G WN S NG QS ESCTULVRDAFLK

361 GICCGOGACT GCAACGTCATTGT GGTCGAT TGGAGT CAAATAGCAGATCACAAGGATTAC
122 VR DCNVI VVDWSQI ADHIKDY

421 ATCCCTGI TGCAAAGAACGT ACCACGCGTAGCTAGCCGOGTAGCTAGT TTCATAAATTTC
1411 AV A KNVPRVASRVAST FEFI NF

481 TTGCGAACTAGCGCCGGT TTGCACACGTCCAACT TGAAAATTATTGGACACTCTCTCGGT
161 L R T S AGL HT SNLIKI I GHSL G

541 GCCCATGTCGCCGECT TGAGCGCGCGAGAGGTAGGECAAAT TGAGCCGAGT GBCGGAAGT T
188 AHV AGL S AREVGKILSRVAEV

601 ATCGCGCTCGACCCTGOCAAGCCATTGT TTGAACACAAAGGAACCGGT GAAAGAGT TGAT
200l AL DP AKPLVFEMHIKSGTGERVD

661 AAATCGGACGCACAAAATGI TCAAGTTATTCACACATGCGCCGGATATTTGEGTCTGGAT
221 K S DA QNVQVI HTCAGY L GLD

721 ATCTCTGITGGTACTTCCGATTTCTTTGCCAATGAT GGAAGACATCAACCAGGAT GCGEC
2411 §s VG T SDFFANDGRMHQPGTCG

781 GATGATTTGI TAGGATCT TGCGCGCATGGACGCAGT TACGAGTACTTCAGT CAATCTATT
261 D DLL GSCAHG GRS SYEYFS QS

841 ACGAATCCAAAAGCTTACCGCGGTGTAACT GACAGT GGTGCAGCAGCATACATGEGTGGT
281l T NP K AY RGVTDSGAAAY MGG

901 GCTAACCTCGATCCGAAAGCT AGEGGAACCTACCACTTCAAAACTAGCAGTI TAAaat cct
301 ANL DPKARGTYHZFKTS S *

961 tacgctcttgatggatgaaattattcgtttgagtatttaatattcgaatgtatttcaata
1021 attgtaaggtacttgtacaaattaagaaat aaattaagaagt aaatagcattcgatctta
1081 ctatggcttgaaaaaaaaaaaaaaaaaaaa

Fig. 8 The nucleotide and deduced protein sequence of the B. ignitus lipase
cDNA. The start codon is boxed and the termination codon is shown by asterisk.

In the cDNA sequence, the polyadenylation sequence is underlined.
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Fig. 9. Alignment of the amino acid sequence of BiLP with known insect lipases.
The active site of the lipase family (GXSXG) is shown with asterisk. The insect
lipase sequences were taken from the following sources: B. ignitus lipase (this
study), P. papatasi (AY179968), C. pipiens (AY388560), D. melanogaster
(AAF56653), B. mori (AB076385), P. annularis (AF174527), A. aegypti
(AF303984), and A. stephensi (AY162249).
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Fig. 10. Northern blot analysis of the B. ignitus lipase gene. Total RNAs were
isolated from the fat body (lane 1), midgut (lane 2), epidermis (lane 3), muscle
(lane 4), and venom gland (lane 6), respectively (a). Total RNAs were isolated
from the whole body of femail, mail and queen (b). The RNAs were separated
by 1.0% formaldehyde agarose gel electrophoresis (upper panel), transferred on to
a nylon membrane, and hybridized with the radiolabelled 954 bp B. ignitus lipase

gene (BiLP). Transcripts are indicated on the right panel by an arrow.

1}) Venom protease

B. ignitus cDNA dA238A 22 venom protease 3R] BiVP
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@ venom protease?} H|EFTF ¥ 129 o] protease T 7 Apol A gk
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110 cgcccgggcaggt t gaagcaccact gt cgaagcat t acaaaat att cgt aa

-61 aagtgagcatcgttgactggtatctctcagttagtcgtcaagtgtgtaagt agaagaaca
1 |ATGACGGEGCTCCAAGATGCTGT TCACATGT TTGACGT TAATTGCTTTCCTGCATCCATTA
1 MT GSKMLT FACLALI AFLHPIL

61 GITCAGGTGGECGT CAGCTCAAGAATGT ACCACACCGAACAATAAAGCAGGCAAGTIGICTC
22 VHV AS AQETCTTWPNNIKAGTK KT CIL

121 GGCATCAGAGTATGTAAACCGCT GCTGGAAAT GCTGCAGACT CAGGGECCATGCAGCTGCC
41 G I RV CK P L L EMLOTOQOGHAAA

181 GATTTCCTGAGGCAATCAGIGTGTAAATACGAGAATAATAATCCGATCGTITTGTI TGTCCG
61 D F L RQSVCKYENNNPI VCTCTP

241 AACGAAGAAAGCAGCGAGGACAGAGGAAT TTTGGTAGGAAACGAGTATGAGCCT TTGCGT
81 NE E S REDRGI LV GNEYEWPLR

301 CCACCACACTGTIGGITTTAGCAACGT CTCTCACACCAGGGT GGTCGGTGGTAACCCAGCT
101 P P HCGF SNVSHTRYVYVYVY GGNUPA

361 GTACTTGGTGCTTGECCATGGATTGCTGCATTAGGT TTTCGT TATCCCCGAAACCCAGCT
122 V L G AWPWI A AL GFRYPRNPA

421 CTTGAACCACTATGGAAGT GCGGAGGT TCCCTGATATCGT CTAGECATGI TTTAACTGCA
141 L E P L WK C G G S LI S SRHVLTA

481 GCACATTGIGCAGAAATCAATGAATTGTACGTGGT TCGTATCGGTGACTTAAATCTAGTA
161 A HCAEI NELYVVRI GDLNLYV

541 CGAAATGACGACGGAGCACATCCTGI TCAAATAGAAATCGAATCTAAAATAATACATCCT
181 R ND D GA HPV OIlI EI ESKI I HP

601 GATTATATTTCCGGAGTAACCAAACATGATATCGCCATTCTTAAATTGGT GGAGGAGGTG
200 DYI S GV T KMHDI A1l L KL VEEV

661 CCATTTTCGGAGTACGTATATCCCATTTGICTTCCCGTAGAGGATAACCTTCGAAATAAC
221 P F S EYVYPI CL PV EUDNLRNN

721 AATTTOGAGCGCTATTACCCCT TCGI TGCT GGATGGEGEGATCACTAGCACATCATGGACCA
241 NF ERYYPFVAGWGSLAHUHGFP

781 GGTAGIGACGATTTAATGGAAGTACAAGT GCCAGT GATTAGCAACACCGAATGCAAGAAC
2601 G S bbLMEVQVZPVI SNTETCIKN

841 TCTTATGCCAGATTTGCTGCTGCACATGI TACCGATACT GTATTATGCGCCGGATACACT
281 S YARFAAAHYTDTVLCAGYT

901 CAAGGOGGAAAGGATGCTTGT CAAGGT GACAGCGGAGGACCACTGATGCTACCAAAGAAA
301 Q GG K DA CQGDSGGPLML P KK

961 TTCACCTTCTATCAAATAGGTGITGIGICTTATGGT CATAAGTGCGCCGCAGCTGGATAT
32. * T F Y QI GV VSY GHI KU CAAAGY

1021 CCCGEOGTTTACACTAGGEGT CACGTCGTACCTCGACGACT TTAT TCTCCCAGCGATGCAA

341 P G VY T RV T SYLDUDT FI L P A MDOQ
1081 TAAtacgattattaatgttatataaatatcatttttcgtatccgaaaagtaaagttaaat
361 *

ttcttattgtgggaaat aaaagat agct anaaaaaaaaaaaaaaaaaaaaaaa

Fig. 11. The nucleotide and deduced protein sequence of the B. ignitus venom
protease cDNA. The start codon is boxed and the termination codon is shown by

asterisk. In the cDNA sequence, the polyadenylation sequence is underlined.
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Fig. 12. Alignment of the amino acid sequence of BiVP with known bee venom
protease. The residues of the catalytic triad (H, D, S) are indicated by asterisk.
The bee venom protease sequences were taken from the following sources: B.

ignitus venom protease (this study), B. pennsylvanicus (A56338) and A. mellifera
(AY127579).

BiVP7} o= A A BolHog W= XE Holry| 959 A,
T, 5y, &5 83 54 2F S 355t total RNAE #2138t9] Northern
Blot& AA&tt 2 A3, 29 13aclH 9 ol A Aol Myt Sojzow
A om b s Tgla ool & A total RNAZFE Northern
blot A4S HASIAS w SolsiAlE <t ok Ant dA T (1
13b). el#g A= o] I ofgHvte] HAS JHAM  ZF BiVP7}

SAoNARE Seldow Injdn= As 52 5 =, 71 Ei¥ venom

- 111 -



M
=
e
k)
il

protease A7} X WA oA WHE o] FAlo 2

AreE,

PR EEE!

(a) o ¢$ b}

TEFIS & &

F & Fatue g
=285 rRIVA m- 188 RN A

- «=Yenom protease E"‘ Venom protease

Fig. 13. Northern blot analysis of the B. ignitus venom protease gene. Total
RNAs were isolated from the fat body (lane 1), midgut (lane 2), epidermis (lane
3), muscle (lane 4), and venom gland (lane 6), respectively (a). Total RNAs were
isolated from the whole body of femail, mail and queen (b). The RNAs were
separated by 1.0% formaldehyde agarose gel electrophoresis (upper panel),
transferred on to a nylon membrane, and hybridized with the radiolabelled 1,083
bp B. ignitus venom protease gene (BiVP). Transcripts are indicated on the right

panel by an arrow.

3) A =& 1R, AvToxl® AvTox29 EA 4

A. ventricosus cDNA FAaxt&8oA] & F4dx mg]x (ESTs)E AAtalo]
o] T 7|Ee Bid SHeEd et FEAdS Bole 2o fFARE grsta
AAA7NALES B3l 23 AvToxlS Anemonia sulcata kalicludine toxin 74 A}

(Schweitz et al, 1995)¢} AvTox2= Centruroides Ilimpidus limpidus

tjo

potassium—channel blocking toxin (Martin et al, 19943 E=& AEA

et AvToxl 42+ Kalicludine toxin® A5A4S HYgsd 7144

o
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A AR, 24009 wEASE =S 80719 ofnxAto R FAgEo] ATk
(9 1da). AvTox1®] opv:=rbd st ¥ toxin® multi-aligns ¥ 14bel
YEeEF ST oA W, Anemonica sulcata®] Kalicludin 7 #Fe} v]as] & o
6712l cysteine 717} & HEF O Qo AuToxle mature proteine 60712
ol i=2to 2 oF 66 kDa2l EAIHY Ao oAdHETH AvTox2 kel 4§
192709 FEALE =9 64709 ofmxAtoew FAFo] gen (2Y 15a),
7]

toxin frAdAFeE 56%°] dEAdS Btk (2™ 15b). o] H4& FHAE 6719

ZF29l Centruroides limpidus limpidus®] potassium-channel blocking

o

cysteine Z+7]7F Q&8 AvTox2l A= 2 HEHO 9Art o A= mature

protein®] 417§ & of|AH ).
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(A)

(B)

AvToxl
AsKC1
AsKC2
AsKC3

AvToxl
AsKC1
AsKC2
AsKC3

Fig. 14. (A) The nucleotide and deduced amino acid sequences of A. ventricosus
toxin homologue gene (AvToxl). The start codon of ATG is boxed and the
termination codon

ventricosus toxin homologue gene (AvToxl) is aligned with A. sulcata toxin gene

(B).

61
21

121
41

181
61

241

[ATGCCTTTCCACTACTTTCCCAAACT GAAT CCTATAACCT GGATCCCTGGATGGATTCCT
M P F HY FPKILNPI T WI PG WI P

GGTTTGGGTAAAGATAGATGCCTTCTTCCGAAGGTAACAGGACCTTGCAAAGCTAGTCTG
G L G K DR CWLL P KV T G P C K A S L
ACCCGTTACTATTATGACAAGGACACCAAAGCATGCGTGGAATTCATCTACGGTGGCTGC
T R Y Y Y D K D T K A CV E F I Y G G C
AGAGGAAACAGGAACAATTTCAAACGGAAAGAT GAGT GCGAAAAAGCCTGCACGGATCAC
R G NR NNJF K R K D E CE K A CT D H

TAA

*

MPFHYFPKLNPITWIPGWIPGLGKDR|CLLPKYVTIGP|ICKA|ISLT|RYYYDKD|TK
INKD| -[CLLPMDIVGRCRA|SH|PRYYYNS|SSK
INKD-CLLPMDVGRCRARHPEIYYYNSSSR
I N|G|ID|-|C|IE[L PIK VI[VG RCRAIRF|[PRY Y Y¥N|L[S SR

L] ®

CVEFIYGGCRGNMNNFKRKDECEKACTDH 80

CEKFIYGGCRGNANNTFHT|LIEECEKYCGYVR 58

CEKFIYGGCRGNANN F[ITKKIECEKY CG VR 58

CEKFIYGGC|GIGNANNTFHT|L[EECEKYCGUVR|S®

® L 4 o ®

The six conserved cysteine residues are marked by solid circles.

GenBank accession number is AY091482.
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A)

1

1
61
21
121

[ATQGCACT TGCACT GCT GGGAT TAACTATTAAACCCGAACAT GTACCGGAAGGCACCGGG
M AL AL L GLTI KPEWHVUPEGTG
AAAGCT GT TGCAGAT GT GGAGGCGCT GGCAT GCGAT CCGGCCCAATGTATGAGGT CCTGT
K A°V ADV EAL ACDUZPAQCMR S C
CCCTTCAATCCCTTCTTAAATCAGTACGGAGGAATTTGTAAAAACGGCCAATGCGTATGC

41 P F N P F L NQVY G GI CKNGOQZCVC

181 GTAAAACCTTCTTGA
61 V K P S *

B)
AvTox2 1MALALLGLTIKPEHVPEGTGKAVADVEAA—DAQCMRS
Climpides 1 I TINVKICT S[P/QlQCLR/P
° °
AvTox2 40PFNPLYIKNGQCVVKPSS4
Climpides 7 [C|K D - R|E|G|Q H|A[G G|K[C|I|N G K C|K|C 36
° o o

W
a8

Fig. 15. (A) The nucleotide and deduced amino acid sequences of A. ventricosus
toxin homologue gene (AvTox2). The start codon of ATG is boxed and the
termination codon is underlined. The deduced amino acid sequences of A.
ventricosus toxin homologue gene (Av7Tox2) is aligned with C. limpidus limpidus

toxin gene (B). The six conserved cysteine residues are marked by solid circles.

The GenBank accession number is AY091483.

v Azg wWEEpelezel B u MEEY % AFAR
ol §7bs A 24
Z7te] Az wFebol so A £4F countingdly Q) FAEES

ARG 7] (0.25%0.25%0.15 cm, 0.05 g)= A23 HF AZwwdl 1x10°
5 9ol Y AR vAA A2 EEE WA F gy g
S & O AE APshA] @2 A% JAFAIRE Yol WY

dEsilon, txzT2A ofdd wWEzuoldas 22 2o ALsto] Hla
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ZAEA T AERA AR5 33 ukE A3t A Aot

WA P rufa serine protease A AE MW F Zufolg 2o AFQlste] PrSP7}
E3E g AE Aiete A wERutolg] = qAAE FrEte] gy
59 s Wdow AFAS dAAsAT 1 23, a9 1694 K npel ol
shiuptel] 5YA 1E]a 694 we ASEHES HIow, HEFE ATEHS 903%E
oFA Y mpolezof Hlwste] = dtt elal oA P I LTxns HW E 5004
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At

Az wFZvte]lel2: ApNPV-AvTox19 #uhvbde] digh 259 (219
17 544 28a 6UA w2 dFHe Bilow, AT ATH2 918T%=
oY wWlFmulole] 29 vlueklS W, oF 20.77%7F = *kTE 23l oAl 7o
LTsS HW X 694 HE H9L o] 12453 Aoz ofAldge H|slo
dEEol mEs & F AU

A7l potassium-channel blocking toxin F&AAFe} FASE FRE A=
AvTox2%® 22 WHow Ax3 HFZno|g s A#sty gaAE & Hsly
s e ® A AA-olA 59A i 64A =S HAFEHS
o, HF A5 9658%=E ok HEe =dv (29 17). 12
b P o] LTsS HW % 7014 R wie} o] 12453 Algte @ ofA Y
H]gfo] 5ol E5k

ool A= S exigua®l AT da L AHA 54 udys = ou,
Az wE=Zutel el ApNPV-PrSPel 75, ok d Wl gE=mufelg] 29k zte]7}
AJA AvTox1¥ AvTox2 Htt &40l "otk 2elunz Avf 454
A2 AvTox1# AvTox2v AFA 24 f&stelet Ats o A
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(a)

== A pHF¥.Pr3F
—=— wWi-ACHFY

Memality 240

cSEEABsEdEEE

1 i 3 4 LI ] T 3 il
Draws after ineculation

(b)

Fig. 16. Insecticidal effect of recombinant ApNPV-PrSP and wt-AcNPV
baculoviruses were assayed against fifth instar larvae of S. exigua (a). S. exigua

larvae treated with recombinant ApNPV-PrSP baculovirus were photographed (b).
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Table 5. Lethal time and death response of fifth instar S. exigua larvae with

recombinant baculovirus ApNPV-PrSP and wild type baculoviruse

Time to death and/or death response
Virus
LTs5 Lower Upper
ApNPV-PrSP 130.72 125.82 135.55
wtAcNPV 143.02 138.29 148.20
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(b)

Fig. 16. Insecticidal effect of recombinant ApNPV-AvToxl and wt-AcNPV
baculoviruses were assayed against fifth instar larvae of S. exigua (a). S. exigua
larvae treated with recombinant ApNPV-AvToxl baculovirus were photographed

(b).
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Table 6. Lethal time and death response of fifth instar S. exigua larvae with

recombinant baculovirus ApNPV-AvTox1 and wild type baculoviruse

Time to death and/or death response
Virus
LTs5 Lower Upper
ApNPV-AvTox1 124.53 120.02 128.95
wtAcNPV 143.02 138.29 148.20
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(b)

Fig. 17. Insecticidal effect of recombinant ApNPV-AvTox2 and wt-AcNPV
baculoviruses were assayed against fifth instar larvae of S. exigua (a). S. exigua

larvae treated with recombinant ApNPV-AvTox2 baculovirus were photographed

(b).
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Table 7. Lethal time and death response of fifth instar S. exigua larvae with

recombinant baculovirus ApNPV-AvTox2 and wild type baculoviruse

Time to death and/or death response
Virus
LTs5 Lower Upper
ApNPV-AvTox2 125.72 121.75 129.65
wtAcNPV 143.02 138.29 148.20
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=% (P. rufa, B. ignitus)® A" (A. ventricosus)Z%E cDNA FHdA23S
AZsta F2E AEE cDNA 97149 Z2AsA P rufadl ASolsE =
5470 1¥]3 A. ventricosus® 7ol 385709 SFEAAA HE FHA mEx
(ESTs)E A4t 4= . P. rufa cDNA A28l A serine protease -+7
2+ (PrSP)E, B. ignitus=+5-E =4 50|42l lipase (BiLP) ¥ venom protease
(BiVP) 325 283l A ventricosus®] cDNA fdA2 o2 HE 279 =

2 FAR (AvToxl, AvTox2)E A wteted et

o

P. rufa=%-¥ %2 serine protease A9 genomic DNAFZ, #d %

22 542 =AM A, PrSP w3 A= & 1,474 bpelal 25771 €] opn] =4t

RAog FZHHJY. PrSP FAAE #EZFZufolH s ZAAIZ SI9 Mol A
31 kDa®] Ex#Fo = e on gelating 7| A28 §4 A ZAHAA S
e T

sur B oignitus® FAASPFORFE AR 54 So)xor Wiy =
lipase FAAE gHEATE BiLP 3% 954 bpolal 3177 ofu|=4toz o]
Folx] Sl=dl, lipase frAdAtellA] Solzom Wolz FHulg el GXSXG A&
g 5 Qv BILP FAAke] didH s obneal MAd v]Eo] Had
lipase¢} Bl S wf, % lipase®t =2 &S 7FAth Northern blot &4l
A BiLP+ o983 b o] A Ao Avt AL o= A oA T w0
Ao w FHlH e F5H A

Venom protease, BiVPE 1,080 bpelx 360719 olmiziltoz A F o
AATE 7]Eol B aE protease$}e] AEA WM BiVPE Apis mellifera®l

venom protease®} 61% %2 = A YELWY Y. B. ignitus BiVPE v 93 14719
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cysteine F7]7F & HEZFo 9Tt Northern blot ¥4 A3,  BiVPE

ol bl AAAw wdo]l dojyton, FHAAME W] HXA
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A3 d AEE Az HEzvolH e iRt Al

o5 32 AA s

7h 2F AEE o8 AT wEEnkoly s At A
1) Sf-9 2% Axe] dAMGS FI A3} wIEmutolglx iz

HEZulol g A AFte] ry[xHo=w o] AEEHE Sf-9 EFAXEE
NEAER AdAsidlern,  oflF wlEEntold~ (AcNPV)9F  Axd
g Zulol2l~  Btrus—pl0lAc (Bt crylAc S4& FHAA7E Add
Hl & Zutol e 2)E Ab&ste] Az tig 7| 2ATE T35

7}) Spinner flask Z7 A2 Sf-9 &% A X seeding® ¥ growth ZA}
T75 culture bottleol ] Z2]¥ Sf-9 =% AIXE 3000 rpmolA 5% Fof
AR 3] cell downs 3 % FBS (fetal bovine serum, USA)7} 7t
TC-100 ¥]A] (Gibco, USA)Z A & spinner flaskel]l Z7|D%=7}F 1, 2, 3, 4x10°
cells/meo] HEE HEste HF working volumes 250 mlZ vl &sSd

24X 7F YA o2 MZ o] 04% Tryphan blue® viable cell countE 39t}

}) Spinner flask ZAoA Sf-9 ZZ=ANE seeding@E W FZuvfo]g] ~
%
T75  bottleoll 4 2=

wn

-9
QAR cell downs ¥ F FBS7F 7€ TC-100 #1A (Gibco, USA)E

rid

FAIEZE 3000 rpmelA 5% F<L

WA & spinner flaskell Z7]E=7F 1, 2, 3, 4x10° cells/mio] H =2 HE3}o
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3 cell WEI} 6.0x10°

o)
ofN

H% working volume 250 m(® W] %FE AT}
cells/mol =E3&dS w ofAF wWFEF=Zulolel~E 10 MOI (multiplicity of
infection) 2 HF3sAth MY €5 ¥ membrane sonicatorg ©]&3te ThZHA
(polyhedra)& cellelAl &2 2 #AMAIZI §  hemacytometers  ©]-& 3}
QA F=E A

t}) 5L Bioreactor 2 oA Sf-9 3= ol A ulj o

=
719 paddle type impeller’} 2% bioreactor (koBioTech, Korea)$}t

BN

marine type impeller7} &2 HAE  bioreactoroll A9 &AL

% 3,000 rpmelAl 5% <k LAEESA cell downs g ¥ FBS7F H7bH

TC-100 ®i=] (Gibco, USA)Z x| & 5 L bioreactordl] 2.0x10° cells/m(2]

P

)

JNHUER HE T working volumeS 2.0 LE 3ol wjkstdnt. HE & 24417

s

Ao R 04% tryphan blueZ viable countE 3ol cell growthE FAtstsdch

—~

® 1.

Table 1. Culture condition of Sf-9 insect cells in 5L Bioreactor

Main culture Sub culture
(5 L bioreactor) (spinner flask)

Working volume 2L Volume 250 ml
RPM 30 RPM 40
VVM 0.02 VVM -

DO control - DO control -
Temp.(TC) 27 Temp.(T) 27
Feeding - Feeding -
Seeding volume 4% Seeding volume 1096
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2}) 5L Bioreactors ©o]&3% ofdF B AXF  wlFEnfollx
Btrus-pl01Ac A4t

250 m¢ spinner flaskE o] &3}e] Sf-9 LEAEXE =2 § 3000 rpmol A 5%
st AAEEete] cell downs ¥ F FBS7F H7be TC-100 WA= wx] +
marine type impeller’t Z#® % WA E 5L bioreactorel 2.0x10° cells/ml 2]
Y2 seedingdt & working volumeS 2.0 L=z 3slo] wjdsisitt. 25 A2
FEZE 6.0x107 cells/mel Edstas W opAF R AR wEzulolH s
Btrus-pl01AcE 10 MOIZ HIEsdoh wYd 45 F o2AE FAsHY
membrane  sonicator®  AF&3te]  celllA  OAAE ®E 2 24 &

hemacytometers ©|-§3l] Oz 455 FAFSFS

2) Az WE=Zutolg 2o AL TS S diFAAE AxT 7
ofAFE  HIFEwlolzla = 7] ARF HFZvlolzl~  Btrus—pl0lAcE

ALE3 old  AHE AxE vigoez A Wle]  AHEsm AxF
W F&Zulol#] A~  Bactrus (Bt crylAc &7 Add ofAF3 HE

WEzutelE 2o A P4 B F dE wF AEFE G

7h dEujdz A 25 AEFE AT v
T75 bottledl 4 F21 %5 5F 79 ZFA¥E, Sf-9, Sf-21, Tnb, Se301, High Five

r

ZHMAEE 3,000 rpmoll A 5% &< YA EE 3] cell downdte] fresh mediaZ

WA F T25 bottled] Z7|WE7F 20x10° cells/mio] = %2 FE3Hth Sf-9,
Sf-21, Tnb <FHMXEE TC-100 (supplemented with 10% FBS), Se301
SLEA X L-41 (supplemented with 10% FBS), High-Five ZSAXE

Express—-Five Serum free mediaE AF&35F . 27C Incubatorol Al vl &F3}H A
24A17F FA S 2 haemacytometerE ©]-&3Fo] viable cell count (0.4% tryphan

blue staining)Z &} 3 th.
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W) g3 zAcdAe] 2% AxFdE Az wEzviolels A

T75 bottledll Al S E 5579 &% AXE, Sf-9, Sf-21, Tnb, Se301, High
FiveE 3,000 rpmol A 5% &<t A28t cell downsle] fresh media® x|
S T25 bottled] Z7]1WE7F 50x10° cells/mlo] ¥ %2 FEaFch Sf-9, Sf-21,
Tnb =% Al¥X+= TC-100 (supplemented with 10% FBS), Se301 &% AX+=
IPL-41 (supplemented with 10% FBS), High-Five =% A¥+ Express-Five
Serum free media® A&3Ach #5 AlX HFT F Bactrus budded virus
(BV)E 10 MOIZ HZFstth 27C Incubatorel Al 6¥43F wlY & ZTAXLE
membrane  sonicator®  30x7F 33  #Hdte] wAAE  FEAD OF
haemacytometerE ©]-&3lo] tzZtA| =S ZAEA . AR oAU e Az
i s Huer] 98 4 AR Td"S FHetel SDS-PAGEE
st

oh) AAujFzANA Y] 25 AEFE Y v
M X Sf-9, Sf-21, Tnb, Se301, High
oF YA E 5t cell downsle] fresh

media® A ¥ 100ml spiner flaske]l Z71"LE7} 2.0x10° cells/mlo] = E=

T75 bottledl XS24 55/ 2%
5

Five &=ZAXE 3,000 rpmellA 5%

HEsFA T Sf-9, Sf-21, Tnb &% A|XE TC-100 (supplemented with 10%
FBS), Se301 +#% A X+ IPL-41 (supplemented with 10% FBS), High-Five

rH

% M| X+ Express—-Five Serum free mediaZ A}&391t}. 27°C Incubatorel A
40 rpmO. 2 WEFEFHA 24A1 7+ 7+A © 2 haemacytometerZS ©]-83}o] viable cell

count (0.4% tryphan blue staining)Z 3} t}.

2h) AAE AN ZF AEFH Az wFEulolels ik
H] 1l

ol A uf ol A Uz 3 AH-SS H<Q High-Five, Sf-9, Se301 % A EF

ﬂllﬂ.l
=
N
Ol
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bottledl A 521 & 3000 rpmel A 58 F<oF dAE g slo] cell downdte] fresh
media® #A ¥ 100ml spiner flaske]l Z71"W%=7} 50%10° cells/mlo] ===

HAEegoh S-9 &% AMXEE= TC-100 (supplemented with 10% FBS), Se301

rd

% MEE IPL-41 (supplemented with 10% FBS), High-Five &% A

!
fr

Express—Five Serum free mediag® AFE3t3Y. &% HME HF F Bactrus

BVE 10 MOIZ #H=Zst9tt. 27C Incubatorel A 6UzF v & &&= AEE
membrane  sonicator®  30&3F 33 EHse ggAE FEAN OF

haemacytometerg ©]-&3te] tAAFE AteAvh. Aitd dAAWe] Ax=F

Mg ndge wwstsl A 74 ARe FAFL Astel SDS-PAGES

3) ¥ High-Five &% AXE o] &3 Az wF=ntolej~ A4

BN
o

AR el A gk AN Al High-Five 2% Al

=]
i

ol-gste] HiolYAa HITTE B AXxsEe wE Axg HEz=upoldx

7h AR A wEFEuolglx HE s UZHA
Ak vl

A Fel A S HlF=rtolg = AAAEES K<l High-Five 2% AEXE
o] &3ate] miolglx HFEEWE vA AAFES sl T75  bottleol A
=213t High-Five &% AXZ 3000 rpmelA 5% =<t ARG cell
downdle] fresh media® #A ¥ 100ml spiner flaskel Z7]"W%7} 50%10°
cells/mto] HEE HEsth High-Five &% Al¥X = Express-Five serum free
mediag A&t th 2% AE HF § Bactrus BVE 1.25 25, 50, 10.0 MOI&
JE3tATE. 27C  Incubatordll A 6¥4zF HiYg 2% AMEE  membrane

sonicator® 30%7F 33 EH3te] yA4AEZ FEAZ F  haemacytometer=
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olgatel TaAFE zASNT ANE TAAUe] Az wud wERe
Watels] §6 72 MRS $UA%E sk SDS-PAGES FaAslrh

) Ao 25 Alx Ui mE opzbA Ak vl

A Fl A S wlF=ulolg 2 AAAES K<l High-Five &% AEXE
olgatel wlolela HF Al wE AX Wme] W thzbA AuEe vasigr.
T75 bottledll A F4]3F High-Five <% AXE 3000 rpmols 5% &<
LA R3] cell downdle] fresh media® A % 100ml spiner flaskel
Z714%7b 1, 3, 5, 7, 9x10° cells/mee] =% HFESSIh High-Five &%
M E+E= Express-Five serum free mediaZ AF&3ttt. ZEME H%E 5 Bactrus
BVE 50 MOIZ #HZF3s9th 27C Incubatorol A wjdstas 2447 W=
WS A #% AXE membrane sonicatorZ 30%3F 33 3 3tA

Oz S F& A7 ¥ haemacytometer® ©|-&3}o] thzZA|45 ZAMSA

Ag7A el 2F AEE & Az wFz=wpolExe Az &4
ATe BT 83t auvbe 2% AE wiY wiAE ARE Skl kARl o] g
FRE WA= A w98 Ve ATA 98 b= AAAe] yo}
F7HA o ®m AZEE A Jide]l dad Aol wekA Y|Ee] v HiAE
qAE F e AVFE AFuAE Sf-9 25 AEe High-Five &5 AXE

o HES

7} Sf-9 2% AlE wj g AVF TuiA HE
71Ee a7ke] g A TC-100 + FBSolA F24%HE Sf-9 2% AEES
AAqAoZ AES AHdEd A2 JATARe +£31 (adaptation)E 13,
71w A ok IS Zb2y 1, 13, 177, 19 (vv)E A deuiA e F
sEAA S99 2% AEY AFEFS AEATE ZIEWA AEFaA 9
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ZlA] 4 mlE T25 culture bottled] ¥& F Sf-9 2= AX 10 mle

seedingsh= Al ez ol s

ol

) o1& HiA] 7ol A el High-Five Z5AX 9o A5
71EY SS9 %5 AEE Ve A7EE AdFuix AFE AyeH ot

>

FHoz A g diFgAAL 2ol 48 7beAol &2 High-Five &%

A2 E Adge] wet High-Five &% AlXE tdo= 7|&Ed A9 A=

441 High-Five &% AlXS 7] A" Adgujxl %&3s7] 98 High-Five

=Z= AXE wjkg A8 wjxel Express—Five A<} 7] A ol-gu A ¢

sEHES 1, 133, 17, 119 (vw)e &2 HA AFujA Y &F& =2 A
High-five % AX9 <35 AP35, 31 o]F High-five =<5 AEE

AT A S AFEEe]  T25 bottledl Al 7] FEUE 20x10°  cells/ml =
l

o
2,
tlo
ol

Fol 712 wlx] (Express Five serum free media)9}9] A% A H&

o
WAt AE S FARE 04% tryphan blueE AFE3}o] viable countZ
[e=]

th) aFuj A AN Az WEZuto] e A Bl
High-Five &% AMXE 7] Awd AFux= o] &35te] T25 bottledl A %7]
AEUE 50x10° cells/mZ AE3 & Bactrus BVE 5 MOIZ HZ34t}h 27C

Ml ¥E membrane sonicator® 30%7F 33

ofy

Incubatorell 4 647+ wjek & =

243t d4AES HE427 ¥ haemacytometerE o] &3lo] OAAFE
Ak ALt A e Az dwd Sd s vastr] e 2 AR

TdFS Fste] SDS-PAGEE F3 33
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U 25 F5E ol & Axd wERdold s dFEL A

)

D) sty AR 9T

7h g deabs A
Sl FALR S A= FHF9 AgarE WA g£7)o o] Y1 #< F 80T
L oA Wheat germ powder, Yeast, Casein, MPHZ Y1 &£%3% t&
55Colst= 213 & Vitamin mixture, Sorbic acid, L-ascorbic acid, Mineral
Mix. & Y3 15 &35k vpA 2o 2 Linseed OilS 9
NaOCl (74.4%) 1008 3]AHe] As F Az Fopx 5 al
A2 =3on, 2AE AFAREE W Bastw ARgstal, 79 A
#H 7] skl vk. AFF87] (petri dish) = 13] AFE § #H7|stlom, Alg Hag7] 2
ARl AFEE = == NaOCl (74.4%) 1008 = 12413 Asshar, AA e
AeEE (70%)2 AHEHSF A 9 dxsto] AR, A€ RS ZebA

29 g2y AR (A4 4 om, E°] 4 cm)dll ¥ &7 & 19k
MAAS st Ael & MAGE 2 504 skl Ak Ae] 2 2
256£1C, F%=E 60-70 RH, #F71= 16L8DAoH, #F AEE, F5713L

&3k, &7, §71%, 88, AT AEVIN 58 AT AlEel AEd

£
=
D.',
e
i
okt
ok
~
2>
_qo
i
o,
"
e

MAASE7IE ol &ste S E&AAWAAA ti=FFASe AFsA] Xa7]
o] HeArES f1g &7 dE9S 98 AAANSE &VE uxE FeaE
€71, petri dish® FH& AMSES 8o Fg2H &7 (13x21x7  cm)ol
VeSS 23 AFAEE ¥E F 18 §F 30, 50l E 44 HEs
petri dish (@85x1.4 cm)oll & filter paperE Z1 AFAIRE €& & 18 H

srkelE A 4 ALen 18 #F%5 & 150704

il
>
Ho
o
2
o
H o oofu
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24X ke F5E s g, AEeS A

Table 2. Artificial diet for rearing of Spodoptera exigua

Component unit Diet 1 Diet 1T
D.W. mé 500 560
Agar g 10 16
Wheat germ powder g 54 120
Kidney bean powder g 54 -
Yeast g 29 16
Casein g - 16
MPH g 2 2.4
Vitamin Mix. g 1 4
Sorbic acid g 1 1.2
L-ascorbic acid g 6 7.2
Wesson salt g 4 6
Linseed oil ml - 2
Formalin ml 2 -

2) Add =AM sy FF& o183 Az wlEzEnboly s

zrpolgse] AL oA HFTHFE AR FA



7H AxE WEZvtold s HE:H d AN vl ]
Mz wFREuloly e A NFATFE s A FAE  wpole

HELS pipettez HFToh= WRlez AdS JPdedv. St dF

>
- —_
il

(Diet 1) block (2.0x2.0x0.2 cm)< diet cup (XF 9 cm)oll ¥ F A=
H & Zulo] 8] 2~ Btrus—pl0lAc (Bt crylAc &2 49, Btrus—pl01C (Bt crylC
A AF)e ®oute]ly 29l oS wFEEubole] =9 trZbA|l (polyhedra)E
AFALE 1 blockd 7H7 10°, 10°, 10°71% pipetteo® HEs gk HE F
12/ A% AFARE 12 F AU 7o A5 sy 38§55

S 25ColA mpely = AN S FALSE T
AYe 3WrEow ldsiglon, whE o 20mte]H HESATh 19 (HASE
IAbE 99§ AMAIE st A== AMA

=
5SS AN ¥, MDA B4ASFE hemacytometerE o] g3t dn|AFow

&
il
BN
>
_0|L
B
I
o
>
ol
o

W) Alxzd MEzutolel s A d Ak Wl I

1% wholels HEWE (pipette o] 8)] AEHL ol e BE
AEPPos WEYUS WAsel 2¥S AARAt. B AdAE dFA

#rz AnE okAlFs AZF wEZulo]ly 2 BactrusE AMgstth spubug
A& block (2.0x2.0x0.2 cm) 170E diet cup (A& 9 cm)ell ¥ & AxF
W& &2 ulo]l ¥l 2 Bactrus ThZHA @egrel e 107 10°, 10° 107, 10° PIBs/ml= ztzt
ZA} F AY 2ZoE o&dd BEFIAT. HE F 12470 A=
JATARE Ax F Aol FdASe Iy 38 35S AdTAE 1
blockd 10 wkg]¥ €& T 25TCoA vlolgix AAMAS =
3Rk o7 st om, vk 3 30vtH HFEFSATH 19 R Al
TAbetH, BE Aol AAME 7H 5 AHAIE FAst A=E AN B

=
AA F AAE BzZA =S hemacytometerS o] &3le] dn|g oz FALSY T
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) AR H7HAl H7ME S wWEEbtolg 2 ALY S HE
ekt Q1 FAFE block (2.0%2.0%0.2 cm)E diet cup (A& 9 cm)oll €& &
FAF wlgEulelex thA] 10°/M9h AbE HZFAIRA boric acid 1% FEi
stilbene 1%& &3ste] AFALE pipette® HFE3Ah HE
JEAEE Ax 5 AelA FiAbSE s 3% 55 AR 1 block
g g el ¥ 5 25ColA wtolelx A4S et APe 3RO R
F20vkEH HEFSIAT. 19 A SR AMSFE AR

RE AFol AME 99 F AAE FAS] AZE A BEES AA F

i
—
0
>,
)
o
b

A ¥ tZEA 45 hemacytometerS ©] &3to] du| g o2 FALEA T

e}) AR 7FAl Boric acid el wE Axg wlEmvlol s Ak

H]
kb ol FALE block (2.0%x2.0x0.2 cm) 170 S diet cup (A& 9 cm)oll €&
% 10" PIBs/m= ZAS Azx3F wlFZubole] 2 Bactrus THZHAl @Eredel] boric
acide 1, 2, 5%% Z4 ¥ HAF HIAe 29 2zZdols ol&3Hd
Hrstdth AE F 1247 AR AIARE dx F AddA oAb
38 frES ATAFE 1 block? 10 #hel# W& 5 25CellA Hiolef

s ARG APe 3wEo®r  JPsgon, wE g 30mtEH
Z

AAE S FAG] =2 A BEEs A, AdE gAAsE
=

hemacytometer® ©|-&3}o] &n]7d o

AUz AdAdd AdxAS Atgez pilot E3GAM S AAAH
(FNAES] d=5s Wof Astslon, pilot =M AEA DI A

BAMA 89 dE}e] AF YWEAS FANGL £I59

1%
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AdAs =Z7] (BEAFSZER7AD 3x3x05 cm)9 disc HER A

W& 2ol 8] 2 Bactrus ©hzhA dg9lS 1x10° PIBs/me, 1x10° PIB

s/ml, 1x10°

PIBs/mle] T=2 Z}Z ZA st AFAR discoll EFHF sttt wlolg
HFE o= nlolzlze] HEES  foldtAl 317l Y3l boric acid 2%E

A7rstath AFeol B AFAR discE LAAMSE 871 (petridish, A& 18

Aol HA &=

==
ARAANS £7] (10vFE] /petrid

= s,

ish)ell ¥ 3

o
25ColA #FAS F=aAth 1% $F 8Y Fo HAFS FAst npely~
=

0%
o
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o
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ofo
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ot
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_|>L
fol
o
oX
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2
off
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S
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o
i
ol
N
Ho

ot

Hholel 2~ HITHFHS A pilot AEES HdATE ATAE (Diet 1) 4A
A7) (BRAANSZEA 3x3x05 cm)9] disc FElE A2 F Ax2g uw|F Zvlo]y

Bactrus ©hztA] @ealS 1x10° PIBs/ml, 1x10" PIBs/m¢, 1x10° PIBs/ml 9] &%=

7tzy ZASe] JAFALE discol B HEFSATE mlolgi~

1

Do

h

g ol =

nlolg 2o HEE &o|3HA 317 93te] boric acid 2%E H7FstAth. HEFol

By QAFALE discE: UHAS &7] (petridish, A& 18 cm)dl 474 €& &
07t S1ste] Hgxde] HA ZFEHF AT AFAIE XA F gnbu
38 FE5S 2HEAS £7] (A0vHg/petridish)e]l Y3 25TAA  HAS

seadt. % F 82 Fol pARL sste] volgz

haemacytometerg A}b-&3Fo] FASFA T
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) E A&7 Az MERbbold 2 YA

AR B (HAAIR)E 9Ag A7) (3x3x05 cm)o] disc FHHE A& &
A z3 WEZvtolel 2 Bactrus THHA] gL 1x10° PIBs/ml sX= 2 %A 8}0]
AeAb: discell EFHET stk wpolyx HF A= niolgze] HAFEE
&olstAl 3t7] $138te] boric acid 2% 5 H7FelAth HEol & AFTALE disc:
HE ARFE7] (15%25%5 cm)ell 3704 92 F 30w7hE srdete] Aol
HA FRE AT leAts A4 F oSuud 38 fEs 2HAS 8710
200mte & Wil 25CeA #HES #F=E&AT HE F 7Y

=

H
TA3Fe] vlo]l# 2 AJAHA S haemacytometerE A3}

¢

o

o Az M o] Az g zntoly s dFad HA

1) Bt=4 & A3 wWEZvtolxe] d5ay HA
Adl AFay AAES fdE AFEE AxF wE=Evteldl 2~ Btrus-pl0lAc,
Btrus—pl01C, ©FA4 W& 2ol 2~ gty 38 FF& o] &3t

BArske T

N

7h AxF wWEzZutolg o] mFE el dig AFa ) FAAY
A3 wWEZrte] g~ Btrus—pl0lAc Yzl E saline solution (NaCl 85 g,
K:HPO; 6.0 g, KHoPO4 3.0 g, Tween80 0.02%, H,O 1 L)o.& 2zt 10° 10°, 10*
PIB/m = 343 oo AE 7 cmE A2 od wFIS 30x3

)

A ¥

AL A HAzxEATE xR wFAS filter paper’t 28 & petri-dishol] ¥ il

AW FOAST wFELT 239 §39 15vhe/MEy guzow
Az A% 2, 394 AF5E Al A2EHE B

W) A= E2atolef o] spuhvhgel] tigk AEast A Y
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Az WFZulolg] 2~ Btrus—pl0lAc, Btrus-pl01C B4 A S saline solution
(NaCl 85 g, KoHPO,4 6.0 g, KH.PO4 3.0 g, Tween80 0.02%, H,O 1 L))o= z+z}h
10° 10°, 10" PIBs/m¢2 34 & golo] A 7 cmZ A2 of¢ wjFAS 3023
AR F AR AxstATt. dx" wFdS  filter paper’t Z#E A
petri-dishel 33 AWelA FiARSE v 28§55 167 /vHEA
3wt o7 HEsgdu HE F 1, 2 3, 4UA o] AEFE FAEY] AFFHE

Bkt

o
>
ot

oh) Az W FZvtole] 2~ Eautsgyitel g AFav g9l
Nz WFZulo]lg] 2~ Btrus-pl0lAc, Btrus-pl01C B4 A2 saline solution
(NaCl 85 g, KoHPO4 6.0 g, KHsPO4 3.0 g, Tween80 0.02%, H:O 1 L)o. = z}7};

10° 10°, 10" PIBs/mZ 3|4 a g do] A& 7 cm=zZ A2 ojd 9019 30%7H
AA T FedA dxsdvh. AdxE oS filter paper’t ZE A=
petri-dishell ¥ 31 AuA AR S Egnisyut 2-38 5

il

i %
150hel /oA 3ukE o Atk E F 2, 3 4 5U%el AEF

2h) Az wWE=Zvtol g o] AMu Yol thE AF gy SIAE
Azg vlF=Zntolzl 2~ Btrus—pl0lAc, Btrus-pl01C ©ZAES  AA v vyt

AF A=l Z+zh 10° 10°, 10" PIBs/diet (25x25%x05 cm)@ AH@d & filter

paper’} 7ZH# Q&= petri-dishell ¥ AAR U 28 535S 15718 /diet/HHEA

o w  HFsAH. 3, 4, 5 8 Fol ATFE IAlSel dFERIAES
Fetst it

2) Bt=A2g FHiréhs oFAF3 Axd WEzutole el AR HA
Al AFad AAe fd AbeEE obFEr Alxd wlEZnko]l¥ & Bactrus,

opE HERutelH Ae I 3% fFEe olgskel ST Bactrus

i)
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Ak flall AREF BVE dlolds & AA § 3 AdE 713 bleld A E

7h ok F3t H= Axd wlEZAte]g A (Bactrus)e] wiFEubgel gt

Az wFZ24lo] 8 2~ BactrusE saline solution (NaCl 85 g, KoHPO4 6.0 g,
KH-PO; 3.0 g, Tween80 0.02%, H.O 1 L)z 72z 10°, 10%, 10°, 10° PIBs/ml &
Mgk gde] AEF 7 cmZ AE od #FAS 3027 HA F AFddA
AzeAn. AxE wiFAS filter paper’t Z8 Y& petri-disholl ¥ Aol A
FOARS S v FEF U 2-39 S 16vbE/RbEA 3R o R HJEFet AF

2,3, 4 4 BF5FE 2ASe] AFENT BUHIUL

) orAFs = Az wEFZulo)lel 2~ (Bactrus)e duupule] o) sk

23 wEZ¥lo]#H 2~ BactrusE  saline solution (NaCl 85 g, KoHPO4 6.0
g, KH,PO, 30 g, Tween80 0.02%, H.O 1 L)e= ztzt 10°, 10°, 10°, 10°

il

PIBs/m(E 3|43 gdo] AE 7 cmE AE od wjFIS 307 A F
AL AxsATE AxRE wiFEA S filter paper’t Z8] Q& petri-dishol] ¥ 1L
Aol A FoARSSE Syl 28 §5 S 15vtEl/RbEA 3ntE o2 HE 3T

HE 2 3 4 93 AEF5E 248 AEFans dusigh

oh) opFE HiE Az wWEZvlolzls (Bactrus) Aol wE
ofR T3} Eel
obyF3 A2 wlEFZulolY A Bactruse oFFI ALE s 94
Sf-9 ZFAEAA Y A 3o wE AxF @A (recombinant fusion
protein)®] W& wWstel oo wWE wjFFipled i HdFEI WHstE
B

v%_
AESA}. Bactrus EdAAAF o= =4 23 BV (Passage No. 2)&
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Sf-9 6x10° ccells/ml FE2] 2% Axo] HEFT F 49 Fo] BVE 3o
end-point dilution method (O'Reilly et al 1992)E o]&3te] BVE A3
Zkzk 1, 10 MOIZ ZgA oz AdE gse] F 11AH7EA st
247ke] AgAelA 33 gztAE o] 83l9 SDS-PAGEE F33d%le
FA W FEETe g3 AEE IS #$987] 98] 10° PIBs/larvag A3 F
2970l AEFE sl HEET WEE Bl

_i

AU A5ay AAES fd AMgd JAdE g4 AR wWEZRbloly s
Ac307ProAalT+ High-Five &% A X2 o] &3lo] dAAujeko g Aaks A g =
Ao AF&3F T

b ALE S Az wFzbtelg 2] wjEE el e AEF I}

AnsE

no('

F AZEI vF=2Zvlo]E 2 Ac307ProAalTE saline solution (NaCl
85 g, KoHPO4 6.0 g, KHPOs 3.0 g, Tween80 0.02%, H.0 1 L))o= 1x10°
PIBs/m= A3 Alg A AE 7 cmZ A2 o vjFdS 30

P

2

e}

A
oo HAxeUnt. AxHE wjF AL filter paper’t 2 = petri-disholl ¥ 1
Aol A FARSE W EFESU 2-38 F5S 16vbE/arE 3diEow

HEFstA. HF 2, 3 da AFFE A6t dFaaE ddsiinh

i

W) s ot Axd wWiEZatole 2o spnrupel] gk s
A5 gF Az wlFZvko]g) 2 Ac307ProAalTE saline solution (NaCl
85 g, KoHPO, 6.0 g, KHoPO, 3.0 g, Tween80 0.02%, H:O 1 L)z 1x10°
PIBs/m= ZAS Al@ A AF 7 cm® A& o wjFdS 3023 A

o

Ao AxAt. AxH #FAS filter paper7t Z# 9= petri-dishol] ¥ i1
Aol A FojAbS g gty 28 f5S 16vkE]/Hh e 3ubE o s HE Skl

HE 2, 3 A A tol A avs Adsidth

mlm
ol
£

ZA}
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2 APt A+

D AE3} 712 A7 DL HH AAE A
ofAF3} A ZE HlFEZulolg] 2~ Bactruse| AlE SEAE FE3Y] FAEAAZ
A4S E3 2% A4 (1x10° PIBs/g)E Fnd & Fgasl A5 shA 9

AS A s HESHA

7h AWz7el A UV protectant™® A3 & 7ol tjgh b4 vl
wWEFzZulolg 2~ BadA (1x10°  PIBs/g)9t UV protectant® &3t
(tank-mix)8te] wFo] 747} 1x10° PIBs/ml + 100ppm %2 A3 F 50
cm  =ololA 300W sun lamp (ULTRA-VITALUX) 47/0E 40X+ &
H FojH ok UV AHE7F 9 wFdS AEF 7 cm® A2 F filter paper”t
29 petri-disholl Aol Al FojAbsg sl 28 fES

g
15ukE]/RkEA 3gbEo®  HIFSATh HJE 5 7 dx AFFE FAFEY

iy

W) Al HA AAE A
g A 2ES Falo] gakd 9 (1x10° PIBs/g)E AH&dte] F8kA1S
A A AT, FHAE ammonium sulfateE A3 o, AA EYA FHE

A, REAE AFEsAY 9 ARES 39 air millingS

do
%
Shd
24
2
oy
4o

oh dgstal 2HH ARE A
g A2ES Eze]  Aak®l dA (1x10° PIBs/g)E  AME3}]
ANFF3A S AA AT, FTHEHAZ ES ALEsdon, AAd EA R

SAA, FEAE AT 9 dRes &9k

s

LAYAE Sl AHLAG A

)
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ball millings &3 Ags Y=E s

2) AH AAEe] A e bAA Bl

HE AdE AAES AezA (25T0)d BAsHEAM 3E tFow ARE

ul, HAslE A A Ee] ofz oAl Azt
1) ofe] AFa¥ HE

70 shdbubgel gk ofe] ASAY

TaA e} A FFEAE o] Gsto] EFECNAM FRbrbdel e
WA ZARE AESAT AFdEEL A7 FEe] wF el ol A Al A el =
dYys= wF (FF FHE)E e A
AMAYEES A (9/15)% F Z4zbe] AAE 500M = 3|4 ete] SHEFIE
ARgstol A 209 el el wiFell 200 L/10a%] =& o
B9 F 5 (920, 10 9252 Fo 8 7 JHUd AT FFTFE

2Abste] Aol BAEAE AR
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™
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ol
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2
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o
=
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—_
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2
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) i E el B oks] AFAE
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L/10a8] £z A9l 13 A=t 2948 F 30 F (79 78 9
MEEY A% F35E 2Askel Agee YA RSE PES

2) oz A ] oFF A AT
Az EEutolH 2~ A9 AFGstA o] 7] ARbE UV protectant (SLS;
sodium ligno sulfate)E A} s}o]

Az AAE Fel>dol Au=E Q)

Hj ol EFAEE 5 0dd, 3¢, 74 Zepo] Azl A
petridishE& °]-gste] sy 28 FFo i WAEdE HESAGH
dEade Y #3HE 5Y ¥ AST
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T AZE o] &3 AT AFzutold s RN AT

1) Sf-9 ZFAEY qAMGS T A wlFzutolg o A

Sf-9 cell?] seeding®<S 7}zF 1, 2, 3, 4x10° cells/ml& 3ol o) u)j ok
A7 1x10° cells/mz HES 25

7}) Spinner flask 7oA 9 Sf-9 ZE M E seeding™® growth XA}

rr

7

e
o

o =
& 3

of Ha Ww=el 1.0x10° cells/mlol

=ehsl Wb seeding@ol 4x10° cells/m?l A $olE 39 whe]  H g o]
Lgste], HEHol BEFE wgrite]l @Y= AEFES HAn (¥ D).
a2 seeding@o] ESFE ALEEHE seed celld] HiSE7|ZF H O owix] A Qo]
WolA+= Aoz FAudHEc AN ZHANAE 20% N7 A -3 seeding B &
FdE L scale-upE A 1 PR wel =79 ®Heko] o s Aolt)
10
E
Z 8T
3 ——10%
8 L
i
2 —4—20%
bS] ——30%
Z 24
—=—40%
0 day 1 day 2 day 3 day 4 day 5 day 6 day 7 day

culture time

Fig. 1. Sf-9 cell growth in different seeding volume in spiner flask
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1}) Spinner flask ZAolA Sf-9 == A ¥E seedingwd HWF Znvlolg] X~
YAk
SI-9 2% AxX HI:Hd AHAgle]l AEEZIE TS A7) o=

Hgzrtolef 27 HFHAJY] wiiel W= s vzt 448 Ao

7)
A HEFo] BSTFE MgrIte] ¥ dEFHe A4S HAY (F 3).
3 seeding @3} seed cell HIAIZF 2 XA Qo AAB/AES ugs & uf

44

7z ok 1.0-2.0%10° cells/ml 2 FhekE o}

o
he

Table 3. Production of wild-type polyhedra in different seeding volume in spiner

flask

Seeding volume Cell density in time’s of Dose of Culture _
.. . . . . Productivity

of Sf-9 cell viral infection infected virus time
(PIBs/m{)

(cells/ml) (cells/m¢) (MOI) (day)
1.0x10° 6.2x10° 10 7 2.1x10°
2.0x10° 6.3x10° 10 5 35x10°
3.0x10° 6.4x10° 10 4 2.4x10°
4.0x10° 6.1x10° 10 3 2.5%10°

t}) 5 L Bioreactor Z7 oA Sf-

9
71¥ paddle type impeller®t} +% W

-

arine type impellerE ©]& 3}

m
bioreactorol Al XLF A X7} kA o2 F2AEHTE paddle type impellerdl A&

ZoAE =gAY FHS FA Ee 92 mm 23OA ZIAES
ol FHAZIA Reks SAeR el ZFAE7E mlEEdd A o
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Y
i)
rir
Jm
o,
o
o

o= upEbA AAu LS ¢ 3 bioreactorol] A= paddle type

impeller2 AF£3}l%9 Tt marine typeg A& A ZFAE7F ojgd A A
T HFHEe dA4S BYgon, T3 kA A AXE F4S By F%
ZEAEL HHEFWEES Y= marine type impellerE A& oyl =
Aow AGEAT (¥ 2, 3, 4).

(a) (b)

(c)

Fig 2. Paddle type impeller (a) and modified marine type impeller (b, ¢) of 5 L

bioreactor.
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Fig. 3. Circulation of insect cells in current bioreator (left) and modified

bioreactor (right).

—B—marine type

—6—paddle type

No. of cells
(x10° cells/ml)

= N W s 01O N @

0 day 1 day 2 day 3 day 4 day 5 day
culture time

Fig 4. Sf-9 cell growth in modified 5 L bioreactor.

2}) 5L Bioreactor® o]&3 ofAlF H AxFg uwEFZdlo|y X

Btrus—pl01Ac A4t
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AcNPV ¢} Btrus—pl01Aczte] thzhAl Aabek zpols #o)A4dS HolA gk},
AA Aoz npole 2o AAFL ok 15-23x10° PIB/mZA] spiner flask %713}

2 abol® molx BskTh (E 4, 1 5).

Table 4. Production of recombinant polyhedra in modified 5 L bioreactor

Virus Productivity (PIBs/m{)
Wt AcNPV 2.3x10°
Btrus-pl01Ac 1.5%10°

PR TG

3 F

| " ..
7y S B

mEEdy
S8

(a) (b)
Fig. 5. Wild-type AcNPV polyhedra (a) and recombinant baculovirus,

Btrus-pl01Ac polyhedra (b) produced in 5L bioreactor.

2) Alzg wFEzutolyae) Arbg e AT WFLALE Axs =2
7hH @AY 25 AxFE AEE Al

Gl gz M = High-Five 2FAxe] Ko 7HE $sden, Sf-9,

Se301, Sf-21, Tnbwwloz AFHLE Aols HAY (2" 6). AEFHE 9%
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vhol g 2~ AL NP EE Fa AES 213 oot

30 - —&—Sf9

—o— Sf21

—%— Tn5 ]
20

—o— Se301
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Fig. 6. Cell growth of different insect cell line in monolayer culture.
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Fig. 7. Microscopy of recombinant polyhedra in 5 kind of insect cells in

monolayer culture (optical microscope, 400x).
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Fig. 8. Production of recombinant polyhedra in different insect cells in monolayer

culture .
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Fig. 9. Production of recombinant fusion protein in different insect cells in

monolayer culture
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Fig. 10. Cell growth of different insect cell line in suspension culture.
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Fig. 11. Production of recombinant polyhedra in different insect cells in

suspension culture.
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Fig. 12. Production of recombinant fusion protein in different insect cells in

suspension culture.
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Fig. 13. Production of recombinant polyhedra in different MOI in suspension

culture.
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Fig. 14. Production of recombinant fusion protein in different MOI in suspension

culture.
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Fig. 15. Prodcution of recombinant polyhdera in different cell density in

suspension culture.
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Table 5. Artificial cell culture media for Sf-9 insect cell

Glucose 1.1 1.1 1.1
Inorganic salt 5.0 5.0 5.0
Vitamine 0.2 0.2 0.2
Amino acid mixture 13.0 13.0 13.0
Protein hydrolysate 5.0 5.0 5.0
X 5.0 5.0 3.0

Y 5.0 8.0 8.0
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Fig. 16. Adaptation of Sf-9 insect cells to artificial media. 1:1, 1:3, 1:7, 1:9
(TC-100:artificial media, v/v).

Fig. 17. Microscopy of Sf-9 insect cells in current TC-100 media (a) and in
articifial media 6-11 (1:9) (b).
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Fig. 18. Stability of High-Five cells in the full artificial media in continuous

generation times.
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Fig. 19. Production of recombinant polyhedra in High-Five cells using artificial

media.
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Fig. 20. Production of recombinant polyhedra and fusion protein in artificial media.
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Table 6. Economical efficiency of current media and artificial media in

monolayer culture

Price of media Productivity
Remark
(won/L) (PIBs/10,000 won)
Artificial 5 except
) 10,000-15,000 5x10 )
media manufacturing cost
Current 5
) 40,000-50,000 2x10 GIBCO
media
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ZAFE AT $3 g E WSRO E AFAEAA Y A& 10%°]4 =k e Diet
I7F 66%% 7H¢ =2 &3h&S Bt &FAE AR & AolE HolA
e Aot 3k
W3] 7§ 44%, Diet 1, I ZtZF 56%, 62% % 5 715EH A ZFo] = 7|74
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Table 7. Insect rearing parameter of Spodoptera

exigua in different diet

Content Chinese cabbage Diet 1 Diet II
larval stage (day) 14.7+1.0 17.3+1.0 16.3+0.6
Larval survival rate (%) 54.0 72.0 78.0
Pupal rate (%) 48.0 58.0 66.0
Weight of pupae (mg) 86.7+2.8 83.4+4.0 84.7+4.8
Pupal stage (day) 6.510.7 7.1+0.6 6.7+0.6
Eclosion rate (%) 44.0 56.0 62.0
Adult (day) 5.2+0.8 4.7+0.6 5.0+0.5
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Table 8. Insect rearing parameter of Spodoptera exigua in different rearing

container
Individual Plastic Plastic o
. . . petri dish
Content rearing cup container container
(285x1.4 cm)
(B4x4 cm) (13x21x7 cm) (13x21x7 cm)
Initial larva/container 1 30 50 5
Total larva 150 150 150 150
Pupal rate (%) 64.0 52.0 37.3 60.7
Eclosion rate (%) 56.7 42.0 25.3 52.0
Weight of pupae (mg) 82.4+46 84.9+6.6 82.7£5.0 82.9+7.0
2) AFA zHoAe Iy {FFES ol&d AxF wEEulolel~
Ak

ARG WERolE s PEPE YT v I
WEzutole s EFel FABEE AYHE dAAFE FhRe FIS

Bnoov Az wWF=Zntoly]~ (Btrus—plOlAc, Btrus—pl0lC)e] A-$ oFAF
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Table 9. Production of recombinant polyhedra in different infection rate using S.

exigua larva

Virus Infection ‘rate Producti.vity
(PIBs/diet) (PIBs/diet)
10° 6.3x10°
Wt AcNPV 10 4.2x10°
10° 3.6x10°
10° 2.7x10°
Btrus-pl01Ac 10 4.2x10"
10° 2.5x107
10° 8.3x10"
Btrus-pl01C 10" < 1.0x10°
10° < 1.0x10°
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Fig. 21. S. exigua larvae infected with recombinant baculovirus in 9 days after

infection.
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Fig. 22. Production of recombinant polyhedra in different infection rate using

spray infection method.

Table 10. Productivity of recombinant polyhedra in different infection rate

Infection rate Productivity
(PIBs/md) (PIBs/1 PIB infected)
1x10° 1.2x10"
1x10° 2.3x10°
1x10° 2.8x107
1x10’ 4.4x10"
1x10° 45x10°
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Hlol g2 AatFS =ol7] fldl AFEE B Foll A, boric acide] A5 AL
o]l AaE Bo (& 11), stilbene2 23|28 AitsF Hae] A9E BT
boric acid®] ¢ AEUWA] nioly 2~ FAS FRale 54S 2 3o
HZ RuEo] gt} (Cisneros et al, 2001). wrHo] stilbened F3=o
T A A A wpolel 2~ FQiE S EofFo] (Shapiro, 2000) 2318 IpHhbrbe
AALES Eol FOoRA vo]y s ALbe] HaE Aow Ayt

Table 11. Enhancement of polyhedra productivity using inorganic substances in

larva
. o Infection rate Productivity
Virus Additives . :
(PIBs/diet) (PIBs/diet)
10° 1.0x10° b
Wt AcNPV boric acid 1% 10° 1.8x10” a
stilbene 1% 10° 6.0x10° bc

* stilbene : optical brightener

2}) AP FH7FAl Boric acid $rEFell wE Axd wWlEZvloly s AL

H]El_

Bactrus®] AAHAHL 2 Zo]lE HolAE= Aoy} boric acidd FE7H

K
J

STFE IV (AAIZhe] dEEE ZA3E BEAY (29 23). SEATH
5%°]42 FEolA+  saturation®+ AFS HYY. wElA  boric  acidE
Ao 2 wWlEZlolg s AMV|S wE S ¢ 9lom HIT Al FEE

2% 2 TEE A
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Fig. 23. Enhancement of recombinant polyhedra productivity using different

dosage of boric acid in spray infection method.
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Table 12. Production of recombinant polyhedra in different infection rate in entire

larval rearing system

; % of dead
. Infection rate . No. of polyhedra
Virus Additive(%) larva
(PIBs/m{) (PIBs/larva)
(8 days)
1x10° 93.0 8.7x10°
Wild-type 1x10° 100.0 1.2x10"

7 3
1x10 Boric acid 100.0 6.1x10
1x10° 2% 98.0 5.9x10°

Recombinant 5 s
1x10 100.0 5.8%10

(Bactrus)
1x10° 100.0 6.1x10°
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Fig. 24. Artificial diet I sliced for production of recombinant polyhedra in pilot

scale.
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Table 13. Production of recombinant polyhedra in another different infection rate

in entire larval rearing system

% of dead larva

Vi Infection rate Additive No. of polyhedra
1rus
(PIBs/m{) (%) 8days (PIBs/larva)
1x10° 100.0 7.9x10°
Wild-type 1x10" 98.0 8.2x10°
5 8
1x10 Boric acid 100.0 7.8x10
1x10° 2% 100.0 1.1x10°
Recombinant 4 g
1x10 100.0 7510
(Bactrus)
1x10° 97.0 3.8x10°

o @ AsEr A A e Az wgzatole s YA
Az W zefele o] AL 33x10° PIBs/ms obAF whele] o] of

50% T2 Aoz FRIHAUT (% 14, 19 25).
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Table 14. Production of recombinant polyhedra in large size container

% of dead larva

Vi Infection rate Additive No. of polyhedra
irus
(PIBs/md) (%) 8 days (PIBs/larva)
Wild-type 1x10° 98.0 7.0%10°
Boric acid
Recombinant 5 1% 5
1x10 97.0 3.3x10
(Bactrus)

Fig. 25. Large size container used in the production of recombinant polyhedra.
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Fig. 26. Insecticidal activity of recombinant baculovirus, Btrus against Plutella

xylostella larva.
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Fig. 27. Insecticidal activity of recombinant baculovirus, Btrus against

Spodoptera exigua larva (efficacy, %).

o) Az wE=Zutolg] o] Hslutswibte] gk A5 g FRAAE
Btrus—pl01Ac® .t}  Btrus—pl01C7} E3putsH Ut $43 WA ZHE
HAT (L4 28).

- 174 -



100 100 100

80 80 80 ///E‘

60 60 60 /

40 40 / =t 40 /Z/

20 / 20 K/Zij_e 20
G___{r,,—e————e

0 ABdﬁ 0 : : : 0 : : :

2DAT 3DAT 4DAT 5DAT 2DAT 3DAT 4DAT 5DAT 2DAT 3DAT 4DAT 5DAT
AcNPV Btrus-pl01Ac Btrus-p101C
<> 10° polyhdera/mt ] : 10° polyhdera/m{ O : 10" polyhdera/m{

Fig. 28. Insecticidal activity of recombinant baculovirus, Btrus against Palpita

indica larva (Efficacy, %).
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Fig. 29. Insecticidal activity of recombinant baculovirus, Btrus against Agrotis

segetum larva (Efficacy, %).
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15. Insecticidal activity of recombinant baculovirus, Bactrus against Plutella

xylostella larva

LDso ST
Virus
x10° PIBs/larva 95% CI¢ Hours 95% CI
Wt AcNPV >100 NCP 2335 178.8-435
Bactrus 1.1 04 - 26 22.1 12.7-29

4 applicated dosage was 1x10° PIBs/larva
> non-calculable

¢ confidence interval

W) olAFE He A% v FEFEvloldl A~ (Bactrus)e Ipubububel] o &
2AE37 3

Bactrusi= AcNPVE 534 =2 A5 S HAY (X 16). wEbA Bt

crylAc FAA7F cloning® AMZ3 wlFZulolejxrp 7]E9] gpyhipdbo] o gk
FEEHE AHE HAst

= gAAl A xF nlolH Az FohE Q).

3 16. Insecticidal activity of recombinant baculovirus, Bactrus against Spodoptera

exigua larva.

LDso STs"
Virus
x10° PIBs/larva 95% CI Hours 95% CI
Wt AcNPV 55 1.2 - 33.0 74.4 649 - 83.7
Bactrus 0.8 0.2 -2.1 61.5 54.1- 689

 applicated dosage was 1x10° PIBs/larva.
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Fig. 30. SDS-PAGE analysis of the polyhedra produced by Bactrus at 1 and 10
MOI along seral passage. Passage numbers are indicated as 'pn’, p for passage
and n for number. Lane M: protein molecular weight marker; Ac: AcNPV; p2 -
pll: Bactrus with different passage number. The samples containg same number
of polyhedra, 2x10° polyhedra, were loaded into each well. The relative density

value at the bottom of the lanes were determined by densitometry scanning of

the gel.
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Fig. 31. Insecticidal activity of Bactrus polyhedra produced with different passage
(P2-P11) and MOIs (1 and 10) of recombinant baculovirus against second instar
larvae of P. xylostella. 1x10° PIBs/larva was applicated with diet method. Black

and gray columns indicates 1 and 10 MOI, respectively.

eh) da= o Az wlEzvtolgno wiFS el tie dFa
A= Az MFEvtelelas wFS bl e AFgdst

Aoz FAHAT (2H 32).
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Fig. 32.
Plutella

Efficacy (%)

100 r

02 days
M3 days

Recombinant (Ac307ProAalT) Recombinant (Btrus—pl01Ac) Wild—type (1x10"6 PIBs/ml) Thuricide WP (1000x)
(1x10"6 PIBs/ml) (1x10"6 PIBs/ml)

Insecticidal activity of recombinant baculovirus, Ac307ProAalT against

xylostella larvae.

o) AR A AxG wEzutele e shbgel e 43wt

Az WEFole 2t opUF wiele sl fAME HFRAE

O 2 days

| B3 days

Recombinant Recombinant (Btrus— Wild—type (1x10"6 Flufenoxuron SL (8000x)
(Ac307ProAalT) pl01Ac) (1x1076 PIBs/ml)
(1x10"6 PIBs/ml) PIBs/ml)

Fig. 33. Insecticidal activity of recombinant baculovirus, Ac307ProAalT against

Spodoptera exigua larvae.
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gt AP st A
D AFs 712 A5 2 HA AAE A
7hH AW Z7A A UV protectant®® ¢r4A vl
SLS (sodium ligno sulfate), Congo Red® UV Ada a7t 3309,
olF oA AA SLSE AtYste] AFaAE FAAZ F e HEAR

AEsAT (F 17).

Table 17. Effect of different UV protectants on the polyhedral insecticidal activity

UV protectant

) Application Treatment of Efficacy
Virus d uv (%)
0sage Content ppm ©

SLS 100 O 97.7

Flourescent
] 100 O 76.7

brightener 28

Bactrus 10° PIBs/ml Congo Red 100 O 90.7
Tixolex 25 100 O 79.1
- - O 814
- - X 95.3

) kAl HAH AAE AT
Az wWEZutolry]s BT 1%9 =AE ammonium sulfateE

72 o2 3dto] UV protectant SLS, FE A Stilbene, a4 S9 % 7]E

- 182 -



Sk

tlo

ARG BEAE premix oA dEgt HEHOZ AAF

o

stk (£ 18, 19, 20, 21). #FF AW o= air millinge= AA" AA

A 34 23 30x, A& 80% oA, Bdd 11.3 pm, pH 6.79]
kel

Table 18. Physical parameter of wettable powder formulation inserted of different

humectants in pre-mixtured condition

content

Role Composition
(%) P
Active . .
. . 1.0 Recombinant baculovirus(Bactrus)
ingredient
Carrier rest Ammonium sulfate (rest)
UV protectant 5.0 Sodium ligno sulfate (SLS)
Humectant 3.0 S9 T1 E D G
Rest 10.0 Dispersant and other surfactant
Wettability
) - 6'00"’ 830" 13'22" 841" 915"
(time)
Particle size
- 12.3 13.0 13.0 31.2 28.8

(fm)
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Table 19. Physical parameter of wettable powder formulation inserted of different

content of humectants, S9 in pre-mixtured condition

content ...
Role Composition
(%)
Active ) .
) ) 1.0 Recombinant baculovirus(Bactrus)
ingredient
Carrier rest Ammonium sulfate (rest)
UV protectant 5.0 Sodium ligno sulfate (SLS)
Humectant - S9 (2%) S9 (3%)
Rest 10.0 Dispersant and other surfactant
Wettability
. - 600"’ 542"
(time)
Particle size
- 12.3 18.1
(gm)
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Table 20. Physical parameter of wettable powder formulation inserted

cooperator, stilbene in pre-mixtured condition

content ...
Role Composition
(%)
Active ) .
) ) 1.0 Recombinant baculovirus(Bactrus)
ingredient
Carrier rest Ammonium sulfate (rest)
UV protectant 5.0 Sodium ligno sulfate (SLS)
Humectant 2.0 S9
Synergist - - Stilbene
Rest 10.0 Dispersant and other surfactant
Wettability
) - 557" 4'49"
(time)
Particle size
- 13.1 19.7

(ym)
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Table 21. Physical parameter of established wettable powder formulation (air

milling)
content ..
Role Composition
(%)
Active ) .
) ) 1.0 Recombinant baculovirus(Bactrus)
ingredient
Carrier rest Ammonium sulfate (rest)
UV protectant 5.0 Sodium ligno sulfate (SLS)
Humectant 2.0 S9
Synergist - Stilbene
Rest 10.0 Dispersant and other surfactant
Wettability
) - 2'30"
(time)
Particle size
- 11.3
(gm)
suspensibilit
P Y - 80.0 1
(%)
pH - 6.7

th A EA HH AAF A
Az WEFzutolels BuAe SFAE /Eor so] AW EPs
(

S A A Xanthan gume A8ttt (£ 22, 23). Ball milling©-2 A Aste 5
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AAe] Edds HES 2

o1, pH 65 FEF FeYS FARAT (£ 24).

Table 22. Physical parameter of suspension concentrate formulation

inserted of

different surface active agent in pre-mixtured condition

content ...
Role Composition
(%)
Active ingredient 1.0 Recombinant baculovirus (Bactrus)
Carrier rest Water
UV protectant 5.0 Sodium ligno sulfate (SLS)
Antiseptic agent 0.1 Proxcel GXL
Surface active agent
10.0 EP D S
(S.AA)
Suspensibility
- 93.7 89.4 84.3
(%)
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Table 23. Physical parameter of suspension concentrate formulation inserted of

different content of diluent, Xanthan gum(XG) in pre-mixtured condition

content ..
Role Composition
(%)
Active ingredient 1.0 Recombinant baculovirus (Bactrus)
Carrier rest Water
UV protectant 5.0 Sodium ligno sulfate (SLS)
Antiseptic agent 0.1 Proxcel GXL
Surface active agent
10.0 EP
(S.AA)
Diluent - XG (0.12%) XG (0.20%) XG (0.25%)
Suspensibility
94.3 93.7 94.4
(%)
Viscosity
190 382 590

(12rpm, SPDL#2)
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Table 24. Physical parameter of established suspension concentrate formulation

(ball milling)

content ..
Role Composition
(%)
Active ingredient 1.0 Recombinant baculovirus (Bactrus)
Carrier rest Water
UV protectant 5.0 Sodium ligno sulfate (SLS)
Antiseptic agent 0.1 Proxcel GXL
Surface active agent
10.0 EP
(S.AA)
Diluent 0.20 Xanthan gum
Suspensibilit
P Y 9.1
(%)
Vi .
1SCosIty 190
(12rpm, SPDL#2)
Particle size
8.3
(fm)
Wet seive test 99% o]
pH 6.5

- 189 -



e

2) AH AAF] AAEsr b

Az wEzeolds FEAE ALzAAA 642 @AAARA Tzt

J

AASHA FAEJAT (27 34). wrdel AFFEA= AAd AL AA 9
FAHYTA F IS wE oz IAFAJY (2" 35). FHuw AAE
FATE F outr Az dAE ol&ste] AAG AgTsAe dA AU
(41zx

1.E+09

1.E+08 L - _—

1.E+07 A

No. of polyhedra (polyhedra/g)

1.E+06 T
0 month 3 month 6 month

storage time

Fig. 34. Stability of wettable powder formulation in room temperature.
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1.E+08 A \.\.

No. of polyhedra (polyhedra/ml)
t
.

1.E+07 ; .
0 month 3 month 6 month

Storage Time

—e—Bactrus SC (washed tech powder) —®—Bactrus SC (non—washed tech powder)

Fig. 35. Stability of suspension concentrate formulation made by different tech

powder in room temperature.

1.E+09
—e—Bactrus SC (freeze dried tech,
formulation pH 3)

—m#—Bactrus SC (freeze dried tech,
formulation pH 5)

Bactrus SC (freeze dried tech,
LE+08 | x formulation pH 7)

Bactrus SC (Air dried tech, formulation
pH 3)

—*%—Bactrus SC (Air dried tech, formulation
pH 5)

No. of Polyhedra (polyhedra/ml)

—e—Bactrus SC (Air dried tech, formulation
1.E+07 pH 7)

0 month 3 month 6 month

Storage Time

Fig. 36. Stability of suspension concentrate formulation made by different tech

powder and different pH of formulation in room temperature.
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b shbel W@ okl A5 E
AxF wigzvtelels FapAlel A Faa] mF opgFubole 2 H |

20% AE =2 x7] AFadsE BYon, dx2 AHE¥H Bt aizawai NT0423
FapAlel vel =2 WAEIAE Bk (2" 37).

100

W10 days

80 r
d5 days

60 r

Efficacy (%)

40 r

20

Bt aizawai NT0423 WP Recombinant (Bactrus) Recombinant (Bactrus) Wild—type baculovirus
WP SC WP

Fig. 37. Insecticidal activity of wettable powder and suspension concentrate

formulation against Spodoptera exigua in the field.

) vl S el Wigk ofe] A
Az MFzutolel s FafAleh AdFsial wF @Az ALl® Bt aizawai
NTO0423 WPell H3] ¢F 8-10% 2 88-90%¢ WAEHE B, HEH2
< Aoz ASEAT (27 38). kAT Hiold A FifAl= AWl Ald A et

Pk 2 we e gag wgdh

o2

Hir
ey
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100
O3 days
80 r
S
< 60 |
Q
©
g 40 1
=)
20 r
0 /7
Bt aizawai NT0423 WP Recombinant (Bactrus) Recombinant (Bactrus) ~ Wild—type baculovirus
WP SC WP

Fig. 38. Insecticidal activity of wettable powder and suspension concentrate

formulation against Plutella xylostella in the field.

2) opslzAo) Aol Y AT
Az MBFZdbolH s oAk AFERAL ok APYL B¥AY F
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Hol A 7-109 7+A o2 WHE X st Ao

109 +7E fghste Ao
2 FrddFel wel &g fA

FIHY Qo BeE

- 193 -



Efficacy (%)

100.0
80.0
60.0
40.0
20.0

0.0

0 DAS 3 DAS 7 DAS 10 DAS

Time of laval treatment (days after spray)

—e— Recombinant (Bactrus) WP —8—Recombinant (Bactrus) SC

—&— Flufenoxuron SL

Fig. 39. Duration period of insecticidal activity in the field.
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