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WPREQ| 220l T2 GFP REAIC| &8 S8AM Hln
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Qg m s shlet Al gm
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o[l

2 A= g +AAe) 88420 HdS 935to] GFP XA FAAE o] §3819 o FH 9 promoterE 2A
3}k E3 retrovirus vectord] WPRE A8 £330 24 GFP A2 wd Z7} o g selsigict v & %
A M X 2olA] UbCe} B -actin promotero] W3] RSVS CMV promoter 5 #13+9] GFP2] 2@ o] ] Z3Al Vel
sow, 53] CEF AMl3Eo)|A:= RSV promoter’} 7Hd -3 2102 ST WPRES] =¢2% Q1g 2a&9
% 7= CEFE A9 A XFA] promoter?] ol FAIglol A=A o)de] A2 7} A XFE= promoterol
mpe}t gl o] gztel Aolg Holil Qo RSVE CMV promoteroll A -3AAe] Wdo] Bt} § & oln,
WPRE A ¥o] =9lH 759 HeLa®} PFF A XX WRlo] A 3] F7iste & Q1S 4 YA ol A+
A= 5883 AR 2d AAE Sgsi=l 7oz o voprt A4 s FAAE FEAAL]

A5Hog &8Hold F AL Aol
(FFA| o] : Retrovirus vector, Promoter, GFP, WPRE)

ARH T ol AW Hofolt,
ol gt okl A 7]wsE EFol7] A4 promoter F
I 722 - FAAY 9 FAAE a&FHo)n kg H
o872 BHAd Qe F342F Hol systemel &3 AT}
AAHOZ Fa=|ofof g,

olo] B AFoME ol FHA A&H THE ¢
3led RSV (Luciw 5, 1983; Norton 5, 1987), UbC (Jentsch
5, 1991; Marinovic 5, 2000), B-actin (Mzhonen 5, 2004),
CMV (Boshart %, 1985; Nelson &, 1987)¢] 4} 7}4] pro-
moter 310l GFP ¥4/ A& ALE-381o] o8] 72 B4
Axolr 2 2 Hrg vwstaz} siolrt E=d RSV}

Z 4#3 WPRE ME& =945t &3 F43 1A
a2} Eelch 2 AgolAe] fHat o] FHozE V&
HQl Bolda} FAzF Hojo] &4, WMol FHxfe] gk
e Fe FEE 73 AT retrovirus vector system
(Temin, 1989)= AH&-8F3iTh Z2]1} retrovirus vector sys-

teme =FAEY AEH virus FF| WE FHA
A8F o]l EAIF oz AAHL glewl, £ Aol A

olE S| A3}7] #1380l vesicular stomatitis virus G glyco-
protein (VSV-G)& %22 &} pseudotyped retroviral
vector system= AHESIITHBums 5, 1993). THE retro-
virus®] |k do] s xue] Kol#gl 849
F3AE] Al virus7t =Y EE v VSV-GE AE
A4 AaEke] g9l ofgk FElR =JAthLiu T, 199).
kA o] systemell o3l ArbE = virusE A BE HF
TEAM e AX] & AAAS HERY 244
2 E o8 vF Foll npolajze] T £Ho
Ae] el F=tiBurns 5, 1993; Lin 5, 1994). Retro-
viral vectorg ©]-&%t A Holo lojAe] & thE &
AHL olef Fxzpe] Eol vl %5 27t grke A
ojtt. o2 BHE Aot Hd Wt B Ao
RNA processing® £33t o]2 sl @z Tds
F7MI7IE Aoz deizl WPRE M 2g E93k3at 349
t}. WPRE= WPREq, WPREB, WPREY Al 719 842
oA o o]AL F FEoE o]FolX Al
HBVPRE (hepatitis B virus posttranscriptional regula-
tory element) Bt} A EE F7HA7IE SHAM o &
8-S YeRItHDonello 5, 1998). & 150 A= o] WPRE
M B3} A8l FF promoters ZFT retrovirus vector
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Retrovirus Vector® 4%

pLNRG2} pLNRGW : RSV promoter< pLXRN (Clon-
tech, USA)S HindII¢} KlenowZ A E X sko] 33
g 9oz ThE ¥ o]F i Xhol 02 HAgrosx
o}l ©]& BamH I, Klenow, Xho I 9] 2.2 A 2]3gk
pEGFP-N1 (Clontech, USA)# Z#A|# pRSVpro-EGFP
N1& F%31%ch. %3 pRSVpro-EGFP-N1S Xho I,
Not I, Klenow 2.2 # 2]t} RSV promoter?} GFP
MRS ¥ & o]5 BamH I, HindIll, Klenow T2
Aglste] CMV promoterE A4 pLNCX (Clontech,
USA)oll =J38te] pLNRGE %3151t

WHV(woodchuck hepatitis virus) (Donello &, 1998)
clone2 2 5-E| coning¥ WPRE: pGEM-T Easy vector
(Promega, USA) W2 =181t} A=38 pGEM-T Easy-
WPREE EcoR [ # KlenowE Agdted WPRE A E& &
2315l em o]& Hpa I # CIP (calf intestinal alkaline phos-
phatase)& 2] ¢ pLNRGS} AZE3te] pLNRGWE T
=590},

pLNUG : UbC promoter= FUGW (Lois &, 2002)& Pac
I 7} T4 DNA polymerase, 18|31 Age [ & Agj3lo] &
33t o]& Xhol, Klenow, Agel TOoZ A3}
RSV promoterE #| A pLNRGe] Z=33le] pLNUGE
F3s1900

pLNBG : pEGFP-N1¢]l Not I, Klenow, HindII§ #&]
3l GFP - A2HE 2k ¥ o]& Sal I, Klenow, Hind
I 2.2 A&l3ld LacZg AA ¢ pLNBZ (Kim 5, 1993)
o] =4ste] pLNBGE TH3t510h.

pLNCG®2} pLNCGW : pEGFP-N1°] Agel, NotI,
KlenowE& #g]slo] GFP A& #8gt ¥ ©]& Hind
I, Klenow& 2] pLNCXol =359 pLNCGE 7%
39120, pGEM-T Easy-WPREZ*E] WPRE A g-& 2]
glo] ©]& Hpal 3 CIPE A&7 pLNCGe Azxgstod
pLNCGWE T%319ith

o] ol A =3} retrovirus vector®] T3 & Fig. 17 2

M3 Hj ¥

B Ago| A AME3H= PT67 (Clontech, USA), GP293
(Clontech, USA), HeLa(AFgHe] 213759+ M ¥), CEF (chi-
~cken embryonic fibroblast, ¥9] Bio} A-f-o}A|XE), PFF
(porcine fetal fibroblast, ]2]2] o} A-folAX) AEXE
< 10% FBS (fetal bovine serum; GibcoBRL, USA)$} peni-
cillin (100 U/ml)- streptomycin (100 xg/ml) (GibcoBRL,

RSV promoter

LTR Nec® | Rsvp | GFP | —|LTR| psLNRG
LTR Ne® | RSvp | GFP | WPRE pLNRGW

UbC promoter
LTR Neof rUbCp | GFP —}—‘ILTRI pLNUG

B~actin promoter

LTR Neof | -actinp | GFP LTR | pLNRG

CMV promoter

LTR Ne® | cMvp | aFp LTR | pLncG

:

LTR Nec®R | CMvp | GFP | WPRE |—| LTR | PLNCGW

Fig. 1. Construction of retrovirus vectors. LTR, long terminal re-
peat; Neo®, Neomycin resistant gene; RSVp, Rous sarcoma virus pro-
moter; UbCp, ubiquitin C promoter; B-actinp, chicken B-actin pro-
moter; CMVp, human cytomegalovirus promoter; GFP, green fluore-
scent protein gene; WPRE, woodchuck hepatitis virus posttranscrip-
tional regulatory element.

USA)©| %78 DMEM (Dulbecco’s modified eagle’s me-
dium; GibcoBRL, USA) v #|ol| A 37°C, 5%2] CO, 712
= ujgagich

Retrovirus Vector System®| 44

PT67 M Xl 22} 20189 vector plasmidE calcium phos-
phate WH O =2 transfectiondt] thad A vjtd oz Z
o} Ul 48417t F virus stockS FEE T o) virusE
9ag %t pol TS 7FA AL Q& GP2939l| 22t A A A
G418 (600 pg/mil)e] #H7bE Bjgd oz 15:7F AHES]
t}. MEE Neo® (G418 resistant)§+ GP293-LNRG, GP293-
LNRGW, GP293-LNUG, GP293-LNBG, GP293-LNCG,
GP293-LNCGW A X0l VSV-G FAAE EU3517] At
20182} pHCMV-G (Yee %, 1994)F calcium phosphate
WO transfectiond} T}, 37°C, 5%2 CO, Z30)A 84
7+ vk T PBSE Al Fofl A wiFd o g Zolict
481]7%o] Z3}gt ¥ retrovirus’t EFHE wigAS ZH7t
045 pm pore-size®| cellulose acetate filterE ©]-8-3)] T

Erdss

GFP REXY WH 7o &l

8H% A2 60 mm disholl 1x 10°702 Fxla) & F& Al
¥ (Hela, CEF, PFF)l virus7} E35 kol 10 415 ©l s}
15 pg/mle] polybreneg Z7}5k3iTh thEd G418 (600
pg/ml)o] H71E gl o2 1/102 5 dishE splitdto] 3,
4 Aoz A mjoklo R ZholFA ok 25 il §,
3 disholl 4] BAH colonyt= crystal violet staining (Ching-
suwanrote 5, 2003)& ©]€3 Neo® CFU/ml (colony
forming unit per ml)& S48t WA 2 disholl A 3
A9 H3EE= GFP A4 filter (460~490 nm excitation, 510~
550 nm emission)”} “42d FFAv| 4L B3to] GFPY
HAE st o] MEE 48A17F v & sonica-
tion buffer (50mM NaHPO,, 10mM Tris-HCl pH 80,
200mM NaCl)oll @Este] 283 #3f(Vibracell; Sonics &
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Material Inc, USA)S &} 13,000 rpmol A] 3087+ A&
Aot FFAe FEIUD F=5d 982 L Bradford
WHo 2 AEksle] 100 pgoll A3 Y22 fluorescence
(TwinkleTM LB 970T Fluorometer; Berthold Technologies,

=2 ==

Germany)E 573}31t.

Western Blotting

GFP ©ide] &g Axg FQatr] At 4pugel &
MRS 471953 F semi-dry transfer cell (Bio-Rad)= ©]
3} nitrocellulose membrane®l| transferd}Sith. Transfer
7} B4 membraneS 5% skim milk7t £%H blocking
bufferol 4] incubation¥ ¥, GFP monoclonal antibody
(Clontech, USA)$} |7 24 B-actin monoclonal anti-
body (Abcam Ltd, USA)E 717} 1:80000.3 3|45 -8l
©2 w117l th& horseradish peroxidase-conjugated ¥l
secondary antibody (Pierce, USA)E A3ttt dAE
HE-8-A1Z1 membrane<> SuperSignal West Dura Substrate
kits (Pierce, USA)E ©]-&3}4 Xeray filmol] 7+3AI17 &
L=

2n o uE
BEAM EO Oet Z4HE A

A 238} retrovirus vectors HFH 0 E GP293 A E9
=450 virus At AEFE FHIE 8¢ virus
stock (LNRG, LNRGW, LNUG, LNBG, LNCG, LNCGW)
& AN E(Hela, CEF, PFF)ol g 7o Z} Mo
A Neo® titer2 Z3 38+ Az} M F0) whe} ozl 3ol &
Kol 4x 10° ~ 8x 10° Neo® CFU/mIS] Z<d7}S Yeh)
STt

GFP REXQ &8 =0l

Aax Mmool g GFP FHA) Hold Z4zhe
FAAEAA BN A-G 3531 Fluorometry & 2 A15H3
vl o A3 a5 A &2 Hela, CEF, PFF AlXoA&
330~390 rlu/100 pg(T™M & 100 1g7d relative light unit)
2 e e HsiA GFP FRA Hold EHAEE)
A AEF] mebAl 1,000 riu/100 zgoll A 21 2,0004)
91 600,000 rlu/100 ngl Z7H @& eI, pro-
moter =02 GFP f7x}9] wd 58&& 47 EH, RSV}
CMV promoter’t UbC%} B-actin promoter®th T F&
Ao g EbGTHFig 2). 2 FolA X HeLa®} CEFolA &
RSV promoter’t 7} #& &€& WU, PFFIAE
RSVET} CMV promoter7} B &7 Wbttt o)d2] 2t
E I3dr4E B9 Axo #EAXE UbCe B-actin
promoter2T}H RSVS} CMV promoterdll Al & T 4% 3%
o] Hol&= A& U3 thFig. 5).

B Ao AkgaHEs Yl 7HA] promoter 304 RSV}
CMV promoters B2 HEFo|A 28E&E Foled A
35 i Edl(Baldwin 5, 1997), 53] RSV promoter 2 th
CMV promoter’} t] -2 ogf fd#te] 2d&g e
B RAog B JOoLKSmith F, 2000; Schaack 5,

T
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Fig. 2. Fluorescence analyses of GFP gene expression in various
target cells. RSV, UbC, f-actin and CMV represent internal
promoter of LNRG, LNUG, LNBG and LNCG retrovirus, res-
pectively. rlu: relative light unit.

2001), Zarrin 5(1999)2] T lymphoid cell*|41E RSV pro-
moter’} CMV promoterol] B4 ©] & @< WA
3 EHch 2 Ao M x M L9} promoter?] FFoll
uj2} GFP f+3Ate] Bd f&o] v ¢S Bole AL
2 Hopd 9 fHxe] wEge AV|E FHAMES
promoterol] we} AFEE & 4 ATk

WPRES & oleffriate] @8 Sl adenovirus
(Glover 5., 2002; Xu 5, 2003), adeno-associated virus
(Loeb 5, 1999; Paterna 5, 2000), lentivirus (Ramezani
5, 2000; Moreau-Gaudry 5, 2001), retrovirus (Scham-
bach 5, 2000014 olv] =1 &37} ZH ATk WPRES Al
¥9] ZF1} promoter, vectoro] A RIS] mRNA proce-
ssingS F71A17)31 olol] el WPREE E¢& Aol =
UetA] e Art FAA FHe] &S el Hol 8
#i7A] Z A7 cka B 0E 1 QoK Zufferey §, 1999). 9
o] g v 7}2] promoter T RSVE CMV promoter
7} UbC$} p-actin promoteroll B8l GFP +72te] &
ol 3k 7] wlEol RSV CMV promotercl] 4]
WPRES] =4 #5o We 83 43 A=E vjuspr|=
algich o] Aol RSV CMV promotert= CEF HEZ&
A 95 Uz M ZFo| 4 WPREE =93} vector’} =Y
314 22 Axc) on) o] de] wd a7}E HATkFig. 3).
T2y} CEF M 29 Z$ol= WPRES] 37 A9 itk
1 g 4 ), Fig. 3014 promoter®] 4do] gk 74
ALHRSV promoter?} 73-%) 7 Stk RA2(CMV
promoter?] 7Z-$) Age} vlnlgk Qo] 7|9tk A
Z}ft} o] ZA3}E Western blotting Aol 4] A &35
o, CEFE A9 & MEFA= WPREE =T
vector’} WPRES =31 &2 vector®th o B2 GFP
il do] AZ A thFig. 4). £ FFAUAE 2= RSV
CMV promotero] WPRES] =] #5o wh& &3 2873
EE HelLa AXoA vlmst A3, Uyt vectork.t}h WPRE
Z =4 vectoroll A o] g 33 LS e ATHFig.
6).
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Fig. 3. Effect of WPRE on the GFP gene expression and fold
induction in various target cells.
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Fig. 4. Western blotting analyses of the GFP gene expression in
various target cells.

olate] Asztel Zho] CEFE A LI§ F 7}A] Al ZF00lA
T promoter?] Z-Foll #AIGlo] WPRES] &35 & F 2
¢t} o] WPREE %93} retrovirus vector system=
HAAZFE Aol o] & A, a&4d A W
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=
oz YAATEE A HTES £ Bk opje}
Afgre] §74 A Bl ARA $Eo] NEF Ao

uv

Fig. 5. Expression of the GFP gene in HeLa cell. N, uninfected; R,
infected with LNRG; U, infected with LNUG; 8, infected with LNf
G; C, infected with LNCG.

White

uv

" :’ - -
Fig. 6. Expression of the GFP gene in HeLa cell. N, uninfected; R,
infected with LNRG; RW, infected with LNRGW,; C, infected with
LNCG; CW, infected with LNCGW.
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Expression Comparison of the GFP Gene under the
Controls of Several Internal Promoters in the Retrovirus
Vectors with or without WPRE Sequence
Kim, Y. H, B. C. Koo, M. S. Kwon and T. O. Kim

Dept. of Physiology, Catholic University of Daegu School of
Medicine

ABSTRACT

In this study, to construct more effective retrovirus
system, we compared four internal promoters (RSV:
Rous sarcoma virus, UbC: Ubiquitin C, B -actin, CMV:
human cytomegalovirus) in the retrovirus vector by
measuring GFP (green fluorescent protein) expression. The
effect of WPRE (woodchuck hepatitis virus posttrans-
criptional regulatory element) sequence on transgene
expression was also investigated. Experiments were
conducted with cells derived from three different
species (human, pig and chicken) and evaluated the
activity of each promoter and the effect of WPRE
sequence by fluorometry and Western blotting. In all
cells tested, RSV and CMV promoters were superior to
UbC and f -actin promoters, and RSV promoter was
the best one in chicken cells. The boosting effect of
WPRE sequence on GFP expression was evident in
human and porcine cells but not in chicken cells.
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