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unanbi guomﬂeeudet:ﬁhaﬁbmdabon liwdnuaE (Cold Spririgé agfaantauumtorv. Cold Spnngs. Harbor, N.Y.,
Sequence 1882} Yisd sDIR& Jibrary Was constructed according to a modification of-the gemeralOprocedures of

T4b Okayama. et al., Mol. and Cell. Biol.. @ pp.[16K—17D (1982). The key features of the presently preferred

A- L- GA- Q es were as follows: {1) pUC8 was used as the/s e Ayt with Pstl and t ailed with oligo

A V- S8 LdT 0 bases in length; (2) Hincll digestion was uge: the ofigo dT tail from one end of the

K-L-E-R ctor first str nthesls and oligo dG tailing was carn jyrdine td%:h%pkhgsggﬁo procedure;
lgestn as employed to remove the o G all fr 5f r; and (5)

L I-CD- S t of the RNA strand by DNA was in the pre

TA—D— - E- A- -SPP—D—A—A—H—AA—P—L R T30
E- A— E-1X-1-T- T G XA- EH- X- SGIAT CMIE%GAGCGTC&GGGEGEO an@ ACGGTCTTTA)

V-Y-S-N-F-L-R T33 . S-L-T-T-L-L-R T35
V- N- F- Y- AP W'Kee@'d molar excess gyer the aliga EG tailgd wpctproy. P— W- T38

G V D, K on of
ai goQHcI 98 Ifa ég}‘ %Erﬁu Qny'%q [ e 50 5€H0 G biat o{ﬁ&h&'m

' wer e repvdté% mﬂeﬁﬁxere NeWEngBRAREIEr CadfdgINY. NEF-
€ purpep v alam (Ba&bbﬂﬁh RéaniRtusibSEgIL Casarking bddbﬁgnﬁﬁa agdl
t o | Dslelmguntdwmgisonamcse@ranfsmedmaeﬁphamamammused todiftrthe¢atoridsff the plate. The

| i brar i esolofiies wemabwIsinshe uemesiin foal2 haursoniorgerig ABRESY the. plasad edpy numbers. The
exi st 8 anw@fiwb@lmﬁesmmmm) werectseatreichy sefigliyl piacing. the, filters pver 2 pieces, of Whatman

el 2%*‘5%" e mﬁg&‘%’@%ﬁﬂi&%@qw@%ﬁ% i

first set ol -ﬁEf(pﬂ?'éFFH? s was therefore synthesized by

st andasd phwsphmmvdie tRenair ahedriﬁ‘ n(o%eEat g Cfor mRIueAge, et al .

Tet r ahedr onThefiliets were Dibn sﬁﬁeméﬁﬁ%dt&ﬁ&e]ﬂcﬂ&k)wnﬂtrmgb traatmesmuﬂmiolmmo oontainipg
to the s&0ndcrogragsimlofitheiprotdash leazyink,in Baffey K. [0.5M Tris-HCI (pH 8.0}—0.15M NaCl—10 mM EDTA
TABLE || (ptt8i2tt@2% SRS)- Spepifically, 5 pihof the spjution wan afded t¢e3ch filter\pad ithe digestion was

3 C/Ajowed t cscd aLRS°C for 38-minute r whic solutioh was removed.
The fi r were then treated wtih 4 ml of a pre%g ::Fl: n buffer (5 x SSPEE-O.J% SDS—i%O
icro amm S E. coli DNA—5 x BFP). The .prehybri n treatment w rried out at 55°C,
c 1s B or 2 3ur¥%l' fon &Vﬁ?e'r%?s. ) g A g oo [hef

exi sted & S@rd Rybridlzatondstbedss whs ShrfidSiul WEthe 46Howirig Ranhen TleschRTl@r hes&ddba 3trieof
basi s of h\omdihubine‘ﬁf&rw)uissbdaeos%sper-eob ricraedmsirhl ybad tRNA) echtaihing 0.028 picartolelsof
17- mer4o preaéhosf thes 128qirolse deqiiencdsadf| Teble H| (thie ¢dtahmix@0e being designated the EPV mixture) and the
TABLE | IfitemesrespaintaingH gt 46°C for 20 hours{Tiyis tempetatyre waspless thansthe tpwest of thercalculated

, Aggsocnatgqr-pemper s (T d) ermined for any-of the probes.
CAL Following hybn vzaplon, #ers were washed three times for ten minutes on a shake?wuth 6 X
SSC—0.1% SDS at room temperature and washed two to three times with 6 x SSC—1% SDS at the

45 hybridization temperature (48°C).
Autoradiography of the filters revealed seven positive clones among the 200,000 colonies screened.
Initial sequence analysis of one of the putative monkey cDNA clones (designated clone 83) was
performed for verification purposes by a modification of the procedure of Wallace, et al., Gene, 16, pp.
21—26 (1981). Briefly, plasmld DNA from monkey cDNA clone 83 was linearized by digestion with EcoR|
s0 and denatured by heating in a boiling water bath. The nucleotide sequence was determined by the dideoxy
method of Sanger, et al., P.N.A.S. (U.S.A.} 74, pp. 5463—5467 {1977). A subset of the EPV mixture of probes
consisting of 16 sequences was used as a primer for the sequencing reactions.

C. Monkey EPO cDNA Sequencing

55 Nucleotide sequence analysis of clone 83 was carried out by the procedures of Messing, Methods in
Enzymology, 101, pp. 20—78 (1983). Set out in Table IV is a preliminary restriction map analysis of the
approximately 1600 base pair EcoRVHindlll cloned fragment of clone 83. Approximate locations of
restriction endo-nuclease enzyme recognition sites are prowded in terms of number of bases 3’ to the
EcoRl site at the 5’ end of the fragment. Nucleotide sequencing was carried out by sequencing individual

60 restriction fragments with the intent of matching overlappmg fragments. For example, an overlap of
sequence information provided by analysns of nucleotides in a restriction fragment designated C113
(Sau3A at ~111/Smal at ~324) and the reverse order sequencmg of a fragment designated C73 {A/ul at
~424/BstEll at ~203).
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C C 30 A i gonucl eotide probes were |abelled at the
5" «end wth gamma - 32P- ATP, 7500000 C I nmmole (ICN) using T4 pol ynucl eoti de
ki nase (NEN). Exanple 2 A Mbnk ocedures and RI A Analysis 35.
Femal e Cynonol gus nonkeys I\/acacgﬁ y?%%rgg (2.5-3 kg, 1.5-2 years old) -
wer e ‘treated .subcutaneously with a %U& OIwol uti on of phenyi hydrazi ne '
hydrechl ori de at a& e kevel of 5 mg/ kg on days 1, 3 and 5. The '
hemat ocrit was i igg“ PEY™eo each injection. On. day 7, never the
hemat ocri t IeveIRebalgnilthﬁ% of the ini tﬂﬂj&&.&éﬂﬁﬂ&ﬂﬂlﬂte ddneys _
wer e ®har vest ed afterﬁ&? hi stration of 25 ngi kg doses @f ketam ne S
hydr ochl ori de. Harve mat eri als were i medi at el ?/mgzgzen inliquid 40 -
nitrogen and stored &8u3f0C. B. RIA for EPO Radi oi nmindassay procedures _
applied for quantitatgmag detection of EPO in sanpl esl8@re conducted .
acconding to the fol m procedures: 45 An eryth ngor etin standard or
unknown sanpl e was i ed together with anti serum or two hours at 37C.
After the two hour iSmalation, the sanple tubes wer e388ol ed on i ce,
~ 251-1 abel |l ed .erythr oww gin was ‘added, and the tubes;mre i ncubat ed at OC
for gf least 15 nore rs. Each assay tube contai ne% ;OO il of incubation
m xture consisting ofRs&i p| of diluted i mmune sera, 8 000 .cpm of :
521-erythropoietin, @iyl trasylol and 0-250 pi of ei #28r EPO standard or
unknown sanple, with contai ning 0.1% BSA making 39gup the remaining =
vol ume. The antiseru d was the second test bleed of a rabbit immunized
vm@%l 1% pur e preparfdiilon of human urinary erythropGiz’Qti n. The final
antiserumdil ution Ow assay was adjusted so that 4l¢lge ant i body- bound
' 251- EPO did not exc 10- 20% of the input total lgg In general, this
corresponded to a fi@8kantiserumdilution of from 1: éSOOO to 1:100, 000.
-The agmti body-bound " Fslker yt hropoi eti n was preci pi tatGOd. by the addition of
150 pi Staph A After;_a" 55 min. incubation, the sggmal es were centrifuged
and the pellets were ¥ dtwo tines with 0.75 m 10 M Tris-HCl pH 8.2
cont ai ni ng 0. 15M NaCIAlWIirM EDTA, and 0.05% Triton X- 8% The washed pellets
were counted in a garmﬁ‘Founter to deternmine the per a8 of
261- e'?oythropm etinb Counts bound by pre- imun gy’ @ ere subt ract ed
fromall final val ueBX¥ correct for nonspecific precipitation. The
erythropoi etin conterrsgf the unknown sanpl es was det®2r ned by conpari son
to the standard curvE) The above procedure waggppl i ed to monkey
serumobt ai ned in Pa above, as well as to the u ng reat ed nonkey serum
Nor mal serum | evel s vﬂ@lassayed to contain approxi y 36 MJm while
treat ed monkey serum gpgf ai ned from 1000 to 1700 mJ 1827 65 : :
- . ~~~~~12 ) EP 0148605 L1 Exanple 3 Agd@nkey cDNA Li brary
Constwctl on , nger RNA was isolated fromnormal and anemc -
morkey ki dneys by theSgu®i di ni um t hi ocyanate pr ocedlﬂ-"e“_ of Chirgwin, et
~al., Biochemstry, 78 1 5294(1979) and poly (A" nig¥ewas purified 5 by
two runs of oligo(dT) ul ; ose col um chr omat ogr aphy. descri bed at pp.
197-198 in Maniatis, ﬂ_hl "Ml ecul ar Cloning, AL atory Manual" (Cold
Spri ndg% Har bor Laboragpuy, Col d Springs, Harbor, N Y1223982). The cDNA
l'i brary was construct"'a"fccor di ng to a nodifi cation pg i he general
procedures of G<aya , ~and Cell. Biol pp. 161-170 (1982).
The key features of tﬂgbresently preferred procedurjeg“%vere as follows: (1)
pUC8 was used as the g -vector, cut with Pstl and 1%®& tailed with oligo
10 dT of 60-80 baseﬁ gth; (2) Honcll digestiofyygs used to renpve
the oligo dT tail nd of the vector; (3) flrst strand synthesis -
and oli.go dGtailing AbsIcarried out according to thé‘*%@rbl i shed procedure;
(4) BanH digestion toyed to renmove the ol igolsgstail fromone end
of thé&° vect or; and (\é\g—r-efr?acerrent of the RNA strand by DNA was in the
GATCTAAAGACCGT

and ACGGTCMgquintiriy df Bpprexifmately 1042 tase mséeshlov@rfewwl’e?'f'wha Q"E"ﬁ? %ﬁ S}o
h

B. Col ongitd-yriskthel HinaAli site) mum efalfpgssibler gw wgea

Tr ansfsor MEdﬂmqa"WeﬁﬁG" ggn Oua! iy ﬁ) n the
edighated /nﬂineu%lmll thh |prd§ence ofa

10 cm pl- M“Br?'_@t" _ |
GeneScr em‘rﬂ e ipacinyi ({ 'a?d’ar t"ﬁ £5ahV0). of B -initial, amino tédnifhial wlanive . -
pr e- vet e a8 he et heldid for tHeahiind\®oid s’eque’iﬁelaitm&ﬂrgimt,em@aggmtwgoﬂhe o
aci ds 5% @ h@&ﬂthmo is mmally expressed in the cytoplasm in a precursor form including a 27 ammo d -

%:acad

ﬁ&":’




15 g/ L, containing 500 mcrograns/m Chloranphenicol) and were used to |ift
the colonies off the plate. The colonies mere grown in the sanme nmedi um for
12 hours or longer to anplify tgﬁ oa% nunbers. The 25 anplified

col oni es (colony side up) were Y.\ a¢ ally placing the filters over

2 p ece‘?eaﬁ@r" Iﬁxs uﬂﬁ 353 ﬁﬁgﬂﬁ'ﬁ’ uﬁ‘tg‘gibc&?é&ﬁ Rf?ﬁ: it
SO'“'%ﬁ\m{ Wbtiﬁr'i sks. The dstifa &Tgo ﬁﬁ%&n te or
five mragsa.ems(d&)erﬁuﬁdwb ;107 dahoRs Bd tHecRL.W B the 3065 lreglddds 1dfi the ol

7.5) f condtituting mogtere ivemkeySEPO was déternfinddite bs 18,236xdithes: air dried in a vacuum
over® at 80*C for two hours. The filters were then subj ected to Proteinase K
di gestion through treatnment with a sol TABLE ¥ontaining 50 m crogranms/m of
the protease enzyme in Buffer K [0.1MTris-HC (pH 8.0)-0.15M NaC-|110 niv
EDTA (pH 8.2)-0.2% SDS]. Specifically, 5 m of the solution was added to
eachofilter and the di gest Toansdat ot oofoMonkey kPG CONA 55e¢C for 30

m nutes, after which the solution was renoved. 35 The filters were then
treated wtih 4 m of a prehybridization buffer (5 X SSPE- 0. 5% SDS- 100

m crogra

mMBRUIA h a
ot 2 e TrocBgoecERraeRAptrbeCTerer EoeRESNG IR

Do SR TEAAGT TEERRRTShBERL S eb e b R E RO A RS RIRG  t °0,
buffer (5 x SSPE-0.5% SDS- 100 m crograns/ m yeast tRNA) containing 0.025
pi conol es of 40 each of the-128,probe sequences of Table.llpdthe total

nix®er e bei ng designated the Eﬁ§ "eXbUvsl A &{u@ ¢ys (PFs erggpi Nt ai ned
s oime g

at 481C f@ﬁa&@cb@ﬂt@nsﬁbb&chamc%s egrgsc StGt e st of the
cal cul ated dissociation tenperatures (Td) determned for:any of the probes.

Fol | owi ng hybridi zation, the filters were.yg@shed three tinmes for ten

m nytes olled srhakeeuvw.bh Geu S6f QedWHDSser LeoPrereu Bly 4 e Prgshed
two to thCd€& TiGeeETH CACOCIGSECT 1eTE06TAt TCO6eCTS COYILTQRIIGLE iICWC tCBMper at ure
(48C). Autoradiography of the filters reveal ed seven positive clones anbng
t he 200, 000 col oni ed sddeened. Initial sequence anal y5| s ofB one of the
putative Medk&rocBlx AlenBro( Reoi enat bauclbﬁeCBS)Am rﬁ!ﬂ al fleu

ver ™ i cat GI& FGBpESEsGEE ECADACA; ﬁ?l%ﬁcoﬁ"ﬁh@br%‘e G GRR \GJIQ L6 et

al ., Gene, 16, pp. 21-26 (1981) Bri e pI asmd %om rmnkey cDNA

o e i e e

(1977). A subset ofgthe EPV mxture of pr obes COI’IS.},S'[I ng o 16 sequences

vas used @g,achy & Bl SBE £94.88F) D8y’ 66| ERUSRSH 1 &rﬁf‘;y
ST A G4 ed ou

Sequenci ”%G TGT TOEC GAR! eTRE2ANP' 6AGT AAT OAFC
by the procedures of l\/EssPng, l\/gtﬁﬁgs ?ﬁ nzyrr% ogy, 101, pp. 20-/8 (1983).

Satbut in Table IVis a prelimnary restriction map anal'ysis of the -

appr oxi mat el y 1600 base pair EcoRi/Hi n cl oned fragnent of cl one 83.

Appr oxi Maje ?ﬁ?tLQESv% REA!PhE TP &MOrfwcL,eeS@: 1fRANIdEyon sites
Al R £t g

are provigeg ROCRANSGYT ANEDFY GEC_T0G ARG NG éid g1 ' end
of w#he fragnent. Nucl eotide sequencing was carried out by sequencing

I ndi vi dual 60 restgoction fragnents with the intent of matghi ng overl appi ng
f ragment sG1RoGlaxabp! valaglaveal aprpfCHeBEy Qced e My Wewrses dad by

anal ysi s OAGNOAGeGCTJBTAI GAA GTCtTEGICAG CCRLTERIGER LT OTR] TCRLBARSau3A at
-111/Smal at -324) and the reverse order sequencing of a: fragment
designated C73 iAI ul at -4241BstEl| atB0203). 65 :*i ~~13 : EP 0148605
Bl TABLE M/aR!g ri-ey Bthﬁ% nélmeRlar¥al d:esiAla Asn Ser Ser Gln Pro

Sau3A 111 Smal -

05 90 ‘100
. %ggﬁ;;:ﬂ J’he Glu Pro Leu Gln Leu His Met Asp lé(‘yi)i %Mlle Ser Gly Leu

372 TTC GAG CCC CTG CAG CTG CAC ATG GAT ATC ﬁ_GT GGC CTT

110
- 60 Arg Ser Ile Thr Thr Leu Leu Arg Ala Leu Gly Ala Gln Glu Ala
csc AGC ATC ACC ACT CTG CTY CGG GCG CTG GGA GCC CAG GAA GCC




Al ul 424 Pst|

4261 20+ Al ul EP 0148 605 81 : 430 Hpal
466 Al ul 46 2 Pst |
601 Pvull - TABLE V gcontiggg ii

605 30 - Alul 782 Al ul

= 120 130
788 | 11e Ser Leu Pro Asp Ala Ala Ser Ala ﬁﬂ-e“ Arg Thr Ile™S'!
557 oS! ATC TCC CTC CCA GAT GCG GCC TCG GCT, CTC CGA ACC ATC: .,

1014 Al ul 140 1072 Al u

1115 45 rhr Ala Asp ThiPHe Cys Lys Leu Phe Arg val Tyr Ser Asn Pig3 PSLS

1301 RBsal act GCT GAC ACT TTC TGC AARA CTC TTC éé mc TCC AAT TTC Al Ul
1384 Hi ndl Sl

1450 55 H ndl Il 1585
Sequenci ng of appr d80mat el y 1342 base pairs (within the rd8Pon spanning the
Sau3A sitelL8u AZgt BAYELYS| Leutleysiriew iy Thy 1G1ysiGl ﬁégdCXﬁaﬁ gi 4rgr al
possi Bl e r 638 RGGF BGABARRETEI ARGET G oFAG ACGI GRS 00%.)9 off 660 ABRARGAG ani no
aci d sequence |nfor tion set out in Table V. In the Table. the putative
initial am go Acddl ggue of the amino ternminal of mature EPO (as verified

by correla gl A;g ng ﬁv@%@éf@@%@% umr%ﬁbﬁ?béfﬁﬁﬁb%ggﬁce of

am nozd er m
8 et hi ol PRCERTRTEECABACCETECERERGCREI LT Crt mt:cembhcemhe
Initial amno termnal atanine residue as t fi rst resi due designated for
‘the ami no acid sequence of the mature protein is indicative of he 65

li kel moodchh@hsEB@arrutmhcn&:l\drmﬂ@@@mnmmmmscccnsasnmusor
formincluding a amno acld ~~~~~~1. ~ ~ ~ ~ ~ ~ ~

AA. .. E?GﬁctﬂﬁnﬁﬁﬁcﬁhcbcTt}heﬂmmmw mmmommdmeccnccacaco entry
of mature EPO into circulation. Potential glycosylation sites within the
pol ypept i daGSAAGEATTGABAGAGOAGETT EAARGECAGCAGCARAGASAAT GEAGEEARAACABLEht of

the t¥ansl ated regi on was determined to be 21;117 daltons and the MW of
the 165 re&REBGAE Agﬂ CGRECABCTREARANET I:%Eﬁ%ﬁﬁﬂ%} GEITTGEAGGEAAT TEABCTSS

e xS et RsARE T AReATE tbﬁﬁé%ﬁgﬁéﬂrcéncnncnucsmscnnccmrsAcn

LT ARG EREREEBEAC e et ABAGAATATT
ccnocooocc L IEERRIETREAREAGRAARA AT TAC oA AGG Y TIRCRGRIRRACORT A TRAERR, |

IE:% IE,*\E% #%T@%T%G@Ecg%c%%r%c#ﬁéh%ﬁd@hﬁ&@@nﬁ%c@ﬁcﬁ@n@ G TCT

10 Val ProaGeATAGEGECYGRLeTATACeOTEEPGERGTCARGETT Arg Val Leu
o HindIII

45
The polypeptide sequence of Table V may readily be subjected to analysis for the presence of highly
hydrophlllc reglons and/or secondary conformational characteristics indicative of potentially highly
immunogenic regions by, e.g., the methods of Hopp, et al., PN.A.S. (U.S.A.). 78, pp. 3824—3828 (1981) and
Kyte et al., J.Mol.Biol., 157, pp. 106—132 (1982) and/or Chou, et al., Biochem., 13, pp. 222—245 (1974) and
50 Advances in Enzymology, 47, pp. 45—47 {1978). Computer-assisted analysis according to the Hopp, et al.
method is available by means of a program designated PEP Reference Section 6.7 made available by
intelligenetics, Inc., 124 University Avenue, Palo Alto, California.

Example 4
55 A. Human Genomic Library
A Ch4A phage-borne human fetal liver genomic library prepared according to the procedures of Lawn,
et al., Cell, 18, pp. 533—543 (1979) was obtained and maintained for use in a plaque hybridization assay.

B. Plaque Hybridization Procedures For Screening Human Genomic lerarv
60 Phage particles were lysed and the DNAs were fixed on filters (50,000 plaques per filter} according to
the procedures of Woo, Methods In Enzymology, 68, pp. 389—395 (1979) except for the use of GeneScreen
Plus filters (New England Nuclear Catalog No. NEF—976) and NZYAM pilates (NaCl, 5 g; MgCl,—6H.0, 2 g;
NZ-Amine A, 10 g; yeast extract, 5 g; casamino acids, 2 g; maltose; 2 g; and agar, 15 g per liter).
‘The air-dried filters were baked at 80°C for 1 hour and then dngested with Proteinase K as described in
65 Example 3, Part B. Prehybridization was carried out with a 1M NaCl — 1% SDS buffer for 55°C for 4 hours or




30 GTCCCGGGCGCCCCACCACGCCTCATCTGTGACAG_CCGAGTCCTGZO.
CG@u Arg Tyr Leu Leu Gu Ala Lys Qu Ala Qu Asn Val Thr Met GAG AGG TAC
CTC TTG GAG GCC AAG GAG GCC GAGEpT0d4s 605 BT 35 30

j 40 Gy Cys Ser Gu Ser Cys Ser Leu Asn G u, Asn..f! r?i&ﬁi
TGT TCCnidké, aRéi@vﬂ‘mhAwerY‘@s mpvgy\@v %@;’?j‘ iy ; % '25 emw

Val “sn apdesciibed lA|EaaanI w l{f frrbasCe a E'Tcﬁrr‘éﬁT
TG 5 be mlxture hybnduzanon was carned out at 46°C — 4
lc

70 c c%"h“_ s ol

e)hb Albf Heamikture. Bemo® of 16k bylidized aobefar

tAdio WitlC1 X@5CEAD.1%08DS for two minutes. Autoradiography.

of the f'lters%@afé&khrb@bsﬁﬂgclﬁi\qs (.@hcuvmwmh prohe mixiyres) "},‘%} mt? %?X

GCT GTC diakues sdredned. Efificaiot oIHe p‘ﬁi‘@l(}w'm@bm ER@-en s ev cDN A of

90. sequencing and electron micrographic visualization of gle e . _
Met At Expmplel 3 This @raseduresalso gaye W%Wt‘f‘ ops Rt ATG Q&

ATC AGT GGCCTT 110 60 Arg Ser eé}?,&‘% Leu Leu Arg Al'a Leu Gly Ala

SPnoelzB i%qé %ﬁei% &ﬂa‘{ﬂh‘ﬁ' viN% / e%eﬂ&sﬁﬁ‘ﬁe) s camisd @!ICG'&S. ..

130 . 55 Leu Pro Asp Ala Ala Ser AIaAIaProLeuArgThrIIeATC_

TCCCTCCCAGATGCC CCC TCG GCT GCT CCA CTC CGA ACC ATC 140 Thr Ala Asp. -

Thr Phe Cys Lys Leu Phe Arg Val Tyr Ser Asn Phe o0 ACT GCT GAC ACT TIC *

TGC AAA CTC TTC CGA GIC TAC TCC AAT TTC 150 : -
160 Leu Arg Ay Lys Leu Lys Leu Tyr Thr Ay Gu Al a Q/s Arg Arg '5 CTC .

G\ AAG CTG AAG CTG TAC ACG GGG GAG GCC TGC AGG AGA 165 Ay Asp Arg OP

_ GAC AGA TGA CCAGGTGCGTCCAGCTGGGCACATCCACCACCTCCCTCACCAACA 20 -
CTGCCT GT GCCACACCCTCCCT CACCACT CCOGAACCCCAT CGAGGGGCTCTCAGCTAAG 25

CGCCAGCCT GT CCCAT GGACACT CCAGT GCCAGCAAT GACAT CTCAGGGGCCAGAGGAAC

TGTCCASAGCACAACTCI GAGA rc TAAGGATCTCGCAGGGCCAACTTGACGGCCCAGAGC

AGGAAGCATTCAGAGAGCAGCT TTAAACT CAGGAGCAGAGACAATGCAGGGAAAACACCT 30
GAGCTCACTCGGCCACCTGCAAAATTTGATGCAGGACACGCTTTGGAGGCAATTTACCTG

TTTTTGCACCTACCATCACCGACAGCATGACT GGAGAACTTAGGTGGECAAGCTGTGACTT 3S

CTCAA CACGGGCACTCCCT TGGT GGCAAGAGCCCCCT TGACACTGAGAGAATAI T

TT CTGCAGCAGGAAAAATTACCGACAGGT TTTGGAGGT TGGAGGGTACTTGACAG 40

GT GT GT GGCGAAGCAGEGECEGET AGGEGET GGAGCT GGGATGCGAGT GAGAACCGTGAAGAC

AGGATGGEEECTEECCTCTGGT TCTCCTGEGGTCCAAGCT T Hindl 11 45
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The pol ypeptide sequence of Table i e subjected to analysis
for the presence of hi ghly hydroptﬁ??@)ﬁr@@# ba‘ﬁd/or secondary
conformati onal characteristics indicative of potentially highly inmunogenic
regions by, e.g., the nethods of Hopp, et al., P.NAS (US A), 78,
pp. 3824- 3828 (1981) and Kyte et al., J.Ml.Bio/., 157, pp. 105-132 (1982)
and/ orChou, et al., Biochem, 13, pp. 222-245 (1974) and 50 Advances in
Enzynol ogy, 47, pp. 45-47 (1978). Comput er - assi sted anal ysis according to
the Hopp, et al. nethod is avail able by neans of a program desi gnated PEP
Ref erence Section 6.7 nmade avatlable by Intelligenetics, Inc., 124
University Avenue, Palo Alto, California. Exanple 4 55 A Hurran Genomi ¢
Li brary A Ch4A phage- bprne(_huma fetad 1iygr gglom ¢ | i brary prgpared
according to the procgure of gwn &t akz, CHI, $B, pg 83 843 (8979)
was obt ai ned and mai ntai nheé f or aise N a gaque hybu di zg UE%gsay ©B.
Pl aque Hybri di zati on 8oceﬁ1res‘a¥:or &reed ng man &enoKa ¢ ary 80
Phage particles were Bysed&and the DFs we f&ed & fild ersE&o, 008
pl aques per filter) agordfhg t& therproc&iure§ of o, @thoﬁ"ln 2
Enzynol ogy, 68 pp.(38e95 (&B79) eexce foxtheQise & GCe Scrgge
fllters(NewEngIand Bicl el Caﬁalog Br-o ) aed NZ¥AM p 5
g; Myd 2-6H20, 2 g; NG AT e A 80 g5 yea8 exfact 25 gE casanisno acl ds 2
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m a C C W-  Soi- - -- L lu Cc C

Cc + LI oL o1 Ep 0 148 605 B1 ! "C C LI L
Fa- : . _ cc oLl 1- © cc. L cc 0=0
au Sl I\VTdbde ¥ the initial contiibidus DNAL€shuend® dedignates & tdp strand of 620 bpsges in what is

O | CC cc apparently an ungransiated sequence immgdiately preceding @ trangiated portion of the human §PQcgene..
| C o CMore spagifically, the sgquence appegss to comprise the 5 end of th_eegezg)wacch leati@:‘p to E;nsiated_

D ion coding for the fi amino acidg{—27 through,~24) of a Igader seguence {"’presaguence’).
>al wollind | i g'ﬁ:fe{@inningm the leader have not' :ﬁh n

Ce 5 Four airs in the sequence prior to that éncodi B
_' unartbi é&ly determi § are therefore degigihated by an “X". There then follows an intron of about
cc 639 basé pairs (435 base pairs-8twhich have bﬁn sequenced Bnd the renhaiiting 200 basé)gaits dflvitiich
LL ~ are designated ‘§:5)") and imrkediately précéding a codof for giutamine which Rascbeen designated as
W rédidue ~23 @3 the translatdd mlypeptide. TheLexoh aequence immediately follewing is se@bto code for
a- 10 amino acid regidyes through an alanige residue (designated as the +1 residue ¢f the amino acid sequence .
a o F ofgsnaturechumaniP0O) to the codon specifying threonine at position 426, whereupon there follows a
m sgrond intron consisting of 256 bapgssa's speeifically designated. Following this intron is an exon sequence
U Llcc for amino gcid residues.27 through 55 and thereafter a third intron ¢ _pnsmiim base pairs cz:_nmen S,
- . « i The subsequent exon codes for residues 56 through 1 ighuman EPO and th thel_'l commiénces a fou _
LI s _' Iintron~__ ¥t 134 bases as speiﬁied. Foltowing the fourth n is an exoi colling for résu.due Nos. 116 through
Ca 166 and a “stop” codon {IGA). Finally, TaBI6 VI ideritifies a séquence of 568-Dabe pairs in What appear£to.
Co - be arCéntranslated 13* fégion of ¢he human EPOl gedéytwobase paité/of which-(CX") have not yet heen
5 Junambiguously sequenced. . 700 a Sa cau . _gxu ' a2 >

_ 3 0 *
e 21 Table ¥pthys ssress-3o Kientify the primasy structural cpnformatipn (amipp acid sgguence) ofmature

B/ nEPO as including 1 cified amino acigresidues{estimated M.W. = 18,398). Also revealed in the
*C !p:gltg i§ the DNA k?:_t?’egnogﬁs ing for areég resicgujt?e leadeids(:%t:ence ong with 5 IT-;’ :;' DNA Semgeﬂé%s
. Si

o which may be significant t rogcg:gﬂg)erator functions kﬂ e human gene it f&r‘;_pot&itial
"poly

00go

- lycosylation of the mature hum ide are designated in the Table BySasterisks. It is worthy of

- U dkes! the specific amino acid sequence ofTable VI likelyleonstitutes that of a natutally dcdurring ailelic

25 form of human erythrBpoietin. Support for this position is found in theCresilt$ of cobtbled efforts at

a sequeriding of rinary isalates of human ehythropoietinGvhich provide@she finding that a significant

a "ymbeyjof erytheppeietidMroleulds therein hav@a methignine atjresidue 126 as opposed to a serine as

shown ir ine Table, | : .. .. 0a_  cc FDC F

- Tabl Vlg(feg:ov, (llustrates the e:eﬁwtso_f polypeptide sequence homology be_tweenghuman and

ﬁ’ nkey EPO. in the u&oer ‘continyous line pf the Tagle,' single letter desngnatﬁ)ﬂs am mpl&vgiﬁo

'\xgr t the dedyced translated polypeptide sequences uf human EPO commenéin with residue 2¥and

O the lowér contimdbus line $hows theﬁee d polypeptide seGuence of mddkey UEP® commencing it

asgignéd residud humber —27. Astérlsks are employed t6 highlighbthe sequehtethamaplogiés. it shduid be

a noted thatitha-dedudsd human and midnkey EPOLSequencks mveal an “‘additional” lysme_ (K) resigiue at -

M43s (human)position 116: Cross-referencede Table Wl indicates(thag this residue is qgﬁhe_lnmgln@f a putative

O TRNA splice junction ingthe genonyic segyence. Presepice of the lygipe residug j the hygpan polypeptide

cse ce wazégpl@‘r verified by seqyencing of a cDNA human ence cjone pre l’ego‘%%n \R}RNA
isolated from COS— celletrémsfored with t%% uman(pe,nomic DNA"in Example 7, infra. U U0
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$hat is apparently an untransl atdgd seq
fransl ated portion of the Q‘naqi:
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fransl ated DNA region codi ] foflthe TE%
§24) of a |eader sequence EJIpregy
$equence prior'to that .enc
Peen unanbi guously determ
g hen follows an intron of about
have been sequenced and the ren§ ning 200 %
Hesignated "1.S.") and i medi at®ly pre
has been designated as residue %23 of Ge
Fetuence imediately fol |l owing i3
¥ hrough an al ani ne residue (desi
fequence of mature human EPO) t&ftheg
$#26, whereupon there follows a gicond _
- Ppecifically designated. Foll owg
Jm no acid residues 27 through H
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unanbi guously sequenced. Table VI thus serves to identify the primry
* structural conformation (anino adER OetA8609 B1 nature 20 human EPO as
i ncluding 166 specified am no acid reS| dues esti rrat ed MW = 18, 399) Al so

reveal ed i theTabIelst se E%“%ln a27r %

sys ect g@@ﬁ ISO a é ;gm tmes of
sequence g t, §~*vc N .5& ;f &3 was
pr orrar er LapECaL nfa ust. %smi aiCAS. ccaoawm D e e s
gl ycosy! aﬁzhm-'mnre eedmt .sabm umo m&eﬁv&d IREE. éDlieh emygmreed thé ptdaence of
Tabl e by pBR322rderilert DNA) and theiamihalidn mtﬁtse(bﬁ tiatue bitte prseanckiot SWA vimisaerived DNA).
sequence of Moetdpecifitally,i doaixpressiors véctarwes commsructed according toh¢ fpllowing precedures. The

allelic eesmmlnrvmnmdm tyaoma@tamhﬂmpgeelcawddhe anpraxi ifgﬁVth%h "ros*v § ﬁ;

in the Awew@wﬁ M‘ (oot e
ggﬁgpyﬂlmgi%f E%Fégé aor."g‘%'n.s?.n Iy 5;%&1 ot '.'Hz a‘%@i Rl

opposed Hn@at@d &?bﬂoi}ﬁe%ﬁ a% Rimndtély lvrﬁedu la@mnd d' ERSWI\M\Wem ihblEPUDNRSvas
the ext efibni@l dnObAsPSE byle “Betk! &) GReflDRBIrioEh Eriforticidasd) tetBgnitordsits. pERSkwys then
EPO. I'fh tﬁgesua Himd¥l ameliSafstol viiete: thef EPONBNA ald the SsoRigb Sah mtmp‘iﬂ)elmkgnam bAkb

are enpl & wemmanpmdwm mraepmmmommmam oawa ﬂeeotger f@?d'"'
" human EP 5%» b? ker,alsq-havingSpproximatrly % qiﬁ?. i‘% npm u’g

t he dedu %’F’?ﬁ

resi dug @y,q@%@ e %‘?‘ %'ﬂegﬁf i?s@'%hggg%g&td“ 'y t Ne gequenc sides by

honol ogi es. Thd v %rrﬁfnﬁgsu;ﬁq@ltths BFo m‘%ﬁ‘i’.@sh“r@ﬂs gsvinkiedd ge&idusly been

S eq uenc e sonstroral tcﬁamow& lectdhodnd abilonbmBus éplicaticn if moﬁtrh chiivacransticpars iptovided

Crods meedrmiredsfcrqmcasoﬁalnb Amgiciliim chisishesgdnl ONAtshquentesgirebent ip thegegidmspanning
rrar gin ohuaeqsubaﬂmehmmwmf oanqszznm»s emuemetm syemuml\cﬂ@é @d By the quidition o @
of th& | Jiekaqeravidingn/dinghl receenitiemigmastia mcewefat-on into the

verified C&?::sé es.me tfeeied ue eért@féﬁgé'ae %‘V‘E‘ ;;Eﬁ&r E&ﬂ&k@%@;‘;
ol at M"E@%@jﬁéﬁﬁf’” o A Tt

anning nucleotlde numbers 5171 through 270 of the SV40

- EP @314&595\ IBQQl(eLrest(lclﬁnlsne (Bagﬁ:lll providedin ¢he vector and ivmétiatdly Zdjacertthe viral
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20- * 1 af. ~PNA:S. (U.S14.],>79, Yb. §522—6526, (1982)]). Again, (R *major operative cdimposents of plasmid/
* J 40 @BSVLTomprise nudlentidey 2448 through 4362)eFpBR322 along wljvnuclegides 5171 thyrough 27 (342
bp) and 2553 through 2770 (237 bp) of SV40-DNA.
i Following procedures described, e.g., in Maniatis, et al., supra, the EPO-encoding DNA was isolated
— from plasmid pBR—EPOQ as a BamH| fragment and ligated into plasmld pDSVL1 cut with BamHI. Restriction
enzyme analysis was employed to confirm insertion of the EPO gene in the correct orientation in two of the
45 resulting cloned vectors (duplicate vectors H and L). See Figure 2, illustrating plasmid pDSVL—MKE.
Vectors with EPO genes in the wrong orientation were saved for use as negative controls in transfection
experiments designed to determine EPO expression levels in hosts transformed with vectors having EPO
DNA in the correct orientation.
Vectors H, L, F, X and G were combined with carrier DNA {mouse liver and spleen DNA) were employed
50 to transfect duplicate 60 mm plates by calcium phosphate microprecipitate methods. Duplicate 60 mm
plates were also transfected with carrier DNA as a “mock” transformation negative control. After five days
ali culture media were tested for the presence of polypeptides possessmg the |mmunologlcal properties of
naturally-occurnng EPO.
Example 7
55 A, Initial EPO Expressnon System Involving COS—1 Cells
The system selected for initial attempts at microbial synthesis of isolatable quantities of human EPO
polypeptide material coded for by the human genomic DNA EPO clone, also involved expression in
* mammalian host cells (i.e., COS—1 cells, A.T.C.C. No. CRL—1650). The human EPO gene was first sub-
cloned into a “shuttle” vector which is capable of autonomous replication in both E.coli hosts (by virtue of
60 the presence of pBR322 derived DNA) and in the mammalian cell line COS—1 (by virtue of the presence of
SV40 virus derived DNA). The shuttle vector, contammg the EPO gene, was then transfected into COS—1

cells. EPO polypeptide material was produced in the transfected cells and secreted mto the cell culture
media.
More specifically, an expression vector was constructed according to the followmg procedures. DNA

65 isolated from lambda clone AhE1, containing the human genomlc EPO gene, was digested with BamHI and
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transfected with vectors (H and L) having the EPO DNA in the correct onentatlon the % inhibition of
'?—EPO binding to antibody ranged from 72 to 88%, which places all values at the top of the standard
curve. The exact concentration of EPO in the cuiture supernatant could not then reliably be estimated. A

60 quite conservative estimate of 300 mU/ml was made, however, from the value calculation of the largest
aliguot size {250 microliter).

A representative culture fluid according to Example 6 and five and seven day culture fluids obtained
according to Example 7A were tested in the RIA in order to compare activity of recombinant monkey and
human _EPO materials to a naturally-occurring human EPQ standard and the results are set out in graphic

65 form in Figure 1. Briefly, the resuits expectedly revealed that the recombinant monkey EPO significantly
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_Estimated human EPO production |evels were correspondingly set at 302 mJ ni
fortthe five-day growmh sanpl e Ep 0948805 B‘-pr the seven day growth

- sanpl e. Estimated nmonkey EPO production levels in the Exanple 78 expression
syst em oupetimgntal igroups (f2 micefgroupy Qver ﬁl@g coqge of 5 weeks. the seven mice were injected
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di hygly o gﬁg :@%ﬂ; CetvthfoBoik , uct ural enes and
therefore requr re a presence o ne, hNypoxant hi ne and thym d| ne in

the cul ture nedia. PI asm ds pDSVL- l\/kEE)(aEipwml e 6) or pDSVL- gHuEPO (Exanpl e

78) vere t Thawéssat edmpleralgtesiathe ol marufadiitd by aisembliiol mde@ QAtfuGtyral n
medi a cameemmmty-pdmmn mqes ERQ, dmef TahielV 9éncn@°rﬁtinw°smﬁ?‘ rred
pl at 3. cﬂ [ 9’ Gfls, °P‘f‘(i"b?‘|'1§ ':'t'::
cont ai n E ‘:m assemb
bacteri i, m,grggg Hrés dik ete
m xt ur e de eagu: 'ch Efro ﬁfd dnspliNitdtioh
acquies sman.ndoam&bsurhmecgﬁaesmdanworahmg|as ﬂinlltiblh fﬁgﬁﬂﬁﬂfgdthiﬂ insnsuityble g¥pression
‘three dagaoer.t he cells were dispersed by trypsinization into several 10Q nm
culigure pl Jakles Vith tmre«vaew strgte thedesigh and assembly fr? man\efactm ding a
cel s wht rﬁaoetrase@noemg;?t 9 e o PrRGaCHRD "'gerggg pine
the EPOY at 9%?'\}‘?'\@ iM j;@dﬂc ’p‘l’gﬁ .E‘ s s?f" (?dlp(rjen P'es
h

survi®i A ng ce Bgca?ﬁéheé?)%m rgﬁ'ired A transfgrmant coI oni es, after

di spersi on by trypsrnrzatron can be continuously propagated in nedia
| acki ng hypoxant hi ne and K thym dine, creating new cell strains (e.g.,
CHO pDSVL-MKEPO, CHO pSVgHUEPO, CHO pDSVL-gHUEPQO). Culture fluids from
the above cell strains were tested in the RIA for the presence of
reconbi nant- 45 nonkey or human EPO Media for strain CHO pDSVL- MKEPO
contai ned EPO with i munol ogi cal properties |like that obtained from COS-1
~cells transfected with plasmd pDSVL- MKEPO. A representative 65 hour
cultﬁrse fluid contai ned nonkey EPO at 0.60 Um . Culture fluids from CHO
" pSVgHUEPO and CHO pDSVL- gHUEPO cont ai ned reconbi nant hunman EPO with
‘i mmunol ogi cal properties |like that obtained with COS-1 cells transfected
with plasmd pSVgHUEPO so or pDSVL-gHUEPO. A representative 3 day culture
‘fluid from.CHO pSVgHUEPO contained 2.99 U m of human EPO and a 5.5 day
sanplé@ from CHO pDSVL- gHUEPO had 18.2 U m of human EPO as neasured by the
RIA The quantity of EPO produced by the cell strains described above can
be increased by gene anplification giving new cell strains of greater .
productivity. The enzynme di hydrofol ate reductase (DHFR) 55 which is the:
“prodygt coded for by the DHFR gene can be inhibited by the drug
net hotrexate (MrX). Mre specifically, cells propagated in nedia | acki ng
‘hypoxant hj.ne. and t hym di ne are.inhi bi: 1l ed MTX Under the.




i ncreasi ng MIX concentrations (0 nM 30 nMand 100 nM. Representative

"65- hour culture nedia sanples 65 ification step were assayed
by RIA and determ ned to contain &Vé@q%&t@@%‘e 10 UmM, 27 A& iii.
SR - EP 0148605 81

respectively. Cell strain CHO pDSVL-gHuéHﬁﬂ#aélgﬁéjected to a series of

i ncréesi ng MIX concentrations n P 1 pM and 5
pM MIX. A representative :%--daye‘f;Elg Se61 2ok 1" ot ook e0 ttiIM;OO nM MI'X
step contai ned hygan EPOaptrtetREAAACOATEAECEPAATARRATAY R A Representative
48 hour cultural nedium sanples fromthe 100 nMand 1 pM MIX steps
cont ai ned, respegtively, CORMRATEPEARTACCETCATGRTTICBRAGU/ Ml as judged by RIA
(average of triplicate assays). In these procedures, 1 x 101 cells were
plated in 5 ml of.nedi a AMGEOTERGLCEEGTLTGAELEGCGARENt y-four hours | ater

t he medi a were renoved and reEIaced with 5 nl of serumfree nedia (high

gl ucose DVEM supfkenent e8TGFARTOCRAGAT GRABACBEEREGBAG ani no aci ds and

L-glutam ne). EPO was al lowed to_acc a 48 hours in the serumfree
nmedi a. The nedi a®was coIFEE@EGG$B$fﬁggkégtﬁﬁégﬁﬁc?ﬁe cells were trypsinized
and counted. The_average ~abd 10 1352 Umnm for cells
grown at 100 nM &nd 1 pNFE#QFXEéggézgéeéfggéé&%@?ﬁed actual yields of 2335

U plate and 67504,U pl ate rs per plate were 1.94 X
106 and 3.12 x 16' celISFA§§§B§5§¢€Q¢sf€#%%Rgf gctive production rates for

these culture cogditionsgygsechPesTirCAcerfictPdgV 101 cells/ 48 hours. The
celNls in the cultures described imedi ately above are a genetically

het er ogeneous pogul ati onacBaenderTiIGECC PERNACAC PEPTEdur es are bei ng enpl oyed
in an attenpt to isolate genetically honogeneous 15 clones with the

hi ghest productl0n capacCRRAGSREAGBBTTCABGCACARBCA 2, of "Points to Consider
in the Characterization of Cell Lines Used to Produce Biologics", June 1,
1984, O fice of 1Biol ogi c3TREAREEAAAMCATEACGGEAEES for Drugs and Biol ogics,
U S. Food and Drug Adm nistration. The L?ducéivity of the EPO producing
CHO cel | 1ines H@scribedcﬁﬁsgﬁszﬁﬁcﬁénﬁﬁp_BEE GhY appropriate cell culture
t echni ques. The—propagati-on—of~—parral+ar—eet-s—a—eatture—gemeratty
requires the presence of 20 serumin tp go h nedia. A nethod for
production of erythropoietin from CHO +=—nedi a t hat does not contain
serumgreatly facilitates the purification of erythropoietin fromthe
culture nedium The method descri bedgpepgnwsesreanabl e of economically
produci ng erythropoietin in serumfrge-medra rn rarge quantities sufficient
for production. Straxpa@®HO pDSVL- gHUEPO cells, grown in standard cel
culture conditipasriare used to sged spinner 25 cell cultuBe flasks. The
cells are propaBATedTas AAS0EATBAGOGGTARTARAACTAATCRETERI BBEBCEECTG ul ture
flask in nmedia consG8TCNGTFEGAACTCSOCAT XATTEToRTRAGHGARGCEEECERARRAGND Hami s
FlA_suppl emented with 5% fetal calf Zerum L-glutanine, Penicillfn and
Streptonycin, 0.05 nMnon-essential am no acids and the appropriate

w0 e SRR S e -

seeding density of 1.5 x 10" viable celts per 850 cn2 roller bottle in 200
m of nedia. The cellsqare allowed to grow to confluency as an agberent

cell line over fghRhReA%RY QentmdsrThs?ucﬂtnngnedrtmwcgmws RpRESAABACAhe

growth is the sagerascyaed TGGTGRCORANCADGAOSPENS GACAARBRARCE TERATHT TEGRe
three-day growh period8 the serum contai bing nedia is renoved and repl aced
with 100 m of serumfrée media; 50-50 nixture of high glucose DVEM and
Ham s F12 suppl ement K80 t hBam8d nM non- essential am no acids and 35

L-gl utam ne. ThETABGGEACEOGt | es are returned to the roller bottle incubator
for a period of ARTGCRAIEE §RAAEhe nedia again is removed and replaced with -
100 m of fresh sé2umfree media. The 1-3 hour incubation of the serumfree
medi a reduces t-he—eotrcentrattomof—Tontam nating serum proteins. The roller
‘bottles are returned to the incubator for seven days during which -
erythropoi etin accunulates in the serumfree culture nedia. At the end of
.the seven-day production phase, the.conditioned nmedia is renoved and
replaced with 40 fresh serumfree nediumfor a second production cycle. As
an exanple of the practice of this production system a representative
seven-day, serumfree nedia sanpl e contai ned human erythropoietin at 3892

9 Um .as judged by the RIA Based on estimated cel |- density of 0.9 to




3 b0 adj acent the putative'am’nbter L nal i \Mether this is the
: ‘esult of incorrect menbrane proces@ g‘ﬁwa“ypeptl de in CHO cells or
Meflects a difference in structure of t{aﬁa%¥o term nus of nonkey EPO

Wis-a-vis human EPO, is pre y rom cel | stral.n
#HO pDSVL- gHUEPO wer e subj eé BhbYse &H“ﬁd’é 1£8 §day sanpl e

ontned reconbi nant humam EPO in 4@3&! : 18.2 UmM by R A
Mssay, 15.8 4.6 U 55 nm by in w‘%ro assay an(ft G‘F}'{) Um by in viva
gosay. Culture fluid from GHO pDSVigiatAKERS Rl vaTovotdicet anpl i fied by

4t epwi se 100 nM MI'X were suuj;”-ed to the three assays. A 3.0 day sanple

gont ai ned reconbi nant humarB EPO at TAACIVRGTADGCIORBAARLETWTH by RIA 2589
1.5UnmM by invitro assay, and 2040- 160 Um by in vivo assay. Anm no
ici d sequencing of this prdduct reVFLCATACCNTTOCAASCEGTABAACOr r espondi ng to
hat designated in Table VI. 60 Cell conditioned nedia from CHO cells
ransfected with plasmid pESVL- Mk E GGARRT TRATGRACAAGEABITIGAAGTand t he MTX.

i-:al yzed out over several days, resul t'qo% in nmedia with an EPO activity of

B®21 5.1 U nl (EPOCONV. To det er FCABACTI CGAACTIGES TETTEACCHAC he EPO- COM
pon hematocrit levels in rmal B |l experinment was
onducted. Cell conditioned *nedia ?%&%FJ@QSGMH s (CCM and-:

PO CCM were adjusted with group (3 mce)‘
nd two dose 65 |evels of slIZPOCCI\/I un| tsGEﬂ#ThﬁFé@?E‘&ﬁ?gnd 44 units per

njection -were enployed for, the 2 O
=i - ~~~~~M-s..Un. 7TTN. &GWTG'TACTGCGTGGESASEE&SOS BI

1 X?e/“ ment al grOUIOS (2 m Q@.group) GCAGTGCLITEGEEALBEABT ABAVeEksS, the seven
Jice were Injected intraperitoneally. 3 tines per week. After the eighth
&nj ection, average hemat oddi.t val ueIGCEIGGTAAACTICCTONCAGCOGIUP wer e
Weterm ned to be 50.4% for the 4U group, 65.1% and, for the 44U group,
W7.9% Manmmalian cell expR@ssion pﬂ'gBGSﬁﬁﬁﬁﬁicbﬁﬂﬁﬁaaFWAEBéovered in

'; ubstantially purified formfrom5 culture nmedia usi n%] HPLC (CJ) enpl oying
n ethanol gradient, prefdPably at GBBARCRGETECARERGEHTETTEABt was nmade to

= %and oo iZFFb'eQSPES #4n or ¢ RETRARRRHEERTERBE FRERBERE! TSon o human
;rinary EPO |sol ates usinggboth V‘éghﬁEgAElﬁg&ﬁaggt Z'Fﬁﬁﬁu?eTéDS- PACGE. These

Bt udi es indicated that the” CHO produce somewhat hi gher
4ol ecul ar wei ght than the;g0s-1 exQﬁ?ééhﬁﬂTEWEﬂHﬁECMA?HCT' nturn, to was
| i ghtly larger than the_pooled source human uripary extract, All products
PWere somewhat het erogeneous. Neuram ni dase enzyne treatnment to renove
PWalic acid resulted in COS-1 and CHO rlABuBiXEnt products of approximately
Wqual nol ecul ar wei ght which were both nonet hel ess | arger than the
'sultl ng asial o human urinary extr &QEPCBECIAMOP dase F enzynme (EC 3.2.1)
& catment of the reconbi nant CHO product and the urinary extract product

ototally re 8RL oy édrate rom bot |5 resulteéln subst an

T rogencous profubTEE m&w 9@%‘%@3@“ 9%6% whdan’
n

#haracteristics. pur F¢%
#! | - produced, EPO according the Invention were subjected to

$r bohydrate anaI ysis &ccor d| ng to the pr ocedur y of Ledeen, et al. Methods
g Enzyno/ ogy. EPfEGTEARE. ARGERGPIGH TGHT %dch@m Téagceh the
drolysi s procegaceacPtc NEFCETCAALY AC ACTEGE
J|L984). Experinentallygdeterm ned car bohydr te constl tutg on val ues
expressed as nolar ratios of carbohydrate in the produCt) for the urinary
golate were as foll ows: Hexpses, , N-acet gl ucosam ne, 1;

B acet yi neur ani BEETGTACTG (I:[EH;G(HIRBIB&: cmwmmwmra%
Prrespondi ng TRAC tCCACCRLHAN MRIGA T TBAGOASA GTC C
@PSVL- gHUEPO 3-day cul ture nﬂﬂa at 100 nM'MrX) w2 as foll ows: Hexoses
¥.09; N acetyl glucosani ne, 1; N acetyl neuram nic aC| d, 25 0.998; _Fucagse,
and N-acetyl mne, 0. These i ndi ngs ar% nS| sten@ﬂ&ltlh tgﬁ'ﬂﬂl

b r R @ﬁe&gpﬁﬁébfng

yri mary str.uctural formation sufficiently dupI |-éat|ve of that of a
‘ural by-occurring erythropoietin.to allow possessionof—-oRe—orHBie ot
ologi cal properties t hereof and havi ng an average carbohydrate 30
on which differs fromthat of nagklral | y-occurring erythropoietiin.. -
he present exarrple reI ates to .total manuf. acture by ass b
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encodi ng analogs of human EPO Briefly stated, the protocol enployed was
geneftal I'y*as set out in the previ ogplnmgbgil'fl osure of Alton, et al.
NWO 83/ 0453). The genes were designed for initial assenbly of conponent

ol i gonucl eotides into nultiple dupl exEABUE] XBI |n tum were assenbled into

three discrete sections. These sect o W\ ned for ready
anpllﬁfcatlon and, upon renoval fr tion 40 system could be
assenbl ed sequentlally of .t hrougQAPCONGATETETEACTAETE TG 0ation in a
suitabl e expression vector. Tables Vill through XIV below illustrate the

desi gn and assenbly of a2eanuf acACGEAGORGAGTEAGTCAGAGATCIBan EPO transl ation
product |acking any | eader or presequence but including an.initial

met hi oni ne residue at po3ition - IGCEHECTLEGGGTERAGRBARAAGARGG porated in
substantial part E.coli preference_codons and 45 the construction was

therefore referred to as the " ECBATAGEEHeT THRT GEGGACRRAGAGE

E]_I GONUCLEQTI Dngl ) AAE?C'(I)' @&%&14 'lQMT 3 %V'IM%D SECTIAN

CCATTATTTTATTACCCTCATGGIJTCTAG: 3c AGCA . LT GATCTGCGAC 4.
CTCGAGI CGCAGATCAGA G 5. _ ACCTGCTG 6.
CTTCCAGCAGGTAACGTTCCAGAAET 7. GCTW TC 8.
GIGGTGATGITTTCAGCTTCTTTAG 9. GITC 10.

CAAAGAACAGTGTTCAGCACAACGH, 11. AT AGOAEYSAFRERATHIREEVCCG 12.
GATCCGGTACCGTAATGITTTCGIT TABLE | X ECEPO SECTI ON 1 Xbal EcoRI
| 3 > TCTAG AAACCATGAU CIﬁ'AATAAAACﬂ'GATm'me& TTTGGTACTC

CCATTATTTT AT AC AGG CGGCGCCAGAC 2 : 4 ATCTGCGAC
CGAGAGTTCT GGAACGTTAC QIBCT AAG ummmmmm&mm CCAAGA CCTTGCAATG
GACGAC GATTTCTTCG 6 7 1

TGAAAACRTC kCACTGGTT GRICTGAACA tﬁmﬁmm&‘@ GEIATTTGTAG Tf GTCCAA

TTAGGOTACC G AATGOCATGB BCTAG 1 £AGT LTAGEAGACACGARGTTAGRGY 52!
pom 6Jis.'ﬁlL?_;ZIZBZ-ZZZZZZZAZAZch_QA@ACTm’mcTrscccnncc

14, GGCATGCITCGCCAGTATACAGTTT

15. ATGCCGTACTGGTGACCGCTAATAG

ls. TCGACTA}TA.GCGGTCACCAGTAC




g

; EP 0148605 Bl TABLE X ECEPO SECTI C%\TT%%EIUCLEOTI:DES 1.

§ AATTCGGTACCAGACACCAAGGT 2. - GT JIBAGTACCG 3.
TAACTTCTACGCTTGGAAACGTAT 4. TTcggéﬁgggéi GCGTAGAA 5.
GGAAGTTGGT CAACAAGCAGTTGAAGT 6. | GCTTGTTGACCAAC 7.

4§ TTGGCAGGGTCTGGCACTGCTGAGOG 8. b5 CEE EAPRACECOCAGACCCTG 9.

FAGGCTFGTACTGCGTERC ¢ ) CCETCECCACSEAGTACA 11.

{cracTaatasacToBEREABEL, , TTCCCACGGCTGAGAGGAGTTTACCA 13.

§ ceeaacoaCTGCAGE T GERR e T sad gg; . GCTTTGTCAACATGCAGCTGCAGCGG 15.

1 AnaceaGTATCTGGOCTGABRTERBAE

; calAY GATCCAGATCTCAGGCCAGATACT TABLE XI ECEPO |
{sECTiON 2 EcoR Kpgt - 3 A ATTCGGTACC |

B 1. .
JAcacacomc oT pATRRTE AR Er B G RE T FRACET ST LR ace A
[ s KR, e e e

J TTCGTCAACT TCAAAC. TCTCCAGACCGTG ACGACTCC 6=

§8 .9 ,,  AL1l GGCTGTACTG CGTGGCCAGG § TGCTGGT WAACTCCTCT CAGRCGT GG w

Jcateac ‘GeacoameaTatTaca TCTRORACAT TEASEEEAT AT CERFONEFCEP eaTACCTTCC

412 13 - CCTACGACGT AGAC TG1GCGACGCATGVETAETGA

{ GETGCATGTT GAC AAGCEG TATCTGGCCT GAGATCTGE T9GOGACGT CGACGTACAA CTG TTT~C

] ATAGACCGGA CTCTAGACCTAC 14 . - = 16 . - 31.glio

{EP 0 148 605 8] “XI I ECEPO SECTI 1. GAT CTCTGALFACTCTGC
2. ACGCAGPYAARS RET AT €. TCTARCT TR TTROGTGET AR ARRETGG 4.

§ GATAGCCTCTTTCTO GEACHEARARECACATATG  REATTRRARRARREAOCHS YT ETGAC

§ CAGCAGATGCAGCATCGEECGGAGA 7. GCTGCACCGCTEZGTACCATCACTG 8.

{ ATCAGCABTGATGGTACGCAGCGETG 9. CTGATACCTTCCGCAAACTGTTTCG. 10.

| ATACACCAMCAGHTT FRERAEE Taddchrocc e THRETASTERCAEI RS EFA

i Arn;gnccsc TTCG ATGACCACTG GCGATTATC AGCT

16
30
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12. .CAGTTTACCACGCAGGAAGTI TAGAGT 13. AACTGAAACTGTATACTGGCGAAGC 14.
GGCATGCTT*CGCCAGTATACAGTTT 15. EP OTIREG0E BT GACCGCTAATAG 16.
TCGACTATTAGCGGTCACCAGTAC 32. : - -

BarH Z ||

. EP 0 148 605 Bl TABLE Xl |
U- TCCH-A CTCTG  GICTAGAGAC 1 ACTACTCTGC kNGCTCT
GAGA CCCACGTGTIC TTTCTCC

ACAGGRGG 4~ mmmm e e e e e e e e ~~— a | ~~~~
GGATGCTGCA TCTbCT UCGTAC CATCACTGbT'(¥K§ét£%§CIH¢(I¥KIEF,AGAN%CITG
CCGACGCATG GTAGT haAl 28GTAATAAAA TAATGGCTCC Geceegrere 1113
GCAAACTGIT TCGVGTATAC TthﬁﬁiiﬁdeEKﬁTXﬂ¥¥wYKI¥¥W%%EKEGIEEEEE§E§35§GCACAT ] G

AGATTGAAGG ACGCACCATVTGAQTTTGAC 10
15 Sal TATACTGGECG AAGChTGCCG TAETGGTGAC CGCTAATAG
ATATGACCGC TATCTBLGACT ACGRGABTNCT CRERACGTITAC ACYGCTRGAAG CTAAAGAAGC

16 30 35 40 3BGBOGEHGAOGETCTCAAGA :CCTTGCAATG . GACGACCTTC FRATNUGHUEG B1 TABLE
XI'V ECEPO GENE 5 -1 1 Xbal

Met Al 26 CT=  AAACCATGAG GGTAAT TAATGGCTOC GOOGOGTCTG TTTGGTACTC
CTGC. TGGAAG &G

GATTTCTTCG 15 TGAAAACATC ACCACTGGIT GTGCTGAACA CTGITCTTTG AACGAAAACA

ACTTTEETAG WW EERRPAC RCEETIdET HeoTaTddhPooTAC

AGQS§CCAAG TGCGAACCTT TGCATACCTT

25

30

35

40

45

50

GTTGGTCAAC
CAACCAGTTG

GGCTGTACTG
CCGACATGAC

AACCGCTGCA
TTGGCGACGT

ACTACTCTGC
TGATGAGACG

GGATGCTGCA
CCTACGACGT

GCAAACTGTT
CGTTTGACAA

TATACTGGCG
ATATGACCGC

AAGCAGTTGA
TTCGTCAACT

CGTGGCCAGG
GCACCGGTCC

GCTGCATGTT
CGACGTACAA

TGCGTGCTCT
ACGCACGAGA

TCTGCTGCAC
AGACGACGTG

TCGTGTATAC
AGCACATATG

AAGCATGCCG
TTCGTACGGC

AGTTTGGCAG
TCAAACCGTC

CACTGCTGGT
GTGACGACCA

GACAAAGCAG
CTGTTTCGTC

GGGTGCACAG
CCCACGTGTC

CGCTGCGTAC
GCGACGCATG

TCTAACTTCC
AGATTGAAGG

TACTGGTGAC
ATGACCACTG

GGTCTGGCAC
CCAGACCGTG

AAACTCCTCT
TTTGAGGAGA

TATCTGGCCT
ATAGACCGGA

ARAGAGGCTA

TTTCTCCGAT

CATCACTGCT
GTAGTGACGA

TGCGTGGTAA
ACGCACCATT

TGCTGAGCGA
ACGACTCGCT

CAGCCGTGGG
GTCGGCACCC

GAGATCTCTG
CTCTAGAGAC

TCTCTCCGCC
AGAGAGGCGG

GATACCTTCC
CTATGGAAGG

ACTGAAACTG
TGACTTTGAC

Sall
CGCTAATAG

GCGATTATCA

GCT

More particularly, Table VIIi illustrates oligonucleotides employed to generate the Section 1 of the
ECEPO gene encoding amino terminal residues of the human species polypeptide. Oligonucleotides were
assembled into duplexes (7 and 2, 3 and 4, etc.) and the duplexes were then ligated to provide ECEPO
Section 1 as in Table IX. Note that the assembled section includes respective terminal £EcoR| and BamH|
sticky ends, that “downstream” of the £coRl sticky end is a Xbal restriction enzyme recognition site; and
that “upstream” of the BamH\ sticky end is a Kpnl recognition site. Section 1 could readily be a.mpllﬂed
using the M13 phage vector employed for verification of sequence of the section. Some difficult'l_es were
encountered in isolating the section as an Xbal/Kpni fragment from RF DNA generated in E.cofj, likely due
to methylation of the Kpnl recognition site bases within the host. Single-stranded phage DNA was therefore
isolated and rendered into double-stranded form in vitro by primer extension and the desired double-
stranded fragment was thereafter readily isolated.
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AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACCTT TGCATACCTT GITGGICAAC
AAQCAGITGA AGITTGGCAG GGICTGECAC ERT0448-605° B1 CAACCAGITG TTCGICAACT -
TCAAACCGTC CCAGACCGTG ACGACTCGECT GECTGTACTG CGIGECCAGG CACTGCTGGT

AAACTCCTCT GRABEOGBESeBins 2 anGCTAIGHFCX e AIDBSBGERRTRg A eciifer uaqne e%'lf; the

16X, ECEPO Section 2
: W/BhM fragment.
;,31 ; e isolated from
réphrddAan Fdadilybé desdémbled into a
i A beqirbrict Fable ' bs F&WWQ with an amino

CT ATGGAAGﬁrAﬁ\al methiEHARACEEH Wmmmammm NOECSFCHRN upsarapAnttheinitial
CGT TTGACAATGECAGH ol ToE bAG TaTGABRNISRCNGIITINg Wm@ngap |sit5 gequence of the highly

TATACT BECexpreiseh PP wmtﬁzx@c CGCTAATAG ATATGA A “@%gg
GOGATTATCA G&'W ab'" é{P'E‘?'dntVa‘?ﬁ p'qva F‘e"ver, a(zythe g u "'ﬂ‘,’,,,,v, of plasmid
ol i gonucl en 'fu Qﬁu?a 196:1836,727, filed
encodi ng , h,. <AL 52l and Hindil; the
ai 90“U§| ln@ndmeme BCEPOI génec Sectipns h (Xbal/

t he dupl emn.vneucpnlragm ahd gmgarmnbhw Wud&lsﬂﬁﬁ’&dimbladdmthb cagectiordeginn M13 and the
Not e t hat EPOgenswasibdiaed themfroovasiaisingleddsl/Hiedih fragmens. Thisfsgmant irglusied a popion ‘of t:e
BamH st i elelylisked from M3 mp@ ohsae: speening the &anewl!&m sitpsthar e?RP"O ot.e " n the

restricti owu@ws erm H#’F'F(ﬁﬁ"'ﬁvl“l’ bVam!P“B bﬂﬂd’ WBF t"ﬁ%' under
St | cky Zén(fﬁ z;mrrg var a)“eyenhﬁr ?B’Eﬁd bhatshs
Lng the ?@ ana u¥.§* .aa o anaLenes
|on tres re encountere |n |so ating the section as an
Xbal | Kpnl .at rm.ma Pfd’@ﬁ?bﬁﬂ?- idaermnerated in E.coi, likely due to
met hyl abi on Bfastite53&lqanyying abo BOERG oangfbdtarel gens of T atin KIVt ¢Fea Wés‘tto Hindil "L”"‘ was
Si ngl e- st rdmasd thatligdbiand Wbol. hela@pbmons@mee arm;E g‘“"' sf t::"Af’,'f,
doubl e- st rreaegatfo aﬁtemnanmos thedasp qv sgrqf Hercotion '691 “f'P '&Bsiffg,@ Suble"9
65 st r and&@aen Aytrtihelalinken ctegutnea wap 838\’ ?“T’ Sevpethe %’4’“""9 a

XI'l, respectively. Each s;ct
for sequence verification and Brd A Y As is apparent
from Table X, ECEPO Section 2 was constructe with EcoRI and BanH sticky

ends ardg coul d be |soI at ed as 8 Kpn| | fra ment . My Firtd e large
Section 3 fvva ﬂ‘j‘(g ! "" (ﬁ %2‘!3 We"’ldqQé ﬁﬁve of plasmid
! sol at ed ”@ ?c’%ﬁa % Phtont o 6o, 830727, ied

t hus prep N1t | Chali&s Qiiﬁrumuﬁiésome&wemmdmg E.coli
(Tabl e gl Véxp?é%&e oNhe IVR—'G6n Bﬁh usaved sm&g es PO pol ypeptide with an anino
term nal nethionine codon ATG for E~cofi translation initiation. Note

al sp that BuUpsthER of the Initial ATGis a series of base pairs
cubSranti al yPlasd 15368 twasgdigested: Wb JSERA (and el a8 ip PasefLRANR gf"‘i"%”?{ linpr, was
1o expr ess@amdngured havieo the tetlowing seaURRCe:j t abl e expressi on vector nay be

empl oye¥ to carry th E PO ;%re fartjcul‘ar vgct o chgsengf orgexpr egggpn of

EP 0148_.?0605 Bl ECEPO gene ct ons 2 (Tapl €S XI ga\nd XIl11) were
constructed in a simlar ti dﬁe Tabl es X and
qcﬁ’ei& H j% ctor enployed

t he ECEPO gene as th-e— -

I 36 -
derivative of plg’sna_.-plA@ ﬁécggscgglgg §$B fggn giecnggeg’l naco pendi ng

U S. Patent Appli catlgm eﬂgé\ugpﬁtcﬁg 1Q§ér-b§/
Charl essoF. Morris. Mre speC| fically, pCFMb36 was di gested with Xbal and

Hindl | 1; the THe lidker gud theaXtaiincilia ECERCD bafuesteainal nemp veye mennnserteﬂbnqsaPQFMf’zs to
ligation wgererathe mmnmwmwnqod(méwmreﬁswm of RrerFthquT of {he Jesired
(Bgil I/ Sal yn reV| ousl y be assenb ;)he correct or der n is as -
the EPQ.gepe m tﬁf‘ ? @g ;éL 3s pf;é%' g btire
fragnent | é;ﬁ?l 3? éﬁhﬂf’ ";,m oloBtHel FFblEe vpfmen& 50 iHiGh were
the Sall t rivied s huﬁbie@%n& Sdefibibd i ab% HVESVIPEnd RX]. INGtd thatisyntiegis was

expr essi Onfaeir.m- ;paRbyuse \WRSorke/ sdlﬁiblﬂﬁ:aD od%n& A ButHeSOEPO Al ECEPOorstructions, i.e.,
i tsel f nmayolinuciemide P—1Z oietiidn 10df bbihagefibsobare ideptical; sowergeligor(usigotides d—6 of Section
provi dee i Rirceasblgensst rai n K12AHt rp). The nanuf act ured ECEPO gene above may
be variously nodified to encode erythroporetln anal ogs such as | Asn2,
des-Pro2 through |l el hEPO and [Hi s | hEPO, as described below. A [Asn2,
des-Pro2 through | | ehEPO h
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j Plasm d 536 carrying the ECEPO manufactured gene of Table XIV as a
at to Hindlll insert was digested wi ' I Xhol . The latter
donucl ease cuts the ECEPO gene at a Eﬁ (?ug,ﬂhé%%g%'pair recognition site
banni ng the |ast base of the codon encodi M@BEEPXVt hrough the second base
the Arg' 0 codon. A Xbtal/Xhol "linker" sequence was nanufactured having
e %ol | owi ng sequence: 30 ~ SCEPO SECTION 1 OLXGANUCLEOTIDES +1 2 7
.9 - Met Ala Asn Cys Asp Xhol 5 OCTA9 ATG GCT AAT TGC
hC-3 3 - TAC CGA TTA ACG CTG AECT-5 35aAMECKAGCTXGGATARARGAGENd t he
10l | H ndl Il ECEPO gene sequence fragnent were inserted into the | arge
;agment” resulting from Xbal a@d Hi ndl GFGBAGEICTTRTATCRRABGTHGpCFNVG26 - a .
pr i vative of plasmd pCFMA14 (A T.C. C. 40076) - as described in co-pending
S, Patent Application Serial 3No. 636CGAGCAAGATTGATGTGTGACTGog4, by

D cpr cssion of the Met. forfinor ¢ hoTHISRRBICARARBICARICT TR hERO
ol xhol T niker s manuf act ubed. havi BRCARLFFEERRRRREPACTIRTRE s a

2. 3 4 6 7. 8 Pro A
bu Ile His Asp 5 -gTAG ATG ot CCG ccﬁ?&’érr“&‘f&“gﬂgt%é&gggp TTAC oA

EC GGT GCA GAC TAG GTA CTG  AGCT-5 5@aRherhhAtRAGEARARCANE! / Hi ndi I |
CEPO sequence fragment were then inserted into pCFMb26 to generate a

asm d- borne DNA sequence encgdi ng E. GPGGTGAPGESSTOAGOTTCNRTABL -' form of
g desired anal og. Construction of a manufactured gene (" SCEPQO')
corporating yeast preference9codons AGCACTBETTAEGCTGAACACTGTTE f ol | owi ng
bl es XV through XXI. As was the case with the ECEPO gene, the entire
pnstruction invol ved fornatiéﬁ-ofvthr58AGGQQCBGTGFFQB&G&FEB@FGes (Tabl es

, XVI1-and X X) which f d i dupl d i
otions (Tablea XV XVIT1 abixq . NSTECRRREABBACALIACORBRCERL I [tat ed i n

{ irt by use of sone sub-opti codons .| PO
“'nstrﬁctions, i.e., oliggnugﬁ20tides ?b?Eth?géegigggggt??gg _genes were
lentical, as were ofigonucléeofrdes 1I-6 of Section 60 2 1 n each gene. 65

85 EP 0140605 S1 TABLE XV SCEPO SECTI UCLECOTI DES 1.
AT TCAAGCTTGGATAAAAGACCT 2. GIGGAGCT GCTTG 3.

ACCAAGATTGATCTGTGACTC 4. TCTCGA (CTIG 5.
\GAGTTTTGGAAAGATACTTGTTG 6. CTT ettt S0 7
MAGCTAAAGAAGCT R18: nind11ETEGTGATGTTTTCAGCTTCTTTAG 9.
DCACTGGTTGTGCTGAA 3o BARd T  TRAAAGAACAGT GTTCAGCACAACCA 11

Bl TGAACGAAAACATTACGGTACCET 126 GAACC TRRTCCGGTACCGTAATGTTTTCGTT TABLE XV
P =PO SECTION 1 EcoRl Hindl I 1 AUTZCA AGCTTGGATA:

\— 3
AAAGAGCTEC ACCAAGATTG ATCTGTGACT CGAGAGTTTY
TTTCTCGAGG TGGTTCTAAC TAGACACTGA G AAAA
4

5 z
GGAAAGATAC TTGTTGBAAG CTAARAGAAGC TGAAAACATC RCCACTGGTT
CCTTTCTATG AACAAC GATTTCTTCG ACTTTTGTAG CCAA
é : 8
9 | PRy Kpnl BamHI
GTGCTGAACA CTGTTCFTTG AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGAAAC| TTGCTTTTGT AATGCCATGG CCTAG
- 12




GT TCGAACCTAT 2 AAAGAGCTC _ACCAAGATTG ATCTGTGACT Ci AGGTTTT TTTCTCGA TG
TTCTAAC TAGACACTGA GCTCTF AAAA 4EP 0 148 605 B1! 7 GGAAAGATAC TTGITG AAG

CTAAAGAAGC TGAAAACATC h GGT CCTTICTAIG MAGYY  GATTTCTTOS ACTTTTGIAG
yoGG) JCCAA 6 11

Kpnl -~ ami H GTGCTGAACA CTGTTCKTTG AACGAAAACA TTACGGTACC G CAGGACTTGT
GACARG TTGCTTTTCT AMIEGAT | UCLEATT0ES, £ 0148605 1 TABLE
XVI'1 SCEPO SECTI ON 2 OFEehdere & CCAGACACCAAGGT 2. =
GTTAACCTTGGTGTCTGGTACCG 3. - TAACTTCTACGCTTGGAAACGTAT 4.

TTCCATACGT TTCCAAGCGTAGAA 5. AA TGAAGT 6.
CCAAACTTCAACTGCTTGTTGACCAAC 7. TTGGCAAGGT TTGGCCTTGTTATCTG 8.
GCTTCAGATAACAAGGCCAAAcmeG 9. GTTAA&Q&?ﬁQﬁﬁF CERGIACEGAAGCCT 10.

AACAAGGCTTGACCTCTCAAAACY CCATGGG 120
TGGTTOOCAT GGTTGAGAACAGRIACE 19 Mﬁmﬁgﬁﬁ%ﬁﬁ CGTCGAT 14.
CTTTATCGACGTGCAAT. T 15, TCTG 16.
GATCCAGATCTCAAACCAGAGA 37TJ¢?%$EEE?P;EEEEEEE¥§% EP 0

AGACAGEANG COCATCS #E'Té?gé-??csﬁ'@kf e RIS
GITCGTCANC AAGTTGITCA @) coMRACTRERAGTGET TEFRAACERRL CAACCAGTTO

TTCGACAACT 4 - 9 AGTKTGGCAA
GGTTTGGCCT TGTTATCTGL ﬂGTTTTGrAmmmGrﬁmwsﬂrmAAccesA ACAATAGAC T
CCAAAAC TCTCCAGTTC 8 _ 10 11
13 8. BCTTCAGATAACAAGGCCAAACCTTG
' ' 9. AAGCTGTTTTGAGAGGTCAAGCCT
10. AACAAGGCTTGACCTCTCAAAACA
b3 TGTTGGTTAACTCTTCTCAACCATGGG
12;j TGGTTCCCATGGTTGAGAAGAGTTAACC
13; AACCATTGCAAT?GCACGTCGAT
14. CTTTATCGACGTGCAATTGCAA
15, AAAGCCGTCTCTGGTTTGAGATCTG
1s.f GATCCAGATCTCAAACCAGAGACGG




CCT CC)II;!T | GT TAACTCTTCT CAACCATGGG hACCATTGCt AATTGCACGTC GGA CALFCA ATTGAGAAGA
GTTAGTACCC STGTPMACGT TAACGTGCAG 12 14 15
ftl- BanH ‘GAThAACCG TCTCTGGITT. CE«EAP&@ a%' rq.lerGC AGAGACCAAA

CTCTAGACCTA G 16 A~~~ 3 TABLE XVIITI .. - EP 0148605 01
TABLE XI X SCEPO SECTION 3 OLI GONUCLEOTIDES 00—
GATCOMGATCTTTGACTACTTTGTT 2. TCBCEABASECTAGNCRAAGATCTG 3
GAGAGCTTTGGGTGCTCAAAAGGAAG 4.  ATECTTCCTTT TGAGCACCCAAAGE 5.

CCATTTCCCCACCAGACCCTCCTT EE_I GCAGAAGCAGCGT CTGGTGEGEGAA 7.

CTGCCGCTCCATTGA AGTGATGGTTCTCAATGGAGOG 9.
ACTGCTGATACCTTCA T“bc ?G}r Y TTCTGAAGGTATCAG 11.
ATTCAGAGITTACTCCAACTTCTOGUATGE 2¢-~ GO N GTTGGAGTAAACTCT 13,
TGAGAGGTAAATTGAAGTTGTACAC 14. 2 ACCGGTGTACAACTTCAATTTACCT 15.

CGGTGAAGCCTGTAGAACTGGT 16. 3 CTGTCACCAGTTCTACAGGCTTC

GACAGATAAGCCCGACT dPreT AcG ﬂEEHH“' Terr cnnc AAGCTGTTGA
CAACAGTGTAGATGTAA CA TGCOKAZETH Tookitie 181

TABLE XX SCEPO SECTION 3 QanH gl 11 1 GATC CAA- TCTTTU ACTACEJTGT TAGGCTTT
GTCTAGAAAC TGATGAAACA AC GAAA 2 3~~~~~~~~ GGGTGCTCAA “AAGGAAGH CA
TTTCCCCACC AGACGCTGCT. TCTGCOGCTE. COCACGAGTT TTCCT TOGV AAGGGGTGG TCTGCGACGA
AUMGCGAG 4: 6 7  AGTETGGCAA GGTT EGGDUT FGIVAT GIATAGCRRBEGTCAAG
GAAAGTThTT CAGAGT GnmkakgnaakyRQﬁA uannngmqnlcnasmznmATG
8" E 10 12 13

15 \ICCAACT TCT VGAGAGGTAX ATTGAAEF%G TACACt GGTC AAGCCTGTAG A TGAAGA ACT W

TCCATT TAACTTCAAC AT {60F TAACTCTIET CARCEATEEG RACCATTGEA ATTGCACGTC O
- GGA CA ATTGAGAAGA GTTGGTACCC ACGT TAACGTGCAG
12 18
15 BglIr . BamMl

GATRAAGCCG TCTCTGGTTT GAGATCTG
CTA GC AcAcgcanA CTCTAGACCTA G
1




19 AACTGGTDAC AG A- TAAGOCC GACTGATAAt AACAGTGTAG
FACCArTC  ATTCGGG CTGACTATTGTqTGCA AACAAA G TACATTGTTT

S 20 i40 4llowt - t i, Cﬁﬂs 6§Eﬁ8¥§§ﬁﬁ§?51 TABLE XXI SCEPO
E5 -1 +1 Hndl Il AngJa FTTGGATnnﬂéeﬁiffTCC ACCAAGATTG ATCTGTGACT
\GAGTTTT ACCTAT TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA 1o GGAAAGATAC
LGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT . CCTTTCTATG AACAACCTTC

.TTu-|CG ACTTTTGTAG TGGTGACC3LERE ASA0 i

NCGGTACC AGACACCAAG CACGACTTGT GACAAGAAAC fTGCTTTTGT AATGCCATGG
"GTGGTTC 20 GITAACTTCT Eﬁﬁi;é3§}§§¥¥¥§;. GCTGTTGA
\TTGAAGA TGCGAACCTT.TGCATAcé§$CZA£§?§Eﬁ$gﬁ$ﬁ ﬁéﬁTTGGCAA
"TTGGCCT TGITATCTGA: ACEICHTT’CSA(¥K%§§¥§§§%§§§§¥§§?‘ é§§§§§i§§§g
NATAGACT TCGACAAAAC TCTCCAGTTE CCTT cﬂh

DCATTGCA ATTGCACGTC 30 GRAACAACGER éGE T EEEY CETCANRKEEA AT GGTAACGT

NCGTGCAG GATAAAGCCG TCTCTGGITT GAGATCTTTG ACTACTTTGI TGAGAGCTTT

\TTTCGGC AGAGACCAAA CTCTAGAMC TCGATGRYGERT FEBTTTYSNEE ACCOANAGE TCAA
SGAAGCCA TTTCCCCACC, AGACGCTGCT TCTGCCGCTC CCCACGAGTT TTCCTTCGGT
AGGGGTGG TCTGCGACGA ' AGACGGCEG 40 CAOUATIFCCT CACCRGACRLT GBYTACCTTCA
AAGTTATT CAGAGTTTAC GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA

CAAATG 4S TCCAACTTCT TEAGAGGT/BCAGAAGCASIOGT CITRBRBRGEAB AAGCCTGTAG
STTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC 50 - AACTGGTGAC
N\TAAGCCC GACTGATAAC AACAGTGTRAG TTGAGIRERSCTECEATISAGARCEAIETATTG

GTCACATC Sal | ATGTAACAAA G 5 nbl ed SCEPO
i ons were sequenced in M.3*and Se%@c@%r%%@§ol atable from
the phage as Hindll!l1Kpnll E’§3 I andA@ﬁEd.H,ﬁ?%q{fwé" T?e pr esetnt |y
odauc a secretion system

ef erred expression system for® SCEPO gene pr

bed on S.cerevisie a-factory ecretl Fjppfd dq% ending U. S
ent Application Serial No. dA;f87 753 |Ie Apri | d%@@by G ant A
ter, published Cctober 31,111984 as grrenurgy Faticarticaugticati on 0 123

. Bri efly put, the systeminvol ves constructions wherein DNA encodi ng
@ | cader sequence of the yekxsi a- G6LTCAAGAAGRIGGABTRRAOQTCOTS positioned
gmedi ately 5 to the coding region-of the exogenous gene to be 41 .., ~ ~

X 13. TGAGAGGTARATTGAAGTTGTACAC
la. ACCGGTGTACAACTTCAATTTACCT
15.  CGGTGAAGCCTGTAGAACTGGT
16. CTGTCACCAGTTCTACAGGCTTC
17. GACAGATAAGCCCGACTGATAA
18. GTTGTTATCAGTCGGGCTTAT
19. CAACAGTGTAGATGTAACAAAG

20. TCGACTTTGTTACATCTACACT




EP'Oi48 605 Bl expressed As a result,. the gene'pfoduct transl ated includes |

a | tader®* or signal sequence irogessed of f" by an endogenous yeast
enzyme in the course of secrgﬁoﬂiﬁgﬂg mai nder of the product. k..,

Because the construction nakes usiggk &ze a-factor translation initiation

(ATG-.codon, there was no need t such a codon at the -1 position

of tke SCEPO gene. As may be sec®Tollsl € XX, ‘the alanine 5 (+11)
encodlng sequence IS precedeé@gggiﬂﬂﬂﬂﬂﬁ-SEquence all owing for direct
|nsert|on [ gla ¥ d4i ncludiing the DNA for the first 80 residues of the
~a-factor h TW@'%E?AET&?E?O? gﬁg }e? The specific preferred -

construct|on ogT AREN T GAYBARARCAORE xﬁ a four-part ligation
i ncl uding the above-not ed aSCEPO-'section fragnents and the |arge fragnent of

Hindill/ Sail digestion of plasmid paC3. Fromthe resulting plasnid

paC3/ SCEPO, thg a-factor pronoter and Beader sequence and SCEPO gene were .
10 i sol at GEGTBCACHAS NABGAAG UABameCGUACC|QBAEGCTGcb HNELCECTest ed L
pl asni d pYECCACBAGTTeTCEIICE AGGGGPSE/ FCEGCGAERANMERCGGCGAG present
exanmpl e rel ates4 o expression. of reconblnént product's of the nanufactured
ECEPO and SCEPO genes wi.t hin, the expresslon systens of Exa Ie 11. -15

- In use of the’ ex ? ste for ceIIs o
pl asm d pSg ﬂg? d%ﬁg Eg é previously
t ransf or ne Q A Qs Q Q 5 e. Cul tures

of cells in LB brot (Anp|C|II|n 50 p and kananyC|n 5 pg/ preferably ‘
wilh 10 MM MgS™4) were mai nt ai § d at 280C and upon gromﬂ of ceIIs in ' §
culture toy @CRAEQQ%T he EE@ammﬁ EMBZ"E); 66fc beEat sPAgthe culture -§
tenper at ur ggEP T6A CERTY TRACRTEARC @roductlon . E
20 (as estimated by gel)'of about.if ng/OD liter. Is merelbarvested -

- lysed, broken with French Press (10,7000 psi) and treat ed wi,tT | ysozyne and
"t11- NP-40 detergent. 1e pellet resulti g froni24, 000 xg centrifugation
was sol ubi RAZEGGRBAE_AGATAAGOECHGACIGATAAR, AACAGTEDABUrt her purification in

. a single sTEBARBGA ATILGGGYGRGACRAT Ebs GRCAHPLC (EtOH, 0-80% 50 niv
NH4Ac, pH 4.5). Protein sequ ing reveal ed the product to be greater than
95% pure and 25 'the produ ts obt ai ned reveal ed two different, am no

term nal s A Ipp-R... inarelative quantltatlve rati o of
about 3 tof $§E§ gé Tobservatlon of hEPO and ides Al alJhEPO products

i ndi cat es ? 8 t ?#Inal processing” within the host cells serves to
renove the te nal nethionine-and in sone instances Tmriiial alanine.

Radi oi mupeassay actTvity for—theTsorates was at_a everar 150,000 to
160,000 U ng; in vitro assay activity was at a |level of 30,000 to 62,000
Wng; and in vivo assay activity 30 ranged from about 120 to 720 U ny.

(Cf., hunman urinary isolate standard of 70,000 Ung in each assay.) The
doie/response curve for the reconbinant product in the in vivo assay
differed markedly fromthat of the human urinary EPO standard. The EPO -
anal og plasmds fornmed in parts A and B of Exanple 11 were each transforned
.into pMM- transformed AMZ E.coli cells and the cells were cultured as

above. Purified isolates were tested in both RIA 35 and in vitro assays.

RIA and in vitro assay val ues for |Asn2, des-Pro2 through Ile6JhEPO
.expression products were approximately 11,000 Wng and 6,000 U/ ng protein,
respectively, while the assay val ues for [H s7JhEPO were about 41, 000 U ny
and 14,000 Wng protein, respectively, indicating that the anal og products
were fromone-fourth to one-tenth as "active" as the "parent" expression
product in the assays. In the expression system designed for use of _
S.cerevisiae host cells, plasmd pYE/ SCEPO was trans- 40 formed into two-

di fferent strains, YSDP4 (genotype a pep4-3 tp 1) and RK81 (genotype aa i
- pep4-3 trp 1). Transforned YSDP4 hosts were grown-in -SD medi um (Methods in .-
Yeast Cenetics; Cold Spring Harbor K> Labor atory, Col d Spring Harbor,
N.Y., p. 62 (1983) suppl emented wi th casanino acids at 0.5% pH 6.5 at
30" C ‘Media harvested when the¢ells had been grown tio 36 O D. contalned
EPO products at |evels of about:244 Ug/n1 (97 plg/CD

- Transfornmed RK81 cells grown.to: €i
"nmedia with- EPO concentrations:o
Preliminary: analyses reveal :'sig
by- t he expression system:- I|ke
essed, and:

"y




‘respectively. 55 It should be readily apparent from consideration of
:thesabowe illustrative exanpl es thg iﬂhﬂdﬁs ﬁﬁeptlonally val uabl e
.products and processes are provided by the .present invention in its many
“aspects. Pol ypeptides provi ded by the TAyERt x@eP are conspicuously useful

mat eri al s, whether they are nicrobial |y expressed products or synthetic
produycts, the prinmary, secondary or testERPOYGBREuUCtural conformation of

whi ch was first nmade known by the present, I nvention. 60 As previously
|nd|cat5d reconbi nant - pr odetedland synthetic products of the invention
share, to varyHbndO2%rees, AbgAla vitro biological activity of EPO isolates
fromnatural s CGGATA AAAGAGT Eﬁﬁl%EGJTEEhEEeBT@BGIGAa&V GABAGT TV Tas

substitutes for EPRCCEAT aT EECTEGAGSt cTAGAGACTEA GETETEAARRA
~erythropoietic cells in culture. Simlarly, to the extent that pol ypeptide

S e S S RN

of the gffects heretofore 42 - e And r b.>Yr St2E-~r a nt

EP. 0148 605 Bl éfcbué TETYEYPTE CaREEAARAGA Tﬂ\ eutaé Oﬂcﬂéaééhncul ocyte
response, deve ﬁﬂ Aﬂ | ETEETEEEET ( ﬁN? CéﬁTﬁ agapgtegnyeur nover
effects and narrOM/tranS|t Ime effects), erythrocyte nass changes,
stinul ati on of henogl obin C synthesis (see, Eschuach, et al., supra) and,

as indi®ated | gTEAAOPTET IACGETTEEASI ACCTRTGEAR T GTTEEVCAACT AAGETGTRTEA
-I'ngluded wi t hi DAANEGAAGA STGEGAADETTE TGEATALCET WCAACOAGTTGt STOGAGAACTe

i nvention are patients generally requiring blood transfusions and including
trauma victins, sur i cal atlents renal dlsease atients -includin

di al ysi g pat i eAGETT GGA% $BﬁT§GQ$ThTGTV%T¢E$ BCHEDhHTEOABAGETE %
af fecting di soFGRARCCGTECEARACREGA ACAATAGAK eTQGB¢AﬁA§5a TCOAGLTG) ogi ¢

anem as, and the like. The minimzation of the need for transfusion therapy

e TR R e e

pyrogens, natural |nh|b|tory substances, and the I|ke and are thus likely

to provide enhgapRAAGNESatETETEEFT T VERGATCTTTE NAE PREVY TGTPYCACAGESTT
Vi s-a-vis nat USPATYTEEEC VAGAGACCARA SCTET ACARADOTEATEAAACARETETCBARAOCUCE S
of the gwesent invention is also expected to be useful in the enhancenent

of oxygen carrying capacity of individuals encountering hypoxic
envi ronnent al GGRETGCTOAA anacpseec@|yrregggeﬂcdna CGERGETcTEFGCCGCTC

car di ovascul arCREAGGABTT 1BTCCTTRGRT cARAGEECTEE TR Gﬁﬁﬂﬁﬁﬂtﬂﬁéﬁﬁﬁﬁﬁeﬁ of
pol ypeptj de products of the invention is by parenteral (e g VvV, IM SC,

e R R e e

I ndicate a longer half-life in vivo for nonkey. EPO products mhen

adm ni st¥ered | MERABPECT NREAG gsﬁi\eﬁ’ttdﬁA@ﬂ?Gg?ﬁcﬁtece’reeﬁhcdcmmery
substantial |y JGBPPEARGAURETCTOEATP TAROTTEARO AtcRrtedchu! TThesApAUCi
doses are presently expected to be in the range of 0.1 (-7U) to 100

(-7000U) pgl kg body weight of the active material. Standard diluents such
as humag ser unAACDGGTGAGr AGADAABORC aGACTGATAARAAABABTGTAGl conpositions of
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65 32. Composition pharmaceutique comprenant un polypeptide produit conformément au procédé de la
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revendication 29, 30 ou'31 et un support, adjuvant ou diluant pharmaceutiquement acceptable.
33. Composition pharmaceutique selon la revandication 32, comprenant un polypeptide selon I'une
quelconque des revendications 208 25 et 28. :
~34. Substance anticorps, caractérisée par I'immunoréactivité avec I'érythropoiétine et avec un poly-
peptide synthétique ayant une conformation structurelle principale sensiblement duplicative d'une
séquence continue de résidus d'acides. aminés existant dans de V'érythropoiétine isolée de sources
urinaires, a. lI'exception-d'un polypeptide quelconque comprenant une séquence de résidus d'acides
‘aminés entiérement comprise dans la séquence: . o T 5

Aép-é43Fﬁ§1-c-b-s-a—v-neé-gfg4L-L-E—A-xfE-Afz—NéI-T.'

35, Anticorps selon‘la revendication 34, qui est un anticorps monoclonal.
36. Anticorps selon la revendication 34, qui est un anticorps polycional. '
37. Anticorps selon la revendication 34, qui est immunoréactif avec I'érythropoiétine et un polypeptide
synthétique ayant la séquence choisie & partir des séquences: -

V-P-D-T-K-V-N-P~Y-A-W-K-R-M-E-V-G,
 K-E-A-I-S-P-P-D-A-A-S-A-A, et
V-Y-S-N-F-L-R~G-K-L-K-L~Y-T-G-E-A-C-R-T-G-D-R.




