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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 ("EPO")
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
sharing the biochemical and immunological properties of
EPO. Also disclosed are improved methods for the detection
of specific single stranded polynucleotides in a heterologous
cellular or viral sample prepared from, e.g., DNA present in
a plasmid or viral-borne cDNA or genomic DNA "library".
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FIG. 5A

ARUM
GATCCCOCGCCCCCTOOACAGCCGCCCTCTCCTCCAGOCCCGTGGGOCTOOCCCTGCCC

CGCTGAACTTCCCG00ATOAGGACTCCCGGTGTOOTCACCGCGCGCCTAGGTCGCTGAG

-27

	

-20
Met Gly Val His Olu Cys Pro Ala Trp

GGACCCCGGCCAGGCGCGGAGATG 000 OTO CAC OAA TOT CCT OCC TOG

-10
Lsu Trp Lsu Lsu Lau Bar Lou Val Bar Lsu Pro Lsu Gly Lou Pro
CTG TOG CTT CTC CTG TCT CTC GTG TCG CTC CCT CTG OOC CTC CCA

-1 +1

	

10
Val Pro Gly Ala Pro Pro Arg Lsu Ile Cps Asp 8sr Arg Val Lsu
GTC CCG GGC OCC CCA CCA CGC CTC ATC TOT GAC AGC CGA GTC CTG

20
Glu Arg Tyr Lsu Lsu Glu Ala Lys Glu Ala Olu Asn Val Thr Mat
GAG AGO TAC CTC TTG GAG OCC AAG GAG OCC GAG AAT OTC ACO ATG

30

	

*

	

40
Gly Cys 8sr Olu Bar Cys Bar Lsu Asn Glu Asn Its Thr Val Pro
GOC TOT TCC OAA AOC TGC AGC TTG AAT GAG AAT ATC ACC GTC CCA
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FIG.SB.

50
Asp Thr Lys Val Asn Phi Tyr Ala Trp Lys Art; Mat Glu Val Oly
GAC ACC AAA OTT AAC TTC TAT 0CC TOG AAG AGO ATO GAG OTC 000

	

60

	

70
Oln Gin Ala Val Glu Val Trp Gin Oly Lau Ala Lau Lau 8ar Olu
CAG CAG OCT GTA OAA OTC TOO CAO GOC CTO OCC CTG CTC TCA OAA

60
Ala Val Lau Arg Gly Gln Ala Val Lau Ala Asn 8ar Bar Gln Pro
OCT OTC CTG COG GOC CAG GCC GTO TTG OCCAAC TCT TCC CAG CCT

	

90

	

100
Pha Glu Pro Lou Gln Lou His Met Asp Lys Ala Ili Bar Gly Lau
TTC GAG CCC CTG CAG CTG CAC ATO OAT AAA 0CC ATC AGT GOC CTT

110
Arq Sir Ile Thr Thr Lau Lau Arg Ala Lau Oly Ala Gln Glu Ala
CGC AGC ATC ACC ACT CTO CTT COG OCO CTG GOA OCC CAO OAA OCC

	

120

	

130
Ile Bar Lau Pro Asp Ala Ala 8ar Ala Ala Pro Lau Arg Thr Ila
ATC TCC CTC CCA GAT GCO OCC TCO OCT OCT CCA CTC CGA ACC ATC

140
Thr Ala Asp Thr Phi Cys Lys Lau Pha Art; Val Tyr Bar Asn Pha
ACT OCT GAC ACT TTC TOC AAA CTC TTC CGA OTC TAC TCC AAT TTC
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FIG. 5C

ISO

	

160
Lou Arg Gly Lys Lou Lys Lou Tyr Thr Gly Olu Ala Cys Arg Arg
CTC COG 00A AAG CTG AAG CTO TAC AC0 000 GAG OCC TOC AGO AGA

16S
Gly Asp Arg OP
000 GAC AGA TGA CCAGGTGCGTCCAGCTGGGCACATCCACCACCTCCCTCACCAACA

CTGCCTOTGCCACACCCTCCCTCACCACTCCCOAACCCCATCGA0000CTCTCAGCTAAG

CGCCAGCCTGTCCCATOGACACTCCAGTGCCAGCAATGACATCTCAG000CCAOAGGAAC

TGTCCAOAGCACAACTCTGAGATCTAAOOATGTCGCA00GCCAACTTGA00GCCCAGAGC

AOGAAGCATTCAGAGAGCAOCTTTAAACTCAGGAGCAGAGACAATGCAOGGAAAACACCT

GAGCTCACTCGGCCACCTGCAAAATTTGATGCAGGACACGCTTTOGA0OCAATTTACCT0

TTTTTOCACCTACCATCA000ACAGGATGACTGGAGAACTTAGGTGGCAAGCTGTGACTT

CTCAAOGCCTCAC00GCACTCCCTTGOTGGCAAGAGCCCCCTTGACACTGAGAGAATATT

TTGCAATCTGCAGCAGOAAAAATTACGGACAGOTTTTGGAGGTTGGAGGGTACTTOACAG

GTGlGT0000AAGCAGGOCGGJA0000TOGAGCT000ATGCGAGTGAGAACCGTGAAGAC

AGGAT0000GCTGGCCTCTGGTTCTCOTG000TCCAAGCTT
Hindlil
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FIG.6A

AAGCTTCTGGGCTTCCAGACCCAOCTACTTTOCOOAACTCAOCAACCCAOOCATCT CTGAOTCTCCOCCCA

AGACCOOGATOCCCCCCA0000AGOTOTCCOOOAOCCCAOCCTTTCCCAGATAGCA COCTCCOCCAOTCCC

AAGOQTOCOCAACCOOCTOCACTCCCCTCCCGCOACCCAGGOCCCOOOAOCAOCCCC CATOACCCACACOC

ACOTCTGCAGCAGCCCCOCTCACGCCCCGGCGAOCCTCAACCCAGGCGTCCT OCCCCTOCTCTGACCCCGO

GTGOCCCCTACCCCTGGCGACCCCTCACGCACACAGCCTCTCCCCCACCCCCAC CCGCOCACOCACACATG

CAGATAACAOCCCCOACCCCCOOCCAGAOCCOZAGAOTCCCTO00CCACCCCOO CCOCTCOCCTOCCOCTO

COCCGCACCOCOCTOTCCTCCCOGAOCCG ACCOOGOCCACCOCOCCCXOCTCTOCTCCOACACCWOCCC

CTTGGACAOCCGCCCTCTCCTCTAGGCCCOTOOOOCTOGCCCTGCACCGCCGAGCTT C CCOOGATOAOGXX

-27

	

-24
*.t Oly Val Him

CCCOOTGACCGGCGCOCCCCAAGTCOCTOAGQGACCCCOOCCAAOC GCGGAG ATO GOO GTO CAC G

OTGAOTACTCOCOGOCTOOOCOCTCCCOOCOOCCOGOTTCCTOTTT OAGCOOOOATTTAGCOCCCCOOCT
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FIG.6B

ATTOOCCAAGAOGTGGCTOOGTTCAAOOACCOOCGACTTOTCAAOOACCCCOGAAOGGGGA0A00OOT000

OCAOCCTCCACOTGCCOC00GOACTTOOGGGAOTTCTT0G00ATGOCAAAAACCTGOCCTOTTGA0000CA

CAGTTT0000TT00GGAGOAOOTTTGGOGTTCTOCTOTOCAOTTOTOTCGTTOTCAGTOTCTCO[I. 8•]

TTOCACACGCACAOATCAATAAOCCAOAGOCAOCACCTOAOTGCTTOCATOGTT000ACAOOAAOGACGAG

CT0G000AGAGACGT0G00ATGAAGOAAGCTOTCCTTCCACAOCCACCCTTCTCCCCCCCCOCCTOACTCT

-23

	

-20
Olu Cys Pro Ala Trp Lau Trp Lou Lou Lou Bar Lou

CAOCCTOOCTATCTOTTCTAG

	

AA TOT CCT OCC TOO CTG TOO CTT CTC CTG TCC CTG

-10

	

-1 +1
Lou Bar Lou Pro Lou Oly Lou Pro Val Lou Oly Ala Pro Pro Arq Lou Ile Cps
CTG TCO CTC CCT CTG OOC CTC CCA OTC CTO GGC OCC CCA CCA COC CTC ATC TOT

10

	

20

	

*
Asp Bar Arq Val Lou Glu Arq Tyr Lou Lou Olu Ala Lys Olu Ala 01u Asn Ile
GAC AGC CGA OTC CTG GAO AGO TAC CTC TTO GAO OCC AAO GAO OCC GAG AAT ATC

26
Thr
ACO OTOAGACCCCTTCCCCAOCACATTCCACAGAACTCACOCTCA00GCTTCAGGOAACTCCTCCCAGAT

CCAGOAACCTOOCACTTGGTTT000GTGGAGTTG00AAGCTAGACACTGCCCCCCTACATAAGAATAAGTC
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FIG.6C

T0GT000CCCAI ACCATACCTGAAACTAGGCAAGGAOCAAAGCCAGCAGATCCTACOCCTGTG CCAOGO

27

	

30
Thr Gly Cys Ala Glu

CCAGAGCCTTCA000ACCCTTOACTCCCCOOOCTOTGTGCATTTCAG

	

RICO GOC TOT OCT GAA

*

	

40
His Cy. Oar lieu Asn Glu Asn Ile Thr Val Pro Asp Thr Lys Val Asn Ph. Tyr
CAC TGC AOC TTG AAT GAG AAT ATC ACT OTC CCA GAC ACC AAA OTT AAT TTC TAT

so

	

SS
Ala Trp Lys Arc' Met Glu
OCC TOO AAG AGO ATG GAG GTGAGTTCCTTTTTTTTTTTTTTTCCTTTCTTTTGOAOAATCTCATT

TGCGAGCCTGATTTTGOATGAAA00OAGAATGAT0003OGAAAGOTA AATGGAOCAGCAGAGATGAGGCT

GCCTOOOCGCAGAGGCTCACGTCTATAATCCCAGGCTGAGATGGCCGAGATOOOAGAATTGCTTGAOCCCT

OOAGTTTCAGACCAACCTAGGCAGCATAOTGAGATCCCCCATCTCTACAAACATTTAAAAAAATTAOTCAG

GTOAAGTGOTGCATGGTGOTAGTCCCAGATATTTGGAAGGCTGAGGC000AGGATCGCTTGAOCCCAOOAA

TTTGAGGCTGCAGTGAGCTGTGATCACACCACTOCACTCCAGCCTCAGTOACAGAGTGAOGCCCTGTCTCA
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FIG. 6D

AAAADOAAAAOAkAAAAOAAAAATAATOA000CTOTATOOAATACATTCATTATTCATTCACTCACTCACT

CACTCATTCATTCATTCATTCATTCAACAAOTCTTATTOCATACCTTCTOTTTOCTCAOCTTOOTOCTT00

OOCTGCTOA0000CA00A000AGA000TOACATOOOTCAGCTCGACTCCCAGAGTCCACTCCCTOTAO

	

56

	

60

	

70
Val Oly aln Gin Ala Val Glu Val Trp Gin Gly Lou Ala Lou Lou 8er Olu Ala
OTC 000 CAG CAG GCC 0TA GAA OTC TOG CAO GOC CTG GCC CTG CTG TCG OAR OCT

80

	

*

	

90
Val Lou Arq Oly Gin Ala Lou Lou Val Amn Sir 8.r Gin Pro Trp Glu Pro Lou
GTC CTG COO OOC CAG GCC CTG TTO OTC AAC TCT TCC CAG CCG TOO GAG CCC CTG

100
Gin Lou Him Val Asp Lyn Ala Val Sir Oly Lou Arg Sir Lou Thr Thr Lou Lou
CAG CTG CAT GTG OAT AAA GCC GTC AGT GGC CTT COC AGC CTC ACC ACT CTO CTT

	

110

	

115
Arc; Ala Lou Oly Ala Glu
COO OCT CTG 00A GCC CAG OTOAOTA00AOCOOACACTTCTOCTTOCCCTTTCTOTAAOAAOOOOA

OAA000TCTTOCTAAOOAOTACAOOAACTOTCCOTATTCCTTCCCTTTCTOTOOCACTOCAOCOACCTCCT

116

	

120
Lys Glu Ala Ile 8er Pro Pro Asp Ala Ala Sir Ala Ala

GTTTTCTCCTTGGCAG AA0 GAA GCC ATC TCC CCT CCA OAT GCG GCC TCA OCT OCT
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FIG. 6E

130

	

140
Pro Lsu Arg Thr Ile Thr Ala Asp Thr Ph. Arg Lys Lau Ph. Arg Val Tyr ear
CCA CTC CGA ACA ATC ACT OCT GAC ACT TTC COC AAA CTC TTC CGA OTC TAC TCC

150

	

160
Asn Pha Lau Arq Gly Lys Lau Lys Lau Tyr Thr Gly Glu Ala Cys Arg Thr Gly
AAT TTC CTC COG GGA AAG CTG AAG CTO TAC ACA GOO GAG OCC TGC AGO ACA 000

166
Asp Arg OP
GAC AGA TGA CCAGGTGTGTCCACCT000CATATCCACCACCTCCCTCACCAACATTGCTTGTGCCACA

CCCTCCCCCGCCACTCCTGAACCCCGTCOAGGGOCTCTCAGCTCAGCGCCAGCCTOTCCCATGGACACTCC

A0T000AGCAATGACATCTCAGGGOCCAGAGOAACTGTCCAGAGAGCAACTCTOAGATCTAAGGATOTCAC

AGOGCCAACTTGAA000CCCAGAGCAGGAAGCATTCAGAGAGCAGCTTTAAACTCA000ACAGAGCCATGC

TGGOAAGACOCCTGAOCTCACTCGOCACCCTOCAAAATTTOATOCCAOOACACOCTTTOOAOOCOATTTAC

CTGTTTTCGCACCTACCATCAGGGACAOGATGACCTGGAOAACTTAGOTOGCAAGCTGTGACTTCTCCA00

TCTCACGGOCATGGGCACTCCCTT0GTGGCAAOAGCCCCCTTOACACCG GTO0T000AACCATGAAOAC

AXGATIGGGGCTGGCCTCTGOCTCTCAT0GGOTCCAAGTTTTGTGTATTCTCAACCTATTGACAGACTOAA

ACACAATATGAC
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FIG. 7

-1 1
I.tAla

CTAG AAACCATGAG OGTAATAAAA TAATOOCT C GCCGCGTCTG
TTTGOTAC."PC CCATTATTTT ATTACCGAGG 0GOCGCAGAC

GGAACOTTAC CTOCTOGAAG C:TAAAGAAGC
TAGACOCTGA OCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

TGAAAACATC
CACOACTTGT GACAAGAAAC TTGCTTTTGT

TTALOO?A C

	

ACGTATGGAA
AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACC'TT TOCATA C T

GTTGGTCAAC AAGCAGTTGA A
CAACCAGTTO TTCGTCAACT TCAAACCGTC CCAGACCGTO ACGACTCGCT

CCGACATGAC

AACCOCTOCA OCTGCATGTTGACAAAOCAG TATCTGOC.`CT GAGATCTCTG
TTGGCGACGT CGACGTACAA CTGTTTCGTC ATAGACCGGA CTC.TAGAGAC

ACTACTCTOC TGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTOTC TTTCTCCGAT AGAGAGGCGG

GGA'TOCTOCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
GCGACGCATO OTAGTGACGA CTATGGAAGG

OCAAACTOTT TCGTOTATAC
COTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

Ball
TATACTGGCG AAGCATGCCG TACTGGTGAC CGCTAATAG
ATATGACCOC TTCGTACGGC ATGACCACTG GCGATTATCA OCT
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FIG. 8

-1 +1
Rind=

	

ArgAla
AGC'1TGGATA AAAGAOCT C ACCAAGATTG ATCTGTGACT CGAGAGTTTT

AOCTAT TTTCTCGAGG TGGTTCTAAC

OGAAAGATAC

	

TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA

TTACGGTACC AGACACCAAG
CACGACTTOT

	

C TTOCTTTTOT AATGCCATGG TCTGTGGTTC

ACGTATGGAA
CAATTQAAGA TGCGAACCTT TOCATACCTT

rGTT&TCTGA
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTOCAATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGATACCC

GATAAAGCCO TCTCTOGTTT GAGA?CTTTa
CTATTTCGGC AGAGACCAAA CTCTAGAAAC TGATGAAACA ACTCTCGAAA

TTTCCCCACC
CCCACGAGTT TTCCTTCGGTAAAGGGGTGG TCTGCGACGA AGACGGCGAG

CATTGAGAAC CATCACTOCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
EGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

SalI
ATGTAACAAA G
TACATTGTTT CAGCT
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FIG. 9
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FIG. 10

AATTCTAGAAACCATGAGGGTAATAAAATA

CCATTATTTTATTACCCTCCArTGGTTTCTAG

ATGGCTCCGCCGCGTCTGATCTGICGAC

CTCGAGTCGCAGATCAGACOCGGCGGAG

TCGAG&GTTCS'GGAACGTTACCTGCTG

CTTCCAGC. AGGTAACGTTCCAGAACT

GA iGCTAAAGAAGCTGAAAACATC

GTGGTGATGTTTTCAGCTTCTTTAG

ACCACTGGTTGTGCTGAACAC?GTTC

10.	CAAAGAACAGTGTTCAGCACAACCA

11.

	

TTTGAACGAAAACATTACGGTACCG

	

12 .

	

GATCCGGTACCGTAATGTTTTCGTT

1.

5.

6.

7.

9.
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FIG. 11

nla
BsfaR

	

1

	

I
AATTCTAG AAACCATGAG GGTAATAAAA TAAQCTCC GCCOCGTCTG

GA?C TTTGGTACTC CCATTA??TT ATTACCGAGG CGGCGCAGAC
2

	

4

5
ATCTGCGAC?

		

CTGCTGGAAG CTAAAGAAGC
TAGACOCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

6

7

	

9

	

11
TGAAAACATC ACCACTGOTT GTGCTGAACA CCTGTTCTTTff AACGAAAAC A
ACTTTTOTAG ?GG?GACCAA CACGACTTGT

6

	

10

0
!RAI BasfI

TTACGGTACC G
AATGCCATGG CCTAG

12
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FIG. 12

AATTCGGTACCAGACACCAAGGT

GTTAACCTTGGTGTCTGGTACCG

TAACTTCTACGCTTGGAAACGTAT

TTCCATACGTTTCCAAGCGTAGAA

GGAAGTTGGTCAACAAGCAGTTGAAGT

CC AACTTCAACTGCTTGTTGACCAAC

TTGGCA

	

CTGCTGAGCG

8 .

	

GCCTCGCTCAGCAGTGCCAGACCCTG

9 .

	

AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTA AA

	

GCCGT

12 .

	

TTCCCA

	

GAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15 .

	

AAAGCAGTATCTGGCCTGAGATCTG

16.

	

GATCCAGATCTCAGGCCAGATACT

1.

3.

4.

6.

7.
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FIG. 13

cRI Xpnl,

	

1

	

1
A ATTCOOTACC AOACACCAAO OTTAACTTCT ACOCTTOOAA ACOTATQQM

OCCATOO TCTGTGGTTC CAATTGAAGA TGCGAACCTT TOCATACCTT
a

	

s

1

	

z
GTTGGTCAAC AAOCAOTTOA AOTTTOQCAO OOTCTOOCAC TGCTGAGCGA
CAACCACTTG TTCOTCAACT TCAAACCOTC CCAGACCGTG ACGACTCGCT

.11
OOQTOTACTO CGTGGCCAGG CACTOCTOOT AAACTCCTCT CAOCCOTOOG
CCOACATOAC OCACCOOTCC OTOACOACCA TTTGAGGAGA OTCOOCACCC

.11

	

BgIIII AIHI
MCCOCTOCA GCTGCATGTT OACMAGCAO TATCTOOCCT OAOATCTO
TTGGCGACGT CGACGTACAA CTOTTTCOTC ATAGACCGGA CTCTAGACCTAC

Ii

	

U
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1. GATCCAGATCTCTGACTACTCTGC

2. ACGCAGCAGAGTAGTCAGAGATCTG

3. TGCGTGCTCTGGGTGCACAGAAAGAGG

4. GATAGCCTCTTTCTGTGCACCCAGAGC

5. CTATCTCTCCGCCGGATGCTGCATCT

CAGCAGATGCAGCATCCGGCGGAGA

GCTGCACCGCTGCGTACCATCACTG

ATCAGCAGTGATGGTACGCAGCGGTG

CTGATACCTTCCGCAAACTGTTTCG

10 .

	

ATACACGAAACAGTTTGCGGP AGGT

11.

	

TGTATACTCTAACTTCCTGCGTOGTA

12 .

	

CAGTTTACCACGCAGGAAGTTAGAGT

13 .

	

AACTGAAACTGTATACTGGCGAAGC

16.

	

GGCATGCTTCGCCAGTATACAGTTT

15. ATGCCGTACTGGTGACCGCTAATAG

16. TCGACTATTAGCGGTCACCAGTAC

6

7

9
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