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FIG. 14

1. GATCCAGATCTCTGACTACTCTGC

2. ACGCAGCAGAGTAGTCAGAGATCTG
3. TGCGTGCTCTGGGTGCACAGAAAGAGS
4, GATAGCCTCTTTCTGTGCACCCAGAGC
5. CTATCTCTCCGCCGGATGCTGCATCT
6. CAGCAGATGCAGCATCCGGCGGAGA
7. GCTGCACCGCTGCGTACCATCACTG
8. ATCAGCAGTGATGGTACGCAGCGGTG
9. CTGATACCTTCCGCAAACTGTTTCG
10. ATACACGAAACAGTTTGCGGAAGGT
11. TGTATACTCTAACTTCCTGCGTGGTA
12. CAGTTTACCACGCAGGAAGTTAGAGT
13. AACTGAAACTGTATACTGGCGAAGC
14. GGCATGCTTCGCCAGTATACAGTTT
15. ATGCCGTACTGGTGACCGCTAATAG

le. TCGACTATTAGCGGTCACCAGTAC
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GGGTGCACAG AAAGAGGCTA TCTOTCCGCC

AGATTGAAGG ACGCACCATT

TACTGGTGAC CGCTAATAG

Apr. 8§, 1997
FIG. 15
BamHI BglIT
GA TCCAGATCTCTG
GTCTAGAGAC
1 3
ACTACTCTGC TGCGTGCTCT
TGATGAGACG ACGCACGAGA CCCACGTGTC
2 4
7
GEATGCTGCA TCTGCTGCAC CGCTGCGTAC
CCTACGACGT AGACGACGETG GCGACGCATG
& 8
i1
GCAAACTGTT TCGTIGTATAC TCTAACTTCC
CGTTTGACAL AGCACATATG
10 12
15
TATACTGEGECE AAGCATECCGE
ATATEACCGC TTCGTACGGC

i4

ATGACCACTG GCGATTATC

16

CATCACTGCT
GTAGTGACGA

TGCGTGGTAR

TTTCTCCGAT AGAGAGGCGG

39

GATACCTTCC

CTATGGAAGG

13
ACTGAAACTG
TGACTTTGAC

[¢a}
(i
[
[ o}
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FIG. 16

1. AATTCAAGCTTGGATAARRAGAGCT
2. GTGGAGCTCTTTTATCCAAGCTTG
3. CCACCAAGATTGATCTGTGACTC
4, TCTCGAGTCACAGATCAATCTTG
5. GAGAGTTTTGGAAAGATACTTGTTG
6. CTTCCAACAAGTATCTTTCCAAARAC
7. GAAGCTAAAGAAGCTGAAARACATC
8. GTGGTGATGTTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTGAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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FIG. 17

ECORI HindITI 1
AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3

AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT

TTTCTCGAGG

5
GGAAAGATAC
CCTTTCTATG

&

s
GTGCTGARACA
CACGACTTGT

TGGTTCTARC TAGACACTGA GCTCTCAAMARM
4

7
TTGTTGGAAE CTAAAGAAGC TGAAAACATC
AACAACCTTC GATTTCTTCG ACTTTTGTAG
8

11 EpnT
CTGTTCTTTG AACGAMAAACAE TTACGGTACC
GACAAGAAAC TTGECTTTTGT AATGCCATGEG
12
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FIG. 18

AATTCGGTACCAGACACCAAGGT
GTTAACCTTGGTGTCTGGTACCG
TAACTTCTACGCTTGGAAACGTAT
TTCCATACGTTTCCAAGCGTAGAA
GGAAGTTGGTCAACAAGCAGTTGAAGT
CCAAACTTCAACTGCTTGTTGACCAAC
TTGGCAAGGTTTGGCCTTGTTATCTG
GCTTCAGATAACAAGGCCAAACCTTG
AAGCTGTTTTGAGAGGTGAAGCCT
AACAAGGCTTGACCTCTCAARACA
TGTTGGTTAACTCTTCTCAACCATGGG
TGGTTCCCATGGTTGAGAAGAGTTAACC
AACCATTGCAATTGCACGTCGAT
CTTTATCGACGTGCAATTGCAA
AAAGCCGETCTCTGGTTTGAGATCTSG

GATCCAGATCTCAAACCAGAGACGG
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F1G. 19

Epnl

EcoRI 1

A ATTCGGTACC AGACACCAAC
GCCATGG TCTGTGETTC

3
GTTAACTTCT
CAATTGAAGA

AGTTTGGCAR
TCAAACCGTT

CCTTGTTGGT
GGAACAACCA

GATADAGCCG
CTATTTCGGC

2

ACGCTTGGAA
TGCGAACCTT
4

i
GGTTTGGCCT
CCAMAACCGGA

3

11
TAACTCTTCT
ATTGAGARAGA

i2

&5

TCTCTGGETTT

AGAGACCAAA
16

5
ACGTATGGAA GTTGGTCAAC
TGCATACCTT CAACCAGTTG

32
TGTTATCTGA AGCTGTTTTG
ACAATAGACT TCGACAAAAC

13

AAGCTGTTGA
TTCGACARCT
a

AGAGGTCAAG
TCTCCAGTTC
ig

CAACCATGGG AACCATTGCA ATTGCACGTC

GTTGGTACCC TTGGTAACGT

BglII BamHT
GAGATCTG

CTCTAGACCTA G

TAACGTGCAG
14
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FIG. 20

1. GATCCAGATCTTTGACTACTITGTT

2. TCTCAACAARAGTAGTCARAGATCTG

3. GAGAGCTTTGGGTGCTCAAAAGGAAG

4. ATGGCTTCCTTTTGAGCACCCAARGE

5. CCATTTCCCCACCAGACGCTGCTT

6. GCAGAAGCAGCGTCTGGTGGGGAA

7. CTGCCGOTCCATTGAGAACCATC

8. CAGTGATGGTTCTCAATGGAGCG

9. ACTGCTGATACCTTCAGAAAGTT

10. GAATAACTTTCTGAAGGTATCAG

11, ATTCAGAGTTTACTCCAACTTCT

12, CTCAAGAAGTTGGAGTAAACTCT

13, TGAGAGGTAAATTGAAGTTGTACAC

14. ACCGGTGTACAACTTCAATTTACCT

15, CGGTGAAGCCTGTAGAACTGGT

16. CTGTCACCAGTTCTACAGGCTTC

17. GACAGATAAGCCCGACTGATAA

18. GTTGTTATCAGTCGGGCTTAT

13, CAACAGTGTAGATGTAACAAAG

20, TCGACTTTGTTACATCTACACT
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FIG. 21

BamHI BglII 1
GATC CAGATCTTTG ACTACTTTGT TGAGAGCTTT
GTCTAGAAAC TGATGAAACA ACTCTCGAAR

2

3 5
GGRETGCTCAA ARGGAAGCCA TTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGET AAAGGGETEG TCTGECGACGA AGACGGCGAG
4 6

7 2 i1
CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAARATG
8 10 12

13 15
TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGR ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC
14 ié

7 13
AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

[43]
U
=
H

|

ATGTARCARA G
TACATTGTTT CAGCT
20
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PRODUCTION OF FRYTHROPOIETIN

This is g contizealion ol my LS. paient application Sor.
Mo 7113079 Gled Oct 230 1987, and issued as US, Pa..
Ml 5441 K68 onAup. 50 1995, which was & continuation
of L8, patent znplicaizon Sor. No. 06/675, 295 Hlod Mo, 31
T98- 1 and 15suzxd es TS Tal N 4 7030 an Qe 27, 1987,
which was a continugtion-in pan of LS. paent appiication
Sur N OBRR5R4 L Gilad Sep. 28, 1981 20w abaadoned.
which was o continuation-id-pat of TLS paaem appifo:
Ser. No. O6AHZ RS, Hled T 1984, now ahandoncd.
anc which was a continualion-ie-part of LS. paleri apphi-
cation Ser, Ne. US01.024, Bled Dee, 13, 1983, now ubarn-
dunedd

3T

RACKGROUND

The preseat invention relaics geneiully W the manipuoli-
tion of penetic malerials and, more particelisy. W recom-
kinart proccdures wak'ng possible the produciion of
polvpeplides possessing part or all of the primary structural
conformaion and/or anz or more al the hiologicul properdes
ol naturally-occumog ervihropolctin.

A Manipeaton OF Genenic Malenials

Genetic materials may be broadiv delinad as those chemi-
cul subslances which program for and guide the manudaclure
ol constituents of celis and viruses and direc the resoonses
al cells and visuses, A long chaln polymerc sabstance
known as deaayriborticleie acid (DINAY comprises the
geneliz malerial of all Hving cclis and viruses cxcept tor
certasn viruses whicn are prograntned hy ribonceleic acids
{RNAY The repeating units in DNA polymers are four
different nucientides, cach o which consists ol enher a
purine (adenine or guanine! or & pyrimiding (thymine or
cytnsinz] nound o i deesynbuse sugar Lo which aphosphate
group is altached. Atachiment of nucleotides in linear poly-
meric Corm is by micans of fusion of the 5" phosphate of one
nucicotide 1o the 37 hydroxy] grop ol ansaar, Finetional
DINA occurs i the inrm ol stabte doeble sioranded associa
tions a2 single stracds ol nucleoudes (known as deoxyo:i-
sonuc:eotidas). which associations oceur by means ol
hydrogen honding hetween punine and pyrimidine bascs
[i.c.. onmplermentary’ associaticns exisuinp cither hetween
aderive (A and tbymine C1) or gaanine 07 and cylosine
() By convention, mclentides are teferred w by the
names of their constiluent pusine or nyrimicine bases, and
the zomplementary associations o nucleotides in dovhle
stranded DINA (e AT and (-0 are relered W0 as “base
pairs”,
aderine, puanine, cylosine and cracil (12), rather thar thym
ire. hound to dhese ard a shosphate group.

Most brictly pul. the programraing function o TINA
aenerally eilecied through a prucesy where:n speciiic DNA
nucteotde sequences (genes) are Tlranserthed” into reis
lveiv unsihle messenger RNA (mRNA) polymers. The
mRNAL W wm. serves @y w4 wemplate oo e formation of
struclural, regulateny and catalviic vrowins from amino
acids. This mENA “lrarslation™ process involves the apera-
tions of small INA sirunds TIRNAY which ransport and
align ndvidual gmino goids along the mRNA stirand o
aliow for formation of polypeptides in proper aming acid
sequences The mRNA "messape” derived rom DNA and
providing the basis for 1ae LRNA supply and oricntation ol
any given one of lhe twenly amiro acids e polypeptide
vexpression” iy it the form ol tigicl “codons”— sequential
groupings of chree noclootide wses noone sense. the

Ribenucleie acid is a polynueleotide comprising ¢
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fermation ul & prowin is the ahtimate Torm of “eapression”
ol the proprammed genelic message provided by ke nucie
utide sequence of a gene.

“Promecr” DNA seguenees oseally “preceds” a penc in
a DDNA puolynes and provide @ site for cnitistion of the
lranserpion into MRNA, “Reguizsior” DNA sccucnices, also
vsaally “wupstream™ of ii.c., preczéingd @ pcoe in g given
DNA polymer. bing protcins thal determire the ITequency
lor sate} of transcripliona’ imtiation. Colleetvely relerred Lo
as “promoteregulann” or fconlrol™ DNA sequence. these
seyuences which precede d selecled gene for series ol genes)
in a functional NA pelymer coopenie o determing
whether the ranseription (and eventus! eapression) ol o
gene At veeur, DNA sequences whichk “lollow™ a genc in
A DINA aodvines and provide a signal for ernioztion ol the
e plivn int mRNA are reforred Lo s5 ranseription
“lermindlor’” seguences.

A Tecus of microbiviogical processing Tor the Lass docade
bas been the attempt o manufoctere indusidally ard phar-
mucculically significant suhstances using erganizms which
cithe: do mot inétially fsve genesically eoded information
coneeing Lhe desired produel ineladed in Lcir DNAL or (in
the case of mammalian celis in cuituee) do nol ordinarily
express 1 chromosomi. gene ot appreciable levels. Simply
put. & gens thar specifies the siructuee ol o desired polyvpep-
tde product is wither isoiated (rom a “donor™ organism or
chemically syatwsized and then stably iatrodueas? into
another organism which iy prelvrably & sell~replicaling
unicellular organism such as bactena, yeust or mammalian
cells in cutinre. Dnee this s done, the exstiry machinery lor
gone cxpression in the “transformed™ or lrarslected”
micrahial host eells operales o construct the desired prod-
uct, sing the exogenous DINA 25 alemiplase for ranscs ptinn
o mMRNA which s then rashated [RERTRHITHE
seguenee Ul amine zcid sesiducs.

I

The ariis mich 'mopateni and literature publications refating
1y “recombinan, DNAT methodelogics for the dsolaion.
synuesis, purification anc amplificaiion of genelic mzlerials
lor use in the nansfuematon of scelecied bost orgamisms,
L5 Pal Moo 2237224 10 Cohen, et 2l for cxample, rtales
e trassformation o umicellulyr host organismy with
“hyh viral or cirewar plasraid DINA which inciudes
selecied exogennus DNA sequences. The provcedures of the
Cohen. ¢t al, patent firsl involve marulfacture of 4 ranslor-
mazion vector by engymatically cizaving viral cirvular plas-
mid DNA w form lincar TINA wrands. Selecied lereign
Mexogenous” or Cheterologous™) DINA - swands veually
including seguences coding for desired product are prepared
in lincar forw through wse of sirular enzymes. The lncar
viral or plasmid DNA s incubaled with the forcign DNA o
the presence of lipating, carzymes capable of cllzcting a
restoration process and “hvbrid” veciors are lormed whick
includz the selected exogenous PNA scpment “spliced ™ into
the virzl or citeali: IYNA plasinic

Transtormat:on of compatible wnicellulyr host organisms
with the hybrid vector results in the formadon of multiple
copies of the exogerous TINA 10 the host cell pepulation. In
some irstances, tae desired result fs simply the amplification
ol the Toreign DNA aué the “product”™ harvested s DNAL
Note frequenty, the goal of transformation is the expression
by the host eells ol the exogenous DNA 0 the form of Targe
scile syithesis of dsoiatuble yuanides of commercially
gignificant protzin or polypeplide Iragmams coded lor by Lhe
fnreign DNA, See also, cu., US, Pal Nos, 4.264.721 il
Shite), 4,273875 (o Munis), 4,293,652 (o Cohen), and
Buropean Pazos Applicaion 093,619, published Now, 9,
14983,
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Tae developmenl ol specitic DNA sequences for spiicing
inlo DNA vectars is scoomplished By a varicty of tech-
niques. depending o a great deal on the degree of “Toreign-
ness” of the donor™ W the projecied host acd the size of the
nulypeplide (2 be expressed in the host. Al the tisk ol
over-simplification, it can be stated that three allemalive
principal metnods can be emploved: (1) the “isolation™ of
double-suunded DNA seguence o the geonmic DNA of
the donar: (27 the chemecal manuiuciure of a DNA sequence
providing & code Tor & polypeplide ol interest; and (31 the in
vitre synthesis of g double-stranded DNA scquenes hy
cryymalic Cteverse sramseription” of mREA isolated from
donor valls, The last-mentioned methods which involve
lormation of a2 DINA “complement” of mRNA are yencsally
reforred to as "cDNAT methads.

Mancfuwinre of DINA sequences 15 frequenity the method
ol choiee when the entire sequence of amino acid residues
of the desired paolypestice product is known. DNA manu-
lacworing procedores ol co-owoed, co-pending U.S. patent
application Ser Mo 483,251, by Alon, et al. (fied A, 15,

1983 and cormesponding o PCT USR3/00605. published )

Nov., 24, 1983 us WOE3IAO4053). for cxample, provide a
superior means [t oaccomphishing such highly desirable
results as: providing for the presence ol cllernate codens

cormmonly found in genes whick are highly expressed inthe -

bast organism selected for expression (e.g., providing yeast
or fooivdi Cpreicence” codons); avaidine the preseace of
untransiated “intren”™ scquences  (commonly  present in
mammalian germmic DNA sequenzes and mRMN A transeripts
theree!s which are oot readily processed by procaryotic host
cells: avording expression of vndesired “leader” palypeptide
sequengey conminonly coded for by genomic DNA and
cDNA secuences bul frequently nol readiiy cleaved from the
polypepude of dmesest by baclerial or voast host cells;
providing for ready insettion of the DNA 0 convericn:
CXPITSSION veciors in association with desired promoler!
regulaor and terminalor sequenees: and providing lor ready
construction of gencs coding for pulvpeptde ragments and
amalops of the desired polypeptides.

When she entire sequence ol amino acid residues of the
desired polypeptide is nat known. direct manufaclare of
DNA sequences 18 nour posstkle and isolalion of DNA
sequenees onding tor the polypeplide by a ¢DNA method
hecumes the meihod ol choice despite the potential draw -
buacks in euse ol assembiv of expression vectors capable of
providing high icvels of microbial cxpression relerred 10
ghone. Amang the siamdanl procedures for isolating cDINA
scguences ol Interest 15 the preparation of plasmid-borne
cDNA “librasies” derived from reverse wamscriplion of
mRNA shundant in doror cells selecled as responsible lor
high level expression of genes (cg., hbraries af cDNA
derived irom pituitary cells which cxpress relatively larpe
quarltitics o growth hormone products). Where substantial
poriions ol (he polypentide’s amino acid sequence arc
krown, kabelled, single-stranded DNA probe secuences
duplicating a sequence putatively proscmt in he “target™
cDNA may he employed in IINAYDNA hybridization pro-
cedures carried oul on eloned copies of ie cDNA which
hawve haen denatured o single stranded form. | Sec. generally,
the disclosure and discussions of the arl provided ‘n LS.
Pal. »o. 4394443 10 Weissmar, ol al. and the recent
demonstralions of the use ol lorg oligoruclzotide avbod
wrion prubes reported in Wallace. ot al., Nue, Acids Kes., 6,
pp. 33433557 (1979), wnd Reves, ol al, AN.AS (LR85 A),
79, pp. 32T0-3274 019820, and Jaye, e al., Mue. Acidy Rex..
Plopp. 2325-2335(1983). Sec aiso. .S Par. No. 4,358 535
10 Falkow, ¢t al, relating lo DNA/DNA hybridization pro-

i

an

4n

45

S

35

4l
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4
cedures in eflccling diagnosis; published Luropezn Palent
Applicalion Nos. GO7068S and DOFI68T relating e light-
citling zbels on single stranded polynucleoide probes;
Davis. et al. A Manoal Tor Genetic Engineering ., Advanced
Buclerini Geneties”, Cold Spring Harbur Faboratory, Cold
Spring Harbor, N.Y. (1980) al pp. 55 58 and 174 1746,
relating (o calony and plaque hybridization wehnigues; and,
New Englund Nuelear (Boston, Mass,) brechurss for “Gene
Sereen™ Hybrdization Transfer Membrane matoiials pro-
viding imstruction mantals for the transier and hybridigation
ol DA and KA, Catalop No. NERH-U72 |

Armeng the mose signficant recent advances in byhridizu-
ton procedures for the screening of recombinant climes i
the usz of labelled mixee symhetic aligonccleotide probes.
cack ul which is potendally the complele complement of a
specific DINA seqguence in Lhe hybadization sampla -aciud-
ing a helerogeneous mixture ol single <tranded DNAs or
RNAs, These procedures are acknowledged 1o be especiatly
usclul in the detection of ¢DNA clones derived from soucces
which provide exlreme.y low amounts of MRNA sequences
{or the polypepiide of jnterest. Briclly pul. usc ul siingent
hyvbndization conditons directed towurtd svoidance of non-
specilic bindicg can allow. c.g., lor e aweradicgraphic
visualcation ol a specific clJNA clone upon Lhe event of
hvbridization of the targel DINA 10 tha: single probe within
the mixiture which is its complete complement. Scc pener-
ally, Watlace, ¢l al., Nuce. Acids Kes., 9. pp. 879897 (19K { };
Suggs. et al. PAAS (ULSA) 78 pp 0613-6617 (1981);
Choa, et al., Natwre, 299, pp. 178-180 (1952); Kurachi, et
al, BN AS (U5A)D, pp. 64616464 {19821 Ohkuba, ct al.,
FAAS (LL8A0, RO, pp. 2196-2200 { 19833; and Korabliht,
clal PAMAN (LLXA L 80, pp. 3218-3222 719837, I¢ ecn-
crai, the mixed probe procedures of Waliace, el al. {1981,
siprd, hive been cxpanded spon by virious workers Lo the
point where reliable resal:s have reportedly been obtained in
a c¢DNA clone isnlation using 1 32-member mixed “pool” of
Itr-hase-long [16-mer) oligonucteotide prokes of uniformly,
varying DMNA scpuences together with a single 1l-mer o
cllecl a two-site “'posilive™ vonfirmation of the presenee of
cDINA of inlerest. Sec, Singer-Sam, et al., PALAS (L84,
%, pp. 802806 (1983),

The use or genomic DNA isolates is the least conmmon ol
the three above-noed methods for developing specitic INA
seguences for use m recombinanl procedures. This is cspe-
ciglly irue in the area of recombinan procedures directed Lo
securing micrabial expression of mammalian polypeplides
and iy due. principally w0 the complexity of mammalian
goeoomic DNA. Thus, while reliable procedures exist lor
developing phage-borme libraries of penomic DNA o)
humar. and other mammalian species origing [Sce, cag.,
Lawn, et al. Cell. 15, pp. 1137-1174 1197R) rclating 1o
procccures lur generaling a human genomic library com-
monly referred W oas the “Maniais Librar'"; Kam, o al,
FNAS (LASA) 77, pp. 5172 5176 (1980} relating 10 a
humiar genomic library based on alternative restriction
cndonuzslease ragmentalion procedure: and Blauner, ct al.,
Setence, 196, np, 161-169 (1977) describing vonstiuction of
a buovine genomic library] there have heen relatively lew
successlul attempts at use ol hyoddiration procecures in
isolating genomic DNA in the absenee of cxtensive lore-
knowledge of amine acid or DNA scquences. As one
cxamplz, Viddes, ¢l al., . Mal. and App. Genetics, 1. pp.
3 18 (1981) report the successful isolation of & gene coding
for the alpha subunit of the human pituilary ghvcoproicin
hormomes Irom the Maniads Library throcgh cse ol @ “fall
leng:h™ prabe including a complewe 623 base pair [Tugment
ol a previoosly-isalatcd eDNA sequence (o the alpha sub-
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Lnil. As anotter cxamplec, Das. et al, PNAS, (172540, 80,
op. 1531-1535 (1983) repor, isolation of Juman gonomic
clones Tor buman HLA-DR using a {75 basc poir syathetic
oligenecleoide. Finally, Anderson. et al, PNAS. (L7540,
G0 ap. 68386842 [1983) report the isulaion of genomic
clone for bovine pancreatic 1rypsia indibiter {RIPTT) asing &
single probe 86 base pairs in lenetk and construcied aceord
ing 10 the knowr aminy weid sequence of BPTL The suthors
ot & determamation of peor prospecis for isolating mRNA
suitsble for synthesis of a clONA fibrary due 10 apparent low
leve's of mMRNA nirdkally targeted parotic piand and lung
Ussue sourees and ten address the prospects of success in
probing o peromic hibrasy ousicg a misture of lzbelled
probes. stating: “Muore generally. mixed-sequence oligode-
axynucleotide probes have beon used 1o isoline prowin
genes ol unknewn sequence [tom cDNA librarics. Such
probes arc typieaiy mivenes of §-32 oliponuclealides,
1477 nucleotides in lemgih, representing cvery passible
codon combinagion Tur o small sireich (3-6 residues) of
aminn acitt seeuence. Under striagem hybridismion condi-
lion: thai diseriminate  agains: incorrealy  basc-paircd
probes, these mixtures are capabic of locating spec:lic gune
sceucrees in clone librames of wow-0-moderate compicxiiy.
Novertheless, because of thelv short length and helerngenc -
ily, muxed probes oflen lack the specifichy required for
probing seyuences ds compley as a mammalian scnome.
Tais makes sucit ¢ method impractical for the isolation of
mammalian protein genes when the corresponding mR™ As
arc unavailahble.” (Citations omitied},

There thus continuwes o exist o need i the arl for
tmproved methods for elfecting the rapid and cllicient isn-
lation ol cDNA clones in instances where litlle is known of
the arrine acid sequence of the polypept:de coded lor wd
where enoched”™ tissue sources o mRNA are nat repdily
available for uwse in construcling ¢DNA libraries. Such
mpreved methods would be espeeially wselul if they were
applicabie 1o iselating mammalian genomic clones where
sparse infonmation s available concerning aminn acid
sequencees of the polypeptide coded for by the gene sought,

B, Erythropoictin As A Polypeptide Of Iaterest

Erythropriesis, the production ol red blood cells. occurs
comimunusly throuphout the buman 1ife span o offsel cell
destuction. Ervthropaicsis s a very precsely conrolled
nhysiclogical mechanism cnabiing sullicicnl numbers of red
bload cells to be availadle in (ke blood for proper tissuc
oxygeoation, bui nol so many that the cel.s would ‘mpede
cireigtion. The lormation of red blood cells ocecurs in the
hoane marrew and s under the control of the hormone,
crythropoietin.

Lrvihropoicting an actdic glyveoprotcin of approximaicly
34,000 dalton molecular welght. may acedr in three forms.
o, g and asizio, The ¢ and P forms cilfer slightly in
cathohydrate co-uponents, but have the same polercy, bio-
lagicsl activity and maolecular weight, The asiaio form is an
o or § form with the teermina carhohydeste (sialic acid)
removed. Erythropoictin s prescot in very low concentra-
livns in plasma when (he body 1y it a hea'lky state wherein
lissues Teceive sullicicnl oxygenation [Fom the existing
number ol erythrocyles. 'This normal low concenlration is
enough Lo stimclate replacement «f red blooc cells which ane
lost normnally throuph aging,

The amount of erylbropoictin in the circulaton s
increased under condiuons ol hynoxia when oxyeen rans-
port by blood cells in the efrculatiom is reduced. Hypoxia
may be vaused by loss of large amounts of blood through
hemorthage, destruction ol ted blood cells by over-cxposure
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Lo radiztion, radueiion in oxyvpen intake das w high altiudes
or prolonged Lrcomsciansiess, or virinus (omns ol anemia.
I response 1o tissues undergeing aynoxic stross. crythoo-
poictin will ingrepse red blood coli prodiciion by stimilal-
inp the conversion ol primithye precurser cells in tae hone
marrow inlo provrythroblasts which subsecuently malure.
syithicstze hemaoglobin and are relcased 1o the circalation
as ted blond colls, Wher the nomber ol red dload cells in
cirenlation is greater than needed Jor normal tissue oxygen
reguirernents, erythropoictin | ladior §s decreased.

Sce generally, Testa, oo al.. fxp Hlemarad, 8 (Supp. B
144 152 (1980 Tong. of alo J. Riol Chem., Z256(24)
13666-12672 (1981 Goldwasser, o Cell Phvsiod,
Vi00Swpp, 11, 133135 (19825 Finch, Hinod &g
1241-1246 (19821, Sviowski, ¢l ek, Exp flematol, & Supp
B}, 32 64 (19303 Naughwon, Ans. Clbn Lab So, (305),
S32-A38 (1983 Weiss, et al, Am 0 Vet Rec, 4010,
1832-1835 (19831 Lappin, ct al, Fxp. Hemaiol, (7},
6h1-066 (19530 Baciu. of al, Ane. N Y Acad, Sei, 414,
6 72 11983) Murphy, o al. Acta. FMaematelogica
Japonica, 46071 1380-1306 (19831 Deseypris, ¢l ul. Brie
4 Haemarol, 56, 295306 (1982 and, Fimmanoug!. cl al.,
Am. Pl 247 11 PL2), Fle& 7o (1364).

Recause erythropotelic is cssential in the process ol red
blead cell lermation, the hormone has patential uselud
applicaiion in both the dizgnosis znd (he treaimem ef 2lood
dgisgrders characierized vy low or defective red biood eetl
production. See, generzlly. Pennathur-Das. et al., Rlood,
03033, 1168 71 119847 aud Muddy, Am, Jonr Ped. Hemaiol/
Circol.. 4, 191-196, (1982) mehaing 1o ervilkropo otin in
possible therapies fipr sickle celi discase, and Eschhach. et al.
Jo Uhin dnvesi, TA2), pp. 43441, (984, deseriving &
therapeutic regimen for uremic sheep hassd on n vive
response 1o erylhropoietin-rich plasma infusions and pro-
posing a dosage of 10 U EPO/Kg par day for 13- 40 days as
cotrective of znemit ¢l the lype associzied with chronic
renal fuilure. Sce also, Krane, Hearv Ford Hosp. Med. 1.,
3103). 177 181 {1983).

It has recentiy been estimated [hat the avalability ol
cryvthropoeictin in quamity would zllow Tor trealment cach
vedr of anemias of 1,600,000 persons in the United States
alone. Sec, eg. Monison. “Binomouessing i Spuace—-an
Overview”, pp. 357-371 in The Workd Bioteck Repost 1984,
Volurme 2:USA. (Online Publicasions, New York, N.Y
[984). Recent studics have proviced a basis for projection ol
cficacy o erythropuiclin lherapy in & vanciy of discase
states, disorders and stales o hematolegic irrezularity:
Vedovaro, ot al, Acta, Flaemaiof, 71, 211-213 [1Y84) theta-
thalasserniad; Vichinsky, cu al., J Pediciz, 105013, 1521
(19840 {evstic Gorosis); Cotes, ctal., Brit L (hbsier. Giaea-
cal, M4 304- 310 (1983} (prevmancy, menstrugl disor-
ders); 1aga. et al.. Actke Pedeatr Scarnd, 72 827-K31 (982
{carty anemia ol prematurity); Clans-Waulker, et al,, Arch,
Phys. Med, Kehabil, 050 370-371 (1984 (spinal cord
injuryy, Dunn, el al, Far J Appl Physiol, 52, (78182
{1984 {spuee igho); Miller, ¢l al., 8rin 4. Haemarol, 32,
545-500 (1982) (acute blood loss); Ldupa. cboal, F Lab.
Cline Med, 103(4), 574-580 and 381 38R {19&4); and
Lipsenize, et al. flood, 63031 502-5(9 (1983) (aging}: and
Dainizk. o al. Camcern 31(6) T101-1106 (19835 and
Sehwarls, etal, Crolarvagol, (109, 209-272 (1983) (various
nooplasiic discase slaiecs accotnpanied by abnommad erylh
TOPHEesis).

Prior allempts W abiain ervihrapoictin in good yic'd frosm
olasma of urine have proven relatively tnsecesstul, Com-
plicated and sophisticated luboraiory lechnicues are ncces-
sary and generaliy result in the collegtion of very smull
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ainunts ol npare and ansiable cxiracts coninizg eryih-
rupeiciin.

LS Pat Noe 3,033,753 deserihes 2 method for purdialiy
pudlving cryvikropoictin [rom sheep bleod plasma which
arovder low vields of a crude solid cxtract corlaining
cryihropoietin.

Imtis: altempts o dsolawe crylhropoicin Itom urine
yielded unsiable, ‘mologically inaciive preparalions of the
homene. U8, Pat No. 2.865.801 describes a method of
stublzng the Bological activity ol 4 crude subsianee con-
Lwining erythropoietin recoveree trom urine, "The resuliing
crude  preparation coniaining  ervthropoictin purportedly
metains Q0% o7 eryvihropoictin activity, and is stable.

Another meizod of purilying kumarn crvikropoictin rom
urine «f patients wiln aplastic ancmia is deseribed it Miy-
ahe, oal S Bind Chen, Vol 232, No. 15 {Aug. (0. 19770,
op. 35383362, This seven-step procedure includes ion
exchange chromawography. etharol precipitation. gel Gilira-
tion, and adsorntion chromatogranhy, and wvields a pure
cryitlmopoictin preparation with & polency of 70,400 cnits/
g of protein in 215 vizld.

LIS, Pal, oo 397 8:4) 1o Takerawa, ol al. descrihes
moethods fur preparing “an ervthropoiclin product” [rom
hestliby fniran uring specimens with weakiv basic ion
cxehangers and proposes that ihe low molecular weight
producls obtained “have no inbibitory effects” against eryth-
ropirelin,

LK. Patent Application No. 2.085.887 by Sugiznow. cl
al. pubiished May 60 1982, describes a process lor the
production of hybrid human fymphohlastoid cells, reporing
production ievels ranging from 3 1o 420 Units of crythro-
puiclin per ml of suspension of cells {distdbuted into the
cultares afler rmammalian host propagalion) containing up to

17 cells per ml. At the highest production Jevels assened w

have been obizined, the rae of ervihropoiciin oreduclion
conld he caleaTated o be from 40 o abocy 3,000 Unisf 108
cclls/a8 hours ir in vitro cuitere Tollowing transier ol cells
irom :n vivn propegation systems. (Sce also the cyuivalent
LS. Pat. Noo 4377513 Numerous proposaly have been
made Cor tsolalton of erythropo:etin [rom lissuc sources,
imciuding neoplasite cells. bul the yields have heen goite
low. Sve. cop. lelkmen, ot ac, Fxpe Hematsl, 1107},
381 SHE (1983), Tambouvrin, ¢l al., P&AS. (23540, 80O,
BEAU-AZTI (19873 Kaosnoka, o al. Guean, 74, 534541
[1983). Hagiwara. oL al.. flosd 63(4). R25-835 (198); and
Choppen, ot ai., Slood, 6421, 341-347 (19841

Olher isolalion icchniques wiilized 1o oblain purified
ervibropoictin valve inwnunolugical procedures. A poly-
clomal, serum-desived anitbody directed azainst eryliwopoi-
ctin is doseloped by injecting an antmal, prelerablv a rat or
rabbit, with human ervthropoictin. The injecied human
cryvibropoietin is recognized as a forcign antigemic substance
by the immune system of the animal and clicits production
of antibadics against the antigen. DitTering cells responding
o stimulition by the antipenic substance produce and
release e circulation antibobdies slighdy difierent {rom
Theme produced by othor responding cells. The antibody
aclivily remains in the serum of the animal when s hlood
is oxtracted. While urpurified serum or antibody arcpara-
tons punfied as a serum immunoglobulia G fraction may
thcn be used in assays Lo deteel and complex with humen
ervihropoictin. the matenals suller from a major disadvan-
tape. This seram antibody, compased of all the dilferent
antihodies produced by individual cells, is polyclonal in
naiure and witl complex with cumponents in crude extracts
ottter Lo ervthropoictin slone.

3
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QO inlenzsy 1o the hackgroond of the present invendon are
recent zdvances in the arl ol developing continuous cuftures
of cclls capahle of producing a single specics ol antibody
which is specifieally immunalogicaliy reactive with a sinple
anligenic determinant of a selecied antiven See. gencrally.
Chiskolin, High Technolopy Vol. 3 Noo 1, 57 a2 {1983)
Allemats have keer made 1o employ cell Jusion and hybrid-
lzalion lechmigues o develop “monociomal” antibodies o
erythropoctin and 0 ermploy these antbodies in (02 isola-
tion and guantitatve detzetion of hurman crythropoicin, A
one example. a repork of the successful development of
mouse-mouse hybridoms cell lires scercting monocional
anlibodics (0 nwman erythropoicelin appearcd in ahstract
forne in Toc-Huang, Abstract Noo 1403 of Ped Proc, 41
5200 71982). As another cxample, a dewsiled deseription of
the preparation and vse of & monoc.anal. anti-crvihropoiclin
antibody appears i Weiss, o o, PAAS LAY TOL
A305 3468 ORI Sec also, Sasaki, Hromed Biochin
Aeter, 22011012y, 5202 §5206 [1983): Yanapawy, ot ai.,
Rioed, (23, 357301 (19840, Yanugawa, ol al., J Aol
Chem.. 25905, 2707-2710 (1984); und U.§. Pal. Nov. 1,165,
624,

Acso ol inkerest lo the backgroand of the invention arc
reports of the immunological aclivity of syrihelic peptides
which substantially duplicale the amiro acid scguence
exlam: in nawrally-occurring  proteins, glveoproteins and
nucleaprotweing. Moe speciiically, relatively low maleentar
weight polypeptides have been shown o panicipae in
immune reactions which are stmilar in duration and =xten: 1o
the immune reactions of physiolegically signilicanl pritcins
such as viral amigens. pulypeptide hormonaes, and the like.
[ncluded among the immune reactions of such putypeplides
is the provocuation of the formation ol spectfic antibodies in
immunelogicaliy active animals Sec. e.g. Lerner. ot al.,
Cefl, 23,309 310 (1981}, Ross, ot al.. NMuture, 294, 634-636
(1981); Waller, et al, ANAY [LINAS 770 5197-5200
(19801 Lermner, ct al., PN (LEAG, T8, 3403-3407
t1981); Wwaller, el al, PNAS (U054, 78, 488248386
L1981 Wong, ev al, PNAS (U5A) 78 7412 7416
(1981); Green, ct al. Cell, 28, 177187 11UK2): Nigg, vt 4l.,
PNAS (U.5A),79.5322-5326 {1982); Baron_ ct al., Celf,
28, 2093404 (1982); Drcosman, ot 2l Naiure, 293, 138 160
tTAR2); and Lemer. Scienrific American, 248 No. 2. 66-74
{1983). Scc, also, Kaiscr. ¢t al., Soience, 223, pp. 249 255
{1984) relating to biological and immumolowrical scivities of
synihetic peplides which approximalely share sccondary
structures of peplide hormones nul may nol share Lheir
primary slructural conformation. The above studies relate, of
course. to amine acld sequences of proleins other than
aytuopuictn, 4 substance Tor which no sebstaniial amina
acid sequence informatinn has been publishod. e co-cwned,
co-pending 1S, patent apptication Ser. Ne. 403,724, iiled
Ich. 4. 1983, by ], Egre. puklished Aup. 22, 1984 as
European Patent Application No. (0 114 446, Lwere i3
ceseribed a mousc-mouse hvbridoma ceil line (AT C.C. Mo
HB3209) which produces @ highiy specilic moroeclonal,
ami-crythropoieiin  antbody  whien s also specitically
nmunoTeactive with a4 polypepiice comprising the Tollow-
ing seauence of amino acids: N-Ala-Poo-Pro-Arg-Leu-
Ite-Cys- Asp-Ser-Arg-Val-Leu-Glu-Arg-Taye-Leu-Lea-Glu-
Ala-Lys-CQOLL The polypeptide sequence is one assigned
o the first twenly amino acid residues of mature human
crylhropoictn 1solated according 1o the method of Mivake,
ct al. L Binl Chem., 232 5558-53564 (1977) and upun
which amine peid anatysis was performed by the gas thase
sequancer tApphed Biosystems, [ne) scconding 10 the pro
cedure of Howick, M., ot al., J. Biol. Chen, 256, 7990-7997
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(198 v See.aiso. Sue, el al, Proc. Nai, Acad. Sei (P5A 1L BU,
pp. 365 1-3655 TT9K3) relating o developmen! of polyclon
antihodics against a syrtheiic 26-mer hased oa a difTering
aming acid sequenee, anc Sytowski, ot gbo L Gl
Merhody, 69, op. 181 136 (1944,

While poiyclonul und monocioral sutiludivs as described
ahove provide Righly nselit materials Tor use i immunoas-
says for detection and cuanti w1 ol erythropoicun und
car: b aseful inthe affini ation of crylhropaicting il
appears unitkely tha these mater.als cun reslily provide for
the large scale tsolwion af guantitics of erylbropoictin frem
mammalian sources suliicient for further analysis, clinical
westing and polenial wide-ranping (herapeutie wse of the
substanee i ircalmen. of, e.g. chionis kidney thsease
whereln diseasad tissues il o suslain procuction o7 erylh-
ropoizling [L1s consequentiy projected in the art thal i hes
prospects lor futly characterising mammalizn crvthrepoiztin
and providing large cuearliiies o! it for polential dispnusic
ard clinical use involve suecesslul application of recombi-
narm procedurss o ellecs large scale microbial syathesis of
1o cnmponge.

Whiic substantia cllorts apncar 10 have beer made in
allempicd ismation ol DAA sequenees eoding for human
and olher mam:naiian species eryihropoieling none appear (o
have been successitl. Thig iy due arincipally o Gz scarcily
of tssuz sourves, especally human ssue sources, entiched
in mRNA such as would sllow for construction ol 4 cDNA
himary rom which a DNA sequence coding for crythropei-
ciin might be isolated by conventiony] wehiigues. Further,
0 little 15 known ol (e comindous sequencs of aming acid
residues ol erythropoietin that it is nol possibic w conslruci.

o, teng polynucleotide prabes “eadily capeble ol reliahle
use in DNADINA hybridization sereening of ¢DNA and
capecially genomic DINA libearies, [lustratively, the twenty
anvino geid sequence empleyed Lo gencrate the abose-named
maonaclonal anlibody produced by ATC.C, No, HBS209
does not admit <o the comtuction ol an unambiguous, 60
hase cliponucleotide prohe in (ke maner described by
Andersan, ¢t wl., supri. It s estimaod thal the human gene
of eryihropeictin may sopear 4s o “single copy pene’ within
lhe human genome and, in any evenl, ihe genetic material
cuding for hutnan erythropodctin 15 likely 10 constitete less
than (LOOO05% o) Ll human eeromic DNA which would
ho present in a penomie library,

To dale, the mest szecessiul ul known reported attempts
al Tecombinan-reialed methods o provide DNA sequences
sutiadle Tor use in miceodial expression of isolatghle quan-
tities al’ manmalian ervibropoicdn have fallen rar short of
the goal. As an cxampic, Fatber, oo al, Ay Hematel, |1,
Supp. 14, Abstract 101 {1983 cepoil the extraction of
mRMA from kidney tissues of ohenylawdrazine-reated
buboors and the injectior of the mENA inw Xenapus faevis
oucyies with the rather trapsilory resull of i vitro produc-
ton of a mixlure of “lranslalion procducts™ which included
among them displaving biological properiics uf ervthropoi-
ctin. More recently, Farber, et al., Blood, 62, No. 5. Supp.
No. 1, Absiract 262, at page: 1220 (1983) repuried the i vilro
Irans.ation of human kidney mRNA by oz cocvies. The
resullan: translation product mixiure was estimaed (o
inciude or the order of 220 ml ol 4 lranslation produact
having the activity ol crylthrupoictin per microgram of
injecied mRNA, While such izvels of in vitro translation ol
exugencus MRNA coding lor erythropuictin were acknowl-
edged 1o he goite Tow {compared even to 1he prior reporied
levels of haboon mRSA trmslalion oo the sougic-Tor
product) it wes heid that the results conlirm the haman
&ldney as a sile ol erylhropoictin expression., allowing lor
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the coastruction of an enriched hansm kidney cDNA Librany,
lreyme which the desired gene might be isolated. [See uisa,
Farber, Tl Nex., 310400 T69A (19R3)1

Since the fling of L8 paent application Ser. Nos.,
561,024 and 582,185, (here has appeared & single senart of
the eloning and expression of whul is asseried s have been
human ervihropoicln eTINA T L coli. Brielly pul, a number
ol cDNA clones woere inserted inio & ood? plasmids and
3 laclamase lusion products were noted (o 9z imm aroreac-
live w:th a menoclonul antibody 1o an unspeci(icd “epitope”
ol auman crythropoietin See. Laee Huang, Proc. Nu!, Acad,
Seed (87841, Bi po. 2708-2712 (1984).

BRIEFF SUMMARY

The presemt inventinn prnvides, for the first time, novel
purified and isvluted pulyoepiide products Maving pars or al:
af the primary struclural confornation e, contimaous
seguunee nlarino acid reafducs) and one o more of the
otogical properties (o, irunemological propertics and in
vivo and in vitro binlogical activioy) of naturally -oceurming
ervlropoiciin, including allelic varanis thereol, These
polypeptides are also uniguely characierizzed by hoing the
product. ar procasvolic of cucaryotic host expression (c.e..
by bacierial. yeast and mammalian cells i collure) of
exopenous DNA sequences obtained by penomic or cDNA
cloning or by gene synlhesis. Products of microbial cxpres-
sion in vertebratz (e.g., mammalian and avian) cells may be
lurther characierizanl by [reedom fron associaion with
human prateins or other contaminants which may ‘e asso-
claled with ervihropuictin: iu il nataral mammaiian cellular
environment or i ealracelluler fluids such as plasma or
urine. The products of lypical veast (e, Saccaromyees
cerevistae) or procaryole 1o.g., K coli) host ceils are [ree of
assuciulion with any mammaiian preteing. Depending upon
the hast empluyed, polypeplides of the irvenlion may be
piveosylated wilth mamraliun or other eucarvolic carhoby-
driics o may be noa-glyensyiatmd. Polypeplides o the
fnvention may alse include an initiz inetbiomine amino acid
rostduc positan - 1),

Nove! glveoprowein products of the invention include
those kaving a prioy stroclunl conlormation suficiently
duplicative oo chat of ¢ nwurally-oceurricg (e, human)
crythropoiclin w allow passession of onc or more ol the
htilogical properties thereal and having an average carbo-
hydraie composition which differs from thal of naturally
occurring (e.g.. humun) erythropoiclin.

Verebrate (¢ g, COS-1 and CHO) cells provided by the
presery invenuon comprise the lirst eells cver avaitahle
which an be propagated in vitto continuously and which
upony growik n cullure are capahle of producing in the
mediur ol their growth in exeess ol 100U (preferably in
excess of A00U and most preicrably i excess of 100D o
500000 of entkropoictin por 107 cells in 48 hours as
determiined by radioimmunoassay.

Also provided by the presemt invention are svothelic
polypeptides whally or partially duplicalive of cornlinuous
SEUENCES of ervithmopoictin aming acid restdues which are
herean lor the firs: time clucidated. Thoese stqguences, hy
virluc of sharing primary, sccondany or lertiary siriciural
and conlormational charaeteristies with naturally-occurring
crvihropoictin may possess biolagical activity andéor tmmu-
netugical propertics in cornmoen wetk (ne maturally occurning
product such that they may he employed as hiologicaliy
aclive ar immuovisgical substileies Tor erythropoigiin in
therapeatic and immunalogical processes. Correspondingty
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provided are monoclenal ard paivclonal antibodies gener-
dted by stanclard means wihich are immunoreaciave with sueh
polypepudes and. preferably, also immunoreactive wilh
nulunily veeurming eryihrapaietin,

[Hustrating the  aresent invention @t Cloned DNA
sequences o monkey and human specics origins and
polypeplice scguences suilably deduced taereimm which
represent, resoectively, the prisnary struciural conlormaiion
ol ervthrapoicling of monkey snd human species origin.

Alse provided hy the present invention are novel hiolagl-
cally functivral vital and cireular plasmid INA vectors
incorporating DN A seguences of the invention and micro-
bia (e.g.. pucienad, youst and mammabian eelly host ergan-
1sms stably tronslormed o transfecied with such vectors.
Cormesponding' v provided by the inventtion are navel meth-
uds lor the producton ol wselul polvpeptides comprisiug
vateeed prowth of such tansformed or transfected micro
hiai hosts cacer conditions facililatve of large scale expres-
sion of the exogenous. vector-borne TINA-sequences and
isolation ol the desired polypeptides rom the growth
mediur, cellular vsaies or cellular membrane {ractions.

Isolaton and  purification  of microblally  expressed
palypepiides provided by the invemion may be by conven-
tional means tneluding. g, preparalive chromamographic
soparudions and immunological scparallons snvolvirg mons-
clamal anddor polyelonal annbody preparatens,

Hasving haicin elucidated the sequence of amino acid
residucs ol erythropoiciin, the prescm invention provides for
the total and/or partial manlfacture of DNA scquences coding
lor erythropnict:n and including such advanlageous charac-
IRASECS a8 incorporalion ol codons “preleried’” lor expres-
ston by selecied non mammalian kosts, provision of s:1es for
clevage oy restriction endonuclezse onaymes and provision
of addivional inidal, wrminal oor imermediate DNA
segpciwces which faetlitaie consivaeton ul wadily expressed
veclors. Corresponding. v, the present invention provides tor
manulaciae (acd development 2y sile specific mutigencss
ol cINA and penomic DNA) of DN A scquences coding lor
microbial exprassion of poivpeptide analogs or derivatives
of ervihropoictin wiich differ from naturally-occurting
{orms in terms of the identity or location of one or more
aming acid revidues (Lo, deetion analogs comtaining iess
than all of the residues specified for EPO and/or substitution
analups whercin one ot o wsicues specilied ac wepleced
by viber reyidues andfor additzon analogs whercin one or
more aming acid residucs is added 10 a terminal or medial
porlion ol lne poivpeptide); and which share some or 2!l the
properties of naturally-occurring lorms.

Novel DNA sequences af the inyveniion include all
sequencss uselul 1 SCCUTINE CXPression in procarvolic or
cucarydiie host zells of polypeptide products having at feast
a pan of the primary siructural contormation and onge or
more af the hiological preperties of erythropoietin which are
comprehended by: ia) the DNA sequenees set oul in FIGS.
3 ard 6 herein or their complementary strands; (b1 DNA
sequences which hyhridize (ninde- hvbricdization conditions
such as fllustrated hercin or more stringeni conditions) (o
DINA sequences defined in (a) or Tragments thercof; and (¢)
By sequeness which. but tor Lho degeneracy of tho genctic
code, would hybridive 0 DNA segaences defined 10 (a) and
ib) ubvwve. Spevilically comprebended in part (b)) are
genomic DNA sequences encocicg allelic vanianl forms of
monkey and ouman crytiropoiclin andfor enceding other
mammalian species of erythropatetin. Specifically compre-
aended by punt (o) are manulaclured DNA sequences encod-
ing FPO, EPO lragments and FPC analogs which TINA
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seguences may incorporate codoms facilitating wranslation of
messecnger RINACin non-verlehrale hosts.

Compreherded by the present inventior 15 that class of
polypentides coded lor by portions of the DNA complement
o the top sirand human genomic DNA sequence of FIG. 6
herein, i, Ceamplementary inveried promeing™ as deseribed
by Tramontane, el al., Nucleio Acidy Kexearch. 120 pp.
S049-3039 (1984).

Also comprehended by the invention are pharmaceutical
composilions comprising efeclive amounts of palvpepide
products of the nvention together with suitable diluenis,
adiuvams andfor carricrs whick allow ior provision of
ety oo thezapy, especially in the neatment el s
discase states and most especially soch anenme stawes as
allend chronic tenal [atlure.

Pulypeplide producls ol the invention may be “Tabelled”
by covalent association with a detectable marker subslanee
ic.g., radinlabelled with 271y 1o provide reagents useful in
detection and guantification of ervihropaictin in solid ssue
and [luid samples such as biood or urine DNA products of
the mvention may alsa be labelled with deteclable markers
(suck ay radiolabels and pon-isotopic labels such as biotia)
and employed in DMNA hvoridizalion processes Lo Jocale the
erylhropoielin gene pasition andfor the position of any
related gene Cumdly in the human, monkey and other miamn-
malian species chromosemal map. They can also be used for
idenmifving the ervibropoiclin gene disorders at the DMA
level and vsed as gene markers (or identifving neighborning
gcnes and their disorders.

Ay Diereimalier desemiaed in dotall, the present mvention
futther pravides sigmificant mpovenients inomcthnds for
delection of o spectfic single stranded polynuccoude of
unknown scquence in a helerogoncous ccliviar or viral
sumple inchulng muliple single-stranded poivruclcondes
where

ta) & mmxtwre of labelled single-stranded polvnucicolide
probes iy preoarcd having uniformly varying scquences of
bases, cach of said probes being polenially specifically
complementary 1o a sequence of hases which is putatdvely
unique 1o the soivouclentide o be delected,

(b the sampic 1s fixed 10 a solid substrate,

(¢} the subslrate having the sample fixed Lereto is reated
1 diminish furtier binding of polynucleotides thereto excepl
by way ul Tivhnidization o polyicleotdes in sasxl sampbe,

(d) 12 lrealed substrale having the sample Oxed therete iy
transitorily contacted with said mixiure of iabelled prohes
under conditions faciliative of hybrdizaiion only between
wta’ly camplementary palynucleatides, and,

(¢} the specific polynuclecotice is detecled by mornilonng
Tor the presence of 4 hybadizalion reaclon belweern 11 and
a tatally complememary probe within said mixture al
lahelied probes, as evidenced by the presence of a higher
density of tabeiled maerial on the subsirale at the tocus of
the specific polynucteonde in camparison g backeround
density ol labclled materia) resulting Ivom non-specilic
binding of lahzlled probes 1o the substrate.

Tre procedures are cspeciaily effective in siluacons die-
e e ol 64, 12K 256, 512, 1024 ar more ixold
polynocicoude probes having a leagth of 17 10 20 bases in
DNA/MDNA or RNA/RNA or DNA/RNA hybridizations.

As described inflra, the above-noted improved procedures
have lustratively alivwed [or the identification of cDNA
clores coding for erythropoictin of monkey specics origing
within a library prepared from anemic monkey kidrey celi
mRNA, More specifically, a mixture of 128 unitormly
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varving 2U-mer provcs hased on amino acid sequence infor-
maiicn denved from sequeneing tactions wf human eryi-
ropoielin was cmployed 1n colony nvheid:zation procedures
o {genlily suven “pusitive” erythropuictin cDINA clones
within = lolab o7 200,000 colunies. Lyven more remarkihly.
practive of the fmomroved procedures of the invenlion haye
allivwed for the rapid isolation of hree positive c.onzs [rom
within iz sereering o |SO0LDOO phage plagues constiteting
# houman genomic library. This was accomplished through
use ol the aneve-mmicd ixture of 128 20-mer arobes
together with @ seeond set of 128 17-me: probus frasal on
amine aeic aralyvsis ol a differen: coatimeous sequonee of
buman ervihropoictin

The above noted illusiraive procedures conslituie the
first known insnee of the use ol muliple mixed oligo.
nuclestide prones in DNAMINA hybridization processes
direeted toward isalation o memmalian genamic cooes sod
the first knowa instance o the use of a miziure ol more than
32 oligenucleoiide prabes in the isolation of cDNA clones.

Nurzies s sspecls amd advariages of e invention will be
apparen o those skilled inzhe art apon consideration ol the
loliwing detailed description which provides illusoations
ai the practice ol he invention in s prescotly preferred
embodiments.

Reference is i e FIGS. 1 threagh 21, wherein:

FIG 1 :sa graphic represeniation o o radivimmurnogssay
anzlvsie pf producls of the invention;

FIG 2 shows vecton pDSYE MEE.

FIG. 3 shinws vector pSY gHu PO,

FIG 4 shows veclor pDSYIL-gl uEPO.

FIGS. 4, 5B und 8C (collectively reterred o as FIG. §)
show rhie sequence of monkey EPG DN A and the encoded
LEPO.

FIGS. bA, 6B, 60, 6D and 6F colleclive.y relerred wn as
FIG. 6) show ihe sequence of human genaeiic FMO DNA
and <ke cncoded EPO.

FIG. 7 shows the sequence of the ECERO gene.

FIG. 8 shows the scouence of the SCLEPU gene.

FIG. 9 shows a comparison of the human and monkey
EPO palypept:des.

G,

G,

FIG.

FIG.

HIC,

HIG.

FICH

FIC.

HIG.

FIG.

FIG.

FIC.

10 shows Lhe ECLEPC seetion | obixonucleosides.
11 showes section 1 of the ECEPO pene.
12 shows the ECEPO section 2 oligenuclcozides.
13 shows secuon 2 of the ECLPO pene.
14 shows the CCEPO socidon 3 oligonuclentides,
15 shones gection 3 of the ECEPO gane.
16 shows the SCEPO seetion 1 oligonuciconides.
17 sluni s seeion 1ol the SCEPCr gene.
18 siiow s
1% shows
20 shows
21 shows

the SCEPO section 2 oligonucicatides.
section 2 ol the SCEPO gene.

the SCEPO section 3 aliponocleotides.
the seetion 3 of e SCEPO gene.

DETAILED DESCRIFTHIN

According o the presens invetion, DNA sequences
creading part or all ol the polypepiide scquence ol hunan
and monkey speeies erytropoicin {heseailer, al dmes.
“EPOYY have hoan 3solated and characlerized, Vustber, the
monkey and humun oripin DNA has been made the subject
ui cucaryolic and procarvolic cxpression providing isolat-
able quantitics ol polyprplides displaying biological le.g..
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immundiogica’) properties of natsraily-pecurring EPOD ay
well as hoth in viva and in vitro bialogica] aclivities ol PO,
The DNA of mankey <pecies origing was isolaied om a
cINA librury construced widy mENA derived from kiducy
tissue of @ monkey in o chemically induced ancosic state asil
whose scrum was immunelogicadiv delermined 1o include
tign “evels of EPO compared 1o normal monkey serum. The
salation of Lhz desited ¢ DN A clores containing CPO encod-
mg DMA was accomplished (hroush use of DNAYDNA
colony hynridization employing a pool of 128 mixed, radio-
lebelled, 20-mer oligonucleotide probes and involved the
aapid screening ol 200,000 colonies. Desiga ol the oligo-
nucleetide probes was based on amine aclt seyuerie inlor-
maticn proviced by enzymatic iragmentation and seguernk-
ing 4 smmall sample of hamar BPCL
The DNA ol humar spocies origing was isolated rom &
humar: genomic DNA lihzary. The iselation of ciones con-
taicing EPO-crcoding, DNA wus accomplished  through
DNA/DNA plagee hybridization cmploying e abose-med
ponl of 128 mixed 280-mer oligonuclestide probes and a
secorw] peol of 128 radiolabelled 17 mer probes whose
seyuztiees wers hased on amme acids seguence inlornaion
odlsined from a different ensymazic human EPO Iraement.
ificd by means of
dideoxy sequencing ol clonal DNA using o subset of 16
sequerces within the pon! of 20-mer probes and selceled
sones were subjected o nucicotide  scodence analysis
resuting in decuclion of prmary sleuclura. conlormat:on ol
the EPQ po epeplides cncoded  thereby  The  deduced
poiypeplide sequenuees displayed a high degree of homology
tcaeh olher and (o g parlial sequence genzraed by amino
acid analysis of human EPOY [tag-nenis.

Positive colonrics and plagues were ve

A selecled pesitive menkey cDNA clone znd a selected
positive human genomic clone were cach inscried in oa
“shultic” DNA voctor which was amplified in £ codi and
cimployed w transfeen smammaiian cells in calwre. Coltured
growth of traesfected host cells resulted i cvlwre mediom
SLpoMMalanl preparations cstimatacd 10 conlain as much as
AW by ol EPQ per ml of cultare Muid,

The following examples are presented by way of illus-
tration of e dicventiom aml are speciieally direced w
procederes carticd oul priot w identification of EPO eacod-
ing monkey cINA clones and human genomic clones, o
procedures resciting in such idemification, and o the
sequencing, development of cxpression systems anid rmma
nelogical verificmion of EPO expression in such systoms.

Mure particularly, Txample 1 is directed o amiae acid
scqueneing of human EPO (rapmenls and constuctinn of
miiatures of radiolabelled prabes based on the resolls of Lhis
sequencing. Lxample 2 is aeneraity directed o procadures
involved in the idenlification ol posilive monkey cDNA
ciones and thus provides information conecerning animal
treatment and preliminary radioimmunsassay (RTAS amaly-
sis of animal serz, Lxarwple 3 s dirccied Lo the preparation
ol the cDMNA library, colony hvbridization scrcening and
verification of nosidve clunes, DNA sequencing, ¢ 2 posi
live ¢IINA clone und the peneration ¢! monkey HPC)
poiypeplide primary structurat conformation (amno avid
seyuenice) informativn, Sxampic 4 is dirceted to procedures
involved in the idemtiiicatinn of pusitive buman genomic
chimes ad Thos provides inlorma ion comeerning the souree
of the penomic libvary, plague hybridization procedores snd
verifleation of positive cloncs. Bxample 3 is divecled o DNA
sequencing of a posilive genomic clone and the gereration
of human EPQO polypeptide amino acid sequence informa
Lt including & comparisor thereol @ the monkey EPO
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