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ABSTRACT

To develope the novel baculovirus transfer vector, the pl0 gene was cloned from the Bombyx
mori nuclear polyhedrosis virus (BmNPV) vB2 strain isolated from the B. mori larvae of
sericultural farms. The novel transfer vector was constructed by using the p10 gene of BmNPV
vB2 strain and its function was tested. Open reading frame of the p10 gene from BmNPV vB2
strain was 210 bp. The TAAG sequence at the -71 bp of upstream from translation initiator
ATG and two polyadenylation signal site at the downstream from terminator TAA were also
detected in the p10 gene. The 5' and 3' flanking region of the p10 gene amplified by PCR was
cloned into pBluescriptll SK(+) and then transfer vector pBm10 was construceted. The 7.9 kb
pBm10 was analysed by restriction enzymes and the map was confirmed. In order to
determine the expression of foreign gene of pBml10, B-galactosidase gene was inserted in the
Smal site of foreign gene cloning site of pBm10. The pBm10 containing B-galactosidase gene
was cotransfected with genomic DNA of BmNPV vB2 into BmN-4 cells. The recombinant
baculovirus expressing B-galactosidase was also produced polyhedra in the infected cells. The
results indicated that pBm10 is functional, suggesting that in the baculovirus expression vector
system, the recombinant virus produced by pBml0 was effective by oral infection for the
producing recombinant proteins in in vivo expression.
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<% baculovirus®] 4= o, B, ¥, & T2 im-
mediate early, delayed early, late, very late2] 4 A
2 FEEe] Aoz whslch(Blissard &
Rohrmann, 1990). »}x| 2} whAol|A] c}zbA) sl zl=)
A vheko 2 whas]i= p10 Al oF 10kDal
2 zhdml AEe] dolp AEAA He TR &
s} A4 (Van der wilk er al., 1987) c}z}hA| o] vlEo]|
st 7leg FAsgdrh(Willams er al., 1989).
Van Oers 5(1993)% pl10 st 42 $-A3) 2, &l
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s ol gelsl 2zte] ofolicat
dels 7HIA slekar shsdet. o] 2pzk-E pl10 A
o] AR FREA M Kuzio £(1984)2 AcNPV
(Autographa californica Nuclear Polyhedrosis Virus)
= 282 7|2 A Ee] 9ler, o] 9l ofrl At

AR

o2 oddglvtar shdnh. w8870 ofn At o R
A =loiels= SeMNPV(Spodoptera exigua mul-

ticapsid Nuclear polyhedrosis Virus)®] p10 #1212}
26%2) H& ofmlidt AERE wolA% pl0 ghol
Qo] 7)ol & o)} gl Aok Y] ujolel

of wE pl0 FAA Ade] depds Rasiict



BmNPVE] p10 §HAE o] &3 M 2-& Holwel g 181

(Zuidema et al., 1993). ) ol SrpzhA upo]#
Z~(Bombyx mori Nuclear Polyhedrosis Virus, ©]&}
BmNPV)2| p10 |-F2}of] 3HgF Hu 5-(1994)9] K. ref]
w2 R pl09] FRehA fH A= 210bp R 707] o}
olieAbe R dodsn] ErPERE of 7.7kDac R FA
&t ek o] fAlake] 917141992 AcNPVe| 17]
I 924%8] & S ¥glow, C-Hvte] 72bp
o A2 AEE Flsksdvt. o]eb pl0 FA A}
< Hiolg] 20 7kad & FAel| F-3k}bw] (Fraser et al,
1983), t]-%-7] =2 wE] 2443} polyadenylation sin-
gal site 5 Hal e} o] A9 7S 2431 9le] p10
BRE|S 0|88k Holwle] FEof WE 77} Mol
3 QleH(O'Reilly et al., 1992). g3 baculovirus2]
vhzha) chel sl gxie] L2 wE] 2l ofHf-A
AE s A vbolel o oph Al E Al
S 5AE 7l o]2jh A &gt vl aE A
HEE AF el astelel o8 A B&sigel
ufet F2 wiole| 2 A2 FAlell o] Aol A Fell
o)Estar qlrk. o] Wil {83 e] thakAlabA] o
odo] niolz| 5 FAMHFolshz WA A 7te]
wol 2axe o] Az|Eoigict. upepa] & AF
oA e f-g-Eale] tEkgAbAl A4 Sl gt of
TS ek X wlelp At AT £ 9le
N2 o] 3 T-53talzt BmNPVE| pl0 -4
S BA o] fAAe] ZLuElE ol4a Hol
WE| S T4 alolch.

M= 3y

1. E. coli 23, HE| 9 FHX}

PCR 4}52] 2242 pGEM-T ¥E] (Promega, U.
S.AYE, Holwle] FZoj|= pBluescript I SK+
(Stratagene, U.S A)) ®le] 5 zhzb x|-g-3tdc). Za)~
el Z¥% 9 Axg Felavle A st
IM109(Promega) 22 XL-1 blue 75(Stratagene, U.
S.A)YE AREEldc}. E coli B-galactosidase 3 2}+=
PromegaAH(U.S.A.)2] pSV-B-galactosidase HE] 2 -
E] ®-ejstel Algsaict 71ef f-4xF 22 Sam-

brook 5(1989)2] v}l -8 zk18}gict.

2. HIOIR|A W DEMIZbHL
P10 17e] FE3) FAIS ol AHgR opH
wele) st ) oFHEThR e A ek A
ulolel g gHAS Ao 53] AAste] sl
VB2FE AHEaeleh. ol 438 ol 88 upolz s
A& Egulopd £ (BmN-dpll 4] 43 ok 4

ol)}

g 57k 1000 B4sie YFolon shain.
Spoll S 12402 GAIAIZ) 59 220 Spelel] 50
w APt o] F 5 Aol F3Eke] A
Sehuia] gyl vl FUZAe dehie
Follof wih-g e} Ao-g AF 3k} opzbAle] &
F3e)E Maeda(1989)2] whHel Zshelom chzba)
2 HE] NOV(non-occluded virus)e] #2]+= Pennock
(9849 el web wevelstdnh yeld
NOVZ HE] nlolz]A~ DNA FEL Maeda(1989)2]
upgel wet sspakick. opa W Azt uolel 2
2ol AHeRt BRI EE ol a fole)
BmN-4 A|EFE Ap8siglon, AXEE 10% FBS
(Fetal Bovine Serum)”’} &% TC-100 v %] & ARE-
gle] Maeda (1989)°] whol we} 5-7d 7HH o2
Aoy wheFslolct.

3. BmNPVe| p10 FAX 224

vB2 Hlelgj 2~ 2 %] PCRE pl0 FAAE F243}
71 ¢J3l Maeda7} GenBankel| %553+ BmNPV T3+
A 937143 (Accession No. 133180} %312 primerS-
AABIA ) & p10 1] 5 flanking °Jd 2] 3
of AFE& sense primers  5-GGGGCCAAA-
TATTGACTCGTTG-3'0|™, antisense primer+ 5™
TCCCCC GGGATGATAGTAAATAAAATGT-3'2 &}
o] PCRE 3)5}gic}. PCR AHE-& 0.7% agarose gel
A7|odF5o2 #2lgdk cobg Pinpoint Xa T #E]
(Promegarb)ell 293ty AU A2 Fepav|e
& Pinpoint Xa I-5'f2 =ws}elict. k21 3' flanking %
$le] ZF=2uel| AlE-3F sense primery  5'-
TCCCCCGGGTCAAAGCCT AACGTTTTG-3'¢], an-
tisense primer= S5-GCGAGCTCAGAGACTAGAGTG-
35 2b) gAdsled PCR uRS- Elsdc}. of|Abs]= 1.9 kb
2] PCR $FAMEE 0.7% o7} 2227) Ziy|ed g0 &
Q1% ¥ pGEM-T Hele) E2ydsbar Adgt A xg &
2} v =& pGEM-312 wiedalgich

4. 27iMg B4

vB2 ule]2{ 2ol pl0 fA7e] 7] EHE ¢
8l PCRE pl0 §H2E 2493k} PCR HRg-of
AL8-8}F sense primert 5-ATGCATTTGAGGATGCC-
3%, antisense+= 5'-CAAACACAATTGTGGCG-3'¢] 2.
], PCRAFEE 0.7% ob7ka s Aol A o 4ds = 27]
oF FH -5 &I F pGEM-T HE]of| F 53}
Adukal 23k Febav| = g71xed EA el ARS8t
slet. gk 753 dole]e] 2y FHtel o7
Aed-& Ad7)e] Wit ol sefste] d2 Az} E
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ehanlng FHom Agsiich WM B
Sanger 5(1977)2] dideoxy chain termination B} © &

Fasigic.

5. Z&H{F MZEW DNA 0| U TH=g dlo|A
k-

FAAE el ARSEE oA = 6% 107 7H/ml
Er 2 FAE] 6 well ZH o] Eo] 7t welltd 1.5
mi Rt F ShRY okt 2 AReskic
DNA Hol= of43 ulolzj~ DNASL HolHE
DNAE liposome transfection reagentq] DOTAP
(Boehringer Manheim, Germany)g- AR&-aho] )| 23]
Abel Blel| wpet aiatgiv). o] % 27°C 37|l 4
5~747F wieFat A vlole 2~ bl Ao WACE
FE Holol -5 glalgic) nlole]x Fhele] <l
oA Eeckde dalv-elste] AR AS At F
o] & A 27 nlola] A AEE- 9%} el 2~ HE
Mo 2 ol 53 ulole) A A4S end-point di-
lution (O'Reilly et al, 1992)° & 3)35}gir}. = 107~
107 FE& A3 vlo]e] A~ HENE 96 well S
o|Eof 53 F 5~7Uzb wiofslrt. Zh well®]
B-galactosidase & o] %= Kitts®} Possee(1993)2]
Whgel el X-gal Buow Agsielet. olohe
A& 33 wbEsle] 42 wlejg{~E  B-galac-
tosidase®}& A Z3}F nlolg) ~ 2 skedct. A28 ulo)
2] 2ol 7Fd sl wiokA|Eolre] B-galactosidase W3
OFAFS- in situ staining(O Reilly et al, 1992) vh] o g
sajstlct.

i ¥ 1IF

1. p10 REXI| BEY U HIIMLE 24

=HA1&F primer - o] 8-3}o] PCR WlH{ 2 2 vB2 ujo|
2 A2 HE] pl0 F4%}2] open reading frameo] E3+
%] 620 bpe] wtd vz o} DNAE ¢19ict o] DNA &+
¢ pGEM-T Hefel] Z243te] & Az Ee}
20 B g F8 07 slo] @7 dE BAlEcHaH
1). 2 A3} pl0 -7 2F2] open reading frame-2 2107}
R e R PR gl TR e A=
baculovirus®] very late gene®] ZLE2 Q] HALY Ao
AR TAAGE WA ez se] 71 bp el
Q) x18}kar glelem, A=) polyadenylation signal
sitet= Z7 codon S ZHE] 71bp & 140bp 315 &
Aslkedct. ol#gF A RF Avjefed-S Hu 5-(1994)]
Bug BmNPV T35-2] <d7jxads} gadsialort,
Kuzio 5(1984)°] ¥ 7&F AcNPVE] pl10 -4 =}k&} H]

- ZARE - 2 Led - 701— _1:,3

1 ATTATGCATT TGAGGATGCC GGGACCTTTA ATTCAACCCA ACACAATATA TTACAGCTAA

61 ATMMBAATTA TTATTAAATT ATTTGTATAT TAATTAAAAT CTTATACTGT AAATTACATT

2332
121 TTATTTACTA TCATGTCAAA GCCTAACGTT TTGACACGAA TTTTAGACGC CATTGCGSAA
¥MSK PNV LTR ILD ATIAE

181 ACTAACACAA AGGTTGACAG TGTTCAAACT CAGTTAAACG GGCTGGAAGA ATCGTTCCAG
TNT KVDS VAT QLN GLE ESFOQ

241 CTTTGGACGG TTTGCCCGCT CAATTGACCG ATTTTAACAC TAAAATCTCA GAAATTCAAT
PLD 86LPA QLD TFN TKI SETIAQ

BaaHl sz

301 CCATATTGAC CGETGACACT GCTCCGGATC CTCCAGACTC CTAAAGCCTA CGCTGAAAGG
SITL TGEGDT APD PPD S

361 CCAAGCTITT GAATTCGATT CAGACSCTCS TCGTGGTAAA CGCAGTTCCA AGTAINSNNE
HindTI  EcoRI

421 TCGTTTTTTT TTAAAATAAC AAATCAATTG TTTTATAATA TCCGTACGAT TCTTTGACTA
481 TGTANMEMEA TGTAATCATT AGGAAGATTA CGARAAATAT AAAAAATATG AGTTGTTTGT

541 GTATAACAA

Fig. 1. Nucleotide sequence of the p10 gene of
BmNPV(vB2). Deduced amino acids are represented
by single-latter code under the sequence. The trans-
lation start and stop site are indicated by asterisks.
The consensus baculovirus very late gene promoter,
TAAG, and putative polyadenylation signals(AATAAA)
are shown by shadow boxes.

Sel 2 o) vB2F nloleiel plo fAAke Coutel
cjedoll ) 247} ofvlibe] Adslo] sleich. olshe
& oAz} A4S BmNPVE 71l Z3uok) Ed|
AfAd F2E 3R 5 9yl ¥ i(Inoue & Mit-
suhashi, 1984)2} AcMNPVe] pl0 -f-Hzpe] C-wh
dede] HAfAr = gAdel Feigkl= H3(Van
Ders et al., 1993)% Z3}s] & uj vB2~ vlolg] 2]
pl0 f-312ke] A2 pl10 whiial o) MfAF -3 A
of Foq3t Flolet A& 4 glgdrh. g3 baculo-
virus®] pl0 §HH k3 7ol cheko g uhad el o]
(Blissard & Rohrmann, 1990) u}o|e]~2] 7Fdz} =
Aol st fdxt2 etex glvh(Fraser et al.,
1983). 197 £ 19| pl0 A} FA el w2
oe] ododzl AP E2| mRNAQ| HYAe] Fo3h
38+8- 3l polyadenylation signal(Manley, 19955

237 e}, o] HUAE Az wjol2lz A2 ¢)
g sl fual dolHe Taol f-8e Holzh 42

)
£

2. p10 FHXHE O| ST HO|HE P&

A E HAAEEA pl0 FHRle] T2 e 2
sloll ojel] RS LHsh= A2 wlo|HAE A
z2sh7] g8 AlRE HelHelE: FEslodct. 23
20014 Bz wpeh o] pl0 Faizke] 5 flanking wid
2 Pinpoint XalT-5'f W&l 5 Haelll$} Bglll A|3FE. 4
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Fig. 2. Construction of the fransfer vector, pBm10, us-
ing the p10 gene. The steps in the construction are de-
tailled in the text. The arrow showed the direction of
franscription from the p10 promoter.

2 Ag]s)e 3 01 ,ﬁ_zqz]. w8 A} o) HH

A5 Kpn 122 Agr& 4 22| sla. T4 polymerase 2
blunt endE 5% BamH 1°.2 A %kgF pBluescript
SK(+) WEfel] AZRE-&A]A 2F 5.9 kbe] pSK-5f =i
Z3) Zg} v B2 A9keled ). w3l p10 f-K=le] 3
flanking ¥ld-2 pGEM-3T WE|E Sma I 2 Sac 15
ze]ste] o1& 2.0 kbpe] M2} SHHAE Sma T
Sac 1 23 Axkgl pSK-5fl Odétz}%*]%l 7.9 kbp2]
pBm10 Hlo]wle} & T-35}eirt.

3. pBmi10 HO|HE{Q| X A

-5k pBml10 HolHE]e] Fx5 £4317] 98
= AR AE Aelsta 0.7% olrkE s K7]ed
o5 A8 3. 1 23} pBmI0 o)
E12] 3' flanking Uwtell $ %8} Sac 1 #gHEA ¢
2o} |AtE]E 2l F-A2F F29 g]F 2l Sma A
x4 X 7h bz} ghelE ) w8k pBm10 ol
B2} 5' 2 3 flanking wide] MR 93F 2A
8l7] 93 Sac 122 AZEA Helgdt DNAE
BamH 1, Cla 1, EcoR V, Hind I, Kpn 1, Xba | =2
Xho 1 AGFAF 7h7F Helaledch A= G421 <
Aol =278 &4sled 28 49} & pBml0 Aol
Blo] #Eta s 2w 2 slelv). -1 w9 §-x1x}
o] &y 91xel Sma 12 plo fdA}e] 5 Y 3
flanking v ed 2] 7 A 5-8]of Eafstel ond, o] £13| %
7152 2 BamH 12 200 bp, Hind U= 230 bp, Xba

e
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Fig. 3. Restriction endonuciease analysis of transfer vec-
for, pBm10. The digested fragments were elec-
frophoresed on a 0.7% agarose gel. M1 AHind ll mark-
er, M2 :1kb ladder marker, 1:Sac |, 2:Sac | /BamH |, 3:
Sac I/Cla |, 4:Sac I/EcoR V., 5:Sac I/Hind Il 6:Sac {f
Kpnl, 7:Sac lf Xbal, 8:Sac If Xho I, 9:Sac I/Sma .

Smal(0}
BamHi{8.2)
Hindii1{0.23}

Xbal(0.8)

Kpnifi.3)

pBm10
[7.9kbp}

Sacif2.0)

Fig. 4. Restriction enzyme map of transfer vector, pBm
10. Numbers are indicated the size from cloning site
Smal

-2 800 bp, Kpn 12 1.3 kbp ¥ 7.2 kbp, Sac [ 2.0
kbp, EcoR V= 6.5 kbp, Cla 12 7.1 kbp, Xho 1> 7.7
kbp sFol 71 $13)ak algich. & dolle|)
5'%) 3' flanking ¥i<d o] ZAA| -9} 1 Fu e §-4
2 FRE gr)d 243 A 5) plo FA =}
o el Al ATGS] ATs G si7labelol
CCCGG A7)mpdoe] Algl=led A28 Sma 1 A|FHE
& 91207k eSS Sl 4 alglvk. olshrhe
A2} 2wl e} plo whAl e Bk w 2] o}
ov, T197) WHR Sma | 71710 W HAH G
P 9o S AT L2 2 F A

10 _ﬁ_'ﬁxl Z _‘__1_;4 31_243}0” H|g3ts] o g nlals
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1 ATARGAATTA TTATTAAATT ATTTGTATAT TAATTAAAAT CTTATACTGT AAATTACATT

61 TTATTTACTA TCATCCCGG@ETCAARGCCTA ACGITTTGAC ACGAATTITA GACGCCATTG
Smal

121 CGGAAACTAA CACARAGGTT GACAGTGTTC AAACTCAGIT AAACGGGCTG GAAGAATCGT
181 TCCAGCTTIG GACGGTTTGC CCGCTCAATT GACCGATTTT AACACTAAAA TCTCAGARAT

T
241 TCAATCCATA TTGACCGGTG ACACTGCTCC GGATCCTCCA GACTCCTAAA GCCTACGCTG
Bamtl1

Fig. 5. Nucleotide sequence of promoter and its flank-
ing region of the fransfer vector, pBm10. Translation
start site and stop codon of p10 gene are indicated
by shadow box and asterisk, respactively.

4. B-galactosidase 2 X{ZE! HIO|2{A A=}

BmNPV2| pl0+4aLE o] 484 53 pBml0
Holwe] o} ofAl e nlolz)azte] gl s
e AA7 =qlE Az vlolaia Alate] vhs
W0 AEa7) 918l HA FUAR Bgal HHAE
ARg-skedel. pBm10 ZHolwlefo] B-gal §-H4} =gl
a8 63} o] =8)slodct. S pSV-B-galactosidase ]
15 St 139} BamH 122 Awsto] 3.7 kbp2| LacZ
§ALE B%akdrt. o] SRS Sma 13 BamH 1
22 Hedgh pBm10 He|wEfol] o1 Zu-3-A]A pBm
10LacZ Mol el & FF3}3]r}. o] WE]E vB2 ulo]
21~ DNAg} &7 BmN-4 A %o TA79 A|7]12

Smal BamHi

pBm10

Smal } BamHi

/ Stul / BamH}

pBm10LacZ

Fig. 6. Schematic diagram of the construction of re-
combinant transfer vector, pBm10LacZ. The B-galac-
tosidase gene was inserfed in the Sma | site of pBm10.
The resultant plasmid contained the B-galactosidase
gene under the control of p10 promoter.

Fig. 7. In situ B-galactosidase assay of BmN-4 cells in-
fected with recombinant virus. Mock-infected(A).
BmNPV(B) and recombinant virus(C) infected BmN-4
cells were harvested at 72 hours postinféction and
stained with X-gal.

Kitts & Possee2] ¥} (1993)el] e} X-gal 3 45}o]
B-gal Wbl 23k vholel % Alshsicy. AL A
2} volel i Al sAekA EA Fu)
2 AL83E B-galactosidase E s 718 #eld
4 QodEHE 7). mhebd & ATl T3 pBm
10 HolHel= o225 okAlE wjole] 2o &
SHew Gol A7 4 sleed, 3] sl gaairt
=2 Az vielelaw vpiAE HASILEY
A7HZo TPeol wet f-agalel il
S8 A9 7122 chbal eaal fAAe] xew
B2 o84 Azt vlole) 29| Ax el 0T
A} Al 7be] ol arle WS A4 E 4 9l

P = AR
Ao A7kE.

4
mlo

)

Fol FHsrbeAl SAlelel SEsL BuNpy
VB2FZHE pl0 fAkE F2rdeky o fdx2)
%2 g o] 84t RS Ao MEl F FEstod
Azl o8 P52 1 el et bt Pakeh
BmNPV vB252¢] pl0 §3x}4] open reading
frame2 210bp2 FA = o] gladon, ATGE HE] -

71bp Aol Adwy] fAAbed $EoR Exsle
AR Aol sl TAAGS: TAAZRE 7lbp ¥4

140bp &}F-ell 23] polyadenylation signal site 7} Zx)
atelct. gk plo f-H=ke] 5' Y 3 flanking £-9]5
PCRE F243}3 pBluescript 11 SK(+)#lE]e]] z}z}
Aslsted 7.9 kbe] pBm10 Helle] & -5 8} ch
T8 pBm10 delwlele]l AFAALG 5
Smal $1%& 71522 BamHI(0.2), Hind 111(0.23),



BmNPV2] pl0 HA 35 o] &

Xbal(0.8), Kpnl(1.3, 7.2), Sacl(2.0), EcoRV(6.5), Clal
(7.1), Xhol(7. )2 ZAA3}a HoHlE] =g z2pAds}
sith. pBm102] HE4d 71 4 ellA] p10 32k
ATGE] ATS} GAalele] CCCGG7} AFals]e] -1 3}
Smal AT 27} YA AL Fsidck 5
g+ pBml10o]] B-gal 54218 4b3ld}ar BmNPV(VB2
)2t BmN-4 Al ol FA17Fd Al A Akl 2) 23w}
olg] 2t v Al E #A1sbHA] B-galactosidaseS b
#ajodct.

ol4le] AnFHE pl0 F-HAZE FE3EF pBml0
Aopule| 2 Alxgh g} vlolz] 2z cb2tAE &
At o fAd2E welstnga] {454 of
FAAA A Lol WHE e g A TS Aok 5
& Hloz 7=l
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