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FE AR ER R cDNA HSERE
RHETE COS-7 A EIRE

B ¥ REE BAE HEAX HEFE

(FERFEFHERNESTERFRELIRATIBEFZEALIRE 3 100052

W E ABPCRER, UFEHARGEMERR EPO K4RXEHANME. #1TTEH
g AfE A, &Y EPO cDNA 2 ¥ 7], M 28+ E A EPO cDNA 5 E S o s B LB H
—~TETRAER, FEWCAEAERRLUER, FRRER. A EPO cDNA ZEHHA
FEQK pSV2-dhir R R NREN R, WRT 6 RARNEERAERE, B pSV2-dhir/
F1, pSV2/F2, p8V2-dhfr/F3, pSV2-dhir/F4. pSV2-dhir/G1 M pSV2-dhir/G3. W EI5H
BIFERFACOS-THM, SRAY s MESRERUHERAOM L HEAA R M EPO B
th. A EPO cDNA [ % % 86k FiR 75 COS-7 Sl P B R 35K F B T A k& EPO A
AR,

XRiE RamMERRE, PCREAL, ZEFXL

EPO WF st EAETaRENN —FHERHEORE, EddHEELRAHAR
W, A UFMRRREREDENE, AVAEREANR R POBMLT EWEH
wET,

H4 EPO (thEPO) HF S5 XA EPO MMM EMM LY EMEA; Amgen 24 7]
AFHMEPO~HET 19894 6 AAXERFDAtMEEXLHTH. HEHFSOLTEK
E rhEPO T I BRigy7 £ F R H S R0 a0 40 f W A S BE , T2 A58 D06l 5258 Bt
MR ASIENA D, BFERM, AIDS HAMA AZT Sl M., &FHELEWNESE
MRMBEFAGEHEASE, HEHBNTR,. HAERKAESHBNEFREC.

AXRAPCR AR, LLEPO KA REHT KN, #TTERBHMESL, mEH
EPO ¢DNA £F¥], A EPO cDNA ERBEHBRE MR TE COS-7 fF MREKFEHT
A4 EPO 3P 5% 8 8 ik Ok,

1M oRR %

1.1 R, Bsinak

18£8 IM103, FER pGEM3zf (+), pSV2-dhir #1 pSV2/E2 ARk, pSV2/
E2 % 1. 0kb B9k 4 EPO B:H4l, A pSV2-dhir BB F T, LB dhir £E™,
COS-7 4 M fh b BT EE R} A 2 M 3% . M13mp19, M13mpl8 RFDNA 4 A 3% E New England
Biolabs 44 5] .

E® “863" £ WL AMAELUE.,
FHXF 19554 8 A 14 HUH,
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41 B Ou%. PEAMBAMIEAERE DNA BTER S HTE COS-7 8 fa b i) X% 395

1.2 R MmERAe

FRHIRE., T4 DNA g8 . X-gal. EPO ELISA &M H #8H Boehringer Mannheim 4%
7], Taq DNA &8, Vent DNA RA8, DNA ¥ 8 & &% R E New England
Biolabs A8 5, MR SFISE. DMEM B# Rk 8 2£E BRL 4R, K84
L 2 E Sigma 2 A= &S E~ AR &k,
1.3 PCRIMPERSEEL

RAEAFHEHRBREFESFE ABI 277 381A B DNA S L& EBFH T RS
. FERERMABERMN (FPLC) kM Mono Q B Fac#itifrelifh.
1.4 PCR%¥ 18 DNA

PCR R4 &, MPEARICHANARE (EPO) K& BEEA REH EHK DNAD
4.0pg, FWEF T 294 100pmoal, 4 XANTP (£ 200nmol), 10X T R B ¥k 10ul, —
FETHR 4pl, Tag DNA RS 2 50, HFMEBFREKERLNLER 100, B3 H
W BWTHLM 100C Smin, BF—KEHF 72CEM 10min,
1.5 BEH®RFIAUE

3 F Sanger MR MW L #:7 . WF TEERE ABI 40 7 370A B DNA # FF Y L #
o
1.6 ERRENHEMGERTNAZ

Fiki DNA 4280, DNA B5i 0540 8 b et ok . PRGBS Db A0 3L R o e . ok Bl 8k 1l
RIS R BN BT,
1.7 COS-7 AMEFELREA

BUR - 709 ~80% #y COS-7 il , J Lipofectin 77 ik #% #a,
1.8 ELISA % #E EPC

RS LR B RS E B W E EPO, #% EPO ELISA &0 H6 5 i547,
1.9 TF-1 @R E EPO £4HFH#

TF-1 41l B 4K 8 EPO = GM-CSF =% 11.-3 {4 8, 4§ GM-CSF 4 5 e i 4
K0 TF-1 SRR SR 1640 Ve 3 WS, A 96 FL3EFM, BT 10° 4 M. RIS MAR

u , P1:  Xbal
WP 2 [F) B 44 PR A 0 B A 3 R & 24h TR 5’*TAZQ’E‘_ELAATGGGGGTGCACGAATGTCCTGCCTGGC’I‘GTGGCT—!&’

S0 M KA. o
5/ -AGCACAGCCCGTCGTGATATTCTCOGC0 -8
2 # £

B3
2.1 q:[ E A {E £1 4 B 4 E-‘Z i ¢DNA #] ﬁ 5/ -GAGAATATCACGACGGGCTGTACTGAAC-37
BB 5193 4 b ,
2.1.1 §|%ﬂg“&1+'_ﬁ%ﬁﬁﬂ§_tﬁq3@}\ 5/ -GATGGCTTCCTTCTGGGLTCCCAGAGC-3
TE L0404 R BN — 1 R SR R g?:—TGGGAGCCCAGAAGAAGCCATCT—?
B BREREEGHSL WITENS
# (B 1y, HEMAEMNLESHET 1 (EPQO 5 -AMBATCCTCATCTOTCNCC-37
BT H 4 EEERAR, P1 54 Xba M1 5tk EPO cDNA 3|9 &if
& (TCTAGA) 51 ATGGGGGTG- Fig. 1 Design of primers for cloning EPO ¢DNA
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396 3 ] L B & it 12 #

CACHIAMET 1), ZHNET 24, BIEB LK EPO cDNA,

B PLSP2YMBT 2, 3hAHB T, B3 0. 16kb M A BB, £
X548 P35 P4, AR TFIF4L, B 0.27kb M BHE, ZBRTHET 2; F=0
Si¥. P 5 Pe U MR T 5, B30.16kb 8 C HE, 2B THET 4,

2.1.2 AEPODNARFRE: X5\ WHGTHPCRENHEIMNEK PCRRETER
BB 2, HRBHERAKT E>Y. 7514 SDS-PAGE BB X 4B,

FASIY P2 B B o'W, PRAAREMIRBEFTEH, PATIC HEN 5
B, PSH B ABH 3 WmEREN, BIDH A RBEM B FB#TEH, BARA Klenow
B, SRITASIY P1 A P4 3347 PCR ¥4, 183) AB HBt; F¥ B M- Bl C BB 4T
EFh, BKH Klenow BEEEM, #R)5 H P2 #1 P6 5l #E 5 BC BB, ik KB4 8 5
Klenow 3, R /5 4 S % &2 pGEM3ZF () Fi¥ % Sma I 1 & F, 7 pGEMQ3 Fl
pGEMDF R ¥:. EcoRI

pGEM - EPOZ2

780 bp

I el
. Hincli(single restriction
site at B fragment}
A

B 2 TR EPO cDNA PCR E 7 & B B 3 pGEM EPOZ2 Bk
Fig. 2 Schematic diagram of PCR reaction for Fig. 3 Plasmid pGEM EPOZ2
cloning EPO cDNA

BTEBRBRPHBEFIM4ZEE —Hinc I 14, HEH RN EPO cDNA, 4%
A BN pGEMQ3 A Xba 1 #1 Hine T SUAS Y], 1588 S8 B 4k 29 0. 25kb K/ i
DNA, H4 Fa pGEMDF i BamH I # Hinc T XURE 7, 15 B & 35005 385 [ i 0. 34kb A
B DNA, % Z P H B R8T A Xba I #1 BamH 1 B E1 9 pGEM3IZF (+) @k, &
BIRHAAIMI03, 2% %, 450 pGEMZ2 W B4l R R & 4 F # 8 20 EPO cDNA
0.6kb f B, G EPOSEBT 1, 2, 3, 4 15 %% EPO cDNA (8 3).

BHRMFRD, NEEPO REEFYI TN cDNA FFI AR EE 62 a5k
MEHRY, FETHEC, MESRDNEEMABERNREERTh2ERK.

2.2 HEARLOHMEERR cDNA £ COS-7 @A RIE

2.2.1 HeHBREHERE. R pSV2-dhir Fik b 84, BE S B pBR322 M & SV40
B DNA & 5 (ori) , SV40 107 B a3 J5 30 T 0 dhir 3P 41, RA1¥ 0. 6kb 41 EPO
cDNA 5} 536 A pSV2-dhir FR AR M AL, SR Tk 6 f R,

(1) pSV2-dhir/F1 Bk . %# 0. 6kb i EPO ¢cDNA BF SV40 R EZ 7 T, ®
B LR K BEA pSV2-dhir JE s dhfr EHE KT,
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A 8 WEN. [ AJRLMKA R cDNA BT R ILAE COS.7 MBLHMER 307

-6 15 30 45
TCTAGA  ATG GGG GTG CAC GAA TGT CCT GCC TGG CTG TGG CTT CTC CT¢ TCO CTG
Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu

60 5 80
CTG TC& CTC CCT CTG GBC CTC CCA GTC CTG GGC GCC CCA CCA C6C CTC ATC TGT
Leu Ser Lew Pro Leu Gly Leu Pro Val Leu ¢ly Ala Pro Pro Arg Leu Ile Cys

105 120 135 150
GAC AGC CGA GTC CTG GAG AGG TAC CTC TTG GAG GUC AAG GAG GCC GAG AAT ATC
Asp Ber Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu Ala @lu Aen Ile

165 . 180 /j 195 210
ACG ACG GGC TGT GOT GAA CAC TGC AGC TCG AAT GAG AAT ATC ACT GTC CCA CAC
Thr Thr Gly Cys Ala Glu His Cys Ser Ser Asn Glu Aen Ile Thr Val Pro Asp
. A

295 240 255
ACC AAA GTT AAT TTC TAT GCC TGG AAG AGG ATG BAG GTC GGG CAG CAG GOC GTA
Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg Met Glu Val Gly Gl Glo Ala Val

270 285 300 315
GAA GTC TGG CAG GGC CTG GCC CTG CTG TCG GAA GCT GTC CTG COG GGC CAG GCC
Glu Val Trp Gln Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala

330 345 360
CTG TTG GTC AAC TCT TCC CAG CCG TGG GAG CCC CTG CAG CTG CAT GTS GAT AAA
Leu Leu Val Asn Ser Ser Glo Pro Trp Glu Pro Leu Gln Leu His Val Asp Lys

375 390 408 420
GEC GTC AGT GBC CTT CGC AGC CTC ACC ACT CTG CFT (GG GCT CTG 6GA GCC CAG
Al Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu §ly Ala Gln

435 450 465 480
AAG GAA GCC ATC TCC CCT CCA GAT GCG GCC TCA GET GCT CCA CTC CGA ACA ATC
Lys Glu Ala Ile Ser Pro Pro Asp Ala Alz Ser Ala Ala Pro Leu Arg Thr Ile

495 510 525
ACT GCT GAC ACT TTC CGC AAA -CTC TTC CGA GTC TAC TCC AAT TTC CTC CGG GGA
Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu Arg Gly

540 555 570 588
AAG CTG AAG CTG TAC ACA GGG GAG GCC TGC AGG ACA GGG GAC AGA TGA GGATCC
Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp Arg =«

M4 AEPOCDNAMEBTRFNEHSHELRFH
Fig. 4 Nucleotide sequence and deduced amino acid of human EPQ ¢DDNA

(2) pSV2-dhir/G1: AR SWHER2ME, {LEPO cDNA B SV40 HH TEEE,

(3> pSV2-dhir/F3 i ¥: EPO cDNA fii F dhfr 2 FH 0876 . ‘

(4) pSV2-dhfr/G3 F ¥ . 5 pSV2-dhir/F3 #i[F. 1 EPO cDNA &5 SV40 B2
BT BREER.

(5) pSVZ/F2 ik # 0. 6kb B EPQ cDNA A pSVe-dhir EES T T, =%
dhir £H,

(6> pSV2-dhir/F4 FR . # 0. 6kb By EPQ cDNA §f A pSV2-dhir JRE 6 2 H 21 T
T,
2.2.2 R COS HM. ¥ 6 FREM BB 2 MY COS-7 4 M, ¥4k 48k, 72h L.
HI Boehringer-Mannheim 4% 7] 9 ELISA-EPO # Wi TR i, 5 200, L3R 6 f
BFRCOS-THMSE, MARRABERERE, Bl pSV2/F2 # pSVe-dhir/G1 Fix &
BE, HWHF N pSV2/F2>>pSV2-dhfr/G1>>pSV2-dhir/F1>pSV2-dhfr/F4>pSV2-
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398 £ B T B % # 12 %

dhfr/G3>pSV2-dhfr/F3,

100 # A EPO ¥ £ 3 B 41 1 A EPO cD-
| NA 53 A pSV2-dhir ik F R BB

., B

I BT T, £ dvic BE, B pSV2/
& E2 #M pSV2/FZ AT HBIER, #E_F
° 0 S HISA COS-7T 401, W 24, 48, 72h
EE

G EEE, AELISA EREEN, 48
_ &W, AEPO cDNA EEEBRIERNAE
jh COS-7T MM PMEZKFHERT AR
5 pSV2/E2 M pSV2/F2 % COS-7 41l %# 2 EPO RRAHNBRMAERE (B 5%,
B (ELISA HLRR) F AR TF-1 378 &,
Fig. 5 Comparison with expression EPO by ¥4 %f 8 2 4 %€ - 0, pSV2-dhir/G1 ¥

COS-7 cells transfected with plasmid o COS-7 #0 Jfo FF W 2k 0 - 75 9 2 1% 0 4
pSV2/E2 and pSVZ2/F2 ( ELISA -

[\*3
=

[=]

24

essay) HAKRE, ZHERRAFPREHE
[ Iesva/Ez, [ ]psvairz "B EPO J& 4.
3 W #

1985 4, Lin“V H5e M A Qe fa b
A HE EPO My B4 37 CHO iR B Rst ik, EPO BEHEEH 5 M ETH 4 4
W& FHB; SUIRBT, Jacobs" ™%t A A4 T cDNA FEF RS T EPO 87 cDNA, 3
FECOS i 7T &k,

1991 F AT PCR R, Mo E ARB a4 DNA 48 T HE A EPO 4
EHAY, COERBESKPE 2. I A NAERINFARBREEINNTTRA,. B
TiH— BB HER, RXRAPCRER, DEH A EPO 2R HEM NEK, R T
HA EPO cDNA £ 55, ##HIEA pSVe-dhrf R RBEH AR RS AN, WET 6
HBRERR, RS A COS-7 MM, F ELISA KBS TF-1 #A0E, 1
W EREET PR EVEMN EPO B, _

¥ pSV2/F2 #l pSV2/E2 4 BI55 s COS-7 41, P H BB =Y HiTHhE, iR%
B A EPO cDNA FH# A HR L COS-7 M b MR XK ET AKS EPO BH
HEEBEIKRAR, Tl T AKL EPO EHAARLSTHET LA T LM 3, f
EPOZEFEAFREREREKFAH.

B #* ;X W
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Cloning of a Human Erythropoietin ¢DNA and
Its Expression in COS-7 Cells

Han Feng Wu Shuhua Xue Shuixing Huang Liwen Ma Xuejun
{National Laboratory of Molecular Virology and Genetic Engineering
Institure of Virelogy, Chinese Academic Preventive Medicine, Beljing 100052)

Abstract  The human erythropoietin (EPO)eDNA has been isolated from a human EPO
subgenome established from a Chinese fetal liver by PCR method. lsolated EPO cDNA
contains full coding sequence for mature erythropoietin gene. Tt contains {ive exons (582
base pairs). The human EPO cDNA is characterized by DNA sequencing of twice sepa-
rately amplified fragments using dideoxy Sanger method. In comparison with foreign
erythropoietin gene, the Leucine-62 is replaced with serine. The erythropoietin ¢cDNA
has been c:l'oned in the pSV2-dhir vector at different site to construct six transfection
vector; pSV2-dhir/F , pSV2Z/F2, pSV2-dhfr/F3, pSV2-dhfr/F4, pSV2-dhir/G1, pSV2-
dhir/G3. Tt is transfected into Cos-7 cells. Its product has erythropoietin activity which
was checked by a EP() dependent cell line and ELLISA assay. Results indicate that the ac-
tivities of EPQ ¢DNA coding for Erythropoietin was higher than thar of EPO genome.

Key words Erythropoietin, PCR., gene expression

© FERFERRMEDARAATIKRSHIESSD http ournals. im. ac. cn



