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ABSTRACT

In order to express the FLP recombinase in B. mori cultured cell line, BmN-4, transient
expression system using a heat shock protein gene (hsp70) promoter of Dorosophilla
melanogaster was constructed. This vector was designated as pHsSV. Activity strength of the
hsp70 promoter was compared with that of immediate early gene (IE-1) and polyhedrin gene
of BmNPV employing the E. coli B-galactosidase gene as a reporter gene. The result showed
that the pHs B-gal plasmid vector expressed the B-galactosidase at 2nd and 3rd day after the
transfer of plasmid DNA into BmN-4 cells, which was similar to that of plE1 B-gal vector, but
different from that of a recombinant virus, vBm B-gal. For the construction of FLP
recombinase transient expression vector, the FLP recombinase gene was cloned by polymerase
chain reaction technique. To express the FLP recombinase, this gene was inserted into pHsSV
plasmid vector, under the control of the hsp70 promotor, and tranfected in BmN-4 cells. The
expressed FLP recombinase was estimated at 44kDa on a 12.5% SDS-PAGE.

Key words : Expression Vector, BmN-4 Cell, FLP Recombinase gene

M B

o]Z chila o) WA 24 & baculovirus}
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M BALS 7hx] = Zl o2 okeiAd glct. o] 93t
2 Exol o]3] BEVSE vlolz| 2~y 2lshg 2 Al

arg il dolu} E4, AAFEE 5 245 BEA
A} (O'Reilly et al., 1992; Kobayashi et al., 1992)°|
g5 B oohe}, nlola| A AlAS] AFA A TE

[

N

o3

36

218 AN 23 ulolg] s Albel] ARE AT Fol opzt
X2 o|Foix) 3 g)rh(Eldridge er al., 1992; Maeda,
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ek 53] 2uele] 457 A -4z (hsp70)ed]
W3 7L AT AR L ATl =2A 7)o
3l2 )t} o] hsp70-2 <o 70kDa®} TR al-S of
%3}8}3 9)3 5 noncoding +9]9] -244 97]Ql A
olx A7} WA =], RNA polymerase 11 3591
9] TATA boxi -274~-2672] TATAAATAE X EE
o] glc}(Ingolia et al., 1980). D572 o W& HALRA
3.9 TATA box AH&oll 55bp cdedo 2 Zxjaty,
o] 7]ol] HSTF(heat shock transcription factory7} 2%}
slo] AALE sk Aoz o#A] glch(Parker
and Topol, 1984). o]2]3}F hsp70 L2 Vel FEAME
(Corces et al., 1981; Pelham, 1982), Z3=njjokA| %
(Maisonhaute and Echalier, 1986; Okano et al., 1992;
Rio and Rubin, 1985; Zuidema et al., 1990), ol =
718} AH(Tamura and Kanda, 1990), Z¥}2](Golic and
Lindquist, 1989) & *foll-§-%(Mori et al., 1995)ol|4]
AN HAAE o2 BRIk Y o)
t}. %+, FLP recombinasex= Saccharomyces cerev-
isige 2 um Zgt v o 1,272bpFE BEF 0| gl on]
(Hartley and Donelson, 1980), o] &42] 4 QA
ujed o] FRT(FLP recombinase Recognition Target)y=
8bp9] core 53} 13bp2] inverted repeats 2 74
o] sl o2 e H rh(Senecoff ef al., 1985; Jay-
aram, 1985). FLP recombinase2] FRT <lA]l%-¢]:= ¢}
£ integrase®} 7Fo] His-305, Arg-308, Tyr-343 ¢33
o] A REE]o] 9] © vi(Argos ef al., 1986), E38] Tyr-
343& DNA cleavageel] Arg-3082 Tyr-343¢] =88
o= d3g 3he, His-305= DNA 7}1<4e] w4
2 AL FodE}ar(Parsons et al., 1988), Arg-
1915 DNA¢}e] 7Ags} Ao $23F 98 wud
ghch . sbodch(Friesen and Sadowski, 1992). o]z}t
FLP recombinases= Aol Zxsk= FRT Ale]9] -§-
WAFE AL WS b 4 lew], Ea2de
FAA A2 Foh 4 o] AR A% Fa5
Z2b ol o] f-gstctir 3191t (Golic and Lindquist,
1989; Kilby et al., 1993).
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1. E. coli 3=, WE| A {EX}
Z v =g YA Aalr] 9] ARS- E. coli T

2 FLP recombinase

A 23 A 2l 37

= IM 109(Takara, Japan) = XL1-blue(Stratagene,
US.A)g e, Az E32dd] AFE-3F HE{E Stra-
tageneA}2] pBluescript II SK'E, PCR AHE-2] 24
2 Promega(U.S.AY}2] pGem-T HE] S o]-&-515ic].
pBmd4 AHo]wle](Kobayashi er al, 1992)2} pBmIE
1SV Hg| = i REE5ddrledTae] 2T
s QAo Bepte A4S Asieich. Bgalac
tosidase -F-3 A= PromegaA}2] pSV-B-Galactosidase
sEl % 2] Beisto] ALstelct.

2. 25 HYMESF

oA feiel BmN4 Al 25 & hAl2s
Y7 SATRe] SEAZ S Borel A}
it} BmN-4 KﬂEE—’F-"/] Adjulok2 10% FBS7}F &4
5 Ex-cell 4008]2] 22 TC-100v4%x] 7 25°Col|A] 5~
7U7k wieksk Al ES E%}ﬁiulﬂ—i 47&6}04 =4
HEE 4% ohg, FAHE N OoR HES T
A7l & A1AulA] 4 mie] & 25 em’ ve——a}__ﬂﬂ] 1 ml/
2 B25) 51 25°CollA] vhoks)ed ch(Maeda, 1989a).

3. 25 HIZM|ZLH DNA M0|

SehaviE DNAE 3 wokd 2o AolA7]7]
&l liposome transfectlon reagentq] DOTAP £
DOSPER(Boehringer Mannheim, Germany)E- o] £}
of A xFAte] who) wel F3sieic), Fejarle
DNA #olale] A& Z2}vl= DNA 0.5 pgell 20
mM HEPESSHE-ol(pH 7.2)& ®7Fsted 14 6 ul=
A & & o]7]e] DOSPER 3 p/¢} 20 mM HEPES
3l Ae NG Bolaled 25°Cel) 1587k BRe-A] Zich,
o] ukg-al-g At 107 AEE B3 24 well =¥
o] 2ol 7bskm 25°CollA] 6417 WAIR F A
g w2 WA sk 27°Coll wiokslodct.

4. DNA 7MY BM

DNA 471492 #5971 43| (Applied
Biosystems Inc., U.S.AYE o]-8-8}od A 2k3] ALe] v}
of wet eiaisdct. A7 F41o| AH-E DNA
= PCRZ FE3}o] pGem-T #E](Promega, U.S.A)
of 22 skl 4 22y Weel] sl
zF ed7]9] F=R]E dye deoxy cycle sequencing kit
(Applied Biosystems Inc., U.S.A)YS- ¢]&3}e] A G,
C, T dye terminator$} Tag polymerase H-224 9.5 u/
ol 33 DNA 1 pg, primer 3.2 pmole-& 77}y 57 =
TEFFRE AA 20 WE HE o}g 96°C 30&, 50°C
15%, 60°C 4%-2] #4-& 253 PCRE &s}eic).
PCR whg-AbE2] A& Ama) o oehe-g Hejste
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5. CHHE MO|HS

Zetave wby wle g W A7) FLP recombi-
nase= Laemmli®] ¥} (1970)e)] wlz} B3 SDS-
polyacrylamide 2 H7]edFo g BEAslgict Hr)ed
% Al 3.+ Sambrook $-(1989)2] Wl & A slod &
B3kt & 24 well Z¥|o] E2] BmN-4 vl ofA] E ol
DNAE #HolgF & 2, 3dsje] Y PBS(137 mM
NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,, 1.4 mM KH,
PO)E 23] A3 I HE£E A3 15,000 rpm
old su7 Aoz AAAZEh oA7lel 20 i)
PBSE 713 3 -70°Cell FA3ska 37°CellA 43
sk 7hdS 33 wsisich AR AE FEA
2X whulal Al §.4-94(0.0625M Tris-Cl, pH 6.8, 2%
SDS, 10% glycerol, 5% P-mercaptoethanol, 0.001%
bromphenol blueys E2 AH7}gF 3 100°CollA 5%
7b Aelgt g Ar]d s AR skgdet Adr)dE
o 12.5% Ao AlZ 5SS Zelat F 15 mAelA]
127 od E-3)ed ). izl od M8 coomassie blue §
M (0.025% coomassie brilliant blue R 250, 40%
methanol, 7% acetic acid)© & 40%~14]17F stgl o,
e 7% acetic acid®} 5% methanolo] 7% o4
o2 3lodch eld FFA) 8+ Promega(U.S. AW
2] Mid-Range protein Markers(Phospholyase B, 97,
400; Bovine Serum Albumin, 66,200; Glutamate
Dehydro-  genase, 55,000; Ovalbumin, 42,700; Al-
dolase, 40,000; Carbonic Anhydrase, 31,000; Soy-
bean Trypsin Inhibitor, 21,500; Lysozyme 14,400)Z
shg-aheich.

6. Oligonucleotides §A 3! PCR

FLP recombinase §-% 2= O'Gorman S(1991)c]
A 2kgk pOG44 ®lel2 Y] PCRE Z 2435} c}
Sense primeri:= pOG44 ®El2] 1330~1348] 333}
= pole] 5 oabhe) 37| d7]E F7)Ele] 5-CGGC-
ATGCCACAATTTGATATA-3'9} 7ro]| 3HAdsled e
v}, antisense primer: 2676~26960l s|tFdl= 5
TCACAGTTCTCGTCGC ACCTA-3'¢} 7ol a=ts}

]EL°§ .

=

A -

gl PCR ¥Fg-9-2 Tag DNA polymerase(Boehr-
inger Mannheim, U.S.A) 2.5 unit2} 10X Hk-g- $h5-H
5 ul, MgCl,, dNTPs, sense 2 antisense primerE- |
FXxw7} 2.0mM, 2.5 mM % 20 pmoleo] A Z+z}
H27)sha1, pOG44 #le] DNAE 1ng A7’ ohg
FEFFE 50 PA =4 skdck. PCR R
Themer cycler(Perkin Elmer)2 94°C 387k Hh-§-A]7]
3 04°Coll 4] 122, 55°CollA] 23, 72'CollA] 33 A

£ 303 wtE3la 72°CollA] 5% Frl wkg-o 2 £33
?5]"331:]'. PCR Hh-g-AHES] #l& 0.7% oppa2 A
H7leds o Faskict.

7. B-galactosidase2| HH

B-galactosidase®] W&l odH<= fB-Galactosidase En-
zyme Assay Kit(Promega, U.S.AYE o]-8-3}o] A2}3]
A1o) wiol uwel A 82 A3}, ONPG(O-nitrop-
henyl-B-D-galactopyronoside) A} 44+-g-© 2 7321 5}s]
t}. Bkg-of 23| B-galactosidase §-%AFE- 4H3)3F =
1: W E] 2 23 wlopAd| Eol] ZoAl7l I
¥R o 72 478 Al FE A Bl 1X reporter lysis
ol & o] 15871 #2)gk ¥ 15,000 rpmol] 58-7¢
J/&j 5}o 48k Ab ol o 2 steirt. ONPG A AHulkg-
A E olo]| Eeke] 2X [B-galactosidase 733 2H5=
< ol 37°CellA 3087 ukbgAIZl 5 1.5uH%ke]
1M sodium carbonate -£-4-2 H7}s}ed HRE-S- x| A

7t} 92988 ELISA reader(Molecular Devices, UV
max)Z 420 nmol| 4 3 =E =3 skgich
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1. D. melanogaster hsp70 T2 E{E 0|25 Yl
Sl A=

=3 R Eell A 7]FA 2l e glo] lehfrd
g A1) 98] Rstelel G2A whad §4
A (hspT0)2] 2 BE S o] S-3ho] el S A
S, A AZ A Al mRNAS] Aol %
23t 9&g 3= poly A sites: FEY3H7] 93
pSICAT ~F/}/‘\ vl = & Squ3Al &} BamH A& 42
Aekt F 230bpel 04 RS s|sisieh o
DNAZ pBluescrlpt 11 SK+2} BamH 1 #|3+8.4 93]
o AHlstol AZ Eehavls pSVE sl
hsp70 L2 HE| ¥-2]+= puchsmA 2~3 Fefav|EE
Sal 13} Hind T AZrE 42 22]3}e] 1.39 kbpo]
DNA w4 3]5atgict. 353k DNAE pSV Z2}
20 =2 Sal 13} Hind 11 AgFE4 93]l o ZAsted
pHSSV #aile} & 2 s}ot k(27! 1)
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Fig. 1. Plasmid for transient expression assay consfru-
cted with the D. melanogaster hsp70 promoter. The
plasmid was constructed with hsp70 promoter from
pushst A2-3, polylinker and SV40 poly A tall from
pSrCAT. Abbreviations used for restriction enzymes are
as follows: BamH | (B); Sau3A ! (Suw). Sal 1 (S). Hind Il (H).
Kon | (K); Sac | (Sc).

#A& pHsSVE] 412} 725 #alslr] 93 o
7]/‘1 - BAg A28 2), hsp70 EZRE{S] 3}
Zo|| Hind 11, EcoR V, EcoR 1, Pst I, Sma 1 A&t
F2 wld 3} poly A taile] iR BER] 19l

A.

cl

SV(A

Hind ) Hind 11} m
(]
Pst + S

hsp 70

Pstl

—{nsp70 |-{ p-gal Hsviy

Sacl (pHsp-gal)

(PHSSV)

-2l FLP recombinase $+3 72| 3 vk W 23 39

Hsp 70 3V(A)

EcoRV_ Pst |
TGCAGCCAAGCTCGATAAGCTIGATATCGAATTCCTGCAGCCCGGGGGATCATAAT
Hindii! EcoRl Sma)

Fig. 2. Nucleotide sequences of the junction region
between the cloned hsp 70 promoter and poly A tail.
Restriction endonuclease, Hind lil, ECOR V, ECOR |, Pst |
and Smal as cloning sites are indicated.

t}. ujebd 2 E pHsSVE Ingolia 5(1980)°] hsp

AR Ayl o omre daEEe] 7
A3 87191 ribosome binding site7} L2 % E1 o EAF
®oohlal, TR EE §HFe] F249 AAE Fog2M
AbslEl ol 2k7E hsp70 2 EE{ o] °16H ALz
A B2 P29t vy 7288 S AL
= mRNAS] abA ol 93 88 1= poly A
site(Manley, 1995)7} Z24 9|22} &}-F-ol vl =]
oTo{ B oq.;Lo]]x-] zﬂxl-z‘;} “”’33_74]—\‘% %01‘/}_ {v?%‘ “H
kA ZAA o FAAE dAH oz HHAT A
e Aol 4UYADO R o) F B LS

Mow & walAgle Aaw el 488 Ao
= A7},

2. pHsSV WS EQ| T2 0E| FMAHN

Axhe pHsSY HHRAE]e) olehgda) e ofy
s} 2 Aes HGAsy)] A8l BA KAAZ E coli
B-galactosidase -F-H A5 T RE] dLFo HF3=
2 b9lsldct. 2 pHsSV HE|2] Hind M2} Pst 1 A

B.

Fig. 3. Construction and restriction endonuclease analysis of the E. coli B-galactosidase expression vector, pHsp-gal

A: Schematic diagram of pHspgal vector construction. pHsfFgal was consfructed by inserting the Hind ill-Pst | frag-
ment of the pSV-gGalactosidase vector info Hind li-Pst | sifes of pHsSV. The resulting plasmid, pHspgal, contains the
lac-Z gene under the confrol of D. melanogaster heat shock protein (hsp 70) promoter.

B: Restriction endonuclease analysis of the pHsBg-gal. The vector plasmid was digested with Sac | and electrophoresed
on a 0.7% agarose gel. M: Lambda DNA digested with Hind i, 1. pHsSV, 2; pHsp-gal
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t}. B-galactosidase -5 2= pSV-B-Galactosidase =
E{(Promega, U.S.A)2 ¥ Hind 112} Pst 15 =g
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(¥ 3-A). =3} B-galactosidase - 2}2] Abg] &%
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Fig. 4. Assay of p-galactosidase activity in BmN-4 cells
transtected with pHsf-gal, plEf-gal and recombinant
virus, vBmp-gal, respectively. Cell extracts for fgalac-
tosidase activity asssay were prepared various times
post-transfection at 24 hrs. intervars. Assay was per-
formed by adding the substrate ONPG (O-nifrophenyil-
B-D-galatosyranoside) to cell extracts and incubating
at 37°C for 30 min. The absorbance at 420 nm was
measured with ELISA reader.
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FAset. AL AEXEZREH FE2G FEA
ONPG(O-nitrophenyl-p-D-galactopyranoside)2 & 44
Uhg-gh ok 420 nmell A 355 SAesdch 1 A
JHLH 4-A), pHsP-gals Ao|dt AlE= 294 ¥
3d A of] A Aul-g-o] FabE]gl 0 0], o] plE1B-gals-
Aozt 759} v]&g W FAtol o). il A x
g} dlo]g] 2ol 2]3} B-galactosidase W3- 37 3
B #EE 7] Alzbate] 4dme}l 5o Zheh A Aiut
S vhehlisdct.

w3} B-galactosidase ] HbElekS. =32
Zko] A Autr-9-5-3} B-galactosidase E4E 7 FEH
2 At A7 A 3 EE S F 3
H=A-g AFEsleit). & B-galactosidase 57} 0.1~
0.5 unit/m!/ P& oA ArE3% 3] =4, B-galactosi-
dase(unit/m/)=3.15072 &3 % -0.0705247+= pHsp-
gals} pIE1B-galel], 1~5 unit/ll ¥ 9]l A+&4&t 3]
21X, B-galactosidase(unit/m/)=3.955901 x &3 &
-0.308856> |3}t Hlole 2] B-galactosidase =%
Z2]ol] AREslgdc). 1 73 pHsB-gale] B-galactosi-
dasex= DNA Heo| & 12d5)= A =A] 9kgkor} 2
Aol 042 unit® #3135 viehgly 3dA= 0.29
unitgd 0w, 4, 5AR = QA= =] ekl 4-B). o)
718 Okano 5-(1992)0] Zu}2] hsp70 Z & RE]Z ch-
loramphenicol acetyltransferase(CAT) - AFS- F-ol] 8l
Ab fref el wfekA Eo A A Ao} v]sgt A
gkolodct. 3t BmNPV f-2¢} IEl1 22 RE| 8 7=
gk pIE1B-gale] Wradofita) vls=gt 7dko|glon}, 1
glekoll 9lo1A] pIE1B-gal®] 2, 3 A alakql 0.33 ¢
0.21 unit B} vhas 24| viehgdol dbdo Aj 23t v}
olg{ 2ol 2)3} B-galactosidase al-& HE 3 3¢ 5o
0.11 unit2 "Fdo] A)=2tw]e] 4 Aol 2.53 unit2] 37
25 ®eal F 5494 235 unitZ AHashe AS vl
=, o]« pHsP-gal®] & <fAt vlivs] 2o 2 o]
5 H9icv}h a8y pHsB-gald} pIE1B-gal:= | =3} w}
olg] el vla) WrE e WA uk wokA| £.o] 7Fdglo)
B-galactosidase 5 &A1 = 9l AL olF T2
{7} 7]5 A|%2] RNA polymerase IIo} &J&)) A}z
“J(Huh and Weaver, 1990; Parker and Topol, 1984)%]
7] Wfiel Zlez A7k}

oL
i)
=
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3. FLP recombinase SIS} &

Tz wllofA| £2] 7+edgle] FLP recombinase v}
& A1717] $)sh pHsSVHIE] 2] hsp70 ZERE] 3}Fof
FLP % 2-& Atslsledct. FLP 44218 PCRE &
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w—
—[ FLP recombinase }_;_p0644

(3-ATCCACGCTGCTCTTGACACTS')

M1

«1375bp

Fig. 5. Cloning of the FLP recombinase gene.

The polymerase chdin reaction was performed by us-
ing sense and anfisense primers from the pOG44 vec-
tor containing FLP recombinase gene. The amplified
fragment was confimed by 1.0% agarose gel elec-
trophoresis. M, Lambda DNA/EcOR I+Hind Il markers,
lane 1, the PCR products. An asterisk represents the
transiational start sife of FLP recombinase gene.

2v3}7] 2]l A2 sense primer FLP -%1}2]
HdFPA] codong FFE A el 2o, antisense pri-
meri= $AY L] sl HAFES A7t ¢S £
pOG44 #E](Stratagene, US.A)YE 322 PCRE
st v AFE S oprlE s AR s
A3}, o] 4kEli= 1.37 kbpe] DNA 3% 3l &<l
& 5= gJAvH(1¥ 5). o] F pHsSVel 4Hl3l7] ¢
T4 polymerase #]2]  blunt-end 2 7+= o} T4 nu-
clo- tide kinase 2 }Z 5' Hdo]] Q14715 F-715)
t}. x2]g DNA ©#-g EcoR VE Anksli CIAP
] gk pHsSV wejof] ¢173}o] pHSFLP ®aixlel &
2kl s)gdc). A2kt pHSFLPE A|3F&4 Pst 108
Aohsla oprbEa Ar|edEod AR AI(1E
6), pHsSV ME]:= 4.5 kbe] DNA whge] gHasl vt
W, pHSFLP ®lE]i olAbEl: 1,133bpe) Az
DNA ©3e] Zhatg|o] FLP §-3 2171 4ksl=9 85
272 & 4 qlelc}. w3F FLP {331 4k] 99}
2 FHE- fAx oS FA%F A hspT70 TR
BE] 552 EcoR V AZEA $)A]4d Akgls]e] ¢l
ReHLE 7).

o] #}7ko] A)=ksk pHSFLP2] FLP recombinase HH&
o} ¢-5 A7 $l&l DNAE ulofA| el Heo]A]7]

(Kbp)

] -,
EcdRV | CAP s

-
[ om0 [ me [ svm}—

pHsFLP

«113

Fig. 6. Construction of the FLP recombinase ecpres-
slon vector, pHSFLP.

insertion site

_‘,____.J } R
AGCCAAGCTCGATAAGCTTGATCGGCATGCCACAAT
ind

. Hind W /

7

pHSFLP

Fig. 7. Nucletide sequences of the juncfion region con-
taining the FLP recombinase gene.

An asterisk inducates the fransiation start codon of FLP
recombinase gene.

L A8AIZ L 72417 A EE A2 FZ8S SDS-
PAGE¥ 723}, DNAE Ho)ab] &2

Holle =] ¢ 44kDao] Wier) Fhabs]e]
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Fig. 8. SDS-PAGE analysis of FLP recombinase pro-
duced by a PpHsFLP plasmid. The BmN-4 cells were
fransfected with pHsFLP plasmid and harvested at 48
and 72 hrs. post-transfection, respectively. Cell lysates
were analyzed by 12.5% SDS-PAGE. M; profein size
markers, C, mock-infected BmN-4 cell, V. BmN-4 cells
infected with wild type BmNPV, 1, BmN-4 cells har-
vested at 48 hrs. after pHsFLP fransfection, 2; 72, BmN-4
cells harvested at 72hrs. after pHSFLP transfection.
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