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~ 7 1  ABSTRACT 

Disclosed are novel polypeptides possessing part or all of 
the primary structural conformation and one or more of the 
biological properties of mammalian erythropoietin ("EP0) 
which are characterized in preferred forms by being the 
product of procaryotic or eucaryotic host expression of an 
exogenous DNA sequence. Illustratively, genomic DNA, 
cDNA and manufactured DNA sequences coding for part or 
all of the sequence of amino acid residues of EPO or for 
analogs thereof are incorporated into autonomously repli- 
cating plasmid or viral vectors employed to transform or 
transfect suitable procaryotic or eucaryotic host cells such as 
bacteria, yeast or vertebrate cells in culture. Upon isolation 
from culture media or cellular lysates or fragments, products 
of expression of the DNA sequences display, e.g., the 
immunological properties and in vitro and in vivo biological 
activities of EPO of human or monkey species origins. 
Disclosed also are chemically synthesized polypeptides . . . .  

FOREIGN PATENT DOCUMENTS sharing the biochemical and immunological properties of 
EPO. Also disclosed are improved methods for the detection 

0070685 111983 European Pat. Off. . of specific single stranded polynucleotides in a heterologous 
0070687 111983 European Pat. Off. . cellular or viral sample prepared from, e.g., DNA present in 
0077670 41983 European Pat. Off. . 
0093619 1 Ill983 European Pat. Off. . a plasmid or viral-borne cDNA or genomic DNA "library". 

0116446 8/1984 European Pat. Off. . 
0117058 8/1984 European Pat. Off. . 14 Claims, 27 Drawing Sheets 
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FIG. SA 

-27 -20 
not  a l y  va1 ~ i r  a l u  cya Pro A l a  T r p  

OdACCCCaQCCAGQC~oaAGATO G o o  o T a  CAC O M  TGT CCT QCC TOQ 

-10 
t a u  T r p  Lmu L o u  L a u  Bar L o u  Val B a r  L a u  Pro L o u  d l y  L o u  Pro  
C T a  TOG CTT CTC CTO TCT CTC a T a  TCo CTC CCT CTB OOC CTC CCA 

-1 +1 10 
Val Pro O l y  A l r  Pro Pro Arg L a u  110 C y 8  Amp 8.r Arg V a l  Leu 
OTC cca aoc occ ccn CCA cac CTC ATC TOT QAC AOC COA QTC CTQ 

2 0  a 
a l u  Arg T y r  L a u  L e u  a l u  A l a  fry. d l u  A l a  a l u  A m  V a l  Thr Mot 
aAO AGO TAC CTC TTO QAQ OCC M Q  GAG OCC aAQ AAT OTC ACO ATQ 

30 * 40  
O l y  C y a  8or Q l u  80r C y r  #or I ~ a u  A m  Q l u  A m  Ile T h r  Val Pro 
OOC TOT TCC O M  AOC TQC AGC TTO M T  G)Aa AAT ATC ACC BTC CCA 
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50 
~ m p  Thr bym V a l  Amn Pho Tyr A l a  T r p  Lym Arg H o t  Q l u  Val Q l y  
QAC ACC AAA QTT M C  TTC TAT OCC T 0 0  M Q  AQQ ATO QAQ QTC QaQ 

60 70 
O l n  Q l n  A l a  V a l  Q l u  V a l  Trp O l n  G l y  L o u  A l a  L o u  t a u  80r Q l u  
CAQ CAQ a C T  QTA QAA OTC TOO CAQ OQC CTQ OCC CTO CTC TCA QAA 

80 * 
A l a  V a l  L o u  Arg Q l y  O l n  A l a  V a l  L o u  A l a  Amn 8.r 8er a l n  Pro 
QCT QTC CTQ CQQ ooc CAO occ QTQ TTQ acc MC TCT TCC CAO CCT 

90  100 
Pho ~ l u  Pro LOU a l n  LOU H i 8  N o t  Amp ~ y m  ~ 1 a  110 8or aly bau 
TTC aAQ CCC CTO CAQ CTQ CAC ATO QAT AAA OCC ATC AQT QQC CTT 

110 
Arg 8or  I10 T h r  T h r  L o u  L o u  Arg  A l r  L o u  O l y  A l a  Q l n  O l u  A l a  
cac AQC ATC ACC ACT CTQ CTT COO OCQ CTQ OOA acc CAO QAA QCC 

1 2  0 130 
110 B a r  L o u  P r o  Amp A l a  A l a  8ar A l r  A l r  Pro L o u  Arg T h r  11. 
ATC TCC CTC CCA OAT QCQ GCC TCQ OCT GCT CCA CTC CQA ACC ATC 

140 
T h r  A l a  Amp T h r  Pho Cym Lym L o u  P h o  Arg V a l  T y r  80r Amn Pho 
ACT QCT lOAC ACT TTC TQC A M  CTC TTC CQA QTC TAC TCC AAT T I C  
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150 160 
Lou Arg Qly  Lya Lou Lya Lou Tyr Thr aly o l u  A1a Cyr Arg Arg 
CTC COQ QOA AAQ cTa AAQ CTQ TAC A C ~  aoa a m  acc ~ o c  ~ o a  AQA 

165 
Qly  Amp Arg OP 
QQQ QAC AOA TQA CCAQQTQCaTCCAQCTQQQCACATCCACCACCTCCCTCACCMCA 
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CAQATMCAOCCCCOACCCCCQQCCAQAOCCOXA~AOTCCCTOOOCCACCCCOOCCOCTCaCCTOCC~CTO 

COCCBCACCOCOCTQTCCTCCCOOAOCCWACCaOOaCCACCoCOCCCX~TCTaCTCCQACACC~aCCC 

CTTOaACAaCCOCCCTCTCCTCTAOQCCCQTOOOaCTOaCCCTQCACCQCCQAQCT'PCCCOQQATQAaQXX 

-2 7 -24 
Hat Olp Val Him 

CCCQaTOACCQOCOCQCCCCMOTCQCTaAOOQACCCCQOCCMQCOCQOAO ATQ QQO QTQ CAC Q 

aTOAQTACTCQCQQOCTGOOcQCTCCCQQCQQCCWQTTCCT~TTTGAOCaC,OOATTTAOCQCCCCaaCT 
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-23 -20 
Qlu Cy8 Pro Alr Trp Leu Trp freu LOU Iieu B a r  tau 

CAQCCTaQCTATCTOTTCTAO M TOT CCT OCC TOO CTO TOO CTT CTC CTO TCC CTQ 

-10 -1 +1 
Lou 8er Leu Pro Lou Oly Leu Pro Val Lou Olp Ala Pro Pro Arg Lou 110 C y m  
CTQ TCO CTC CCT CTQ OQC CTC CCA QTC CTQ @QC GCC CCA CcA CGC CTC ATC TOT 

10 2 0  * 
Amp Ber Arg Val Lau Olu Arg Tyr Lou Lou Olu Ala Ly8 Olu Ala Olu A8n I l a  
OAC AOC COA OTC CTQ OAQ AOO TAC CTC TTQ OAO OCC AAO O M  OCC OAO AAT ATC 

26 
Thr 
ACO OTOAGACCCCTTCCCCAOCACATTCCACAOMCTCACOCTCAOOOCTTCAQaOMCTCCTCCCAOAT 
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27 30 
Thr O l y  Cya A l a  Qlu 

CCAOAOCCTTCAOQQACCCTTaACTCCCCQOOCTOTQTOCATTTTCAO ACQ OW TOT OCT ~ A A  

JC 4 0  
Him Cym #or LOU Amn Qlu A m  110 Thr Val Pro Amp Thr Lym V a l  A m  Pha Tyr 
CAC TGC AOC TTO AAT QAQ AAT ATC ACT OTC CCA OAC ACC M A  QTT M T  TTC TAT 

50 55 
AU Trp Lym ~ r g  not ~ l u  
W C  T W  M Q  AbQ ATQ QAa OTaAQTTCCTTTTTTTTTTTTTTTCCTTTCTTlTQaAOAATCTCATT 
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FIG, 6D 

56  60 70 
Val Qly Qln Oln Ala Val Olu Val Trp aln Oly Lou Ala Lou Lou 8.r Qlu Alr 
QTC aao cAa CAQ acc QTA OM ~ T C  TQQ CAQ OQC CTQ occ CTQ CTO TCQ QM QCT 

8 0  a 90 
Val tau Arg Oly Qln Ala Lou Lou Val Amn Bar 8ar aln Pro Trp Qlu Pro Lau 
GTC CTQ CQQ QaC CAQ OCC CTa TTQ QTC AAC TCT TCC CAQ CCQ Taa OAO CCC CTQ 

100 
Oln Lou Him Val Amp Lym Ala Val 80s Oly Lou Arg 8.r Lou Thr Thr Lmu Lou 
CAQ CTQ CAT QTQ QAT A M  OCC OTC AQT QQC CTT CQC AQC CTC ACC ACT CTQ CTT 

110 113 
~ r g   la LOU 01y Ala aln 
CQQ GCT CTa QQA GCC CAQ OTOAQTAaGAQCWACACTTCTOC~QCCCTTTCTQTMaMO~aGA 

116 120  
Lym alu  la Ila 6ar Pro Pro A l p  A18 Ala 8ar Ala Ala 

OTTTTCTCCTT~~CA~ AAQ a m  occ ATC TCC CCT CCA GAT OCQ QCC TCA OCT QCT 
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FIG. 6E 

130 1 4 0  
Pro Lau Arg Thr  I l a  T h r  A l a  A 8 p  T h r  Pha Arg &y8 Lau Pha Arg Val T y r  Ior 
CCA CTC COA ACA ATC ACT QCT QAC ACT TTC COC M A  CTC TTC COA QTC TAC TCC 

150 160 
A n n  Pho Lau Arg O l y  L y 8  Lau Lym Lau Tyr Thr O l y  O l u  A l r  C y 8  Arg T h r  O l y  
AAT TTC CTC COO OQA AAO CTQ MO ma TAC ACA aao m a  QCC Tac A a a  ACA OQQ 

166 
Amp Arg OP 
OAC AOA TQA CCAQQTQTOTCCACCTQOOCATATCCACCACCTCCCTCACCMCATTGCTTaTOCCACA 
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FIG. 7 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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