* 118 - EPtESENMEBELE Prog. Biochem. Biophys.

L
s W TR

IR N SE AR N F 1o M B 2 570 13 s i
N7 P2 = SRR R N CHO 4 i A =R Tk
RAE S0 TKI FER f B T OB OB

bR EAESRITEM A, bR 100071)

- .

WE FEREHREN TRAMNEEEERLSVARTHRLETSEE. MRARGTRAEZNOH
BEHT. —LEHAERENES T, NEHAMBENEMENT (Poye) 7S HME, NHEZERBIT
FIRSMREAREEZMRAEEE, 0 THEFARNERFRNEZHRAME. MAERRET (o TEH
BT (Pepy, 0 AZMMAMRE, BEHNTAEST Puve, MTAMBANREONETRAER HEUR
TET Prp BRI TR LY A M R0 S 15 pEDS, TESEFHZIBH CHO MM, HERE/IMREANRED R
MR P BRI TEZEHEFMNA1IHE TR T BARREENHEINERKT, MEREFEET
(transcription activators) X EFFERATEME L, PFrLlRnER- T A THRZI WSS AL R VP2 2] \ B E {5
cl AN Cir, EADER cl EA%SE TOREAR P JEEI TR TATA £E BUF2Y 200 bp 89 X BEEIE 0,2-0,1 7
Fl b, M “1E%E" 2 Py, BB T TATA FEMHL, MMEMERNNFER. EERUFOBeH M FEHE
M TP IR FR A S pER-AH AT pER-VP2. pER-AH FILANEEARIRES LAE R ETEE T HRIEH

2004 31 (2>

fRB& 7, 1 pER-VP2 FiRAMNRE AREED ML A S HRBER T RERER 2.7 .
Kigim FHIEERT, BarT, BEREER, 1 &8, CHO 4l

FRGRT Q78

SMEEATEHAL AP RREE AL,
TIAERERE: SFEREH ENEETE. 3
TR . BRI YAAREM . mRNA RETEERL
2, ENEANAE2HEUAENEONREH
& AbalAEES S REBER AR BT
PAAIEFIRIA SR R Y E AN B R A LA A
PRIEEMXE BITFHRENTEENFER
BUHEERER. AP, REAEAR
AHEMEBEHRIIT (Pyyg)s AEMHFETF 1-a
ERET (Pg..) M Rous AEERmERFIIZE
BESTT. XERFRENRISITFEH S HAE
T, BEWE A THmAME A H, RERT
ARRFEERD . RN, S
E AR ERCIR GG N, E e g f i R A B R 4R
REHEFIAI P, Z0HAL T AE R 18 AR, AR
SEMNTERIFEEOFERENEE L
P oy 58 BT TR AR S 7 A B ) 2R A O R
. NEWETF 1o TERHTF (P, > FEAM
FIHARRE, MERZhFREEZETT Pyygyr W T
FAMEANEE E AP, Py, TREENEE. Ems
R AP IRATEELL Py, 1N BT RREE A,
FH 5L Py (E R BB T RIFEE ST LLERL

A4, BREFEEFATERNERETSE
B OERAMNERNERH=1"HAEEE: B3l
F. RNA BEELL RS 7/ RNA BEES%E &
Bl—d, DEGENEFRNEEREFNT (general
transcription # #& TFIA. TFIB.
TFD, TFIE, TFIIF M TF I H %. HBFHEE
F A5 7] DL e KAV fUN T |, BT ER
AIBRAK TR AREER. o THENEEERKE,
NEAENFFHOERET, NEREFERT
( transcription activators) 5™, ¥ FEGEE T H
BB A AL DNA 48 EHE AR E
W, T2 ERREOER FILE RIS,
SRR FREGEE F A LIERF —RiE. . &
2Z B, DAEERSH, MRS DNA MEa 0.
PR BOE E TR A Y —H “1EF” (recruitment )
HIF R BEREERE DY, IEREERTH
DNA Ziaa5MEIEI R EESH (Bieal. =
HEtvsE. HD 45, HLH 585 535074
., HEGEEHBEd SEERRETFrEES &,

factors ),

*EHEER A

Tel: 010-66948565, Fax: 01063815273
E-mail: ¢w789661@ yahoo. com

W #E B #A. 2003-07-09, ¥ H#: 2003-08-28



2004; 31 (2D v SEYhETE

Prog. Biochem. Biophys. * 119+

Mo SRREEEEMEE TRIF L, SR
RRIEEEME BT ENEE, EmlaEE
.

Pror M Py A TANREE FIE M B 740
RIRGRNES . BETRENE L ERNE
O ONTREINEERNFRER, TRUEL R
REATEFEEEFRE LR B FRIEFRN
2. #)U0, Hippenmeyer U1 7F BHK 40P 2R
EHARZ S (HSY) VP16 & (RN & %5
FUNEHRFHEREEE T, DRERRHR
i, EshRIRBREE M FRL), MET —MEfRk
Mk, BT HSV IEMREFZ EHMNEER
EE, ATbmEEAPSIREAKERFRE #=
WAAIREIGH, VP16, NF-kB § p65 WIS F
BEE FEMILA A b RISERMS, eSS
WELTERRENENE XY, FEWAEELT
WM A LR FBGEE 7, DA THAS TS
WhFRE: FREZEY /), n LI REAK
fE, ERERATHEERERE. 41 Mapp & H®IHH
N FATRERFZEFEET, 4+ FRER DI
4.2 k. DALFEE R R Cpolyamide) FEEA
DNA S& 4, BT —BFEMN Linker 58
WEEETEL AT ER:, MR TN A LR REGE
FHF. FEAEsEnl DL g5&H DNA B9/0hiE, JE R
AR 55 DNA F A4 R 46 & 0T B B
Fima R ERE R AR AT AH BE—BRAT®R
I E RS ( PEFPGIELQELQELQALLQQ >, 4
“Pr7 IR BTN, AT OSSR E R R
Ansari 25 325 VP16 P A — B 8 N EEERR Y
fE Ak VP1 (DFDLDMLG> B VP1 1 E B fk VP2
( DFDLDMLG- DFDLDMLG) #4% AH, #%8 [ &/»
MATHEZRET, FHERIYE TIRBOHZEE
VEME. Lu SRR R T Gald BISUESS
PR, Di—~ 6 MUEEL 8 IR BB #
W, FMIKE PR ER T — R FIA L REGEE
T, AFEMERTE T TERN Gald.

AEFF A, BATELRLE T A RE A o ER
FIB N A T FBnE E F AR E G RIENEER
RIACEHEAT T2

1 AR

1.1 £t
T MR S B (R Fa A P G R BT A
CHO-dhfr (DUKX-B11) M H 3 E ATCC ( CRL-

9096, HF T &E HT (0.1 mmol/L hypoxanthine;
0.016 mmol/L thymidine > ] IMDM-10% FBS
(Invitrogen 23 7)) HEFREE.

WL 304 A B Z2 18 248 pCl-neo ] B Promega
/A7), pEF1/HisA M B Invitrogen 2 7); W F,2045
MM dhfr T FIEBAR pCdhfrl M XM 7 FFRIE
AR pCdhfeS S B AR Z W, N WE{E DNA A
TaKaRa %y ®]; pBlueseript KS ¢ - ) Ji R e A
Stratagene A F); Great EscApe™ REER RHRHH
BD 27, 7% pSEAP2-Basic 1 pSEAP2-Control %
BARLL AL B M. Flp-In™ 7 S-S R
08 B Invitrogen 2 &, ‘H % B AKX peDNAS/FRT.
pOG44 UL B 78 F 4 Flp-In™-CHO.

L2 EFEE

MRZEMBITREEE (A HwRE o
H314 %t pDHFRsmf/pDHFRsr (JF ) W3 10 M
AR pCdhfrl 318 dhp BE, N EHEE ] BE
RITkE: LIS X) pelSmaf/pelPstr (F I M3 1)
MOn DNA 938, ) RNA 7 93RRI
fi i CIRES) FAIRITLIE: LL5]# R pleskEeril/
plresEcrvr (FFINFI1) NEAEHWENDEE
pCdhfts FF- 8. FRS I8 B EE A pCEM-T
BARFMF. A B-TIHEERE C(WFN-B> MRk
I ] RNAgents®  Total RNA
{ Promega 2> &} #1 SuperScript’™ Preamplification

[solation System

System for First Strand cDNA Synthesis (Invitrogen 2y
" MASR R 4t B R B RNA 3 2 B Ak
eDNA. #1514 pIFNBof/pIFNBor F 79514 pIFNBif/
pIENBirXbal JFFI W& 1. REHA51409 8 15 185,
W 2 30 183, IR KGR E 4 B E 52°C A
S6C. ¥ BOERE A pCEM-T iR FH0IF
1.3 ERTBRHHHE

pLinker FIHf #: (L EZ AW 2 4 HEB T 8H
pLinkerl F pLinker2 ¢ F AW R 1>, &L
50 pmol/LEIREE T 1 x PCR Z9iE (10 mmol/L
Tris pH 9.0 25T, 50 mmol/L KCl, 1.5 mmol/L
MgCl,» 0.1% Triton X-100> . K pLinkerl 1
pLinker2 7£0. 5 ml BELEPRSREE, BT &
FEHEACRI M . HRA PRKEZES AR®
H, 2 FERETRIBKAROUEE, F7E B R o Al B
f Pst 1 F1 EcoR 1 AIRTPER 5.

OR21 (8 #: &AL 3 £ BT ® pOR211.
pOR212 #1 pOR213 (FHIALF 1>, DL pOR212 A
AL, pOR211 1 pOR213 454, Eid PCR %



* 120 ¢ VML S YRR

Prog. Biochem. Biophys. 2004 31 (2)

1842 K ORI B TE. PCR ¥ 44 94
5 min; 94C 40 s, 309C 40 s, 72°C 40 s, 5 I 1E
I 949 40 s, 569 40 s, 72°C 40 s, 25 MEH.
2% NG RESE RS Ik B PCR =¥, DI T EBIA
B, REIW A SR ( EdE T A B
Age ] B8] OR21 K&, ZEEPLIE[RIYL.

FRT BIHf#: & M A £ E T8 pFRTI
FpFRT2 (FFIMF 1), HEERIREH, T35
AN (TaKaRa 2 7). PIZEZEBRIEXY

Ji AR pLinker f1IR-K. 1B KR BYSUCEETE B3 R i

AL Miu 1 R .

AH B8 (W5 RAAEETE pAHL
pAH2 CFFIFE 1. ﬂﬁ%%ﬁﬁ@iﬁkﬁﬁﬁ&ﬁ
pLinker 1B K. 1B K 5 BIXURETE 831 A% i 43 Bl T
A Cla T F0 Spe T FIHER 5.

VP2 M35 WEERMAER TR pvP2l

M pVP22 (FFIRFE 1>, FLAEHTRIEKNE
A pLinker FEBAK. IR KRS B AUEETE B R w50
MR Cla T FA Spe T 0k R 0.
1.4 JFUR DNA f)4H B e e

R H Bg Jit {2 LIPOFECTAMINE™ 2000 Reagent
(Invitrogen 2v ) ) X 40 B MEAT #6482, i 99 3
HRAF.
L5 A p-FHEFEENE

sE 3wk [19] A
1.6 5l BURR P R R g v A

1R BD 2 7 Great EscApe™ i &3 H R
VLA B IE. A REERES (SEAP) {EfLL
ZROGEMEN, RABEE—CTHAELT
SEAP MIFRZFEE. LM X Jt Rl SEAP B
RICERE.

Table 1 Oligenucleotides used in this work

Oligo name Oligo sequence

pDHFRsmf GTCCCGGGCCACCATGGTTCGACCGCTGAAC

pDHFRsmr GTACGGACCGCTATTAGCCTTTCTTCTC

peldmaf ATCCCGGGCCACCATGAGCACAAAAAAGAAACC

pelPstr TACTGCAGGCCAAACGTCTCTICAGGCC

plresEcrif TCGAATTCAATTCCGCCCCTCTCCETCC

plresEcrvr CTGATATCTTATCATCGTGITTITCAAAGG

plFNBof TGGCACAACAGGTAGTAGGCGACAC

plFNBor GAGGCACAGGCTAGGAGATCTTCAGTTT

plFNBif CCACCATGACCAACAAGTGTCIC

pIFNBirNot | GCGCGGCEGCTCAGTTTCGGAGGTAACC

pLinkerl AATTCTTAACTAGTACTACTATCGATAGAACCACCACCAGAACCACCACCACTCTGCA
pLinker2 GAGTGGTGGTGGCTTCTCGTGGTGGTICTATCGATAGTAGTACTAGTTAAG

pOR211 GCGACCGGTTAACACCGTGCGTGITGAC

pOR212 COGTGCGTGTTGACTATTTTACCTCTGGCGG

pOR213 GAGACCGCTTATCACCGCCAGAGGTAAA

pFRT1 CGCGAAGTTCCTATTCCGAAGTTCCTATICTCTAGA AAGTATAGGAACTT

pFRT2 CGCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTT

pAHIL CGATCCTGAGTTCCCTGGCATCGAGCTGCAGGAGCTGCAGGAGCTGCAGGLCTTGCTGCAGCAGA
pAH2 CTAGTCTGCTGCAGCAAGGCCTGCAGCTCCTGCAGCTCCTGCAGCTCGATGCCAGGGAACTCAGGAT
pVP21 CGATGACTTCGACCTGGACATGCTGGGLGACTTCGACCTGGACATGCTGGGCA

pVP22 CTAGTGCCCAGCATGTCCAGGTCGAAGTCGCCCAGCATGTCCAGGTCGAAGTCAT
pSEAPL CCACCATGCTGCTGCTGCTG

pSEAPINet |

GCGCGECOGETCATGTCTGCTCGAAGEGGE

In the table: letters underlined mean restriction sites in the oligonucleotides.
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NEEFAR o T EE. /D RNA /& IRES 41 A

B-:FTjE%% F#| 5 GenBank —%{. GenBank /7
)5 4 B R 126316, J02459. AJO00155 F1
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Fig.1 Flow chart for construction of pEDS
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Fig.2 Miustration of two plasmids used in this work
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Fig. 3 Comparison of interferon-f expression in pCdhfrl and pEDS
Mammalian expression vector pCdhfrl uses Poym.gs while pEDS uses Pey,. The intederon-B reporter gene was cloned into the two vectors
respectively and transfected inty CHO cells at equal moles. Blank vectors were also transfected intg CHO cells as controls. (a) Transient
expression. The fgure showed that pEDS expressed 26% more intedferm-f than pCdhfrl, which meant that Ppp,, was a little stronger than
Fopygp. (b)) Stable epresdon. Stable clones were sereened out by withdrawal of HT. The clones that epressed bighest lavel of interferon-
respectively were cultured in medium with serum reduced to 0. 5% for down regulation of cell cycle progression. Intedferon-B espression was
tested 4 d later. The fignre showed that pEDS produced 3. 1 times more intedferom-[3 than pCdhirl , proving that Ppp), was stronger than

Por.m when cell cyele was amested. The bars represent the standard deviations caleulated from three repeated experiments,

Fig. 4 Comparison of SEAP expresion in
pCdhfrl and pED3
Fopression of SEAP, another reporter geme,  pCdhfrl and pEDS
wais tested agam. 7 and 3 were for pCdhfrl -SEAP, 2 and 4 were for
pEDS-SEAP. Beth transient expression (al and stable expression
(b)) results were consistent to those shewed n Figure 3.
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pER - AH M pER - VP2 3% 1 K5 Y % £ 76 i 4
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Fig. 5 Construction of expression vectors pER-AH and pER-VFP2
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B OWRIRENE—PHED DNA FIITE
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A

LA CHOE EHMP. B 6 Eox T pER-AH 2L
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€2 Osl BGH
EFl-w Promoter  Geneof Interest Poly(A)
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L [ Linker
© 0 ¢ ] dimerization domain

° ¢ I DNA binding demain

FRT

SV40 ol Linker AADIRES DHFR SV40
Promoter

Poly(A)

DHEFE, for clone
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Fig. 6 IMustration of expression enhancement by artificial transceription activators
When co-transfected with Flp recombmase-generateng plasmmd p0GA4, pER-AH or pER-VP2 can integrated mto FRT site of host chromosome. Pgygg will

nitiate transeription of a di-cistronic mRNA. The dstron after IRES will ranslate inty DHFER for clonal selection and gene amplification. And the cistoon

before IRES can translate nto ¢ 1 protein, which is fused to an artifidal tansedption activaton domain (AADD, ie. AH or VP2, by a soft linker. The
N terminal domain of ¢ T can bind to Op20g1 site about 200 bp upstream to TATA bow of Prpg, s and “ conseript” 44D near to TATA box. The 44D

in tumactvate gene ranscrption.
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peDNAS/FRT, i85 Ppp, BB P 65, 5
2.3 MR, pERAH AMEBEAMRIEER
& 7T pEDSFRT, i pER-VP2 FIA4MEE H H68
NJH pEDSFRT & 2.7 f§. EmMERFARETR,
VP2 EFF R TMBERE S, FTUATHERSME
EFTE CHO 4+ HRIE.

Activiy of IFN-BA10° Urml™)

pcDNASFRT-IFNG |
pERFRT-IFNR
pER-AH-IFNB
pER-VE2-IFNR

Fig.7 Comparison of interferon-f expression in 4 vectors

Interferon-f was used as reporter gene for test of foreign gene productivity
of peDNAS/FRT, pERFRT, pER-AH and pER-VE2. Intedferon-f gene
was clomed into the above mentioned four vectors, and was co-transfected
into Flp-In™-CHO cells with pOG44 at molar ration of 1:5. Interferon-f3
activity was assayed 483 h after wransfection. The figure showed that
pERFRT expressed a little more intedferon-f than peDNAS/FRT, and
pER-AH a little more than pERFRT, while pER-VP2 expressed 2.7
tmes more inteferon-f3 than pERFRT. The bars represent the standard

deviations caleulated from three repeated experiments,
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Fig. 8 Comparison of SEAP expression in 4 vectors
Here SEAP was used as reporter gene for test of foreign gene
productivity of peDNAS/FRT (7). pERFRT (2), pER-AH
(30, pER-VP2 (4). The results were consistent with Figure 7.
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CTG CAG AGT GGT GGT GGT TCT GGT GGT GGT TCT ATC GAT AGT AGT ACT AGT TAA GAATTC
Len Gln Ser Gly Gly Gly Ser Gly CGly Gly Ser Ile Asp RANDOM Thr Ser Stop

P |

Cla ] Spe | EeoR |

Fig. 9 The linker sequence
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Enhancement of Foreign Gene Expression in CHO Cells by
Human Elongation Factor 1« Subunit Promoter and
Artificial Transcription Activator Factors

LAI Da-Zhi, WENG Shao-Jie. YU Chang-Ming, Qi Lian-Quan, FU Ling, YU Ting, CHEN Wei~
( Beijing Institute of Microbislogy and Epidemislogy, Beijing 100071, China)

Abstract Expression vectors are eritical to high efficiency expression of foreign proteins. Thus a vector containing
human elongation factor la subunit promeoter ( Py, J for transcription of genes of interests, and mouse
dihydrofolate reductase Cdhfr) gene under control of SV40 promoter (P, ) for clonal selection and amplification
was first constructed . The vector was named pED5. The expression efficiency difference between pED5 and
pCdhirl, a vector utilizing CMV enhancer/promoter (P, ) for foreign protein production, was analyzed using
human interferon-g (IFN-B) gene and human secreted alkaline phosphatase ( SEAP) gene as reporters. When
analyzed in transient expression, pEDS showed a little more protein produciton than pCdhfrl. However, in
continuous expression, when serum concentration was lessened to slow down cell proliferation. pEDS expressed 3. 1
times more reporter proteins than pCdhifrl, which implied that P, was less affected by cell cycle status in contrast
to Poyyip: making pEDS a good expression vector for foreign protein production. To further enhance protein
productivity of expression vectors, two artificial transeription activating domains, AH and VP2, were linked to cl
repressor protein of phage ) through a soft linker, respectively, and thus twe artificial transeription activators were
created. The 0;2-0,1 sequence of phage A was inserted into Pgp,, about 200 bp hefore TATA hox. The artificial
transeription activators can bind to 0;2-0;1 sequence, and are thus conscripted near to the TATA box of Py
activating gene transcription with artificial activating domain AH or VP2. All the components mentioned above were
integrated into pED5, producing two vectors: pER-AH and pER-VP2. The two vectors were tested for their
efficiency of expressing IFN- and SEAP reporter genes in comparison with pERFRT. a vector similar to pER-AH
and pER-VP2 except for lacking of artificial transcription activators. To abolish transcription efficiency affected by
copy number or integration site in chromosome, all the vectors were integrated into FRT site by co-transfecting with
an Flp recombinase producing plasmid. The FRT site was pre-inserted into CHO cell chromosome by Invitrogen
Corporation. It was showed that pER-AH was only a little more efficient than pERFRT, however, pER-VP2 was

2.7 times more efficient than pERFRT in expressing reporter genes.

Key words transcription activator, promoter, gene expression, ¢ protein, CHO cells
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