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FIG. 10
1. AATTCTAGAAACCATGAGCGTAATAAAATA
2. CCATTATTTTATTACCCTCATGGTTTCTAG
3. ATGGCTCCBCCGCGTCTGATCTGCGAC
4. CTCGAGTCGCAGATCACGACGCGECCGAG
5. TCGAGAGTTCTGGAACGTTACCTGCTG
6. CTTCCAGCAGGTAACGTTCCAGAACT
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGETGATGTTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTGAACACTETTC
10, CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGETT
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FIG. 11

Xbal
EcoRI 1 3
AATTCTAG ARAACCATGAG GETAATAARA TAATGECTCC CGOCRCETOTC
GATC TITTGGTACTC CCATTATTTT ATTACCGAGE CECGCECACAD
2 4

5
ATCTGCGACT CGAGAGTTCT GGARACGTTAC OTGCTGGAAGS CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG
&

7 2 11
TGARAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGARAC TTGCTTTTGT
8 10

0
Epnl BamHT
TTACGGTACC G
AATGCCATGGE CCTAC
12
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FI1G. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGTGCCAGACCCOTG

g. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14, GCTTTGTCAACATGCAGCTGCAGCGE

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT
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FIG. 14

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

16. TCGACTATTAGCGGTCACCAGTAC
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2
TCTCTCCGCC

GGGTGCACAG ARAGAGGCTA

CCCACGTCETC TTTCTCCGAT
4

7

CGCTGCGTAC CATCACTGCT

GCGACGCATG GTAGTGALGA
8

21
TCTAACTTCC TGUGTIGGTALA
AGATTGAAGG ACGCACCATT
12z

15
TACTGGTGAC CGCTAATAG
ATGACCACTG GUGATTATC
16

AGAGAGECGE

2
°T GATACCTTCC
CTATGGAAGS

13
A ACTGAAACTG
TEACTTTGAC

1]
i
H

AGCT
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FIG. 16

L. AATTCAAGCTTGGATAAAAGAGCT

2. GTGGAGCTCTTTTATCCAAGCTTG

3. CCACCAAGATTGATCTGTGACTC

4, TCTCGAGTCACAGATCAATCTTG

5. GAGAGTTTTGGAAAGATACTTGTTG

6. CTTCCAACAAGTATCTTTCCARAAC

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

9. ACCACTGGTTGTGCTGAACACTGETTC

10. CAAAGAACAGTGTTCAGCACAACCA

11, TTTGAACGAAAACATTACGGTACCG

12, GATCCGGTACCGTAATGTTTTCGTT
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FIG. 17

EcoRI HindITT ]
AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3
AARGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT
TTTCTCGAGG TGOTTCTAAC TAGACACTGA GCTCTCAARA
4

3 7
GGAAAGATAC TTGTITGGAAG CTARAGAAGC TGAARAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA
6 8

9 11 EpnI BamHI
GTGUTGARACA CTGTTCTITTC AACGAAAACA TTACCGGTACC G
CACGACTTGT CACAAGAAAC TTGCTTITGT AATGCCATGE CCTAG

12
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FIG. 18

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAAGGTTTGGCCTTGTTATCTG

8. GCTTCAGATAACAAGGCCAAACCTTG

9. AAGCTGTTTTGAGAGGTGAAGCCT

10. AACAAGGCTTGACCTCTCAARACA

11, TGTTGGTTAACTCTTCTCAACCATGGG

12, TGGTTCCCATGGTTGACAAGAGTTAACC

13. AACCATTGCAATTGCACGTCGAT

14. CTTTATCGACGTGCAATTGCAA

15. AAAGCCGTCTCTGGTTTGAGATCTG

16. GATCCAGATCTCAAACCAGAGACGG



Filed 06/11/2007

Case 1:05-cv-12237-WGY  Document 481-2 Page 36 of 57

2 ATTCGGTACC AGACACCAAG
GCCATGGE TCOTGTEETTC

3
GTTAACTTCT
CAATTGAAGA

AGTTTGGCAA
TCARACCETT

CCTTETIGGT
GGAARCRACCH

GATAAAGCCG
CTATTTCGGC

2

ACGCTTGGAL
TGCGRACCTT
4

1
GGTTTEGCCT
CCARACCGGA

i}

11
TAACTCTTCT
ATTGAGAAGE

12

15

TCTCTGGTTT

AGAGACCAAA
16

ACGTATGGAR
TGCATACCTT

TGTTATCTGA
ACAATAGACT

CARCCATGGG
GTTGGTACCC

BEglIT B
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FIG. 19
Kpnl
EcoRT 1

a
GTTGETCAAC AAGCTGTTGA
CAACCAGTTE TTCGACAACT
6

s
AGCTGTTTTE AGAGGTCAAG
TCGACRRAAC TCTCCAGTTC
14

13

AACCATTGCA ATTGCACGTC

TTGGTAACGT TAACGTGCAG
14

I

GAGATCTG

CTCTAGACCTA G
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FIG. 20

1. GATCCAGATCTTTGACTACTTTGTT

2. TCTCAACAAAGTAGTCAAAGATCTG

3. GAGAGCTTTCGGTGCTCAAAAGGAAG

4. ATGGCTTCCTTTTGAGCACCCARAGC

5. CCATTTCCCCACCAGACGCTGCTT

6. GCAGAAGCAGCGTCTGGTGGGGAAR

7. CTGCCGCTCCATTGAGAACCATC

8. CAGTGATGGTTCTCAATGGAGCGS

9. ACTGCTGATACCTTCAGAAAGTT

10. GAATAACTTTCTGAAGGTATCAG

11. ATTCAGAGTTTACTCCAACTTCT

12, CTCAAGAAGTTGGAGTAAACTCT

13, TGAGAGGTAAATTGAAGTTGTACAC

14, ACCGGTGTACAACTTCAATTTACCT

15. CGGTGAAGCCTGTAGAACTEGT

16. CTGTCACCAGTTCTACAGGCTTC

17. GACAGATAAGCCCGACTGATAA

18. GTTETTATCAGTCGGGCTTAT

19. CARCAGTGTAGATGTAACAAAG

20. TCGACTTTGTTACATCTACACT
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FIG. 21
BamHI BglII 1
GATC CAGATCTITTG ACTACTTTGT TEAGAGCTTT
GTCTAGABAC TGATGAAACA ACTCOT{OGABRR
2
3 5
GGGTGCTCAA AARGGAAGCCA TTTCCUCACC AGACGCTGECOT TOTGCCGOTC
CCCACGAGTT TTCCTTLGGT BAAAGGEGTGH TCTGECGACGA AGACGCRCCAC
4 8
7 ] 11

CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CACAGTTTAC
GTAACTCTTG GTAGTGACUGA CTATGGAAGT CTTTCRATAA GTCTCARATG

8 10 12

13 15
TCCAACTTCT TGAGAGGTAA ATTGAAGTTE TACRCCGGTE AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAARC ATETEGCCAC TTCGGACATC
14 18
17 19
AACTGETEAC AGATAAGCCC GACTGATAAD AACAGTGTAG
TTGACCACTG TCTATTCGEGE CTGACTATTS TTGTCACATC
Sall

ATGTARCAML G
TACATTGTTT CAGCT
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FRODUCTTON OF ERTHROFOITLTTN

This 1s a conlinualion ol application Scr, Mo, 0749537073,
filed Chct, 6. 1992, abandoned, which is a coutinmation of
applisation Ser, Noo 07:609,741, filed Kow, 6, 1990, s
ahundned, which s a cootinuadion ol application Ser. N,
077115.179, filed Oct. 23, 1957, oow T8, Pat. No. 54411,
K65, which 3= a commuation ol apphicalion Ser. Noo D8R 75,
94, filed Nowv, 30, 1984, now ULS, Par, No, 4,705,008,
which 15 4 conliowalion m parl ol applicalion Ser Mo,
Di/a55,541, filed Sep. 28, 1984, nosw abandoened, which s a
continwation w part of application Ser, No, 00/382,185. filed
Fube, 21, 1981, nove ubandoned, which s w contingation o
pacl of applicution Sec. No_ 067561 024, liled Do 13, 1083,
novw thincdomed.

HACKGROLNID

The prescol invenlioon melaes generadly v e manipula-
Hon ol genclic malerials and, more pactdenlarly, o reeom-
binaat procedures makwyg possible the production of
polvpoptides passessitg pact or all of the primary strucral
canfrmation andsar one ar more of the hinlogical properties
of naturallv-occureiog ecvthropoietin,

AL Mimipulaion O Genede Vaterals

Genetic materials may be broadly defined as those chemi-
cil submsianoes which program lor snd guide the mannlactore
vl censtituents ol colls and viruses and threst the respanses
ol cells and viruses, A long chain pelymerie substancs
konown sy deoxyribonucleic acid (DNAY comprizes (he
genetic material of all liviog cells and vimses except for
cerfaln vimass which ace progranuncd by nbonnclew acids
(RMA). The repeating units in TYNA polymers are four
dilTerent nuelestides, cach of which comsiss o other s
punne {aduning or pusnined eroa pyrinndine (hyrmine o
cylosine ) bound Lo o deoxyibose sugar Lo which a phasphale
group 1s allached . Atlichment of nucleolides in lncar poly-
werne foom s by weaos of tusion of the 5' phosplate of one
anclectide ta the 3 ' bydroxyl goonp of another, Lunstional
TINA occwes i Lhe [orm o stable double stranded associa-
tons ol single stirands o nucleoddes {(known as
deaxvoligonucleondes), which associnfions aceur by means
ol hydrogen bonding belween purne and pyrimidine bases
[14.. “complementary™ assocdalions exisling ciller belween
adenine (A) and thymine (T) or guanine (G aul cvtosine
(C)]. By convention, muicleotides are reterred ta by the
varmes ol their constitienl purine v pyrimiding bases, and
e complementary associalions o nucdleelides in double
siranded INA (e, A—1and G—7 ane refemed w0 as “hasc
pairs”. Ribonueleic acid s o polynuclenlide comprising
adenine, guamine, ylosine and wracil (U), raber than
thwmiveg, bound to ribose and a phosphate group.

Most briclly pul, (be pogramming fineion of DNA s
generally clfecied through o process wherein speeilic 13WA
anelectide sequences (gebes) are “frauscrbed” wte ela-
thecly unstable messcogor RNA (mBMNA)Y polymers, The
mRMNA, in turn, serves as a template for the formation of
siruciural, regmlmory and catalyie prodzins fom o omne
acitls. Phis ™A “iranalalion
Homs of small BNA simnds (RNA) which rapsporl and
alivm individual wmine scids along the mBNA siand o
allow for fonmation of polypeptides n proper aming acwd
scquencss, T mBRNA “message”, decved from DNA and
providing the hasis for the tRNA supply and orientation of
any civen ome of the twenly amina ackds Tor polypeptick
Eexpressinn™, ixin the T ol mpled “codens”™—scouenal
groupings ol three nueleolide bases, ln one sense, e

prieass invlves The rpera-
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formation of a protew 15 the vltimate form of “expression’”
of the programmed genetic message provided by the nucle-
olide sequence of g geac,

“Promoter” DNA sequenves wsually “procede™ a gone in
a DNA polvmer and provids a sihe for witiation of the
rranseripticdl inte MRNA “Reanlator” TINA sequences, also
usua by "upsirean™ of (e, preceding) @ gene inoa given
DNA polymer, bind proteins thal delermine the Toqueney
[or raey ol transcriptivmad joidation. Collectivel v releored 1o
ds PpEmoteriregu ltor” or Feomrol” DNA scquenee, These
segquences which precede a seleeled pene for series ol genesy
in 4 lupatiomal DNA polymer ¢ooporale (o delormine
whetber 1the Lanscriplion (and eventual cxprossion) ol a
gene will oecur. DNA sequences which “follow™ a gene
a ONA polymer and provide a sipual for tecminatioo of the
Leanseriptivn ok mBENA are relerred o us tramscriplioon
Clermimalor” seqienees.

A frews of microbioloaical processing for the last decade
bas been the alempt o mnanolaciars iodusiially aod phiar-
macsutically sigmificant substmness wsing orgamsnes which
cither da nol dmidally have genericaTly coded infomation
cancerning the desired product included o theic DINA, or (o
the case of mammalian eclls wocultuee) do ot ordinarily
express a chromesomal pene at appreciable levels, Simply
put, 2 gene that specifies the structure of a desired polypep-
Lide roduct wocither iselated Crome g “dooee™ aegani=im o
chemically svnthesized und then swably imesleeed wito
amather organism which s proferably o sell-replicaling
vmecellular organism such as bacteria. yeast or mammalian
cells i culfure, Ones fhis s done, the cadsting machinery for
oene expressinn in the “transformed” or “transfected®
micrshial host cells operates to construct the desired
product, wsing the cxopomsms IINA a5 o terplale Ter tran-
soriptivon ol mldNA wdieh s e traosladed fowe a continu-
oUS sequenee of amino acid residucs.

The artis rich o paent and Weraunme pub Healions relating
10 Frecombinant DNAY methadolopics for the dselamon,
syn1lbesis, purilicalion and amplilication ol gcnclic malerials
for wse in the leansformalion of selected bosl onginisms,
LS, Pat, o, 4,237,224 10 Caben, et al,, for exmuple, relates
W translermation ol wdeellulac bost orgunisms with
hylarid™ wital or cirewlar plaamid DNA which includes
selected cxngenoms INA scquences. The procedures of 1he
Cahen, 1 al patend lirs mvelve manufacune ol 8 iransior-
malion veclor by creymoalically cleaving viral or circular
plasmd TINA ko form linear TYN A strands. Selected foreign
(Fexopgenons” or “heternlopous™) DNA srrands usually
ineluding suyuences coding lor dusired product are preparad
o liocar Torm Uwowgh use of sirmilar encymes. The locar
wital ar plasmid 1PN A s dncolaned with the forcign PNAGR
the presence of Hgaung cneymes capahle of clleetimg a
restonllon procesy and “hybrid™ voclors are lormed wiieh
inghde the selected exooenous TINA sepment “spliced”™ mito
the wical or circular TINA plasmid.

Transtoruation of eompatible voicellular hest orgadisms
with e bwbeid voctar results w the formation of mulbpls
copies of the exagenons DINA in the host cell populatioa. Tn
wenmic insianoes, [he desired resul! s simply the amplilication
b fereign DNA und the “prodoct”™ horeestad - 8 A
Mot [requently, 1he moal ol ransfonmalion is due cxprossion
by lbe host vells ol the cxogenous DNA I the lomm ol lurge
seale svithesis of solatable quantities of commercially
sipmificant pratein o polypoptide fragucots eoded for by the
foreign DA See also, g, US. Pat. Nes. 1,260,751 (1o
Shine), 4273875 (1 Wamis), 4293652 (e Cohen), and
Furepean Palenl Applicaian (83019, published Mow, 9,
1983,
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The developuent of specfic DNA sequences for splicing,
into INA vectars 17 accomplished by a wvariety of
technigues, depending 1o 8 geal deal oo the degree of
“loreirnness”™ ol 1he "donor™ 1o the projected host and e
siec al'the pelypeptide o be exprossed in the st At the sk
ul over-sirnplification, il can e stued that three aliernulive
principal methods can be employed: (17 the *salamon™ of
denble-stranded DNA sequenes from the genomie DNA of
(e demor; {23 1he chomical manulaciure ol a DNA sequencs
providing a code for a polypeptide of interest; and (3] the in
vitra avnthesis of 4 double-stranded TINA sequence by
cosymalic “reverse runseriphuon”™ ol nlRNA soladed from
dovor vells, The Lust-mentioned methods which ineolve
formation ol @ DNA camplemen ™ ol mRNA ame generally
roterred to as “cDINVAT mothods

Munulactuee of DR A sequenees s freguently e method
ol cholee when (he enline sequenve of amino acid residues
ol the desired palvpepride produc is knawn, NA manu-
facturing, procedures of co-oweed, co-peading LS, patent
appliviion Ser. No, AB2ASL by Alton, et al, (liled Apr. 15,
1983 and corresponding, to PCT USSS0G05, published
Meorw. 24, TURT as WORFAMEORRY, Tor example, mowvide o
suporir means [er o accomplishing, such hishly desimble
resulls a5 providing [or he prescoce of allernate godons
commonly found {o genes which are highly cxpressed in the
Lot organism selected fior expression (2.2, providing veast
vr focodt Fprelerence” codons) avaiding the presence ol
untranslaed “inron™ sequences {commonly present in
mamma Han gpenomtic IS Ascquences and milds Adranseripis
therenl which we nolreadily processel by procarvatics hos)
celly; avolding expression ol vndesired *leader™ polvpeplioe
sequences commonly voded Lor by geoomic DNA and
cMN A sequences bt fregquently wit readily cleaved] from the
polypeplide ol doterest by bucterind or veast bost cells;
providing, for ready insertion of the DNA in coovenient
CXRCSEIO veclnrs i assockition with desired promotery
regulaior and 1erminator sequences; and providing lor ready
consiruclion ol genes coding Lor polypeplide fragmanls and
analogs of (he desined polypeplides.

When the eniiie sequenee af amine acid restdues ol the i

desied pobypoeprids B oot koown, ducet maantactoe of
DA sequences 1s nol possible and solallon ol DNA
sequences coding for the polypeptide by o <TINA methad
heeomes Tthe niethod ol chaiee despie the potennial drawe

backs 1o case ol assernbily ol exprossion woclns capable of 47

providiog bhigh levels of microbial expression relumd Lo
abave. Among the sandard procedures o isolating clINA
sequences of interest Is the preparation of plasmid-borne
cINA “libraries” derived lrom revese Iranscriplion ol
mMRNA ibundant o donee cells selected as cesponsibrle for
high lewel expressinn ol genes (o, Bbrames o clINA
derived Tonn piteilary colls which cxpross elalively Jarge
quanllcs ol growil hormone produetsy, Where substanlial
portioms of The polypeplide’s amino acid sequence ar

known, labelled, single-strandsd DNA probe sequences s

duplicating a sequoase putatvely proscoat o the “tacgot”
cDNA may he emploved n DNADNA hvhridization pro-
codures catricd oul om clemed copics of the ¢l XNA which
have been dentured o single strandod Temn [See, vencrally,
e diselosure and discussions of he an previded in U5,
Par, Koo 43944453 1o Widssman, ol al. and 1the moeent
demonstrations of the wse of long alioonelecticle bybeid-
zatwan probes cepottod wn Wallacs, ot al., Mue, Aclds Hes, 6,
Pp. 35152557 (1979), and Reves, et al, PYAS (IL5A).
Y, pp 3270 A2TAVTUSDY, and Ly, o al_, Yo Aciads Res,
T, . 23252335 (1983). See alw, LS. Pl No. 4,358,533
1 Falkow, <l al, reluing o DNATNA bybrdizalion pro-
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cedures n effecting dinguesis, published Turopean Patenr
Applicition Nos, DO706G53 and Q070687 relating 10 Light-
ermdiing labels on single stranded  polynueleatide probes;
Lravis, el al, " AManual for Geaelic Losineening, Advaneed
Bucteriul Geneties”, Cold Spriog Hacbor Tabarutors, Culd
Spwing, Tlarbor, MY (19807 o pp. 5538 and 171176,
relating te colony and plague hyhrdizalion teehmgues; and,
Mew Lugland Muclear (Boston, Mass)) beochures for ~Geoe
Screen’” Hvbridization Transler Membrooe maledals pro-

-, ¥iding instruction maouals for the transfer and hybridization

of DNA and RNA, Catalog Wo, NLCT-%72 ]

Avtveiag the more sigaticant recent advances in byhridiza-
tion procedures for the screening of recombinam clones is
the use of labelled mized synthetic oligonucleatide probes,
cach ol which is poentially e eonnmilete carmplanent of o
speciliv INA sequence o the byhridization swnple woelud-
g o helerogenows mixie of single sinnded DMNAs or
RN As These procedures e acknowledged 1o be especially
usetul in the detection of cDNA clones derived from sources
which provide extrermnely low amownts of mRNA sequences
for the polypepticde of intecest. Brieflv put, use of stringent
hvlhrdization comditions dirccied wvward avoldanee ol non-
specilic binding can alk ool Ter the aulieradivg raphic
visualizaion of i specilic ¢ONA clone vpon the everd of
bybrddization of the largel DNA o thal single probe wilhin
the muxture which (s its complete complemenot. See
senerally, Walluce, el ul, Mue Aefdy Res, 9 pp. 870897
[1951); Suaes, et al. PNVAS (NS4, T8, pp. 60136617
(1981 Chaa, e oal, Kaefee, 299 ppe 178-THOD (1982
Rurrachi, et ul, HA AN (L840, 79, pp. 64071404 (1982);
Ohleuba, el al, AAAY (L5, B, pp, 21962200 {1943);
und Koroblibll, ¢l o, EXNAS (LLSAD, 80, pp. 3218 3222
(1983} In general, the mixed probe procedures of Wallace,
eloul (1081), supru, have boen cepandud upen by various
warkers 1o the point where reliable results have repartedly
heen ohiamed in a cDINA clone dsalalion using a 32 monber
mixed Fpacl” of Tadbase-long {16-mer) ohgomeleatide
probes ol wnilomily, varying DNA scquenees (ogelber wilh
iwsinele 1-mer o elleel a bwvo-sile " posilive™ conlirmalion
of the presence of cDNA of nteresr, See, Sinper-Sam, €t al.,
ENAS (INSAD, 80, pp. R02-800 (1933),

The wse ol geaomic DMA solates 1s e leas| cormuon ol
the three above-nated metheds for developing specific TINA
seyuenees lor use in recambinan priscedures. This is cqie-
cradlv teuwe o the goea ol cecninount procedures deeeted 1o
seruring microblal exprossivn of mammalion polypeplides
amid s due, principally e the complexily o mammatian
cenomic DNAL Thus, while reliable procedures exist for
developing phage-bome librades ol genomic DA ol
human and ather mammalian species orging | Sce, e,
Pawenn, e1al Cedf, 15, ppo TIST=1174 (1978 relaing
procedures for pepcrating 2 homan seoomic lbary come-
wondy celermed woogs the “Maniads Library™, Karo, ¢l al.,
ENAZ (LLSAD 77, ppe 3172 5176 (19803 rclaling o a
bnman geosmic llracy based oo alternative restriction
codomueloase fragmentation procedure: and Blatmer, ot al.,
Scienee, 198, pp. 161169 {1877) describing construction of
A bowvine genomis hbrary] there have been reladvely Tew
successiul anempis al wse al hyheidisation procedures m
isoliuiny genomis DNA I the absenes of exlinsive Lore-
koowledge of amino scid or DNA scguencess. As ono
example, Fiddes, ef al, J. Mol and App Genetics, 1, pp,
3-18 (1981 repact the suceesstul solation of a gene codung,
for the alpha subumt of human pimitary alyceoprotein hor-
mones from the Mamdatis Library throuph wse of 2 *Tull
leneth™ probe including, s cornplens 621 base pair lrapmenn
ol a previouslv-isolued cDNA sequence Lot Lbe alpha sub-
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vt As aoother examiple, Thas, et al, PAAS (L7840, 50,
pp 1331-1535 (19873) eport isalation of huwan genomic
clanes for human TIT.A-TXR using a 175 hase pair svathetic
clipmueleande. Finally, Andersom, o1 al, AVA S [LUEAD),
Sy O838-NRAZ (19E3) repent 1he isolation of penomnic
clone Lor bovine pancreatic wypsin inhibitor (BT using a
single probe %6 base pairs m lengih and conslrucled accord-
ut i the koown awing acid sequence of BPTLL The autlors
uote a determination of poor prospects for solating mBRNA
suitable far svnthesis of a cTNA library due 1o apparent low
levels off mIANA 0 midally fargeled paraid gland anid lung
Fxane soutoes and hon address the prospects of suceess m
probing @ geoomic library wsing @ mixlore ol labelled
probes, slatng: “More generally, mized-sequence oligode-
oxynucleotide probes bave been vsed to isolate pratem
genes of vokoown sequence trom cDNA Lbraries Such
probes are tvpically mixtures ol 332 oliponecleotides,
14 17 nuelemides in lengh, represeniing every  possihle
coden crmbinaian Tor g small warcieh (5-6 residucs) of
A 4¢id scquence Under siringenl bybridizalion condi-
lions thal discriminale sguoins incorreely  basc-puived
probes, these mixmees are capable of locating specific gene
sequences w clone libranes of lea-to-waderate complexity.
Newvcrtheless, becausc ol their shoel lenglh and
heterngeneily, mixed probes ofien Tack the spocificiy
requircd Tor probimp scquences as complex a5 0 mammalian
geneme, This makes such o mclhod impraclieal lor lbe
elation o momimalian prolein gencs when the correspond-
ing mRNAs are unavailahle,™ {({itations omitted)

There thus combinues 1o exisl o need M the an
irnpraved nathnsels e clfecunpabie rapid and clMicienl s
lutdon of ¢DNA clones 1o fnstances where e is koown ol
the amine acid sequence of the polvpeptide coded for and
whers “enrched” tissve sourees of mRNA are oot readily
avullable N e in vonstoucting eDNA libraoes. Such
improved methods wowld be eapecially useful if they were
applicable i dsolsume marmmalian genomie clones where
sparse nformetion i wvailalle concerning, aming ol
seguences ol e polypeplide caded Lo by the gene souzhl.

. Beytheopoietin As A Palypepride Of Toterest

Ervihmpoicsis, the produciian of red Dlond cells, ocours
crmiimusly throughout the buman hie span o allsel cell
destruction. Lrylbropeiesis 1s a4 very prociscly conlrolled
physivlogical mochanism cnabling sullicicnt numbers ol red
Blood cells to be available wn the hlond far proper tissue
vryouoition, bt nol sa inane that the cells would impede
vireulalisr, The Tormuticn of red bleod eells ceeurs o the
hone mantowe and s under e comtrnl af the hormone,
ervlhrmpoicting

Lrvthropoistin, an acidic slyeoprotein of approximately
21000 dulton molecular weight, muy veour i thee Rorms:
c, foand asiale. The o and [ forms differ slightlv o
carbehydrate compencnns, ol have the same polcney, Bio-
logical aclivily and meolecular weighl, The asialo lorm is an
woor B lorm wilh Ihe womined earbolyvdrale (sialic acid)
removed. Trvthropoietin is present o very low conceotra-
tinns w plasima when the body 1s o a bealthy state wherem
Lisoues recvive sullicient oxygenation oo Lhe existing
number of ervthrocytes. This nocmal low concentration is
enangeh iy suimulate replacement of ted bload cells which arc
lost germally flucugh agliog,

The amenat of crvtliopoictin i the circulation is
increased under conditions of hvpoxia when oxyaen rans-
porl by blaed cells in the circulation 15 redueed. Hvprxda
nay b exuaed by loss 0F Targe ammoonis e blked thoogh
bernorrhare, desiruclion ol ed blood sells by ever-cxposur
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o radiation, redvetion o oxygen mtake due 1o bigh alntdes
or prolonged unconsciousness, or various forms of anemia.
In responss W0 ssues undergoing hypoxic stess, coyilmo-
poictio will inerease red blood ¢ell produclion by siinulal-
g the conversion ol primitive precurser eells o the o
marrina e proerylhroblasts which subscouently ma e,
synthesize hemaglobw and ace released tafo the curcnlation
as red bleod cells. When the number of red blood cells in
cireuliion s greater tan necded [or normad lissue oxyeen
roguircments, crylhropoieiin m irculalion s decreascd.

Ree generally, lesta, et al, Exp. Hemaraf, &(Supp. 8),
144152 (15800; Tong, et al, J. Biol Chena., 25624},
TZA6G6 12672 (1951); Gldwasser, L Cefl Bhvsied, 110
(Supp. 1), L33-133 (1042); Finch, Biood, 60(6), 12411246
C1982); Sstowshl, uloal, Foape Hewaatal, 8(3upp %), 5204
(19800 Maughivn, Aee Clim Lafo 8o, 13(3), 437434
[1953), Welss, et al, A J Vor Res, 44(L0),1832-1%35
(1985% Tappin, et al, Faxpo HHematol, 117} G61-6406
[19¥3); Baciu, o al., Aree NY Acad 3o, 414, 66 72
[1983); Murphy, ol al., Acva. Haematedaofoe Jopode,
A0607), 13R0-134%0 (1983); Dossypris, ol al, Heir S
Haemmdo!l, 56, 295306 (1984); and, Emmanoucl, @ o
A T Phusiol, 247 (1 P 2), T106-76 {19534).

Because ervthropoietin 3 ezsential o the process of red
Blood cell farmation, the hormene has polential wselul
apphcalion in bolh the diagnosis aud (be rcalmenl ol Blooed
disonders characterized by low or Jefective red Dlood cell
proviuction. Sec, generally, Pomathor-D2as, ol al., Biood,
GBI 1165 71 (1984 und Huddy, Ane, Jens Fed, Henaiol !
Cacol, A1, L191=1946, (1982) reliing to ecvthropaietin n

7

Mg pussible therapies Forsickle well disease, und Eschibach, eLal.

S Clin drvest. T4(2), pp. 434441, (1984), describing a
therapeutic regimen for nremic shesp based ou i vivo
response to ervthropoictin-rich plasma infusions and pro-
posing 8 dosage of 10 U LPO3y per day for 13 40 days as
carreellve ol anemia ol the 1vpe assoclaled wilh chrenle
remd Tailure, See also, Kouoe, Hewry Ford fosp, Med. S
31(3). 177 181 (10:3).

I has tecenily been esdmaned that he availability of
ervthropowenn i quantity would allow for teeatment cach
voewr o ancmiws ol LOMKLO00 persons o the United States
alome, See, ooz, Momrison, “Bioproccssing in Spacc—an
Crverview™, pp, 337-571 w The World Biotech Report 1084,
Vilume ZiLSAL (Online Pobleations, New York, NOY
19843, Recent studics have provided 3 basts for projection of
efficacy of ervthropoletin therapy in a variery of disease
stules, disowrduers und stales of hemutologic rregularily:
Vodervata, ot al , Acty Hovmarad 71, 211-213 {1954} (hota-
thalassemia), Vichinsky, =t al, & Pedrre, 103(1), 15-21
[19R4) (eystie Mbrosw); Cules, ol al, Bl . Chwied.
Gyrivacal, 9001}, 3511 (19823) (prepnancy, menstrual
disordersy, Haga, o ol Acfa, Pediare Scand, 72, 827 K31
(1983 (carly anemmia of premanuriny; Clhins-Walker, ¢ al.,
Arch Phys, Med Reralif, 65, 30374 (1984) (spinal cond
inpury); Druno, et al, foe JoAppl Physeal 52, 178-182
(1984) {space tizght); Miller, et al., Frer. J. Flaemaral, 52,
FA5-590 {TUE2) [2euts blowd bes): Udupy, et al, o Lab
Clin. Meel, 103(1), 571580 and 51588 (19841); und
Tipchite, el al., Blood, A3(3, 302 309 (1983 (aging); and
Daimiak, o al, Cencer, 3106), 10T THIE (1953} and
Schwartz, of al., Ctofervagel, 109, 200-272 (1983) (various
neoplastic disease states accompanied by aboarmal
ervthropuoiesis).

Prior attempts to abtamn enythoapoetin m gocd yield from
plasma or wine have proven relatively nosuccesstnl, Coun-
plicated and sophisticated laboratory technigques are neces-
sary and generally resull mothe collechon af very small
Armiiks ol impure und unsiable extruels conimng, cryih-
ropoiclin.
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TS Pat. No 20035735 describes a method for partially
puritving crvthropoictin foom sheep blood plasma which
provides low yields of a crude solid extract containing
erylhrmpoiclin

Imittal attemprs 1 isoling erythropsdciin fram urine
yicldod npstable, biologically nactive proparations of the
hoemone, U5, Pat. No. 3865801 describes 1 method of
stabilizing the hialoapcal activity of a crude substance con-
Latning erythicopoeiin recevered Troom wreine. Phie resulling
crude propuration containioy eeythropoietn pueportedly
relalns 0% ol crvihiopoivlin aclivily, aud s slable,

Another method of puritying uman erythoopotetio from
vre of patieats with aplastic apemua 13 described
Wivake, vt oul, J Bl Chern Vol 252, No. 15 (Aup. 10,
L7, pi. 55585501, This seven-step procedure includes
W exchanpe chromalography, clhanel precipitation, el
fltration, aod adsorption chromatagraply, aod viclds a pwe
crvihropoiclin preparalion with a poleney ol 0,400 wnils!
ma of protein in 21% vield.

LA, Mal. No, 4,397,840 w Takerzawa, o ol describes
methods for preparing “an wylbropoiclin product” Tom
healtly buman urine specinens with weakly basic wn
cxehangers and proposcs that the low wmolecular weight
products abtained “have oo inbibuony effects” against eryvth-
ropoietin,

UK. Pawnl Applicalion No, 2,085,857 by Sugimolo, ¢l
al.. pmblished Masv 6, 1982, desceibes a prmcess for the
produetion of hybrid uman ymnphablastoed cells, reporting
production levels ruoging rom 3 we 420 Unils of wrytbire-
puiclin per ml of suspension of cells (distibuled o Lhe
culiutes allecrmammatian hos propagarien) eonlaining up 1
10 eells por ml At the highest production kevels asserted to
bave teen ohlained, (be rale ol ceyibmpolelin produclion
could be calculared to be from 4 to ahout 4,000 Coits 0%
cellsA48 hows 10w vitro cultwe following, transfer of cells
Tromn Jo wive propagation seslems. (Sce alao e cyoivalent
U5, Pl Mo, 4,379,513, Numerous proposals have boen
made Tor isalaion ol erythropoiciin rom Hssue sonrces,
welndig, geoplastie cells, bt the vields have been quite
lowe, S, oo, Jolkman, oo al, Expn Hemaiof, 11(7),
SH1-588 (1983); Tambourin, et al., NANAS (L8540 80,
G260-0273 (1993); Katsuoka. et al, Game 74, 334541
(1983); Hagivenru, oLl Sloned, 63(4), 828835 {1984); und
Choppin, @ ul, Bfood, 64(2) 341 347 (1954),

ther isolation techniques vtilized to obtain pucitisd
erylhropuictio nvalve immunslogical procedures. A
polyclomal, serum-derived antihody dirceted agoins cryih-
ropoielin 15 developed by fmjecting an ammal, prelerally o
ral or rablil, with human eryllwopeictio. The injected human
cryliropoielin is recopnized as 4 lorclgn aniyenic subslancs
by the tmmne system of the animal and elicits production
of antibwdlies against the aubizen. Thifering cells respondung
to strmulution by the aotigeoie subslamee produce and
release inln cirenlalion aniihodics slightly 3ilferenn from
thiwse produccd by oher wepending cells, The aniihedy
aclivily remaiis o tbe sernn ol 1the annnal when s Blood
B exlracied. While unpurilicd serum or antibody prepara-
tinns purified as a serum immunoglobulin G fraction may
then be nsed o aszavs to detect and complex with buman
erylhropuieting the materiuls suller from a myjor diswdvao-
luge, This serum anibody, composed of all (tbe dillerem
antibodies preduced by individual cells, s polyelimal m
pature angl will complex with components m code extracts
olber than crylhropoiclin alone.

O inlerest W the hackgronnd ol the presenl invention are
reoenl advanees in the anl ol developing conlinuous cullures

i
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of cells capable of proticing a single species of antbody
which s specifically immunalogicallv reactive with a single
anueenic delerminanl ol g selovted mlgen, Sec, generally,
Chisholmy, figh fechuedagy, Vol 3, Noo 137 63 (1983).
Attenpts have been made o capley cell fosinn and hbid-
ization techoigues to develop “moooclonal™ antihodies to
ervthropotenin and to employ these antibodies in the sola-
o arel equantiative deteetivm o hurnan ervihepaoicting As
e cxample, o oreporl of lhe swecesslul development of

e mowse-mouse hybridoma cell hnes seercling monoclonal

anitbodics 0 human ervihropoictin appeared i absicac
form in Lee-lTuang, Abstract Noo 14063 of Fed Peoc . 41,
320 (1982) As another example, @ detailed description of
the preparation and wse of 1 monoclonal, antieryibroponetin
antibudy appours in Waiss, cloal, BNAN (DLNA), 79
SA65-5469 (1982). Bec ulso, Susaki, Biomed Bfechin,
Acta, 420LLLZY, SZ02 S206 (LY83) Yanagaw:, «f ul.,
oo, 64 357 3604 (1984); Yanagawa, o1 al, S i,
Cheg . 23003), 272710 (1954), apd U S Pat. No 4,463,
(21,

Also of inerest 1o e backeroond ol (e invendon are
reports of the immwoolngical activity of syuthetic peptides
wiich substaotially cuplicate the auuno acld sequence
exlunt (n naturally-ocourring, proteins, zlveoproleins and
nucleoprodeins, ore specifivally, relafively Tow moleeular
woloht polvpepiides have boen showm 1o patheipaie n
Immne eaclions which re similar io duralion and cxicol 1o
1he immuns reactions ol phvsiclorically similicanl prolcins
such as vural antigens, palvpeptide harmones, and the Like.

3 Incheded amang the mnoe reactions of such polype ptues

is the proveocation ol the formation ol spoeciic witibodics in
mmunoligicslly acive amimals. See, cg., Lomer, ¢ al,
Cefl 23 308 310 (TUS 1), Koss, ot al |, Natune, 294, 654 656
(1951, Walter, ot al, PN¥AS (LL5A0, 77, 5197-5200

e

(1980); Lemer, ol al, £8NAS (L8540, 78, 34053407
(19513 Walter, et al., PAAS (USAD, 78, 43824580
[1981); Wong, ul al, FNAN (USA], 75, 7412-7410

(198 1): Groen, ol al. Ceff, 28, ATT-ET {1982} Nigy, el ul.,
ENAS(LSA), 79,5322 55325 (1), Bavon, ol al, Celi,

v 3N, 305 A (1 9E2): Drcesman, of a1, Narore, 295,158 160

(19823, and Loocr, Seieanfic American, 248 Nao 2, o074
[1983) Sue, also, Kalscr, ol al, Scefence, 223, pp, 249355
(19854 relating to bwlogwcal and irmimmoeloaical activities of
synilichic pephides which wppraocinuiely share =coondsry
struclures ul peptide bormones bul may ool share their
primary struelural conformalion, The above sludies melale, of
canrse, 1o mmine aeid sequences ol proeing other han
ervthrapoietin, a substance for which oo substantial amioo
el sequenes Inlormation has boen published, lo co-owned,
ca-pending UL, patent application Ser No. 453,724, filed
Feli. 4, 1983, by L kgrie, published Ange 22, 1984 as
Europeun Pateot Application No. 10 116 446, lhere s
deseribed o mouse-mouse hybradoma eell line (A 1LCC. Ne,
HBR2WY which produces a highly specific momoclonal,
antli-ervthropoletin aotibody wluch 15 also specifically
wnarcactvs with a palvpeptode eampeisiog, the follow-
ing sequence of amino acids: NTL.-Ada-Pro-Pro-Ap-T eu-
o=t yseAsp=SerAryr- Y =] cu-Galu-ArgTyr-| cu-leu=(lu-
Ala-l ys-C O The polvpeplide seouenee s ene s ned
o the sl pwenty aming acid residuss of malre binman
crylhropoiclin solaled according (o the method of Miyike,
et al , J. Biol Cheo, 233, 355533504 (1977) and upon
wihich amma acid analysis was petormed by the pas phase
sequencer (Applied Tiosvstems, Tnc.) according to the pro-
codute of Howdck, M el al g Ml Che, 256, TN 7047
[T98T). Soe, ulws, Sue, cLal, Frew Mo Acae Sei (1584 ], 80,
P 3631-3655 (1983 relaudng 10 development ol polyelonal
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antiwadies agamst a synthetic Zo-mer based oo a differing
aminge acikd sequence, and dvtowsld, et al, J. favnannl
Metheds, 60, pp 181 186 (1954),

While polvelonal wod mwnochemal autilodics ws describod
aberve provide highly vsetul matcrials for vse  unmnoas-
savs for detection and quantification of envtheopoietin and
cian be uselul in the alfnity purilication of crvibmpoicting il
appears unlilcly thal these malerdals can readily provide for
thie Lirge scale isolution of guantities ol coythropoietio from
inarrnmadinn sewrees sullicient for Mwthier amilyvsis, choical
testing aod porential wide-rangmg therapeutic nse of the
substance n treatment of, e.g., chronie kidnev disease
whoerein dikessed Wssues lail oo susiain production ol cryih-
ropoiclin, I is comseguently projected in The arl thal. the best
prospects [or lully churaeteriwing mamemaliun erythropeiclio
and providing large guantitivs ol i1 Goe wiunial diagmstic
and cluueal use wvalve swecessinl applicabion of recombi-
nant procedures to cffect large scale micrnhial svothesis of
1he compound.

Whil: substanlial cllorls appear 1o buve been made m
attempted walation of DNA sequences codwng for buman
and anher mimens han spoecies erythropuoicing mne upmesr i
have been suceesshil ' This is due prineipally i e searcily
of tissue sowrces, especially human tissue sources, enriched
o i RNA sueh as would allow [or constrwction of a cDNA
hbrary lrom whicl o BNA sequenee codimye Lo crvlbropol-
et mught be mmolated by cogventional techngnes [urther,
solittle b koowo of the continuous seyuence of armino acid
residues of erythropoietin that it is nor possible o construct,
er, ko pobynueleotide probos reachly capakle of reliohle
wae i IINAGIINA hyhinddization screeninge, ol clINA amd
cipeclally genomic DNA lbrades. Nluslralively, Uk bwenly
amine acid sequence emploved o generale the sbove-named
woneclonal antiboady produced by A TO.C No, TTRE200
does pol admil o Lthe coostruction ol ao wnwnbiguous, 60
base oliaonuclenstide probe in the manner described by
Anderson, e al, supra. I is cstimaled thal the human pene
[ erythropoctin may appedr as 4 “single copy gene” walhim
Ihe human yenome amd, in any evenl, the genelic malerial
coding [or buman crylhropoivlin is lkely 1o constilnle less
than (UWA5% of total human senome DINA which wamldd
be prosent inou genemie libury.

To dale, e most sucesslul ol knowo reporled allempls
at recombinant-related methods to provide TINA sequences
suifalle T nse i microbial cxpression of olatable guan-

Litivs ol muwrmeahan erylhoopoictio huve Cullen Tue shoot o 47

e goal, As an cxample. Farber, ol al, Loage Hamaiol, 11
Supp. T4, Absivact 101 (1953 report the exitaction of
wRkNA from kidoey tissnes of phenylhvdrazine-treated
Paboons and (he injeciion ol the mBRENA Mo Xenopis gty
rocvtes with the rather transitory result of in vitro produc-
fom al a maxiure of HAransbation produc <™ which ineluded
armeng thorn displuving o lowcsl propertics ol crvthiropae=
clin. Maore recenolly, Uatber, el al, Blood, 62, Nu. 3, Supp.
N 1, Abwiracel 392, a1 page 122 (T983) reparizcd The inovilro
translation of buman kdney mBNA by frog ancytes, 1he
reaultant translation product muwture was estunated o
include on the order of 220 mU of 2 ranslation product
having the sctivily of eryvibropoictin per micropran of
injected mRNAC Whilke such levels o imovitae transhation of
exagenous miNA coding [or erydropolclin were ackoowl-
cdged 1o be quile low (compared even Lo the prior reporled
levels of babaon wBRNA tragslation nto the sought-for
procuct) it was held that the results couafirm the human
kidnev as 1 site of ervtheopoietin expression, allvwing for
the construetiem of an enmched human kdney sl MNA braey
fromn which the desired gene might be solaied. [See al=,

Liarber, Clirfles., 3104), 168a (1U8H.]
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Smwce the filiog of ULS patent application Ser Nos,
361,024 and 382,185, thewe bas appearcd a siople roport of
the cloning and expression of what is asserted to have heen
human crvl hropaicun c3NA I & cofi. Brclly put, o nmber
el CDNA clones were msericd inne £ eed plasmids
fi-lactamase lusion producls were noled (0 be Immunarede-
lve willl o monoclonal aotibody W an unspoecilicd “epilo-
pefnf buman erytluopowstin, See, Lee-Tvaap, Proc, Nar,
Aced. Sei. (L8A), 8L, pp 2TOE-2712 (1054),

BRIEF SUMATARY

The prescal myvenidon provides, Lor the Lest ime, novel
purilicd and isclaled polypeplide producls having parl or all
of the primary strucrural conformation (Le., continuous
seguence vl wniog aeid resido) wd ane o mens ol U
Dxivlog ivul propertics (e, immuoologicu] propertics aod in
vive and dncviimn iological activily) of murally-oceurring
er¥lhmepaict, meluding allehe varants thereol, These
polypoptides ar also nmeuely characterized by bolng the
producl ol procaryalic or cucaryolic bosl cxprossion {c.g.,
bw bacterial, yeast and mammalian cells in culure) of
cxagenens INA sequences abilained by genemic i el INA
cloming or by gene syolhosis, Products of nneroboal expros-
s100 1o verlebrale (e, mammalian and avian) cclls may be
further charcierived by Freedom Pom associalion with
lnman protes oF sther contaminants which mav be asso-
claled wilh erylbropeiclm 1o 1s nalural marmnalian eellular
enviconment or i extracellolar fuids such as plasma or
urine. The products sl ivpical yeusn (o, Saccomimees
verpvisfae) ur procarvole (v, FBoeedd) bost cells ure Toee of
ussociation wilth any mammalian proledos. Depending vpon
e host empleycd, polvpeplides of the invention may he
glvoosylated with mammalian or ather sucaryotic cacbohy-
drales of may be nooglyeosylaicd, Polvpeplides ol 1he
irwention may also include an initial methionine amino acid
residue (al position =1).

Movel glveoproteln prodnets of the wowentwn welude
thesse: haviny o pomary siruclural conlormalion sullicknlly
duplicative of that of a naturallv-vocwering {e.e., human)
ervthropomenn @ allow possession of cne or more of the
rlologicul propertivs thereol and having an averuge catdie-
byvdrute composition which diTurs Troan thal ol naturally-
necutring (eg., human) crvthmpoierin,

Vertebrate (e.g., COS-1 aod CTTO) cells provided by the
presant mvention compriss the fiest cells ever avadalble
which van be propugaied in vitro continwously and which
upem grovedhe in euliore are wapable of prodocing i the
medium of thair prosih incxeess of 0L {prelerably
uxeoss ol 300 U and miost proferably in excoss ol 1LOOG o
3000 Uy ol erythropoiclin per 10° oells in 48 hours as
determined by cadionmmuneassay.

Also provided by e presenl nvention are syolheli
polypepiides wholly or pardally duplcative of comBnuaus
sequednces of ervibropoetin amme acid resuwdnes which are
lereln tor the fiest tune clucikdated, These sequonees, by
virtue of sharing primary, secondary or tertiacy structural
Anid eonlormational charcerisbes with maurvally-oecmTing
erylhropoiclin may poassess biologics | aetivily awliar iimu-
nolopical propedlics in common wilh e miurally-oecurring
product such that (hey may be cmployed as biologivally
active or wonmnoalogical substiites Lo erythopoweiio
therapeutic and pmoelogical processcs, Corrcspondiogly
provided are moaeclooal and palvelonal antibodies zeoer-
el by stamdard means which are immimorcaciave with such
pulypepticles ancl, preferahly, wlsa immunsrcacive with
nalurally-oeuuming erylhropoiclin,
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Hlustrating the present lovention are clonsd DIMNA
scqucnecs of monkey and human spoecics origns and
polrpeptide sequences suitahly dednced therefrom which
represent, respechve v, the primary structral sonformation
el ervthroguacting ol mesnkey and human specics arigins.

Alsa prowided by the proscot invention are novel biologi-
cally functional wiral and cireular plasmid DNA vectars
meorporating DNA sequences of the invention and micro-
bal (e, bueterial, senst aod mamenehan eclly host organ-
sims stulaly trmslorrnod o raoslected witl such veclors.
Cormespondingly provided by (he invenlion are novel meli-
oeds Tor e produetion of wsehl polypeplides somprising
culiured growth of suel traustorned o transtected micro-
bial hasts under conditions facilitative of lame scale expres-
sion of the exngennus, vector-boarne TINA sequences and
msilation o 1he desired polypephides Treme the groswth
medivm, eololur Lysutes or cellulae membruoe Cractions.

Isolalion and purilication ol microbially cxpressed
polrpeptides provided by the invention may be by conven-
tinnal means weloding, ee., prepacative chramatosraplus
separutivns and trminuoaologica] separalionms imeolving mono-
clonal aod:or polyodenal anibody preparalions.

Having hercin clueidaled the sequenes of umine acid
resudues of ervthrapoietin, the present wvention provides for
thie Lt andéor partiad maofucture o TNA seguences coding
for eeytheopodetin and inchuding such advantageons charac-
lemstics as incorporation ol eadons *prefomed” Tor expros-
sion by s lested nom-marnmalan hosts, provision of sies for
cleavage by resiiellon cndonucleyse cheymes 10d provision
of addilions] impitial, lerminel or lermediale DRA
sequences whiclh facilitate construction of readily expressed
veelors, Corresponding by, the proseat Jnventon provides Tor
wnanulacture (und developrmenl by site speciiic mulagenesis
ol clINA andd penamic INAYal DNA scquenees eoding [
miarebial cxpressiom of polypepide analeas or dovanves
ol erylbmopolclin which diller ltom nalurally-ocoeurriog
feems o orms of the Wenlity or locadon of one or mors
aming acid residues (i.e., deletion analegs coutatning less
thian all of the residues spocilivd Tor B andfor subsstitution
amulogs wherein one or muore residues specilied are replaced
I alher residues anmdfor addition analogs wherein one or
more amire avid residues 15 added 10a lemanal or mechal
poriion ol the polypeplide); and which share some or all (b
propedics ol palurally-ocouring [orms.

Novel DNA sequences of the ovention include all
serienees wsclul m oseonting cxpression n procaryohc ot
cucaryolic hest eells ol polvpeplide produels having al least
4 parl of lbe primary siouclora] conformalion and ooe or
more of the buolopweal properties of ecvthropoeun whch ars
camprehended by: {a) the THVA sequences set ont in TTGS,
5 und & herein ur therr complementary strands: () TINA
sequences which hvbridize (uader hvhridization conditions
such s lhsitaled horein o moare sImngEenl condilionsy 1
DMA scquences delined fn (a) or lragments twoeol; and (<)
DMNAsequenaes which, bul Lor lhe degeneracy ol 1he geoelie
code, wenld hvhridize to TIN A sequences defined in (a) and
(b) above, Specifically comprebended o part (b)) are
seoemie A sequenves cocoding, allelic vartant Tenns of
monkey and buman ervthropoietin andior encoding other
mammalan specics of cryhmpedcin, Specilically compre-
Lended by pact () are mannfactuos] DNA sequencs cnod-
mg LI, LM lragmenls and LI apalogs which DNA
sequences may incorporare codons facilitating translation of
messenger RNA w0 non-vertebrate hoss,

Comprehended by the present invenfion s that clases of
polvpeptides coded Lot by portions ol the DA comploment

5,055
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to the hop strand homan genomic DIMA secquence of TG, 6
lerein, Lo, “complementary wverod prokens” as deseribud
by Tramontano, et al., Nucleic Acids Roscarch, 12, pp
SRS (1984).

Also comprebended by Lhe ovenlion are phammacenlical
campositions comprising effective amounts of polypeptide
prochicts of the imvention together with snitable diluents,
ejuvants aodior carriers which wllow Tor provision of
er¥lhropoiclin herapy, cspecially in the reabment of anemic
discase slales and mest cspectally such anemie slaes s
atteud cheonie ronal failors,

Palypepticde producis of ihe mvenidom may be “labelled”
Iy wovalenl wssocialiim with a deteciable marker substance
(g, radivlabelled wilh ™°T) 1o provide reageals vselul in
deweetdon and quanlifivafon of cryihmpeicin o solid dssue
and flugl samples such as blaod ac nrioe, IINA prochicts of
the invention may alas be labelled with detzctable markers
(such as radiolabels and non-isotopic labels such as bintiny
amid emnploved in DNA hvhridization processes 10 [ocae e
ervlmipoicling grene poasthom andsor 1he pesttian ol any
related gene Lamily in the buman, monkey and olther mam-
malisn specics chromosomal map, They con also be wsed for
idlenmitying the ecythropaletin gene disarders at the DINA
lewe] und used as pene markers Tor deotilving neighbering
genes and Lhewr disorders.

As hercinafter deseribed o detarl, the present wvention
[urther proviedes siepilicunl improveroenls M melbody Lor
detection of a specific single stranded jolyimcleatide of
unknvswen seeguence inoa heereencous cellnlar o viral
swrple joeluding rmoltiple siogle-stranded pelvoueleoldes
where

(a) o mextuee ol lubelled siongle-straodud polyiacleatidie
probes is prepared baving, untlormly vareing segquences
ol biases, cach ol sind probes being porennally spevili-
cally enmplementary 1o a sequence aff bases which s
pulatively unique (o the polynucleolide o be delocied,

{b) the sample 35 lixed w0 a solid subsiale,

{c) the substrate having the sample fixed thereto is treqted
I diminish Turther binding of palyvnuclestides therein
riawpl Dy wuy off hyhodization v pelyoucleasdides in
said sumple,

£y the treaned subsirate having the sample lxed thereto is
transtorily contacied wilth snd mixture o labelled
probos under condilions Lacililalive ol hybodizslion
cnly hetween totally complementary polvouncleatides,
and,

fe) the specific polvancleotide is detected by maunitoring,
Lor 1he prosenoe ol a bybridizalion realion boelween 1
and a tetally complementary probe within sacd mizhore
ol labelled probes, s evideneed by the presence of 4
higher density ol labelled mutonal oo e subslrale al
(e locus ol he specilic polyoucleoide o comparison
tir a haclkground densilty of lalelled maicrial resulling
from non-specitic hinding, of labelled probes to the
substrate,

The procedures are especially effective in situations dic-
L wse ol &4, 128, 256, 512, 1024 nr more mixed
pulynueleotide prebes having o length ol 17 100 200 bases in
DNADNA or BNAYRNA or DNARNA hybridizidons.

As desenbed ml, the ibove-noled improved provedures
have ilustratively alloweed tor the wentification of ¢DNA
cloncs coding for crtheopoetin of monkey specics nrigins
within a library peepared from 2nemic monkey kidney cell
mRNA. Vore spealically, 2 mixiure of 125 imilormly
warying 20=mer pribes bascd o amine scid seopence inle-
malion defved [rom sequencing [ractions of human cryih-
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rpoietio was employed mocoloay hvbrdization procsdures
to ideatify seven “positive” orytluopolotin cOMA clones
within a toral of 200,000 colonies. Oven more remarkably,
practice of 1he impreved procedures of the imventiom hove
alliwwicd T the rapid gsolurivn al three prositive clones from
willlin a sercening ol 1,300,000 phage plaques consiiluling
4 bumsn genomic lbrary, This wis accomplished though
use of the above-noted muxture of 125 20-mer probes
together with a second set of 125 17-mer prabes based on
aming acid analvsis of o different contiouous sequence of
human erythropatenn.

The abave-neded dllusiraive procedures comsinule The
lisl known iostance ol the vse ol mulliple mixcd oligo-
oucleodde probes m DNADNA bybridization processes
directe:d toward mmolation of mammaliag eenaniic clones aod
the first known instancs of the 1se of a muxhire of more than
22 plipooucleotide probes tn the solation of cTINA claoes.

Numers aspeets and adviantages of the fnvenion will be
apparent ey these skilled inthe ant upon consideration of The
Lellowing delailed deseripliion which provides dlusiralions
ol lhe praciice ol the invention in ils prescnlly prelerred
embodimens.

Refersnce 15 made o FIGS 1 throvgh 21, wherein:

TICL 1 s a0 wraphiuc representation of o radivim munoassay
analysis al products ol the invenniom;

FIE 2 sherevs weelor plXSY] =Mk

LG, 3 shows veedor MSVallulilMO

LG, 4 shows veclor pLSYL-glTul: M0,

TGS, 84, 5T and 3C (eollsctively referred o as TIG. 5)
show the sequence of monkey RPO cDNA and the sucoded
ISLAN

FIGES. AAL 6B, RO, 617 and GE (ecollcoiieely relermed was
FICE. 8) shrvw The segquenee of human genomme BPG O DINA
and the cncoded LI,

LG 7 shows the sequence of e ECEPD sene.

TMG. § shows the sequence of the SCCPO gene.

FIe3 9 shows w comparson of the boman aod monkey
EPO polepeptides.

B, W shows the ECEMD seetion 1 oligonucleolides.

FICE 1T shiows, section | ol the ECEIMO gene.

Lés, 12 shesers the LOLEMOY section 2 alignaicleotids

L1, 13 shows seclion 2 ol [he LCEPO gene

MG, 14 shows the TULPO section 3 alipemiclectides.

FICE 158 shivwes seetion 3 ol the FCRPO pene.

HIts 16 shews Lie SCRPO secton | oodigoouelkeoticdes.

PG, 17 shows seelion 1 ol lhe SCEPOD gene.

FI(E. 18 shivars the SCERO seclion 2 aligimuclemides.

L1, 19 shews section 2 ot the SCEPO gene.

LR, 2 shows (be SCLPO section 3 oligonucleniides,

THG, 21 shews the section 3 of the 3CTPO agne.

DETAILCD DESCRIPTION

According te the present wvention, DNA scquences
encoding pact or all of the polypepuide sequence of human
and monkey species crviliropeictin (hercaller, b Uimnes,
“EPOTY have beeo solaled aod elaractenzcd. Further, the
mimkey and human origin INA has been made the subjce
ol cocaryolic and procaryotic cxpression providing isolal-
able qnaatitics of polypeptides displayg, hiological (g,
immunological} propecties of natueally-occuering TP as
well as hoth inveeo and i vitra hiclagical activities of CPOL

The DNA of mookey species arigins was wsolated from a
cDINA Library constrneted with mRMNA decived toom kidoey
tisswe of a monkev in a chemically induced anemic state and
whose setum was immunelogacal ly delermined beoineluds
Lt levels of BPO comnmared to normal monkey serun. 1 he
elation of the desired cDNA clones conlaining LPO cneod-
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g DNA was accomplished throngh vse of DINATINA
calony Livbridization emploving a pool of 138 mized,
radialabelled, 20-mer vligonucleatide probes and invalved
the rapid sereemng ol 200LINKDY colonics. [esipn of The
pliganueleonde probes wes hased coamine acild sequenee
informalion provided by cneymalic lrapmentalion and
sequeneing o small sample of human EPO,

The TMNA of human species origins was solated from o
bwrmwn pemamic RINA libracy, The isolabon o clones con-
tatning EPC-encoding DINAC wus aceomplisbied  throwgh
DNADNA plague vbridizadon croploying e above-noled
poot al 128 mived 20-mer eligonueleoide probes and s
second pool of 1285 radiolabelled 17-mer probes whoss
sequences were hased oo aming acids sequence information
nbtained from a different enzymatic human TPO fragment.

Posinve calomics and plagues were serilicd by means of
dideoxy scquencing of clonal DNA vsing a subsct of 160
seguences wilhin the pool ol 20emer probes and sclecled
clones were suhjected o nuclectide sequence analvsis
resvlting 1 deduction of primary secuctural conformation of
the EPCY polypeptides cocoded thereby, The deduced
pulypepiide sequences displaved a bigh deeree of hemology
v each ]'IU'I' ancd 15 a PiiﬂiEI] S'L'(l'lJC'I'IL'C 1I__"I'.J'I'Ii_"l':|'|.!ll[1 hh‘ Ii'l'l'l'inﬂ
acld apalvas of human LMY tragmcnts.

Acselecled posilive monkey CDNA ckme and g selecned
positive buman aenomic clne were each inserted in a
Fahutle”™ DNA vectar which was amplilied in 4 cofi and
crmployed 1o ransfeel mamna Han cells moonbure. Coliored
wrowlll ol trasleeled hosl oells resulled m cullure medivim
supcrmalanl preparations simaled 1o conldin @5 much as
A0 T of TPO per ml of culmre o

The Flkawing vxamplos are preseoied by sway ol illus-
teutwon of the invention aod are specilically direced 1o
provedures varricd oul prior o ideniilivation of EPO cneod-
iy waukey ¢DNA clopes and hwman geocmic clines, to
procsdures resulting o soch idestification, and to the
sequencing, development of expression svsterns and immu-
nolagical verification of TPOY expression w such svstemns.

Mare particulatly, Exmmple 1 is dirccted o amino acid
scgqueacing ot hman PO fragments and constmetion of
mixlires ol radiolaleled prabes Baged oo Lhe resolls ol 1his
sequencing, Cxample 2 s generally directed to procedures
invalved inothe ddentilication of positve monkey clINA
clomes and Lhus provides focmation coneenng, aoinal
ireaimen! and preliminary radicimmupoassay (LAY analy-
sim ol amimal sera. Example 3 is direeied i othe preparstion
of the cDNA library, wolony hybeidization screening ansd
verlicalion ol posiiive oloncs, DNA scquencing ol a posi-
tive <DMA clone and the peneration of mooker CPO
polypepiide pamary shructura |l confommanom {aming ped
seguence ) inlermativn. Example 4 o drceted woprecedunes
wvolved inothe idenlileation of posiive humun genomic
clomes and thus provides informaslion coneerning The source
of the genomic Lbracy, plague bybridization pmocedires am
verification of positive clancs, Pxample 5 15 dirceted to INA
sequencing of a positive genomic clone and the generation
ol human EY polvpeplide anmma acid sequence inlorma-
tion ineluding o cempurisen tereel e the monkey RO
sequense information, Example 6 is direcwd (o procedures
[or comsiruelion of a veclor iovorporaling EPO-cocoding
[INA derived from a positive monkey ¢DNA clone, the nse
of the vector for transtection of COS-1 ¢ells and cultured
arveth of the transfected cells. Txample 7 (s directed to
prowedores [or construction of a veelor incarperating BPE-
creoding DINA deriveed Do s puesitive human penomnic
clome, e vse ol the veelor Tor nnsiecion ol COS-1 cells
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and the cultored gromwtl of the rransfected c2lls, Txample &
s dirccted fo wunmnoassay procechires portormed oo media
supernatancs ohtained from the culmred growth of rans-
feeted cells necordimg o Examples & and 7. HExample Y is
thireetied oo vitro and in viva Biological achiviny ol micr -
Bially cxprossed LI'O o Examples 6 and 7.

Cxample 10 is directed to a development of mammalian
host expression svatems for monkey species CPO clINA and
hurnan specivs genomic DMACiovolviog Chioese Lamsier
vaary [FCHO™) cells and o the immumological and biologi-
cal aelvites ol produets of these expression svslems as well
as charivierization of such praducis. Example 11 s ditectied
to the prepacation of mamitaciired geoes cneoding human
species LPO and LR analozs, which cenes ioclude o
number of preference codons for expression in F. coli and
veusl ikl cells, and b sxpression syslerns based thorenn.
Example 12 relutes e the mmunclopicad aed Biological
activily profiles of expression products of the sysicms of
Example 11,

LXAMPLLE ]

AL Human EPO Fragment Amine Acid Scquencing

Tnman PO was isolated from vcing and subjected to
treptic digestion resuliing in the development and isolation
of 17 discrete fraoments in quantities approximating
TIN50 pricornieles.

Tragments were arbitrarily assigned numbers and were
analyzed for amina acid sequence by microsequence analy-

sis using a was phase sequencer (Applicd Bivsystoms) Lo

provide he sequenve mlormation sel oul m Table I, below,
whuerein single Teter vedes ame em played and » X7 dekigmanes
a resne which was oot Tnambiguovsly detcomned,

TABIE L

Tinpoml Mo,

i A-P-P-A

I'ia Li-K-L-K

1 A-lAl-A-00-
I'la Wel L=

I'Th LRl L P
Tiz LR

Tz E-1-[-I

Tz5 YLLEAR
T8 L-I4Z-D-53-1
IRAL IS5 0-F-A-0-H

L EIEY EEY REY B
Feael-5-P- P -4 A== A -1 - 1
L= AR 2 1= LY UG- - - - H- X8

R TR TN
GOALLYXSa0rWwW
PSR R AR

B, Nesign and Construcion ol Oligannelearide Probe
Mixiures

The amino acid sequences set out in Table T were
revicwed m the comtext ol the demencracy ol the genelie
vide o the purpose o sseenoining whother nnxed padse
procedures could be applicd o DNA/DNA hybridizalion
provedures on cONA and/or genomic DNA librarics. This
analysis revealed that woithin Cragment o, T35 there existed
ascrres of 7 ami acid resiucs {Val-Asn-Phe- Ty Ala- -
[x=) which could be uniquel¥ characterized os encoded for
b one af 128 passible DNA scquences spamming 200 hase
paira. Afiest ser ol 128 20aner obpinmeleatides was there-
[ore synibesized by standard phosphosmidite methads {See,
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eg., Beaveaze, et al., Terrafiedron Lerrers. 22, pp
15501802 (1951) oo a sclid support acvording to the
seguence set ot in Taible T, heloe.

TABLE IT
Feeidiz - Val - Asn Phe Tyr &alzs Tip Lyve
3! CAD TG ARG BTG ISh ROC IT - &
T i o b T
3 g
jad [

Turther analvsis revealed that within fragment N, T38
there existerl a serivs ol 6 amime seid residues (Glosfee-
Tr-Glu-Pro-Tewd v the basis o which there coudd b
preparcd a pool of 12¥% mixed olignucleoide 17-mer probes
s sel onl in Takle N1, el

TABLE IIT
kezidee - Glo Lrc Lro E1lu Lrao Lec
3! GIT [Ee) BOC CTT Gh A - 5"
Z L Z s A
z e
c c

Uliponucleonde probes were labelled ar the 5 end with
gamma- P-ALT 7500-5000 Cimmels (ICN] using T
pulynucleotide Limse (NLER).

EXAMIPIE 2

A Monlkey Treatment Procedures

Female Cyvnomolpus monkeys Macoce fesclonforiay
(2.5-3 le, 15-2 years old) wers treated subcutansously
with a pll 7.0 solntwon of pheaylhydrazine hydoochlorxde at
g desage Tevel of 125 mpdhg oo davs L 3 and 5 The
hematocrit was monitored prior o each injection. Cn day 7,
ot whenever the hematowan level Tell below 255 of The
inihial level, serm and kidneys were harvesied aller sdmin-
iration of 25 medy doses of kelamioe hydoochlorde,
[Tarvested materials were immediately frozen in liguid nitro-
pen and skbored at =707

B. RIA o EIDY

Radictinmunowsay procedures wpplivd Tor guantilalive
detection of TP tn samples were conducted according to
the Falkwange procedures:

Ao ervibropewn stundued o woknown sunple was neu-
lraled logelber with aotiserum Tor two howes al 377 O Aller
1he o honr incubation, e sample luhes wore vooled on
ioe, ~Fl-labelled orythropicin was added, and 1he ubes
wiore incubated al 07, Loz al least 15 more ours Lach assay
nibe contained S0 ol of incuhation mixtuee oonsistng of S0
u#l of diluted immune sera, 10,000 cpm of '-°T-
ervlhropoivting 5 gl trasvlal and 0-2530 gl ol vither BIPO
stundurd ar wnkoown surnpele, with PRS centaining 0.1%
B5A making up the remaining wolume. The smiscrum used
was Lhe seoond 1eal blecd of a rabbat immumized with o 1%
pure preparation of nman wrinary crytheopaietin, The fnal
antigerum dilntion an the wssav was adjusted =0 that the
antibody-beund  —T-CPO- did not exceed 10-20% of the
irpul okl connts. Inopenerl, this corresponded 1o a linal
unlisecurn dilution ol Teown 150,000 10 1: 100,006,

The antihody-hound *=T-erythiropoietin was precipitared
b the addition al 180 Saph AL ARt o Amin. meubaaon,
the sarmples were centriluged and the pellers were wished
s bmes with 0075 ml 10 mM Trs-1C] pll 8.2 conlaining
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0.L5M MNatCl, 2 m EDTA, and 005% Triton X-100, The
washed pelles were counted in a gamima counter b deter-
min e pereent af '™ l-eryihropaictin baund. Counts bound
by pro-immune sera werc subiracled lrern all linal values 1o
varneel lor noospeet ie precipitation. The ervthoopectin coo-
teni ol the umknawn samples was delenmined by comparizon
te the standard curve,

The wbove proceduce was applicd 1o monkey scrum
chiained n Part A, abowve, as well as 1o the untreated moukey
serwrn. Norrnul oserwm lewels were wssayed e cenluio
appriciinialely 30 mUdn] while wealed monkey serum con-
Eiined Trom TOO0 160 1700 ml Ll

LEAMPLL 3

A Mopkey cDNA Libeary Constroction Messenger RNA
was isolated from normal and anemic monkey kidnews by
the guanidinium thiscvanate procedure of Chirawin, et al.,
iincheninry, 16, p 3294 (1979 aod poly (A) milbh Acwas
purtficd [y tywa tuns af olige{d e lulese columm chirem-
tography as doseribed al pp. 197 195 in Muniaids. ol al,
“Malecular Clonng, A Labaratery Maaval™ (Cold Springs
Hattwar Labaratory, Cold Spoing latkor, MY, 1982), The
cINA librare was construcied according o 1 modification
of the agoeral procedures of Okavama, et al., Mol and Celll
el 2, ppo 11170 (1982 The key Teoures o he
proscotly proleomed procedures wire a5 Lollwes: (1) pUCR
was wsed as e sole veolon vul willl PsU and then tatled with
olipa dT of G080 bases in lengthy (2 Iinell digestion was
used to remwove the aligo 01 tail from ons end of the vector,
() first steand svnthesis and eligo d0G tailing was carried o
according 1o the published peocedure; (1} TamTTT digestion
was ernplived i remove the olipe dG il from ome ond of
the voector and (3) ceplacemnent of the NAcstrand by [INA
was 1o Lhe  prescoee ol 1wo  linkers
(GATCTAAAGACCGTCCCCCOCCC and
ACGOTICITTA)Y o a three-fold molar excsss over the oligo
3 Lailed vectur.

B, Colomy Hybridizalion Procedurcs Lot Screening Maon-
key cDNA Tibrary

Transformed £, coff were spread ot ot a Jensity of Q00N
colonics por Wl 0vern plats oo ouirenl plales conlainine 50
micrograms/ml Ampicillin. GeneScreen filiers (New
Loaland Muclear Cataleg Na, WLET-572) were pre-wet an a
BHI-UABM plae {Huaclo braio heart iolusion 37wl

Casamine scids 2 L and agar 15 gL, conluning 500 |

mivrogramsml Chlaramphenien?) amd were used o B0 the
colones off the plate, Ths colenies were grovwn w the sams
wedmm fior 12 hones ar longer o amplity the plasmid copy
numbers. The amplitied colonies (coleny side up) were
frealed by semally placmg the lillers aver 2 picees of
Whatmun 3 WK puper saturaed with cach of the Tullawing
solulions:

{17 50 mA phucose—25 mM Teis-TTCH (pTT 20%—10 mh{

RIFTA {pH 800 Tor five minuics;

(Z) 0.5 M NaOH Jiw wen minutes; aod

{10 M Teis-11C {pll 7.5) for thuce minntes,

The filters were then air dried ina vacimum over at 30¢
lisr Lvwin howiTs.

The fillers were then solquctad 1o Prdeinase K dioestion
larougsh Iecatment wilh a solulion containing 30 micropr s’
ml of the protease cnzyme in Buller K [0 L Tris-HCL (pH
S0, 130 NaiZl—10 mM CITA (pIl 8.2) -025% SDS).
Specifically, 5 ml of the solution was added to cach filter and
the digestion was allowed to proceed at 55° C. for 30
mimmiles, aller which the salution was remaved.

The NHers were then reated with 3 ml sl a prehybridiza-

on buller (3=53P1—0.5% SDS—100 microrramsml 55

‘G
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£ coli IINA—5=BIP) The prebvbrichzation treatment was
carzied oul al 337 O, generally [or 4 boues or longer, aller
which e prehybridizalion buller was removed.

The hvbridizalion process was carricd oul in (ks Lelowing
mamer T cach G ler was added 3 mlal hybrdicadgan bller
[3xBSIL—0 5% SDS—100 micrograme/ml yoast tRNA)
cantuming, 0.023 picomoles of each of the 128 probe
sequences nf Tahle IT {the total mixmure being, designared the
EM rristuce] aod the lilwes were muntained w 487 0 Tor

+ 20 hours, This wemperaluee was 2% 0 Jess than the lowaesl o

e colevlaied dissociation wemperawces (Udy deermined oo
any ol the probes.

lellewing, bybridization, the filters wore washed three
times for ten minues on a shaker with 6x58C —0.1% 5DS
at room termnperarure and washed two to three times with
O—RNR0U—14% BI85 At the hebridization qemperore (45°
(9}

Auloradiography of the flers revealed seven positivi
clomes among The 200,000 colanics sercencd .

Lnitial sequence analysis of coe of the potarive monkey
cDNA clones (designated clone §3) deposited swith the
American Type Culture Collection, 12301 Parklawen Drive,
Rackwille, M nnder deposil Acecssiom Moo AT LC 67545
v Oet 20, 1967 was perfonmed for verilieaton purpuses by
a1 medilicaion of the procedue of Wallaes:, @ al, Gene, 16,
pre 2026 (1981) Briclly, plasmid 178A from monkey
cDONA clone 83 was lnearizad by digestion with LeaRl and
Uenalured e beating ioa boiling water bucle The nucleotide
reguence wis determined by the dideaxy method of Janger,
clal, BAAN (EL8A), T4, pp. 54635467 [1977). A subscl
b EPY noxire ol probes consisung ol 16 scquoenees
was uscd as g primer lor the sequenedng eaclions.

C. Monkey EPO eDNA Sequencing Nucleotide sequence
analysis of clone 83 was carried ot by the pracednres of
Messing, Methuely i Fnepsaaicgny, 101, pp. 20278 (1983).
Set our in Table TV 18 & preliminary restriction imap analvais
ol ihe approcimately T base panr FeoltFHind I elomed
frugrmiem. of elene 830 Approximale loeanons al resiriclion
vidoouclease cTLEvIw Teeugmilioen slles are provided o lerms
of namber of bases 3 to the ToeoRI sie at the 3" end of the
fragment. Nucleotwle seguencing was carried out by
seguencioy individual restrietivn ragments with the fowend
of matching overlapping fragments. Torexample, an overlap
nl sequence inlormation provided by analysis of nuckondes
ma resiretion frapment desygrated C113 (Sau3A a1 =111
Smal al ~324) aod lbe roverse omder sequeoncing ol a
fragment designated 73 (Alul at --424DaLT at -203).

TABLL IV

Reat-ien'na Frasme

Teroopni ion Sile Apanziew Locnlizols)

Lol |
1
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TABLL 1'V-comtinued

Kar-‘erian |'nrvme

Feamgiton Sl Apcaraxitacle Loculiengs

Raal
Eell

Sequencing of approsamately 1312 hage pades (within the
region spanmng the Sau3A siie Fin the beeldl sife and the
Hind HHE sited wil analysis ol oll possible reading frumies hus
allowed lor the development of DMNA and amino acid
seuene lnlormation sl ool in FIG, 5, comprising poriions
A, 5B and 3C. Lo the Tipure, the putative witial amine acid
rusidue o] thae wrmine wermitnad o imatwee PO Gus erilicd by
caceelation o the peeviously mentioned sequence analvsis of
tweniy amine fenmmal residues) i desipnated by he
numeral +1. The presence of a methionine-specilving Al
codon (desigmaled -27) “upsticam”™ ol (he inildal smino
lerminal alamine residue as the s residue desiznaied [or
the amion acid sequence of the matnre protein is Ldicative
el the likelibood e BROY G ditinlly wxproessed T the
cyloplasm in o precursor Torm includiog 2 27 wning acd
Fleader™ repinn which s exewed pret oo enoy ol matore
EIO At ciren lanion. Falemiaal slyeosylatinn siies witlim the
polvpepiide arc desigpaled by oasiorisks, The esiimaled
moleeular weighl of he ranshued region was delermine 1o
e 21,117 dalwons and the MW, of the 103 residnes of the
polypuplide constituting mulure monkey ERO was deter-
mined e be 18,236 dalloos.

The polypeptide scquence of FIGR § may meandily ho
subjocted 1o analysis B the presence o hiphly bvdrophlic
reoions andior sceondary conlommalional characlerislics
mdicalive ol polentially highly immunogenic rogions by,
e, the methods of TTopp, et al.. FMAS (D084, 75, pp.
ANZA3RIN (1951 and Kyle ot sl LAl biiol, 157, pp.
L5-132 (1982 undior Chow, o al, Bioches, 130 pp.
222 245 (1974 ond Advamees s Kuovmofogy, 47, ppo 45 47
(1978). Compuler-assisied analysis according 1o the Hopp,
it al method i available by meaos of a program designated
LI Relerenee Sceelion 6.7 made available by
Intellipenetics, ITnc., 124 Umversity Avenue, Pals Alte,
Culil”

LXAMPIL 4

AL Human Grenomice 1ibrary

A Ch1A phage-hoeoe buman fetal liver genomic libracy
prepared sceorchng e the pracedures ol Dawn, clal, (el
T, ppe 533543 (1979 weas obtnmeed e menmiined Tor use
m a plague bybridizalion asay.

H. Plague Hybridization Frocedures bar Screcning
Hurnan Geoonnie Tabrary

Phape particles were lvsed and the DINAs were fized on
Milters (LK plagues per iler) acearding o the procedures
ul Wi, Maerhvads fr bazvaasdogy, O8, pro 3R9-393 (1979)
cxecpl [orihe use ol CeneSereen PMus [llers {New Unglind
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Muglear Catalog Ko, KET-972) aod NZYAM plates (Nall,
3 gs MaCl-0TLD, 2 g NZ-Amine A, log: veast extract, 5 g:
v acitls, 27 meliose; 2o and agar, 15 g oper liler).

The air-deied Nlers were baked at 80Y €7 for | bowr and
then digested with Proteinase K as described in Txample 3,
fam1 B Prehvbrdizalion was camried aul with a 1M Nadll
15 51X buller e 557 C0 foe & e ar miare, aller which
e buller was removed. Ilybridizalion and post-
bybridization wasbines were curmied oul as described in
Example 3, Part B, Bath the mixture of 128 20-mer probes
deatgoaled BPY and the misiere of 128 17-mer probes of
Tabsle T (desiwouted the TPO misie) were emploved.
Hyybridization was carmed oul al %% Cnsing the R probe
mixture. EPCY probe misture hvlmdization was comticed aul al
467 C—4 dogrecs below (he lowesl ealeulaed 1d [or
mernbers of the mixtues. Removal of the hvbrdized probe
for rebybridization was accomplished by hoiling with
LxSS8C—0 1% 8T8 for vwa ninues. Aworadiouwraply of
thie filters revealed three positive clunes {reactive wilh tath
probe mixinres) among the TLAMILOND phaye plagues
sercencd. Vorlcation of the positive climes as beings BIPE-
vnending was oblained Wirough DNA scquaenemg and clee-
reon mctopraphic visnalization of heteroduplex formation
with the monkey cTINA of Lxample 3. This procedws alsa
vave cvidence o mullple nlrons o Lbe penarnic [INA
el e e,

LXAMPLE 5

Nuclentide sequencs analvsis of one of the positive clones
[designated RLL] deposied with the Amcrican Type Culture
Collection, 12301 Parklawan Dreive, Rockwille, WMd. under
deposit Accession No,o AT.CC H38] on Get, 20, 1987
wars carmct ol and results obtained e dals are el oul n
Fl(i. 6, comprising purivos A, 6B 60, 613 aod 6k,

In TG, 6, the (nitial continuous NN Asequence designates
a top steand ol G hases 0 whal 15 apparently an unirms-
[ned sequence immediniely precedimg 3 franslaled porfion of
the human L gene. More specilically, Lhe sequence
uppears o comprise the 37 ond of the gene which Ieads up o
a translated DINA reaon codiog tar the fivst four animo acidls
(—27 thoough —2) o a leader sequencee (Cpreseyuenee™).
Thowr lnse pairs in the segquence prioc Ly that eocoding, Lk
begimming al fhe leader have nol yel Teen unambiguously
determined el are therelore desagmatcd by an *X70 Thers
1hen [ollows an iolon ol about 539 base pairs (439 basc
pairs af which have been sequenced and the remaining 200
base pairs of which are designatecd “T.3.7) and immediately
preceding u eodan for glutarmic acid which has beeo desig-
valed s residus =23 of the translaled polypeplide. The exon
sequence immediately Tallowing 1« scen 1o code e amino
il residues threngh an alimne residoe {desienated a5 the
+1 residue ol 1be smine acld sequenee of malure buman
LPO) e the coddon specifving threonine at positton 26,
whersupon there follws a second intron consisting of 250
e ws spocilival Iy dusignated. Following Lhis intron is an
exoo sequence [ armioo weid tesidues 37 thoowgh 35 und
thercalier a thind fmmn comprising §12 base pairs com-
mences. 'he subscguent exon codes o residhies 56 Lthrongh
1153 ot human PO and theee then commenses a tourth
intron of 1341 hases as specified. Tollowing the fowrth ntron
ia an exon coding for residue Nos. U6 through 166 and 2
o™ crslon CPGAY Finally, FICL 6 ideniilus a seguenee of
308 biavse puirs in whal appoeurs o be wo unlraoslaied 3 egion
ol the human PG gone, tvo base padrs of wlich (237 have
nol it heen umambiguously scquenced.

FIG R othes serves 1o ddeniily the primary strocioral
conlormation {amine acid sequence) o malure buroan EPO
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as Wcloding 1060 specified anwn acid residues (estunated
M W.=18.530), Also rovealod in the Lignre s the DNA
seguence coding for a 27 residue leader sequence along with
5 and 3 DINA sequences which may be sapmilican 10
promidersaperair linetions sl the homan pene pperin,
Siles Lor polerial slyeosylalion ol the malure human EPO
pulypeplide ure designated in the Figure by astedsks, 1 s
wortly of note that the specific ammo acwl sequence of TG,
6 lile:lv constitutes that of a naturally oceurriog, allslic form
of human ervthropaietin, Suppoct for this position is found
m the resulls of cantimied cTorts o1 sequencing of urinary
welates o human ervihrpotelin which provided the linding
(l1al 4 sigmilicanl oumber ol eryllwopoictin molecules therein
Lave o melbionine gl esidue 126 05 opposed Lo g serine as
shown in the Tiguee,

FIG, &, Delow, dlusiwates the extent of polvpeplide
sernence homalngy heowcen Toman and monkey EPOLC In
the upper contimnons lne of the Figure, smgle Ietter desig-
nalions are employed o reprosanl the deduced ranslaled
pohypeptide sequences of hwman OPO commencing with
residuc =27 umd the lower contimnes line shises The
deduced pelvpephde sequence af wonkey EMEY commuenc-
g al sssigned residue number -27, Asterisks are cmployed
10 highlight e sequence homelogies. 1 should be noted thal
the deduced human aud monkey LPO sequences mveal an
“adtidonal” lysine (K} residos o (luman) posidon 116,
Cross-reference to TG, & indicates that this residue is at the
marpan af a pulative mRMNA <plice pmaian in the penamic
seguence. Proscoce of the lvsioe wesidue i the haman
pulypeptide scquence was Curther verilicd by sequencing of
4 cDONA buman sequenee clone prepured om miENA
solated from C05-1 cells transtormed with the hnman
genomic IINA n Example 7, infra.

EXAMPLE fi

The expression system sclected Tor mifal allempts al
mivrabial synthesis of molatable quantitics of B palypep=
e maleral eoded Lor by the monkey <DIMA provided by
(e procedures of Example 3 wis one invalviny mammiilian

Levst cells (i e, COS-1 cells, A TC.C, No, CRL-10500, The an

vells were translected with a “shaule®™ veetor capable of
autenormews replication i Foocedi st {by wirtue ol the
presence of pRRAIZ-derived 1IINA)Y and the mammalian
hosts {by witlue ol the presence ol S¥4HE vims-dorived
DAY,

More specilivally. wn exprossion veclor wias consteled
accorting 1o the olloning procedures, The plasmid clome 83
provided n Lxampls 3 was amplified in £, eodd and the
appreximedely 14 kb monkey FPO-cneodmye ITHvA was
solated by TeoRI and ThindIIT digestion. Separately isolated
was an approxirnaiely 40 kly, Hind IS4 fragmment. mam
PHIREIZ Ao appreximadely 30 bp, bealll:Sall “lioke™ [rus-
wenl wis oblaloed LTom MUI3mpld BE DNA (1P and L
Tabaralories). This linker dncluded, i oseres, o BeoRI

sticky end, followed by Sstl, Swal, Bamlll apd Xbal rec- 56

oonition sitcs and a Sall sticky cod, The above three
fragments were ligated o provide an approximately 5.1 kb
micrmediale plasnmd £ pRRS™Y wherein the B DN A was
Mlankwd on one <wde baoa “aak™ of uselnl restriction encdio-
nuclease recognilion sikes. pLIRS was hen digested with
Hind[I and Sall 1o yicld the EPC DNA und (he Ecol?l 1o
Sall (M13mp10) linker, The 1.4 kb frapment was lipated with
an approximately 40 kb BamllSall of pBRA22 a0d
anather M1AmpL 0 ITindTLTamITl RT fraament linker also
harving approsimalely 30 bp. ' The M13 hnker ragment was
chirmeterised by a HindHH sticky end, Tislloweed by Bl Sall,
Kbul recogmilion siles and o Baml I siicky ¢nd. "The lmalion
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prochuct was, again, o vsefnl intermediate plasmid (- pBR-
LMY pelnding the EPO DNA fanked on hoth sides by
hanks of restriction site.

The veclin chosen fon cxpressiom ol the EPO IINA in
CO¥S-1 cells (FplXSYLEY had proviously been eomstrucied w
allaw for sclection and avtonomens replication n £ colf.
These characteriatics are provided by the arigin of replica-
i and Arrgicillin resistance aene TN A sequences present
o he wegion spanning owclotides 2445 througle 4362 of
pBR32Y. This sequence wus structucally inodiflied by U
wddition of o linker providing 4 Hindlll weognilion imme-
diaely adjacent nuelemide 2448 prio 1o incorporation ino
the veeton, Among the selected veetor’'s athor vsetul prop-
erties was the capacity to tenomously ceplicate n CO0S-1
cells and the presence of a viral promuoter sequence func-
Vil ore muarrmelion cells, These chareeristiics sre e
widid lrv e vrigin ol replivalion DNA sequenee and = Jate
wene” vinal promoler DMNA sequence presen, in (be 342 bp
sequence spanning nucleotide numbers $171 through 2R ol
the V40 genmme, A voique restiiction site (BawlIl) was
provided o the vector and immediately adjacent the vieal
promater sequence through use of a commercially avadable
hinker seouence (Cnllahoraiive Rescarch. Adse incor poralcd
o the wector was g 237 buse puic segquenes (denved as
nuclesiide numbers 2353 thirough 2770 o $W40) conlaining
the *Tale gene™ viral mRENA polyadenylation signal
[ennwonly referred 1o as a feabscription terminator). This
[ragrment was positioned jo the vector o the proper urico-
[atian ¥is-1-vis the “late gene™ virdl promoter via the unique
BaomHI =12 Alsa present m the veelar was amalher mam-
o I pene ol o keeation ned material 160 pedeniial ranserip-
ton ol s gene inserted al the vmique Baml I sile, belween the
viral promoter and terminator sequences. [The mammalian
gene camprised an approxunately 2,500 bp monse dibivdeo-
lolate reductuse (DITTR)Y minigene imolaed Tom plasmid
pMG-1 a5 in Gasser, et al, NNAS (I754) 79, pp.
GEZI—65 20, (1 9R 2] ] Agein, the major operalive companonis
B plammid phSYLL eormprise noelestides 2445 through
4352 ol pBIL322 alng wilkh oueleolides 3171 through 270
(342bp) ancl 2353 thronah 2770 (237hp) of SV40 TTNA,

TFallowing procedures described, <.a., in BManiatis, et al.,
supr, The ERC-cncedine, DNA was isolutud Teeme plasond
pBLR-LFO s g Bamlll Gasmenl and lsaed ine plasmid
pLSYLL cul with BamHI Resiretion ciyme analysis was
emploved o eoofinm wsection of the LPO gene 10 the comrect
oricatation o two of the esultng eloned victors (duplicate
vectors [T and T.). See TIG. 2, illustrating, plasmid pDSYT .-
MKE. Vectors with L0 genes in the wrong orientation
[veaiors KX amd ) woere saved Tor wse as negative conbils
m lramsleciion experimenls desizned Lo delennine LIO
cxpression lovels in hosts wapsformed with voclors baving
EPO DNA in the courect origntation,

Veclors HL L, F, ®oand G were comibined with carrier
TINA {rnewse liver ad spleco DNAY wore emploved 10
rupsliecl duplicale 60 mm plaes by caleiun phosphale
micripredipiting mothods, Douplicae 60 mm plaies were also
rranstoetod with carricr DNA as a “mock™ tragsformation
nepatree control. After five davs all culmre media were
rested for the presence of polvpentides possessiog the immu-
nlirpical propertics o narally=uecarring B

EXAMILET

A Lutial LYY Lxpression System Lvolving COS-1 Cells
The system sclecled Tor imilal attempls al mmermbal
syoiliesis ol iselatable quamtiics ol hman EPO polypeptics
malerial eoded lor by 1he human genomic DA LPMO ¢lone,
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alsn lovolved expression o mamumalian bost eells (Le,
COS-1 cclls, ATCC, Mo, CRL-1650), The mman F1O
gene was first sub-cloned into 1 “shuttle™ vecor which is
capable af amomomous rephcalion in bath & cofi hosis (by
virlng al the presence ol pHR322 derived DYNAY and mthe
mammalian el Hne CO5-1 (by vitwe ol the proseoce ol
SVA0 virus dedved DNAY, The shultle veclor, containing (he
PO pene, was rthen transfected mto C0S5-1 cells FPO
polypeptide material was produced i the transtected cells
and secreted nwa the cell culmre media.

Maore speciliclly, qn expression veelar sis construcil
according |o lhe lellewing procedures, DINA solaled [rom
lumbdy clone #hEl conlining lbe human genomiv EPO
gene, was digested with BamIID aocd IHodIID restriction
codeaueleases, aod a 3.0 Kb DNA frapment koown to
cantain the entice EPO pene whas jsolated. This fragment was
mized and ligated with the bacterial plasmid pUCS
(Hoethesds Ruscareh Daborstorics, o shich Tal been
similarly  digesled, erealing the inlermedisle plasmid
CpUICS-1Tul”, providing a comvenicnl sourie ol this resiric-
tinn tragment,

The wector chosen for expression of the TPO TINA n
CO5-1 cells {(pSV4SLEL) had previously been consrructed.
Plasrnd pSYASEL contained DINA sequences alliswing
selection aod auwtonvmouws replication o 2L enlff s
chianvlerisies are provided by (he odgin ol replication ind
Ampedlin resistance pene DNA sequences present w the
egion spaoning uvcleotides 3448 thremgh 4202 of the
bacterial plasmid pTIR32Z. This sequence was strucmrally
modified by the addition of a Loker providing a TlndIIT
reeoyrmilion sile immediiely adjacen 1o nueleohide 2448
Plasmid pSYASEL was also cupable of auenomoews replica-
Hon o COS-1 cells, 'Lhis charaglerisic was provided by a
342 by fragment containing the SV40 virns ocigin of repli-
catiza (ovcleotide oombers 3171 theough 270), This frag-
inent had been rmodified by the addition o' a linker providing
an CeoRI recognition site adjacent to nucleotide 270 and a
Fnker providings a Sall recominom sile adjacent nucleotios
F17AT001 by Trawment al 38U s o lse presaan in s
vielor foueleolide numbers 1711 through 2772 plus a inker
prowiding a 5all recoguition site next o nucleotide munber
27F) Within this fragment was an vaijve Baml recmg-
niton sequence. In swinmary, plasmid pSVISTLE contained
unique TamTIl and [TindIIT recagnition sites, allowing inser-
fiom ol the hmman BPOY sene, seaqnences allewma replivation
and sulection in foendi, and segquences allowing, replication
m CO5-1 cells,

L arder to wnsect the LPO pene ok pSVASLt, plasmd
PFUCE-TIUL wae digested withi TamITT and TTindIID resdric-
tion endonucleases and the 5.6 kb OPOY encoding DNA
fragment isololed. pSYASEL was also dipesied with BamHI
arcd Himel D amd e muajor 2313 by Tragrmenn soloned
(proscrving all pecessary Lunclions), These ragmenls wore
mixed and ligated, crealing the Ooal veclor ' pS8ygHuEPO™,
(See, TI3. 3.) This wector was propagated o F. ool and
verlor TINA isolaled. Pestriclion eonsyme analvsis wis
ermploved to confiem ingertion of the TPO gene.

Masronid pEYoHUBPO DNA wos used 1o cxpress horman
LoD praaly e plide oo Le il dn 208- 1 eells, More specilically,
pSVeHUEPO DNA was combined with cuarricr DNA and
transfected into tnplicate G0 mm plates of C05-1 cells, As
a comtral, carrier DINA alone was alsc transtocted o
COS-1 cells. Cell culure media were sampled five and
seven days bner and Lested for the prosenee of polvpepides
possussing, the immumalgica | propertios of natarally pecur-

ring humian LI,
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B. Second LPO LCxpression System Iuwalving C0O5-1
Cells

SUNL wowther svslem wus designed b provide onproved
production ol lman KRG polvpeplide material coded by the
huran genomme BNA EPCY clome m C05-1 cells (a0
Mo CRL-1650).

To thie immedialely preceding svstom, EPUY was expressed
in CS8-1 cells using, its own promoter which is within the
.4 Kby HmmHL 1o Hind I residestion Mragment. Inohe (ol-
lowmy consiruclion, e LM genc 5 allercd so lhal il s
erpresscd using (e SV lule promaler.

Mare specifically, the cloned 5.4 Kh BamlTl to TindIIT
rennmmie human EPEY resineion Fragment was modilicd by
thie Tollowing preecdwres. Plasinid pUCE-Huk., as duserilud
ibowve, was cleaved with Baml T and wilh BslUI resiriclion
vndonueleases. BsIEIL cleaves within the 5.6 Kb EPO gene
at a position which is 44 base paws 5' ta the mitiating ATG
coding Tor the pre-peplide and upproximately 680 buse puirs
3 o the ITindIIl restriction site. The approximately 1900
base patr mgmenl was tsolafed. A synihelic Imkor [INA
fruprmiem, cemaiming Sull und B BN sucky orals urel an
nleral Bamlll recognilion sile was synthesized and pun-
Led, The two Lagments were mixed ind Hoawed willi plas-
wid pBRA22 which had been ent with Sall and BamIIT o
produce the wlermediale plusmid pRBRAHE. The gemnnic
human EPO gene can be isolated therefrom as a A900 base
parr BamHI digestion Fragment earnang the complel: sime-
ural prene with o single AT 34 hase pairs 3150 HimHI s
wdjucenl |be amine lermmal coding region,

This fragmen was isalaed aned inseriad ws o BumHI
feugrmient wle BumHL cleavid expression veelor plasnnd
pLSYLL (described in Example §), The resulling plasmid,
PSSV gHUER, as Mustrated in FICE 4, was used 1o CXpTCSS
LIMO polypeptide material from COS-1 eells, as deseribed m
Cxamples 6 and 7A.

EXAMILES

Cullore media [rom growil of e six ransfecled C0S-1
culmies of Cxample 6 were analyzed by radiodmmincassay
gocording Lo the procedures set Nt o Exanple 2, Pun B
Luch sarrmphe wies smsayed al 250, 125, 50, aond 25 microliler
aligued levels. Supematants rom gt of colls mock
iransleeled or fransfecied wilh voelsrs having mooTes E1O
vene oricnlalion woere unambiyuously negalive Dor LIO
immunereactivity, Tor each sample of the two supernatants
derived from growth of C0S8-1 cells ransfected with vectors
(H and 1 having the EFCYIINA o Lhe correct unwotalion,
the % inhilitivn of "FI-CPO hinding 1o aotibody ranged
fram 72 10 885, which places all walues al the op ol the
standard curve. The exael oencemration af BPE moThe
cullui: supernalaal could pal en relably be eslimaled, A
guite conservative estimate of 30 mUiml was made,
however, from the value calenlation of the laroest aliquor
sia {230 inivroliwr).

A represcntative enlm: Huid accondme to Lxample 4 aod
five and seven dav culmre fluids obtained according to
Fxample 74 were Tested inthe RIA im0 arder 1o sompure
Activily ol reeinnbinanl monkey and horman BPO materils
1o nalurally-occurdng human EPO standacd aod vhe resulis
are solooul o graphic [oon in FIG. 1. Brielly, the mesulls
expectedly revealed that the recowmbmant wonksy LPO
signdicantly competed for anti-lwman LPO - aotibody
although it was not able to completely inhihit hinding under
the test comchiians. The maximum percent inhibition values
for rceombinant human EPOL haweewer, closcly approxis
maled those ol the human EPOY standard, 'The parallel nalute
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of the dase esponse curves sugpests nummaolageal wentity
of the sequencss (epitopesp o cmmnto, Prior ¢stimates of
mankey LPO in culture fhuids were re-evaluated ar these
higher chlultion levels and were Fmnd 1o tanee [rom 2,91 10
302 Usinl kstirmaied human BPRO prodeciion luvels were
correspondingly sel gl 302 mUml Lor the live-day rrowtlh
sumple wnd 367 mUsml [or (he seven day growlh sample.,
Cstimated monkey CPO production levels i the Crample
713 expression svstem were o the sawe ocder or better,

LEAPIL Y

Culwire fuids prepared according to Pxamples 0 and 7
wiere stlyjected tooan o vitoo agsay for LIPO) astivity accord-
mg L the procedure ol Goldwasser, ¢l al., Epdocrmelogy,
O7. 2. pp. 315323 (1975). Cstimated monkey LPQO values
for cultwre Huids tested ranged from 3.2 to 4.5 Uiml [Tuman
LR coltuee finids were alan active o ths movitoo assay aad,
[urther, (his acidvity could be nemralived by 4nli-IPO anti-
body. The reeombivaol mookey EPCY cultwee wids aceond-
3 to Crarmple & were also subjected to an assav for in vivo
biological acrivity according to the geueral procedures of
Cotes, et al, Mawee, 191, pp. L063-1007 (1961} and
Hummomd, 1 al, Ann. &¥ Acaed Sed, 139, pp. 510527
(I90R) and activity levels runged Trom 0.9 W 1.21 Tml.

LxAMPLL 10

Inn the proviows examples, reecmbioant mookey or harnae
LPO material was produced from wectors wsed 10 transfect
C5-1 welly, These weetors teplicals in COS-1 cells duc 1o
Me presence of SYHCT sligen within e cell amd an §V40)
vrivin of replicatism e the veerrs, Thiugh these veolors
produce wselul guaotitivs o BEPO jo C0S5- 1 cells, exprossion
is only fransicnl (7 1o 14 days) duc to the cventual loss ol the
veelon. Addiiomilly, omdy o small pereentage of COS8-1
hecome  pruietively mansfected with the weclors. “The
prosuol csurmple describes uxpression systens cmpliying
Chiogcse bamster ovary (CLOY DIEFR oolls aud e selocr-
able muarker, DIIUR, [For discussion of relaled cxprossion
syslems, see DS Pal No. 4300316 and Eurapoan Paleni
Appheations 117055, 117059 and 117060, all publshed
Aug, 30, 1084.]

CHUY DHEIC calls (DuX-B LT UHO KL cells, Urlaul, v
al, Proc. Not Acad. Sel (F5A V0L 77 4461 (1980) lack
the enryme dibydrofelae reductase (THITR) due to muta-
foms i the situctural genes and therclome regquite the pros-
ey il plveine, ypesantlome, ond thynondine o the enlure
inedin, Plasmids pDSVI-MKE (Exurnple 6) or plEVT-
gllu 10 (Lxample 7B) were lranslecled alopg wilh carier
DMNA oW CHE DHER™ cells mowing in media conlsining
byvpercimibime, thymiding, and glycine in 60 mm cullure
plates, Plasenid p Ve Hu EFOY {Esarmpale 740 was mixed will
the plasmud pMG2 contaming a muemse dibivdeofolate codne-
luse vene cloned nwe the bacerial plasnid veelor pR3Z2
fpor Cuasser, f al, supra) The plasmid misiure and camicr
IINA weas ranslected mile CHO DHEFR T colls, (Oells which
acquie one plasmid will geuerally also acquie a second
plasmid) Aller lbree days, lhe oells wero dispersed by
wvpsinleiion inle several 100 mm evlee plales io media
Licking hypaxanthine and thymidime. Omnly these cells which
have been stably ransformed with the DITTR gene, and
therely the B gene, anrvive i this media After =21
days, colomics of surviving cills became apparenl. Thesc
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rrapsformant colanies, atrer dispersion by frvpsinization can
be conlinuously propasiled  medis lacking hypoxantlin
and Ihymidine, crealing new cell siraios (e, CLIO pDSVL-
AELPMO, CHO pSYal BP0, CIIO-pLSYL-gl T EPO),

Culiure Nods rom the above coll sirains woere esled m
the R1A fior the peesence of recambinant monkey or human
LPO. Media Tor strain OIIO pDSVI-AMLEPO containsd
ELO il frnmumslogivul propertics like thal alsained Cnom
CO%-1 cells transfected with plasmud pTISVI-MKEPOL A
represeatatve 03 hovr enltuee Brid contamed moukey LPO
al 0,60 Uml.

Culmee fluds from CIIG pSValluLPO and CTIG
pLSYL-gllul M0 conlained reeombinanl boman LD wilth
mmunologricsl propertics like thal ohuined with €205-
cells translectal with plusmid pSYpHuEMD or pl)Sy -
slluliPO, A representative 3 day enltore Hoid from CLLIO
pEVEIILELO containgd 2,99 Uiml ol human BI'O apd a 5.5
day sample lrom CHO pOSVL-eHuBEFO hud 18.2 Uanl of
human kPO as measired by the 1RIAC

The guantity of LPO produced by the cell strains
temeribed above can be inereased by vene amplilication
uiving new cell strains o] greater productivily. The eowvme
dihydrofolare reductase (DITER ) which is the product coded
for by the DHKER gene can he inhibited by the drige meth-
nirexsie (MTX). More spocilically, cells propagaied n
rrivdia lucking bepoxaolbing zod thyrnidiog wee dolnbiled or
killed by MTX. Under the appropriate conditions, (e.g.,
minimil conceniridions of MTXY colls resisianl w and able
1 e i YT X cam be ohiained, These cells are fnnd 1w
I remistent o WU cdue o an amplilcation of the noermber
vl thelr DHFR penes, resultiog o inereased productivon of
DHINR enevine. 1Te sunviving cells can, in turn, be treated
willl increasing coneenlralions of MUX, resulling m ccll
sirams contnimng rrealer numbers of BHER genes, *1fas-
senger pones” (e, B carrivd oo U cxprossion e
alogg, with the DLINR gene or transtormed with the LHLLL
wene ace [egquentdy found alse o be inereased in their genc
capy numher.

Asg examples of pracrce of thiz amplification svste, cell
sirain CHEY plSV]MEE was subjecicd (e incrcasinge MTX
canceotralions (0 ok, 30 oM and D oM. Represeinative
65-hour cultuee media sarmpiles Trom each amplification step
wereg assaved hy RIA and determined to contain MLG0, 2,45
amd G LAl respectively. Cell strain CHOY plDSYT -
vHuFE was subjeeled e o series o increusing, MTX
conceatrations of 30 oM, 50 oM, 100 oM, 200 obd, | M,
and 3 pb] MUX, A represcnlalive 3-day cullure media
sample fom the 100 o MIX slep conluned buman EPO

culiul mcciom samples T the Tk and | b MITX
stops contamed, respectively, mman LPO at 4606 and 1352
Uil as judged by RLA Giverage of irpHoae assays), 1o
hese provedunes, 1l 07 colls wore plited in & ml ol media
m fibmm culine dishes. Baweniy=four hours Inler the media
were removed and replaced with 5 ml of senun-tree media
(high slucoss DMEM supplomented with 01 mbd oon-
vasenlial amino acids and L-glulomine). EPO was allowed o
securnlale or 45 hours inothe scrum-Tree media. The media
was collected fur RIA assay and the cells were trypsinized
and eounnted, The averags RIA valucs of 407 Uiml and 1352
Wml ler oells grown al 100 oM and | pb MTX,
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respectively, provided acmial yvields of 2333 Udplate and
6730 Wiplale, The average cell mombers por plale wers
1.94%10% and 3120 colls, respectively. The slloclive
produclion rales or these cullupe conditions were (hus 1264
aned 2167 LT coll=id8 hours.

The cells in the cultuces deseribed immediately abase are
a genebically bietervgencous populalion. Standacd screening
procedures are beinp emmployved v an attempr to isolate
genciically homogencous clomes with the ighest production
capacily. Sce, Seclion A, Part 2 al “Pomni= e Consider m the
Characteoiaation of Cell Lines Used e Produee Biolesgios™,
Tun. L, 1984, Gffice of Tinlogics Research Reviesw, Center
[or Drugs and Blologies, US. Food and Drvg Admindsira-
o,

The productivity of the TPO produciog CTIO cell Lnes
deserihed above can e inpooved by appropriate scll enltne
teelmigues, The propugution of warmmalise eells o enliurs
senerallv requires the presence of serum n the growth
media. Amethod tor peoduenien of ervthropowetn from CTIO
cells in media that does pat eontamn semm areatly tacilitates
the prilicativa el crythropeictin from the enliore mediom.
The method described belowe is capabile of ecousmially
producing ervthropoicetin in serum-free media in large quan-
fitics sulficient for production.

Straun CTIOY pDSVL-pITUEPO cells, grown i standaced
cell culture conditions, are vsed to seed spioner cell culture
Oasgks. The cells are propagaled as a sugpension ¢l loe n
(e spioner ooll cylwes Dask inmedia consising ol s 3¢ 50
moxture of high aglucose TIMEM and ITam’s T2 supmple-
weated with 3% fetal calf servm, L-glutamine, Penwdlin
ad Streptonrvein, (L5 mM non-essential aotina acids and
e approprale congenlraiion of melholrexile, Suspension
cell culture allows the TPO-producing, CTTO cells to be
expanded ewsily to laree volumes, CII0 cells, anown w
suspension, are used to sesd rollsr bottles at an nitial
sewdling demsity of 1500 viable cells per 35 em™ rolker
bottle o 2000l ol inediz. The cells wre allvaed o grow 1o
canfluency as an adherent cell line over a three-day perind.
The meia vsed foc thes phase of the geowth s the same as
useed Tor grodh mo suspension. Al the end of the threc=day
ariwth period, the serum contamiog medis s oermoved and
replaced with 100 ml of semm-free media; S0—50 mizture
of high aluense DAMIM and [Tam®s TL2 supplemented with
(05 mb non-cssenidal amina acids and T-glutamine. The
reeller lwetles are retorned 1 the raller ban e inenbator for
petiod ol 1=3 bouwrs und the media agaio s remesed wnd
replaced wilh LW ral ol Tesh serum-liee medis, The 1-3
bour invubalion ol the serum-free mediy reduces e con-
ceniralion af combiminating sermm prineins, The roller
botlles wre returmed o the Deubaier o seven dues during
which crytheopoictn accnmmlates w the sernm-tree enlture
media. Al the end of the seven-duy produciion phase, he
comditiomed  media s removed and replaced with fresh
serum -lree medium for o sceond prodoction evele, As an
example ot the practice of this production systewn, a repre-
wilallve scven-eldy, wium-lTce media sunple conlamed
bumin erylimpoiclio 1 38922409 Uinl as judeed by the
REA. Hascd on anestimated cell densiny of 0.0 1o 507
cellsiem™, each 850 am? roller hotile enntained from 0.73 o
1.3x107 cells and thus the rate of procluction of LIO in the
T-day, 100 ml culture was 730 10 1470 UA0" cells 48 hours,

5,055
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Colture Howds from cell stram CIIO pDSVL-MELPO
carried 10 ob MTX were subjeciod 1o RLA io vite and
1 vive LM aclivily assavs, The condilioned media sample
conlaied 41.2+1.4 Wml ol MEUDPOY s measurcd by 1he
REA, 41 20064 Ll as measared by the m vnimo Biologgical
aetivily assay and 42,523 Ll as measured by ihe in vivo
biologicul aclivily assay., Amino aeid sequencing of
perlymeplide qaduct= revealed the prescnce of kI
proviucts, o panoiple specics having 3 restdues of 1he
Cleader™ scquence adjucent e pulaive aming lenminal
alanine. Whuether this s e resull ol ocorreel memilica:
processiog, of the polypeptide e CHEY cells erorellects o
dilTerence m structire of the amine lermnus ol menkey
EPO vis-a-wis human TPO; s presently wnknown.

Cullore uids from eell strain CTIO - pDSVL-al PO
were snbjected to the thees assaya A 3.5 day sampls
conbined recombinan humen B in the modia o g Tewel
of 18,2 Uil by BIA assiwy, 158246 Usml by do vilo assiy
and 16,5230 Liml by 1o vive assay.

Culture Theigd Troers CTHEY PSSV g Ho B cells prrepuard
amplilicd by siepadse TOD nhd MR wore subjeeizd o the
three assays. A 30 dav sample contaimed recormhinant
bumun TPOY al a level ol 30892129 Tim) by RIA, 25862715
Ll By 1o viiro assay, and 204021450 U ml by 10 vive assay.
Amine acd seqmensing of rthis product eveals an amioo
lerminal eonresponding 1o Thal desymnied in FlG. 6.

el conditioned media foom CTICr cells transfecred with
plasmid pDSYL-MEL o 10 M MIX were pooled, and 1he
AT dialyzed out over seweral davs, resultiog in media with
A B setivity af 2212500 LAl (EFO=COMY T deerminge
e inovivee elfect af the EPO-COM upsn hemaoerit Tevels
W nomnal BalbyC miss, the tollowing cxperunent was oon-
ducted  Cell condiloned media rom unlranstecicd C1IO
cells (CCR) and EPO-COM were adjusted wich PBS. CUM
was wsed for the conoel group (3 mice) and two dose levels
el BIM-COM—4 unls por ueclion aod 44 ames per
mjeclion  werne coploved for the expedmental groups (2
micergronp). Over the course of 5§ wecks, the seven mice
were wjected trapertoneally, 3 thnes per week, Atter the
cighth injeadion, average hematocril values Lo the eonlrol
group were determined o be 5001%; for the AU group,
535.1%0; wnd. for the $4U proup, 67.9%.

Manunalian cell expression products may e readiy
rooovercd i substanlially purilicd Lorm tom culture media
using HELC (C,)) employing an clhanol gradicnl, prelfonably
at pIT?.

A preliminary allernpl was made I clutacioas recom-

Frimant glyerqurotein prwlucis Tun conditieoed medimn of

©CS-1 and CHO cell expressico ol thie buman ETO gene o

camparisen W buman urinacy LPO isolales wsing bolh
Wiestern blol analvsis and SOS-PAGE. These sludies indi-
caled thal 1he CHO-prochiced EFEY malerial Rad @ somewhal
bigher releculac weighl than the CUS-1 exprossion praduct
wiich, i1 tucn, was slightly larger than the pooled soucce
humun urinary extracl. All producls were sotnowhal helero-
gC]’IL:l"I]IS. Nt'_'.'IJT:'I'I'I'I'iﬂ]-[]ii.‘\'-L', C]'I'I.}'I'I'IL: Treatmen? lo remove .‘&'i:i”t_'
aaiil resulled n COS-1 and CHO reeombnmami, praducts of
approximately squal vwalecnlar weight which were both
oonelbeless larger lhao (he wesulling astalo lwman vndoary
cxiracl. Endoglyeesidase Fenzyme (EC 32,1 weiimenl of
the recombinant CHO product and the urinary exarae, prod-
uet (o totally remove cachohydrate from both) resulted in
aubgtantially homogencons products baviog csscotially
identical moelecular weight characterislics,
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Pucied bnman vogacy LPO and 2 recombant, CIIO
cell-produced, TPO accoeding o the imvention were sub-
Jeeted o carbohydrale analysis sovording @ lhe procedure of
Luedoen, ¢l al. Meshods in Engymofog, S3(Parl D), 130141
(1982) an modihed threugh wse of the hvdoelysis prosodures
ol Mosser, clal, Azl Binchem,, 142, 38-67 (19847, kxpen-
wenfally determined cacbobydrate coostitution valves
(expressed o8 molar ratios of carhehydrate in the product)
[or the urinary dsolale were as [ollows: Nexoscs, 1.73;
MN-geetvlgloocossming, 1; MN-acolylneuraminic acid, 0.93;
Fuase, U; and Neaculyl-oulaclosamine, O, Corresponding
values [ow the tecombinant produel (dedved Trom CHO
PDSVT 2TEPO 3-day cultwe media at LK oM MTH)
were as follows: TTexoses, 15.09; N-acetvlalucnsamioe, 1;
MN-acelyinewraminic acid, 0Y98; lucose, ) and
MN-aectvlgalactosamine, (), These indings arc consistont with
the Western blot and SNS-PAGE analvsis described abowve.

Gilvooprotein produces provided by the present invention
arve Lhus comprehensive of products having s primary simie-
tural conformation sufMiciently doplicatve ol thar af a
valurally-oceurring ervibropeictio o wllow passession ol
ohe Or Mol ol 11e blological properiics hereol and baving
an averige carbohydoale composition which dillers [rom
that o natrallv-ocenrring crvihropedcun.

EXAMIMLE 11

The present example elutes o the letal maoalueiue by
assembly of nucleolide bases of two siruciural geoes cncod-
ing the human species BPO sequeace of TIG. 6 and
weorporating, respeckrecly preterred™ oodons for cipros-
sion tn Foocoki and veast (5 corevisfac) cells Alse described
m the construction of genes encoding analogs of human
EPO Briclly stanad, the proieen] crnployued wies sencrally s
sel oul o the prevusly noed diselosuce of Allen, ol al.
(WO 83040530, The genes were designed [or inilial asscm-
bly of companent aligonuclestides wbte multiple duplexes
whiclh, m tirn, were assenilled it thres discrete secrons.,
These sections were desianed for ready amplification and,
upon removal from the amplificaden system, could be
assem bled sequenially ar thrwgh o multiple fragment lipa-
Lin i swilabsle ©xprossion veeloer.

TIGSH. 10 throwgh 15 and 7 below llustrale the design and
assembly of o man lacired pene encoding o humam EPQ
framslarion product licking any leader ar prescgocenee b

including an imilial melbionine residue al posilion -1, 4

Moreoever, the gene incorporated in substantial part 2. cali
preference codons and the constmction was therefore
relorned we us Lhe “ECEPQ™ gone.

Maore parlievlarly, LG, 1 ilosirales oligonucleniides
ermploved by penerate the Secrion 1 of the TOLPO pene
erending amine lenningl residuces of dhe human species
pelypeptide. Ulipooucleotides were wssembled oo
duplexes (L and 2, 3 and 4, cie.) and 1he duplexes were then
Tigaled 1o provide ECEPCY Sceiion 1 as in BTG T Nade tha

the assembled section ncludes respective terminal LenRL 5@

ad Bamll sticky cnds, that “downstream® of the LeoRI
stcky end is 1 Xbal restriction enzyme recognition site; and
thar “upsireamn™ ol the BamHI sticky end 1= 0 Kpnl reeogs-
mition st Seetien T conld readily be onplilied paing the
M3 phage veclor cmploved [or verificaion of scquenee of
(e seelion. Some dilivullics were cocountered 1o isolaling
the section as an Xbal/Kpol frapment froon RI DNA gen-
crated in £ eoll, Lkely doe o methylation of the Kpol
recognition aite bases within the host. Sinale-stranded phage
IIMA was thorelore dsalaled and rendered mie druble-
strandel T in vitra by primer wxdension and the desinl
double-siranded frapment was (hereallor readily isolaled.

5,95
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LOLPO gene Sections 2 gued 3 (TIGS 13 aod 15) were
canstructod woa sinular manocr from the alipomicleotides of
TGS, 12 and 14 reapectivelv. Lach section was amalified in
the M13 veclor employed o sequence verilicalion and was
isirled frome phage NAC As i< apparen Trom Kl 13,
LOLEPD Seetion 2 was constructed wilh Leoll and BamllD
siivky ends and could be folated s o Kpol/Belll Tagment,
Sunilacly, BCCPO Section 3 was prepared with BamIT and
Sall sticley ends and could e isalated from phage RITDNA
as a BalllSall fragment. The three secrions thus prepared
cam teadily be assembled o s coninuous 1NA sequence
(FIG 7 eneodimy the eniire human specics BRO polypep-
1ide with #n amino lerminal methionine codon (ALG) Lor £.
coli wanslalion ioiliation. Kol glso hal “upsiream™ of the
ibial ATG is a senes of base pairs snbstantialy duplicating
the riosome biding site sequence of the Lighly expresssd
OMP-I" zone ol 2. cole

Ay suitable expression vector may be employed to carry
the RCEPO. The pamdculsr vestor chosen Tor cxpression of
the FOIRIMY penc as the “lemperalute senstive” plasmd
pCLMS36—a derivalive of plasmid pCLME LG (A TCC
A0076)  as deseribed io co-pending ULS. paleot applicalion
Ser, No, 036,727, filed Aug, ¢, 1984, (Published CPO
Application Noo 736400) by Churles Fo Morris, 3o
specifically, pCTMS56 was dipesied with Xbal wod TTiodIT:
the large frapgment was isalined and emploped 0 wo-pan
Hgatom with the BOCEPGY rone. Sechons T Xhalfkpnl), 2
(Kpnl/BglDy and 3 (BglIlSaD had previcusly been
ussembled in (e correqt order o ML3 and the LM sene was
ianlated therefrom as a single Xbal ATl fragment. This
Teugrment included a pertiovo af the polylioker frem M I3 mpy
phage spanoiung the Sall o TTiodTT sites thercin. Contral of
cxression in e resulling cxprossion plasmid, pa36, was by
means ol a lambda P amoler, which fsel D may be under
conrol ol the Cpe-s repressor wene (such as provided io £,
colf slrain KLZALLTp)

The manulaciured LCLPO gene above may be variously
modified 1o encode ervthropoietin analogs such as [Asn®,
Uea-ro® threugh HeTTERC wnd [Hues JhEFLY, as duscrilnd
Ire Lo,

A | Asn”, des-Poe”™ thirough Tle® |hEPE)

Plasrid 536 careving the TOTPO manufactured gene of
FICGE s a0 Mhal i HindlH nsen was digested with Hindll |
anid Xhol The lalter endomualonse cuts the BRI mene al
i umgue, & base palr recognilion sile spanoioy e st base
nof the codan encading Asp® throngh the second hase of The
Aup' codon A XbaLXhol “linkes™ sequence was manvfac-
tured having the Tollesing sequencs:

¥hat + @ * HH @
Fel Ala Ren ya hen

B oD AUE GUT BA LEC ar-3

3'-TAT OGA TTA AMG OTC AZOT-5

whal

The Xbal. Xhol hinker and the Xhol TTindlT COLPO pene
sequence ragment werne inserled mio the large rapmmen
resulling ltom Xbal apd 1lindIID digestion ol plasimid
pCLMIZe o derivallve of plasmid pCLMALY (ALC.C
76 —as described o co-pending TS, patent application
Ser. Mo, 030,727, filed Aug. 0, 1984, by Chardes 1 Moris,
L pererale 1 planed-borne DMNA sequence encoding, Fo.ocedl
cxpressiom of (e Mo~ Torm ol e desimed amaliys.

K. [His ThE1O

Plasmmid 536 was dicesied with HimdlH and Xhol ax
parl Acabove. A XbalXhol linker was mean lactured having,
1he Lollowins soquenog:
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EheZ | 3 4 El G 7 El o
B! -QTRG ALG OOT €00 COCAR OCOT OTC ATC CRI CARC-Y
JU-TAD JCA T COT CCA CAC TAC CIA ITC ATCT-G

The linker and the Xhol[LTindlID ECEPMO sequenee 1Tae-
wenl were then doserted mlo pCEMS20 o geocrale a
plasmid-borne DNA sequencs cacading £, colf expression
of the Bet ' form of the desired analag,

Constructivn of a manulaetored geos (CSCEPOT) incor-
puraling vessl prelvrence codons s as described in lhe
lellonwing FICGES. 16 through 21 anid 8. As was The case with
the LCEPC gene, the entire canstoiction ivolved formation
of three sets of alizomiclentides (IG5, 16, 18 and 200 which
were formed into duplexes and assembled into ssctions
CRIGES. 7,19 aied 210 Mg than symibesis was Dacilised m
pacl by wse ol seane suli=qotemal codens in bottn thie SCEPCG
ad ECEPD conswruclions, 1., oligonwcleotides 7 12 of
Scetion T ol both genes were idenlical, as were oligonocle-
oides 16 of Section 2 m each geoe,

The wwembled SCEPO seetivng wore sequenced o M13
ad Sections 1, 2 and 3 wers {olaable om be phage as
Hind TR pnl, Kl BATL and BelTESall fragmenis,

The presently prefecred expression system for SCOPO
gene products 18 4 secretion svatem hased on S.corciesies
A=lacier seeretivnn, s deseribad in copemding LS. padent
application Scr. Mo, 487 753, liled Apr. 22, 1983, by Granl
A Biller, published Dol 31, 1984 a3 Luropean Puler
Applicatien 0 123,204 Briefly put, the systen orvalves
constrictions wherewn DNA encoding fhe leadsr sequencs of
the veast a-luclar gene product s positioned irnmediatel v 5
to the eoding reaion of the exopenous aene to be expressed.
Asoa resuly the rene procluet translated includes o leader or
sirpal sequenss which 1s Y processed oll™ by yn cndogenaus
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viepsl enzyme In the course of sceretion of the remainder of -~

the procduct. Because the construction makes use of the
ce-factor translatien wibiation (ADG) eodeu, there was no
need W provide such o codon wl the -1 position ol Lhe
SCEMD rene. As may be noded Tom FIGE &, ihe alimine (+1)
ereoding sequence 1% preceded by a Hnker seiqence allowe
mg lor direel mserlion ol & plasmid neludme the A Lot
Ihe frst SO residues ol 1he c-Laclor leader [ollowing e
re-factor promoter, The specific preferred constmuction for
SCLPO gsene expression involved o fownr-pact lipatien
including the shove-nowed SCEPO section Tugments and the
Targe Fragment ol HindTTLSall digesidon ol plasmid ped?3,
From dhe resulting plasmid pecd 3SCRIMOL the e-Tacior
promeder and leador sequences and SCLIMY gene wore 1s0-
lated by digeslion with Bumlll and lgaled into Bamlll
digested plasmid p¥L to form expression plasmid pYL!
SCTPO, TXAMPLE 12

The present example relates o expression of recombinan
produects of the mamitactueed TCTPO and SCTPO penes
withio the cxpression svstems of Lxample 11

Imuse ol the expresann sysiem desigmed ot ise of fo el
beosl cells, plasmid p336 ol Liample 11 was ranslormed
mla AMTE, eolf cells previously lranslormed with a sullable
plasmid, pMWL1, hachoring a € - pene. Cultures of cells in
LE broth (Awmpieillin 50 gp/ml and kanamyeimn 3 pe/ml,
profecubaly with 1O mM MaS0) were midntuiimd al 28% O
amd wpon growlh of eells inoewllvre w G, o, EPO
cxprosson was induced by rnsing the eoltre lemperaluTe 1
42° C Cells grown ta abont 440 00, provided LIO pro-
ductinn {as catimated by gel) ol abowt 5 mgQLY liler,

Culls were harvesied, Tvsed, broken with French Press

{10,000 pei) and reaed wilh lysowyme and NP0 delergwnl,

o

i
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The pellet wsulling rom 24,000 xg contdlinmalion was
solubilized with guanwline I1IC] and subjected to torther
purlication ina simele sep by means of O (Wvdue) Reverse
Phasc HILC (KIOH, 0§06, 50 mM NH, Ac, pH 4.5}

-, Protein sequencing revealed the product to be greater than

G5% pure and 1he products oblatined revealed two dilleren
amans lerminals, A—P——1, . and P—P—R . a4
relative quantitative catio of about 3 bo 1, This Lamer alser-
vation o hEFC and [des Ala' TiEIPO poducis imdicales (hal
armioe e “processing” within the bost eclls seoves 1o
temove the lermingl melhionioe and in some instanees the
witial alapine. Radivimmunoassay aelivily [or the solales
was at a level of 150,000 to 1e0LO00 Uing; 1 vito assay
dolivily was al 2 Jevel ol 30,000 w 62 000 Uiy and o vivo
assay activity ranged from abowt 120 e 720 TYma. (Cf,
human namary asalale stmcard ol 70400 Usmg in cach
sty ) Thie s respeense earve for the recombvinant produe
n the in vive assay dillered mackedly ltom thal ol the
Lumen vrinury EPO standard.

The RIMY analreg plasmids Termed inoparis A and H ool
Lxample 11 were cach transtormed o pMW 1L -transforimed
AMY £ cofi ¢clls and lhe oclls were cullured as above,
Purified isnlates were tested in hoth RIA and in witrey assays.
RIA agd in viteo assay values fir [Asn®, des-Pro2 thecugh
Tle* |hETO Gaprassion products wore approximately 10,000
Udmy snd 4,000 Urmyg prolein, respeclively, while the assay
values frr [His " JThEPO were aboun 41000 Umg and 14,000
Wig protein, espectively, ndicating that the analog prod-
vty wore lrom one-lourlh o one-lenth as ~aclive™ as the
“parent” expression product in the assavs.

In the expressinn systew designer forvse of 5 corevisioe
liast cells, plasmud p¥Y LASCLEPO was transtormed ta b
different srains, YSDPA {nenntyvpe o pept-3 tepl) and RKS]
(penorvpe ot pepd-3 trpl) Transformed YSTIP hosts were
reown 51 medinm (Methads m Yeas, (denclics, {Told
Swing, Hurlwor Laboratvrs, Cuold Spring Hadwe, B, po 62
(1983} supplemented with casamine acids ul (5%, pll 6.5
at 30° T, Media harvested when the cells bad been grown
35001 couratned PO praducts at levels of about 244 Usml
(97 g QT liter by RIA). Transloorned REKRL cells grown o
gither 6.5 OLTh or &0 O, provided medin with CPO
concerirahions af shaol SIEHY Uml (34 gD et by
RIA)Y DPreliminary analyses roveadl siomilicanl heleroseneily
W produets produced by (he capression svslem, likely 1o be
due to variatious m alyeosylaton of proteins expressecl, and
relatively high wanuose content of the associated cacboby-
rale.

Plasrruds PadCd and p¥LE o TIMHIOL F. eali cells were
deposited in accordance with the Rules of Practice of the
U Patent OfMce v sep. 27, 1984 with the Amierican Ty
Culiwre Colleetioo, 12307 Tarkluwwn Tirve, Rockville, Md.
uncler depositnumhers AT 39887 amd ACT.C0 30842,
respeatively. Plasmids pOFMS26 in AMT cells, pOFVIS300n
JAML02 eclls, and pMWL wm JMI03 oclls woere likewlise
deposited an Mov. 21, 1081 as AT.OC, 39032, 3603, and
299753, respectively. Saccharomyces cergviside sCrains
YA and RKET woere deposited on NMove 21, 193 as
ATCC 30734 and 20733, respeatively.

Tt should be readily apparent from consideration of the

= abowe dllusirative cxamples thal rumemous cxeeptiomally

waluabile procdnets and processes ure prosided by the presenn
mvenlion i il many sspels.
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Polrpeptides provided by the mrvention are conspiontmsly
useful materials, whether thev are microbially expressed
products or syhictiv products, (bhe primacy, sccondary or
lerliary siruclural conloomalion ol which was liest mad

As previous]ly indicated. recombinant-produced and svo-
thenie prochcts of the inventon share, o varying deprees,
the 10 vite biological activity of LIPO 1solates troun natural
soutecys and conseguenlly are projocled oo have wilily as
substimtes fror CPCY 1solates in culture media emploved for
arowth of ervthropoietic cells w culture. Similuly, to the
exlent that polvpeptide products of thie imveotion share Lhe o
viva aclivity ol oatura] TP tsolaes they are consprowously
suitable Tor use in ervthmopoicin therapy procedures prac-
ticed oo mamnials, welvding hmans, o develap any ar all
ol the clleels berelore attmbuled in vivo o LM, cx,
sumulaten of reticulocyie response, development of Terro-
kinetic effects (such as plasma iron twrnover effects and
it lraosit lime clloetsh, arvlhrocyle muss changes,
stimuluticn ol hemoeg lobio C syotheses (see, BEsclibach, oL al
supra) aml, as indicaicd in Bxample 10 inereasing hemal -
oot levels o mammals, locloded within the class of
bnmans teatable with produets of the ovention are paticots
penerally cequining hlood transfusions and including, teauma
victims, surgical patients, renal dissase patients inchiding
tealysis paticnts, and puticnis with wvaricty of bloosd corrn-
position alleeling disarders, such as hemopbilia, sickle cell
discase, physiologic anemias, and the like, The minimiva-
tinn of the nesd far transtusion therapy through vse of TPO

therapy cam be cxpected b result w redueed tragsuuission of 4

infections agents. Products of the invention, by virtue of
their production by recombinant methods, are expected o be
free ol pyrogens, nabral indubisery subsionees, amdl the Dk,
and are 1hus likely oo provide ecnbroced overall e Testiveness
m theripeulic provesses vis-a-vis nutueally derived producis,
Leythropaetn therapy with produets of the present Loven-
tinn 15 alsp expectsd to be vseful 1w the enhancement of
oxvpen carrving capacity of individuals encountering,
hvpoxic environmental condinens and possihly i praviding
keneficial cardisvascnlar ellects.

A prefecred method Tor adminisuution of polypeptide
products of the invention is by parenteral {g.g., TV, IM, 50,
or 1%y voutes and the compositions adminisiered would
orchmarily melude therapenically cfecnve amounts of prod-

vel in combinalion with aceeplable Jilucols, carricns and/or 4

adpuvants. Peeliminary pharmacolkinetic studies indicare a
lenger half-life in vivo for monkey CPO peoaducts wlhen
adimimslored 1M ratbier than 1V, Bleelve dosapes ure
expeoted 1 vary substantally depending upen the condition
realed b therapoutic doses are prosently expected 1obe in
the range of (KT U)o 100 -T0000Y peddr hody weigh
ol 1he active malerial. Slandard Jilognl: svel as buman
serum albumio are contemplated for pharmacentical com-
positons of the invention, as are standacd carciers such as
suline.

Adjuvant materials snctable for nac i camyprositions of the
irvention include compownds independenthy noted for eryth-
rispevic i amulatary clfecrs, such o8 lcanstoranes, prigeni=
ter cell stimulators, wanlin-like wrowih Tueior,
prostaslandins, scrofonin, coyelic AML, proliciin and
riodothyronime, as well as agents generally cmployed in
freatment of aplastie anemia, such as wethenalens, stano-
zalel and vandrolons (s, ¢ g, Rescgartl, ot al, Pamaiserva
Medica, 23, 213-218 {1 &1, McGonigle, et al., Kidney Far,
232, 437 444 (1URAY; Paviovie-kanten, ol al, bapr
demearal, 8030pp. 3, IXF-291 (19800 and Kure, RSN
Lewars, Tda(ly, D05-108 (1952)]. Also conkemplaled as
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adjuvants are substances reported fo enhapce the effects of,
or sv¥nerzize, ervthropoietin or asialo-TPO, such as the
ddrenergic sgonisls, (hyrodd hormoenes, indrogens and BEA
[Bee, Dum, “Curenl Conecps in Lryvihropodesis™, Joho
Wiley wod Sons (Chichester, England, 19833 Weilund, vLul
Bl 443, 173175 {1982 Kalmann, Kidrey fad, 23,
33391 (19%2), Shalidi, Mew, Eng J Med, 280, 72-80
(19730 Tisher, et al, Stesvéds, 3WG), 8338415 (1977)
Urabe, el al, J. Exp Med, 149, 1314 1325 (1979 and
Billal, et al,, Expr, Hemiero!, 1001), 133140 {1957)] as well
dn e classus ol compounds desipnated ~bepalic vrvtbine
poietic Tueloes™ |see, Naughwa, ol all, Acie flecmeat, 05,
P71 179 (1953)] and oryhrotroping [as desedbed by
Congole, el al in Absitact 364, Proccedings Jth Inlerna-
riopal Congress of Lodocrinolesy {Ouekee City, Ouchee,
Tul. 1-7, 1861), Congote, Tiocher. Biopfvs. Res. Comin.,
L15(2), 447483 (19837 and Congote, Anal, Biochen., 140,
428133 (19547] and “ervibrogomos™ [as described
Robimian, el wl, Jo Swry, Oneol, 200 105-108 (1922)).
Peeliminary screenings destymed 1o measure ooy hropoicliv
responses of ex-bypoxic palveythemie mice pre-treated with
cither -c~dilvwdimtestosterane ar nandrolons and then eiven
ervthropoietin of the present invention have generated
equivocal results,

Diaanestic uses of polypeptides of the nwvention are
sitmilarly extensive aod joclode wse o lebelled and unla-
belled forma in a vaciety of inmuncassay techniques mclud-
mg RIATs, BLISAS andd the hke, as well asa vanery of n
wilror anel in vivey achiviny assava See, egn, Dumm, eLal., B,
Hemaol,, VLT, 390600 { 1953); Cibson, ¢l al., Padiolog,
16, 1535 156 (1984Y; Kevswl, Expi. Hemaref, L1100,
GAN-66H0 (L983Y, Saite, et al, Jap J. Med. 231), 16-21
(19840 Wuthun, ot ul, New Fag J. Med, 508(9), 520-322
[1983); and various relerenves perlainiog Wy assays relerrcd
iy therem. Pelypeptides of The invendan, includthng syntheiie
pepiides comprising sequenoes o readues o ERCE Tira
reviuled herein, alseo provide shly wse ol pure malenals Lo
weneraling polyclonal anlibodics and “banks” of monodonal
antibodies specific foo differing contiourus and discontinu-
vws epitopes of B As vne suunple, prelimioary anulvsis
ul the armino acid sequences ol FIG. 7 v Lhe conlext of
hvelropahicily aceording w Hopp, clal, P AN (L5400,
TE, pp 324 FEIN (191 and ol seoomdaty siruciores
decording o Chou, <L al, Aup Hev Biachiem, 47, po 231
(1978} revealed bal synlbetic peplides duplicalive al con-
cimuents sequences of residues spaooing positions 41-57
e, HE=128 inclusive and 144-100 inclusive ure
likely o produce o bighly wiligen i response und generals
usclul manoclonal and palyelomal antibodics immumnoreie-
Hve with beth the synthene pepride and the cnome proteim.
Such antibodics are expected to bo vsetnl in the detection
and allinily punlication ol LI and EPO-relaled products,

Moslradvely, the following lbree synlicliv peplides were
plepared

AN W 4 =0, eIt 2= L R P - - A -
RME VG

pes WY T1E—124d, I -l - e A A - A A

2 AP0 144 1ae. VYSNTLIGRKLELTY

T-3-E-A-C-S-T-G-D- 2

Preliminary imomuoizaticn stdies employias the abomee-
unted polypoptides have revealed a relabively weak positive
response o BOPLY A11-57, 0o appreciable response to hCPO
116 12K, and a shomg pesalive response Io hBPEY 144 Tas,
dmomeHsured by capaeily ol rabbil sernn anbbocdics o
immuneprecipitate " I-labelled human urinary LIOY iso-
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lates Preluninary o viso activity stdies oo the three
peptides evealed no significant activity cither alonc or o
camhination.

Whike 1he dedneed scquences of amino acid restdues of
warrelian B providel by the illustralive cxamples
cisenlially deline the primary struclurd]l eonlormalion ol
mature ELOL I will be understood thal Uk specilic segquence
of 105 aming acud resichies of mookey species TPO m DIG,
15 and the 156 residues of human species LPO 10 LG G do
not limit the scope of useful polvpeptides provided by the
mventom Cmprehendod by the presenl invention are those
vinrioiws naturally-rcourring allehic fomms of B which pas
rescarch mlo biologically active mammalian polypeplides
such s humaen ~ inwrleron indicales are Lkely o exist,
(Compare, eg.. the Lvman imowoge imecferon species
repacted 1o bave an arginie residoe at position Na, 140 m
EPO published application 0 077 670 and the species
rcpnrl.ctl 1o hove ghiiarmne al }ms‘il.inn Mar T Gy, el
al., Mewore, 293, ppo SOESIR (1982). Hivh spocics atc
chiataelerlzed s consilluling “malure” lwman v nuerloron
seguenees.) Adlelic fonns of mature EIY polypeplides may
vary from each orther and from the sequences of TTGS. 5 and
6 o terms of length of sequenecs andiar w terms of delerions,
subsstitutivos, wsertions ar additions ol amine acids in the
sernence, with comscien. polemial variadons in e capad-
1y o7 glycosylation. As naled  previosly, one pulalive
allelie: lorm ol human species B 1 belioved woinelude a
methicnine residue af posilion 126, Expeciedly, naurally-
necnrring allelw fooms of CPO-encading TDNA 2enamic and
cDNAsequences are alse likeely to ocenr which oode for the
ahove-nuoted tepes of allelic pulvpoplides or simply criploy
dilTering codans Mo dedgnadinn ol e same polypeplides as
speviliod.

1 addirion ta pamirally-accnreing allelic forms of mature
LMD, ihe preseol invenlion also cmbraces other *LIPO prod-
ncts” such as polypepude analogs of TP and fragments of
Froatuce” BPCL Fallowing the procedures ol the alwe-neted
publisbed application by Alten, o ul, (WOSBZ0A0E3) vne
may readily desizn and manulaciure senes coding [or mivro-
bial cxpression ol palypeptides havdng primary conlorma-
tinns which differ from that hercin spoeticd tor mature PO
m lerms el [he Wdenlily or localion ol oo of more rcslikues
{e.0., aubsttutions, terminal and intermediate additions and
teletonsy. Alermstely, modilications s cNA and penanic
B ones may b reudily accornpleshicd by weoll-knewo
sile-direeted mulagenesis (evlinigues and cmployed Lo go-
erate analogs and demivatives of EROL Such B products
wild share at least one of the hioligical praperties of FPO
byl may diller m oollicrs Az examples, projecled 1O
products of the inwvention include those which are foreshor-
encid by e, deletions [Asn™ des-1ro® through He®]hEPO,
[tu=Tl " throupgh Ara™ R aod *AZ7-550E1F7, the
luter baving he residues coded for by an colite exon
delewed: or which are mere wable o hydrolysis (i,
theratore, may have wmore pronovnced or longer lasting
shtects than naturally-oceucring, LPOY o which bhave beon
altered 10 delete one or mare potential sites for glvcosylation
fwhich may resul in highor seidvites T veasi-produced
producisy or whieh lave ane ar mere cysiein residoes
deleted or replaced by, ¢, hisdidine arserne residucs (such
as (e analog [His" JBEPOY and are polentially more casily
ralated o active torm fiom micrabial systems; or which
bawe oo or mare rosne resikucs replaced by pheoonylala-
nine (such as the analogs |Phe'™ |hCPO, |Phe™ |hCPO, and
[P 4 Th kI Brand may bimd more o kess readily 1o B
reeeplars an farpel cells Abso comprehendaed are polypep-
e Irarmenls duplicalinge only o part of the conlinuous

e
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amine ac] sequeace or sesondary conformations within
manire PO, which fragments may possess ane actvity of
EPO (¢, ceeeplor binding) and ool olbers (e, covilio-
puiclic activiy), Lspecially spmilicant in (his egard arc
Lthose patential Cragrneols ol BPO which are elueidated upon
cansideration of the human penamic DNA sequence of FIGL
6, Le, "fragments” of the total contioncus LPO sequence
which are delineated by inteon sequences and which may
consttuie distingl "domains” ol biologicnl acdvily. 1L is
nolewortlyy thal the absenee ol i vivo aclivily Tor any ono
vrmore of thie “BO products™ ol the tevenbon is ool whiolly
preclustve ol therapentic by (see, Waland, o1 al. supra)
or of utility tn uther contexts. such as in CPO assayvs or FPO
antagonism. Antagonists of ervthropoierin may be quite
wselul 1o leealment of polvevibemias or cases ol overpro-
duetiog of LMD [see, 2., Adamso, Hosp, Practice. 13(1T),
49-37 {TH3), und Hellmeamny, o1 ol €4k Lale Mol 3,
335 342 (1953

According oo another aspect of the present tnvention, the
cloned TMA sequences desicribed berein which encode
buman and mookey LFPO polypeplides are conspiouonsly
valuable [or the informalion which they provide concerning
the amine acid sequence of mammalian ervthropoistin
wiuch bas becetofore been vomvadable despite decacles of
analyticul processing ol iselates of natrally-occurriog prod-
ues, The N A sciquences ame alsn canspicuonsly valuable as
products wsclul in effectme the lampre seale micmlial svn-
1hewiz ol crliopolelin by a wvarlely of rcemnbipanl lech-
nigues, Ml another way, DNA sequences provided by the
rwention are useful 1 generating new and useful viral ancd
cucnlar plasmid DNA vectors, new and usetul transforme
and translvewed microbial procaryotic and cucarvolic bust
cells (including bacierial and veas cells and mammalian
cells grown e coliure), and new and nselnl moethods for
culmieedd growth of such microbual host wclls capalble of
cxprossion ol LM and EPO products. DMNA seguences ol
the invention are also conspuenowsly suitable materials for
wse as lubaelled probes o dselating EPO and related praben
cneodiog ¢DNA and geoonie TINA suquences ol imarmmi-
lian spevics olber than buman and mookey specics herein
spevilically ustrated. The cxaenl oowhich DNA scquences
of the wvention will hawe use in various alternative methads
ol proluin syolbosis (e, in msecl cells) or Inogenclic
therapy In lumans and other mammals cannnr yet be cal-
ealated INA seguenees of the imaenhon are exspeeted By be
wec lul o developing trunsgenic menmdian speeies which
Wiy serve 48 cucaryolic “bosls™ Lor production ol erylleo-
poicin and ervibropoictin producis in quamils. See,
cenerally, Palmiter, et al., Sclepce, 223(4025), 809-&14
[1983)

Viewed in this Light, therefore, the specific disclosures of
the dllwsirative cxamples are cleatly el Anlended e b
Iz upen the seope el the proseol ioveotion aod mamer-
ous modilicgdons aod varadons are expecled o occur o
Mhose #killed M the an. As ome cxample, while [3NA
sequedces provided by rthe dlustrative examplss welude
cDONA and ponoumie DA sequencss, becanse tlus appla-
tion provides amine acid sequence information essential to
mamu Facture of INA scouence, the Invention also compre-
hends such manulactmed DMNA sequenoes as may be eon-
sirueled bascd on knowledyge of BPO amine seid scquenees,
These may code for EPO (as in Example 12) as well as for
CPO fragments aod LPO polypeptide analogs (Le,, “LPO
Products™) which may share oo or mwore biological prop-
erties of naturallv-occwering TPO but not shaee others {or
posscss athers o dilferent degrees).

IINA seyuences provided Dy the presenl mventisn e
1hus geen ko comprehend all DNA sequences suilable Lot use
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Ul $2cUrllg €XPressian o a proecalviole of encanyats st
cell of a polypepride product having at least a part of the
primary structwral conformation and one or more of the
akymical mpopertes o erythropricnn, and scleaed [ram
Aty (2 the DNA seouences selon in FIGS. S and & (1)
DIA sequences which hybridize 1o lbe DINA scuenees
defined m (o) or fragmenls thereol; and (e) DNA sequences
which, ot for the depeneracy of the geoetic code, womld
hybridize to the DNA sequences detiosd io (a) and (b). It is
notevworthly in this regard. for example. that existing allelic
momkey and human EPCY gene sequenees and ather mam-
Malian spocics gone sequences are expesied i hybridiee 1o
e sequences of 1G5, 3 and & or o rasmenls lhereol.
Lurlber, but Lor the degeneraey ol (he geoelde code, (e
SCLPO and LCLPO peass and the manofacteed or
amtagenized <DNA or genomis DNA sequences eoooding
vaciows BPO Iraginents and wnalogs swould alsas bivhindie 1o
the ahove-mentioned DNA sequenoes. Such hybndizans
could readily be carricd aut under the hyvbridization condi-

e memkey and huotan EPO-encoding DNA or more sirn-
gent oonditious. it desired to reduce hackeround hyvbriciza-
tinn,

Tn & like inanoer, while the above exarmples usteate the
mvention af mictiobial exprossion of EPO peokdueis in the
comiex) al mammalion cell cxpression ol DNAdnsericd inoo
byvbrid veelor ol ueterial plasmid and viral senomie origing,
4 wide vardely of cxpression syslems ae wilthin the conleni-
platien of the mvention. Conspicucusly comprehended ars
expression systens wvobving vectors of homogensnns ori-
ains applicd woa variely of bacterial, veust and marnmalaio
cells in culinme ax well as 1 cxpression wysiems nol imvohe-
g vewkms (such as calaiom phasphale ransfeotion o colls).
o this regavd, 1t will he nadorstood that cipressicn of, ¢ g,
monkey origin DNA in monkey host cells in cullure and
human hoat cells in culiure, actnally canstimte instances of
Sexopenaus” DIMA cxprossien inasmuch as the BPLY DNA
whivse bigh levol expression is sought would ool have s
origing in Lhe genome of he host, Expression systems of (he
mventiom finther comemplate these praclices resuling in
cytoplasoiic tormatiog af LI products and acenomilation of
elyensylaled and non-glyeosylaled L0 producls mhest cell
cytoplasm o membranes (e, aceumulation in bacterial
poriplisnme spaces) v i coliure medom sopernmants as
alove llustrated, or morather aesinmon systomns sueh s

]

I1oms described bereln wilh respect 1o (he milial Isolalion ol 2

g

K]

K2

Poaerismnosa expression evstems (deseribed 1 Gray, et al.,
Fiotecknsiopy, 2, pp. 161-1a3 {1954)).

lmproved hybodizalion methedslogics ol The invenlion,
while illustralively applicd above 1o DNADNA hyvbodiza-
Lion sereentogs we equally wpplicalile o RNARNA und
RNAMNINA sereemnp. Mixed probe lechmeues ss horen
dlostrated generally constitte 3 unmber of M provements m
hatridizatien processes allowina for mare rapd and reliable
pulynusleotide isoladons, These many ndividual procossing
mprovemenls include: improved colony ransler and main-
Lenanes proccdures, wie of nvlon=lascd e s swch s Gone-
Sereen and GeoeScrecn Plus 1o alliw reprobing, with sume
lMiers ol repeated use ol the fler, application of novel
privease realiments [eomparad, cgo, 1o Tanh, o1 oal
Anal Blochem, 126, pp. 222-250 (1082]; vse of vory low
individual concentrations (on the order of L0235 picamole)
nf a large number of mixed probes {e.g., numbers [n excess
32w, perforrmiog bivbridiea oo aod post-hylridization
steps woder steingeol wemperatuees closely appeeaching (L.,
willin 47 . and prelerably wilhin 27 C. away o) the
lowest calevlared dissocatien temperatore of aoy of the
wuxed probes cmpboyad, These iprovements eombane to
provide results which could not be expected to attend their
use, This is amply ilustrated by the fact that mxed probe
procedures ivolving & vimes the number of probes ever
Belare reporled W have becn seevesslully wsed i wven
cDNA sereens oo messeoger RNA species of celatively low
abuadaney were successfully applied ta the isolaton of a
nnigue sequence gede moa geoouuc libracy screening of
1 500,000 phage plagues. This feat was accomplished essen-
tially concueeently with the publicatico of the considered
rpimiom ol Andersan, of al., supra, thil mixed probe sorcen-
iog nethods were =00 ampractival foc iselaticn ol mam-
walien prolein seoes when coresponding BRNACs o
unavadable

What is claimed 1s

1. A phanmaceutical composition comprising 2 therapou-
rically effective amount of human erythropoietin and a
phammaceuneally aceeplable diluen, adjuvan. or camer,
whoerein sl ervihropoictin s purilicd from marmimalian
cills grown in cullure,

2. A pharmaceutically-acceptable preparation containing
a therapentically efective amomuat of erytlheopoietin wheren
burmin serwrn wlburmin s mixed with said ervthropeietin.



