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EXHIBIT 1, Part 4

Lo d

!
Vichinshy, etal, & Pedioir, 105(1), 15-21 {3984) foystic
fibrosdisy Cotes, ot al, Brr £ Obsiel Gyneacol, 94,
304311 {1983} {pregnancy, menstruad disorders); Haga,
et 3l Acra Pedioes Scamd, 72, 827331 {1555 {earhy

8
Cihier isclation technigues wilized to obtain purified
esythropoicting involve immunclogingl procederss, A
polyclonal, serumderived antibedy direcied zpainst
ervifiycpoictin k& developed by injecting an amimal,

5,441,868

anemis of prematunity), Claus-Walker, et al, Arch Phye 3 preferably a 2t or rabbit, with human erythropoictis. :
Aed Rekoldl. 85, 370378 (1958) {spinat cord injury),  The injected human erythropoietin is recognized as 2
Phunm, et al, fur, J Appd. PR yrw«, 52, 178-182 ¢1984)  forcign amtigenic substance by the immune system of
{space flighty, Miller, ot a1, Brir 2 Haemarol, 523, the animal and elicits preduction of zntibodies against
545590 (1983) (scutc blood fosey; Udups, e sb., J Zgb.  the :mhg"n. Differing cells responding to stimulation by :
Clin. Med, J03{%), 374-350 and I81-385 (1984 znd 10 the amigenic substance produce and redesse into ciroy-
Lipsclitr, et al, Bleed, 63(3), $62-505 (1933} (aging): fation antibedies stigntly differeat from these produced :
and Dainiak, ot al, Cancer, S1(E), 11011106 (1985) end by other responding cells. The antibody activity re-
Schwartz, ez 51, Orolaryngel, 165, 269272 {1995} fvari- taing in the serum of the asimal when its blood s ex-
ous ncoplastic disease stxtes accompanicd by zbnormy]  1Fsctedd. While unpurified serum or astibody prepara-

i% tions purified 23 = serum immunogicbutin G fraction

erythropaiesis),

Prior altempts (o obtain crythropoiziim @ gowd yvicld
fram plasinz o7 urine have proven tt:['i ivaely unsucoess-
ful. Complicwted and saphisticaled abarstory teoh.
TIRUss are necessary snd generatly result in the collee.
tion of very small amounts of impure wand vistable cx-
tracts contuning erythropoictin

138, Par Noo 3,533,753 describes s mothod for e
tially purifying eryihropotetin ffom sheep bload plasms
whick provides {ow viclds of » crude soitd extract con-
taining ervthropaistin,

Inidizl arempts to molale erythropoictin from urine
yielded unziable, biologieally inactive prepurations of
the hermone. U8, Pat. No. 3,885,301 describes o
method of slabilfzing the biolozical acivily of & ciude
substante containing ervthronaietin recoversd from
urine. The resulting crude preparation containing eryth-
ropoisting purpedediy retaing 209 of ervibropoictin
Actvity, anc i ctable

Another mzthod of punilying humas erythropsictin
from unine of paticats with aplattic anemia is desoribed
in Mivake, ot ok, & Biel Chepr, Vol, 252, No. 13 { Ay
B0, FEYTL pp. 3338-5364. Thit sovan-arep procedurs
includes jon exchange cl:rl?xm:c:{)gr‘a')':'av. ethanti precip-
Hation, pot ffteetion, and sdsorstion chromate ography,
g owicids x pure erythropoicin preparation with =
potency of TOA00 eriieSmp of protein In 119 yield.

L8, Par, Mo, 4,397,840 10 Tai.c:.sw..; et sl deseribes
teethads for prr;ﬂ:rirw " ervthropoicting neoduet’
from heabhy humun urine spochmens with weskly basic
ton oachatigers g proposes that the fow molsegise
weight procucts ohtxined “have ng iphibitory effonn
arvihropaieiin
Patent Applicstion Mo, 2003

apairar

L
et o, publizhed Mav 6, 1922, \.C‘YJL‘

produstion of hyvbnd
pc\r:in;; ;:m«i i ir:

heman i},m,,.
I# TR

inte the cul [$Hgace .!flcl’ mammalian "1;:‘( !""h.f.n".“ﬂ:{}'l

s
s

may then be sed Iy assays to detect 2ad complex with
human erythropoietin, the materials suffer from & major
dismdvantage. This sorum antibody, composed of sfl the
different antibodies produced by individus! oells, &
polycional in nature and wilt complex with components
in crade ealzacts other than erythropoierin alone,

Of intersst 1o the background of the nresent invention
are recent advance in the ant of developing continugus
cultures of celts capable of producing a sicgle species of
antibody which is specific ! ¥ ammunoiog:ka‘lv resclive
witl 2 single antigenic determinant of 2 sclected aati-
gem, Boe, gererplly, Chisholm, Figh Technolopy, Vol. 3.
Wo. 1, 3763 (19831 Attcmprs have boon made (0 eme
,,.oy ozl fusion and hybridization technigues 1o develop

"menactonal™ antibodies to ervthropoistin and 1o em-
piny these antibodies in the isolstion und guantitative
detection of human erythropoietin, As one exampls, »
raport of the successiul development of motsc-mouse
hybridems enlf knes scarating monoclonsd antbedios to
humnan cryvtheopaietin appeared in '*hstnct formis Lee.
Huang, Abstract No.o 1263 of Fed. Proc. 41, 5310 {5932,
As anothier exanple, a detailed description of the prepa-
ration and wie of 2 monoclondd, and-erythropoistin
antibady aprears in Welss, o al, PAAS JIS AL, W0
“(‘»"‘iéﬁ £1982), See alio, Sasekr Bomed, Buockim

Acra, 302 SWZ-KI0H (1983, Yansgaws, of al,
’I food, b«r{.., o 357304 (1983 Yanagaws, of al, F Bial
Chess, 259(5 ), 3700-2710 {1982); and U.S. Pa1. No.

468,634,

Aleo of inforest 1o the bavkpround of the invention
ave reports of the moyunologics! actvity of syntheric
poptides which sultantially dur!':c::u the aming weid
serence oxland in wnarathvecooareing proteins, plyes-
profeing and nucleoprotens. More spocifically, el
tively fow molecuter wight poiypeptides Rave been
showe o pariicipate inommmuse resctions which are

nmtizr in duration znd cxfent fo the Immnune foacliong

of physiclogioally sigsificant proteins such as viral anti-

gri polypeptide Rormenes, end the like. Included

Chnluinin 1p £ 1% 2elle per mb At the highest FEO- OB amiong e amene reactions of such polypeptiles is the
duction fovels asteried 1o have booa obiained, ;zmm:.:-,ur}-; of the fommution of sp=cific antibodics i
of erythropeictn Y’K‘l ustion "A"E}‘ b oy f maunclogizally schve ammals. Sen. 2., Laner, of 5b
fror Y b \"zo'z K Uin * ,J!_»;’»:S Trsurs 1n i Cedf, 23, 300-3i (1981 Rass, of sk, Notems, P4a, ;
vira auiturs iicw::\g wansler of oolls from in vivg 555.,-;5( IS8y, Widrar, w1 ), BALAS (US40 77 :
: : ';I;u the 2guivaion ULS. Pan ap 336732200 (39805 ‘La:rﬂf:rr atal, PALAS 3, T8
i propasaty have boen JAGI-3AUT {1081), Walter, ¢1 2, PNVLS
pertetio f'rm. freite Shure SEELSREA {198} Wone, et ab, BNALE
FAL2IAAY ‘.?:‘Il}; Grraom, o1 8, Cell 258,47
21 al. :'-Z.r;: .“rw")., .sJ‘f. Nigg, ot '«1 PN A .S', (?.\?S A TEORMI-EED
stin, ef ak, PN AR 11, 5 AL 6% Baron, e (({.-_ 28, 39z {(1982Y: Dirersman, o7 al,
hm.v.sbi:'. Nuture, *?, I:a--:c—J fii-a- and Lerner, Sciern

{ -
Aperican, 338 Na, 2, 6874 t’i‘“gn} See, :'.}%. h:;ﬂe:..e’
ab, Selenen 223, pp. 24%-055 (19384) rolating to binlogl.
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cal and immunclogical acrivities of synthetic peptide:
whick zpproximately share nmnd&r,f stroctures of
peptile hormones bur may net share thetr primary
streciars? conformation. The 2hove swdies relate, of
“oourse, o aming aad segueaces of proteing other than

rythmopcdeting 2 substunee for w z:ci‘ it uhxiamiaI
amins seid sequence information has been published. In
co-owned, ":a-per:dmc 8. patest application Ser. No.
v¢6.‘: 724, filed Feb. 4, 1883, by 3. Egric, published Aug.
32, 1984 ws Europoan Patent Application No. § 116 446,
there 18 descsibed 2 mowe-monse hybridoma cell fim
AT CC Ko, HBIEGS which produces a highly spe-
oific meanaiznal :t.'u'-er"'br:\rﬁ st antibody which ic
abie specifically mmmunorezctive with 2 polypeptide
compnsing the fellowing sequence of amin cids‘:
NHe-Al-Pro-Pro-Arg Leu-lle-Cys-Asp-Ser-Arz Val-
LewGla-arg Tyr-Lew-Lew-Gla- Ak Lys-COOH. 'ﬂ:c
m;I'ypc;zm'c icquente s one asvigned to e firse fwenty
amine soid residuey of malure hu'r.'!‘ erythrapoistin
iselzted secording 1o the meothod of Mivake, o 21, J
Biok Chem, 253, 5558-8564 {1377 aed upon which
amind acid analysts was performied by the gas phase
sequencer {(Appl Hed Hiosystems, dne) xwom:- W2 to the
proycm.:c: of Hewick, M, et sl J Bigl Chem., 236,
TIHI-7497 {19810 Sce, also, Sue, o al., .f’mc, Ao Aoad.
of {USAY, 5, po. 36313655 (1983) reduting to duvel-
epment of polvelonal antibodios sgainst & synthsic
Tomer bascd e;m a differing amino acid sequence, aad
Sywwskl, ot 2l L Immurel Methods, 69, np 181186
{1683
Wi poivcions! and monocioenal antibodies as de-
seribed above provide highly oicful materiaiz for use in
i:!“.r':mf}::amys far deteztion and quantification of crpth-
ropaietin and gan be uscful in the a*’i‘nvty purification of
c:ywm;"{:-c';n it sppears unlthely that these moterdaly
can reasdtiy crovide for the lirge seale isolator of qusn-
fitics of erythropoietin from msmmalion <ources soff
cient for fasther an i, ok :""“ iesting and potential
wid '“»'1 ming tacrspeutty use of the substance in ffoat-
ment o, g, chionie kidney disease wherein discased
tissmes fail 1o sustadn produciion of erythropoietin
{:f)"d::\'guz:'!l)' rojecied in the art that the best prosg
forr tu by charantenizing mammatan etythropointin sad
sive guantities of i for potentiad diapnoste
inical wse invelve successitd spplization of recom-
binant procedures to effec: lorgs soade wicrobisl syniho.
sl of the zomponnd,
i tuid efforts appesr o have hewn mude 12
,:':mr of DINA srguences cuding for
we mammaliin wposies c.rxm'o{ T G
r 1o have been sum.c-nft.! This i guc prinei-
rki] s e the sooarcity of e roes, expecially hums
tssue SRries, TRt ched in I'!"R:\.’s such oy wondd sliow:
i faf;: ciFNA Hbrary fromwhich 5 DN A
far erythropomun might be tobaed by
i f*u:tr,:-r S0 i"hc i s\r: e

Rumn anad o

DN A
o !S\‘.\\.

penrain

s A ﬂ‘ {1"1-.-}?\1' e
b gemamar DINA

mployad
v pr
sdmit o the consirue-
: \:r;:u“b;:;m & baze aligonuclaeids probe
W ihe manner .1:&1\?}@ be Anderson, et al, supra, Tris
estimnatad that the human peng {or —r»:im};chz-" Ly
EDLCET B amg%c copy gone' whbin the buntay go

™

LTS

Tar

=

In

i
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aofne and, i any evert, the penetic matenal coding for
human eryieopoiein s ixely io r.-onsumic e than
D.0000% % of wust Kumn ac::axn.u DA whizh would
bz present m a genomic library

To dzte, the most :suCC“'QSﬁ.‘ of known reparted al-
tempis =t rrcombinant-related metheds o provida
DNA sequences sultabic for use in m:cr:s‘ Bis] expressios
of isolatable quantities of mammalian eryvthropointin
have fillen fur shoot of the wosl, As an exemple, Farber,
ot sl Eap Memarsl, 1 Svpp. 14, Absiracr 101 (1983
tepant the extraction of mRNA from kidrey tssues of
phcnw?h}ra"az,i::c—!r'ers:cd beboors and the injection of
the mRNA into Xenapus fasvit oooytes with the rather
trangitory reselt of i vites produciion of & mixmre of
“irensiation products™ which incleded mmang them
displaving binlogics) ;3mncrt1rs<:rl cr:,lhr’)pﬁ 1 More
troently, ¥ utc.. et 2l Bleodd 63, No. F, Sr.;),,. No I
Abstract 392, ot page 1225 {1983} fqmr*e:‘ the in vitrs
transbstion of human kidney mBENA by froz conyvie:,
The resuitant trensiation product mixture was :.'nr:(.ocd
ede on the order of 220 mU of a rranstetion prod.
uet Raving the activity of nyti.m;'mﬂm per microgram
of..ajr.,!cc: mRNA While such levels ol in vitts transis.
ton of cxopenous mRNA coding :‘cr ervibrgpoielis
were zcknowledged e be quite low (compated even 1o
the prier reporied Jevels of baboon mRMA transiation
into the sought-for produst) it was held that tha res
confirm the human kidney 25 a site of eo 1,1}~;r.,;xm:"'=
sxpiresalon, aflawing for the construction of an enriched
human kdney cDINA Bbrary from which the draised
genz might be igolsted. {See abo, Farber, O Res,
ITEN, FAOA (1ARR

Since the Gling of U8, patent

apphicanion Sy, Nos,
361,029 2pd 382,155, theie has appexred o single repon
abe and exprestion of w

Hal iR

of the siening whint 15 assanied o h:.‘.':
bosn mimean aryshecpoiotin cDNA o £eoll Briefty pur,
ntimber of c.l.)“-u-. clones were insarted into .,,wh
piasonds and Flacmmose fonon praduas were nated (o
he immunoresclive sith :¢ monvslonst antdbady o e

wtspacified “epitope’ of hemss erythropaioin, "\u,
Lee-Husng, ,xéc:a‘.. Sei

=l

BEIEF SUA

verbion provides, for the finy Bee
:n s s .\of e zi “‘\ ;xn'mc pm.,: ot
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€5} and e o
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peptides of the mventicn may also inchude an mital
methianine amino weié residur (3t position-1).

Novel glycoprotein praducts of the invention include
those having & primary strecteral sonfomation suffl-
ciently dupHeative of thet of a neturaliy-cocuréing feg.,
human) erythropoietn 10 siiow possession of ore or
wore of the biological propertics thereol and having an
average oarbohydrate composiion which differs fron
thar of mawrslly-cocurtiag {e.g, human) erythropoie
tin.

Veortebrate (o, COS-F and CHO) cells movided by
the present invention comprise the frst cells ever avail
able which can be propagated In vitro contingously and
wiich upon growth in culture 2re capsble of praducing
in the mediys of thedr growth I exeess of 18 U (prel
erably in excess of 560 U and most preferably in eacess
of 1,003 to 5,000 U} of eryilropoienn per 107 cells in 43
hours 35 determined by rediolmmuncassay.

Alse provided by the present inverntion are synthetic
palypeptides wholly or partinlly duplicative of contina-
oz seqaenves of erythropoietin amino scid residucs
which sre heretn for the first time cucidated. Thoe
seguences, by vinwe of sharing primary, secondury of
tectizey structural and copformationat chasaotedsios
with natersliy-oceurring eryvthropoiatin masy possess
biotogical activity and/or immunologisal propetties in
common with the aatvraliv-ocsurming produc! seeh thag
they muy be employes as Siologically sotive o7 immu-
nologics) sybetitutes for erythropoletin in therapentic
and immunologieal processes. Corraspondingly pro-
vided wre monoclenal and polyclumsd antibodies pener-
sed by standzard mezns which are innunoreastive with
such polypeptides and, preferably, sl immunoreactive
with naturaliy-ooanring erpthopodetin

mn

Hiusteating she presemt inveanon aie cloned DNA

sequences of monkey and haman species ariging aod
polypeptide sequences suitably deduced therelrom
which raprosenl, respectively, the primary strucinral
conformetion of erythropoicting of monkey and hunun
speoics origing.

Al provided Dy the presest mvention zre aovel
Biokapically funetionud vire! and circular plasmid DNA
vecinry incorparating DINA soguences of the invention
andd rdcratiztie g bacteniad, veast and mammatian codld
hest o

reanms siably transformed ar gansfected with
such vectors Correspondmgly provided by the invens
tion are novel metheds for the production of oweful

Iypeptuios comprising cubiurad proweh of suc
reaedd or Tandoated miorobhet hovs ander conditions
iistive of lmge wale sapression of the syegenou,
tor-borse IINA seguences and salation of the de-
s pelviepides from the growah madim, :
fes o oellular membrane fractions

Esodetion and purification of microbaiiy axp

E;I =

"

ir

(s
H

A
B3
by
=4

oF

b neans including, en., ¢ b
rranunslo apaTRiN

oidated the soquente of sming aohd
m, the preient investion mo-

for crvihropoizta: and incladony
o ChaTase il a8 Wedyneration of oo
L3

Uprefarred” for axptession by selamed non mammatian

hosts, providon of siter Tor sleavage by restiction on
dongclesse mnzvimes and provisian of addidons! il

ternvinal o intermediste DNA ssquenzes which facili

5

-

i

E
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tate construction of readily expressod vecten. Sorre
spendingly, the present invention provides for menufac-
ture {and developmeont by site specific mutsgenesis of
cDNA and genomic DNA)Y of DNA sequences coding
for micrabisl expression of polypeptide analogs o de-
nvstives of erythropoietin which differ from naturafly-
coourning forms in terms of the identity or location of
ane of mote amine acid residues (Lo, deletion annlogs
contzining Ixes than sl of the residues specified for EPD
and/or substitution analops whereln onc or more Tesi-
ducs specificd are replaced by other residucy andior
addition snelogs wherein one or more aming ackd res-
ddues is zdded 10 = rerming or medisl portion of the
polypeptidel; and which share some or all the proper.
ties of natually-cocurring forms,

Novel DNA ssquences of the invention inclade al]
sequenses bseful ia securing expression in procaryotic
of eusaryotic he#t calls of polvpeptide products having
a1 least a pant of the primery structers! conformation
and one or more of the biclegicsl propentios of erythro-
poietin which are comprehended byt () the DNA se-
quences sex out in FIGS, 5, 200 6 herein or their com-
plementary strandy; (0) DNA seqvences whick hybrids
ize {under hybridization conditions sueh as iHustrated
herein or more stringent conditions) 1o DNA sequences
defined in (2) or {ragments thereof; snd () DNA se-
quenses which, but for the degeneracy of the genaic
sode, would hybridize 10 DNA segeences defined in ()
snd {by above. Sproilically vempiclizuded ia part ()
are grnomic DNA sequences encoding allelic varlant
forms of monkey and humsn enathropoictin sndror
encading other mammalian spegies of erythropoictin.
Specificaily comprehended by part (¢ are manufac.
tured DIMA sequences encading BEPCG, EPQ fragracnts
and EPO analogs which DXNA mquences may inenrpo-
fate eodons facilitating transhation of messonger RNA
in on-vertehrate hosts,

Comprehended by the preseas nventian i that clas
of pulypepudes coded for by portions of the DINA

d cemplement (o the 1op trand human genomic DNA

sequence of FIGL 6 heran, Le, “complementary e
verted proteme” ax described by Tramomtane, ©f 2l
Nuclsic Acids Reseerch, 12, pp. S45-5059 (1984),

Adso comprehonded by the fnventos are plissmacens
tical compostions comprising effective aaoums of pol-
ypeptide products of the invention together with suit-
abde Siluenty, adjuvants andsor cortzrs which ailow for
provision of coythropaiedn therapy, cspeaially in the
freatment of anemic diseass states and mast especially
sbeh anemic states as aitens chronic rensd failure.

Poiypeptide products of the invention moy be i
bellec™ by covalent adsocimion with o derectablie
macker sabitines fe.g., radiolabelled with o pro-
vide reapenny vselel in dejcction and quantification of
ervthrapsret i solid theue and fokd sampies suck s
Blood or wrine, PNA produers of e invenlinn may
alee b dobedlod with e maTkers (such & racus-
bl snd non-dzotopis labais w1 mennt and eme
pioved 13 DNA hvbridization proceises 1o kesite the
sfythrepoenn gene pesidon snd/or the positon of any
refated gene family in the human, menkey and othor

1

Ayt arod o
pi Sua e

Rul

mamaniling specier chromesomal mwap, They con sl
he ussd for ieniiying the coythropoietin pene duoy-

ders 2t the DMNA Tevel snd vied ws pene muskers o
weanfying noghboring gencs and thar diorders

As heromsfier duscribed fnoadetail, e prosent invene
tion farther provides sianificant improvements i meth.
odls Tor detection of » speaific sinale stranded polynusie.
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ande of unkacwn sequence in @ Relerdgenoons suiltiy
Gr sample including muitisie single-siranded
paabynzciestides where
{a} = mixtare of labelled singlestranded polynoctos-
tide probes @ prepered h'lvmg uridformly varying
seguenos of bases, each of s2id probes being poten.
tinily spezifically complementary 0 2 sequence of
baces which s putatively umigus to the pelynucles-
tide 1oy be deteored,

{t} the sampie is fixed (o 2 sold subsirats,

fui the substrare having the sunple fiaed theroto is
treziadd 1o diminish funhar binding of p O’ynu:im-
rides therels r.!t(‘.z}pt by way of !ut;r tmticn 1o

poiynuctzotides in said sample,

the trested substtate having the sumple fixed
theruto 10 transitonily contacted with saidd mixsure
of labelled probuos under conditions faclitative of
hebridizztion unly berwesn otally complemeniary
polynucleotidas, and,

{e) the specific pelyauclentide is detested by monitar.
‘r“ for !}:c- presence of 3 hybriduation rencizan
bt i oand = ofotally complementary probe
w ::l*m s&‘d mixtuee of labelied probes, as c\”dcn'"*
by the prezence of & higher density of lnbellzd
materizl on the substrate at the locus of the speaifiic
poiynucieoride in comparison oz background
density of labelicd material resalung from non-
spectfie binding of labelled probes (o the s,

The prevofures are espeaadiy effectve in sitpations

viral

ey

{d

dretating ase of 64, 128, E:b, 33, 10624 Gf more mixed

17 16 3 Bases
RNA Bybrade

polynuctestide probes having 3 langth
in TINAJIINA or RINA ’RNA or DMNA, f
m;icam,

Ax desoribed infre, the above-notod improved
dures have lustratively dHowed for the identif
of ¢PXNA clones coding for ervihrapneetin of mon
specizt ariging within o Bhrary prepared from unomic
ROARSY 'a;:'dncv coli mBNAL More sper sifically, 2 moxs
e of 128 enitormiy \-“i"yit“{' ey probes based on
arran aeid fegquescs informar ved from YU
; shs of human ervthropolesn was emploved i
‘.Q]c 1‘ h 'bncﬁua! ony rrocodurss o ic‘-c:.f:"'f-«' soven

p‘ ot
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FIG. 3 shows vector pSVEHolRPO,
13, 4 shows vecter plISVL s HuERO.
FHES, BA, 51 znd 5C (collectively referred mooas
€3, 5) how the sequenee nf monkey BPO oDNA and
the enooded EPOL
r!(JS &A. BB, 6C, §13 nnd 6E (collectivaly refrrnd

=¥

as TG, 63 f‘"ov. the sequence of humen gonomic
E—?D DDNA ard the encoded BP0,

FIG. 7 shaws the scqueney of the ECEPO gene.

FIG. § shews the seguence of rh» SCEFD gene,

FiG. 9 shows s comparison of the human wnd men.

rev EPCQ golypeptides.
FIG, 10 shows the BECEPOD o0
ticdes,
FICE 11 shows s
FI13, 12

ctien 1 oligonuciea-

n 1 of the ECEFO gene.

shisws the 4"..1.:!‘"0 secnon 2 aliponuchs-

e,

FICGE 13 hows ien 2 of the BCZPOY gone.

FiG 13 shows the ECEPO wotion 3 oliganuch.
fides.

FIG. 15 shiows seetion 3 of the ECEPQ gene.

FIG,
tides.
FIG.
FiG.
tidus.
F13.
i3,
fudes
716

16 shows the SCEPD wetion 1 ni"‘ snvahen.

17 shows seotion § of the 3CEPC gere.

18 shows the SCEPD sconon 2 olizonucien-
-cHion 2 of the SCEPO gene.

20 shiows the SCEPO netion 3 olmom cleg-

19 shows se

21 shows oo

wn 3 of the SCEPD gene.
DETAILED DESCRIPTION

According to the present invention, DNA seouenoes
enoGdmy pun of :’.!E (}!" the polypepiide seguonce of
Ruman angd moenk oL of y']\n,p{"a:m (harenfrer, ot
times, "EPOTY r:z\»: 'r: ooh dadated and charactmized.
Further, the monkey znd humen ortaim DN

Ly b

LA has been

made the sublect of eucaryotic and pro cary IS DRPIOS.
ston providing isolatable quantitizs of poivpeptides dis-
plaving biclazient {0z, immunsiogic i) nroperties of

st

sourming EFO as wall 2 both in vive i
siogiosl soiivitien of EPO
a.s‘\-w of mankey spocies onging was :\oi:::
rary consireotod with B NA der
e of oomonkey inos caemisally
wiicte Lorun Wat immunois
s ch of B iOcc.-
£ b x,-.lt gn af the d::s:
a DINA ws
I"‘\ x,r’l)'\ A L{;L,.a\' m.'
- TR i

e sbute :;:::ﬁ

LSRN

ioh \.-L.—

}'I‘i/

mes, Dyeidgn of t:}f

TRV

: -\-c:c \CTI:?CQ u"' TSk
fregt ol

‘}‘ ut .ﬁu t1 g' rodent and

P6 socu

Zﬁi} it
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seiected clones were subjored 1o nucleotde feguence
analysie resubling in deduction of primary structurd
conformation of the EPO polypuptider encoded

hereby, The deduced polypeplide sequences displayed
s high degres of homology to vach other and 10 3 partial
sequence genergied by aming aoid anadyuis of human
EPC frapments.

A selected positive monkey CIDMNA clone zed 5 o
fected positive human genemic clone were exch i
serted in a “shuttle” DNA veetor whick was amplified
in E.coli ond employed to transfect mammalion ells in
situee. Culiured growth of transfecied host celis ree
suftad i coliure medium supernatant prepatations csi-
mwaied (o contain o mach 26 3000 ol of BFO por mlof
sulure fuid

The fallowing examples are prosented by way of
Hustration of the invention and are specifically directed
to procedar czimicd ot prior w identification o EPO
encoding monkey cDMNA clong and human genomis
clones, to procedures resubting in such idencication,
and to the scquencing, \..zvclapl uent of exprogeion Sys-
temes and pemunclogicst verification of EPO eapiesnsion
in such systems,

Muore pardeulardy, Expmple {3 directed o aming
acid sequesneing of humen EPO fragments and cone
struction of mixtures of mdiwlabeiled probes bazed on
the resulis of this sequencing. Examplz 2 is generally
directed 10 procedures involved in the ideatification of
r.‘mii'-ft smorkey oDMNA cloncs and thus provides lefur-

nxtion concerning animel trmatment and prediminery
md:umrmr‘omwy {Riad analysis of antmal sera. Exam-
phe T s directed 1o the preparation of the cDNA ibrary,
cofory hybrdizanion soreening and verificatian of posic
tive clones, DNA sequencing of 3 pesitive ¢1INA ¢lone
=nd the peneraiion of monkey EPO polypeptide pns
mary structursl conformation {omine acid sequence)
fornstion, Bxample 4 &5 dirscted o procedures e
volved in the identifzation of positive humae gonomis
clanes and thus provides mformystion colx»c's:zr\g the

sowrcs of the genomic Hbrery, phgue Hybridizobn
arovedures snd verification of positive elonss, Buawpk:
E by chivectod to DNA tequencing of a posilive cenomis
ciine and the generation of human EPQ polveeptidy
arwns acid sequence infornmtion including 5 conpoar-
son therend o the monkey EPE sequence miormat
Gxample 63 directed 10 pra:cdisrcs for construs
4 veotor e
froen w positive monkey BN
veota: for tansfection of uQS- Lt:"is and coiiured
wiowtl of the wansfooied opils, Ex..m'.p!c ¥
: .fc;:‘c:i-.:!ci- for canstraotion of o vecolor
aching LMNA desived from w ;":-
ane, the we of the vetar for ir
the endbrred growth nit

e ® i direcod 1o nmn,
d an medie suprrnitan
Foanowrh of ransfeoe

S Goand T BEaamp

;‘.o mankoy
L human o Zanonmc ‘D'\.\, : .}
e BSnsler ovary ettty ’} il o e
nolopicni snd I\miu::h...l activities of produsty of these
CApresEns aystems s woll ms charscionization %

praducts, Exarnple 111 dirediod 1o the prepiration of
wantfsciuiml genes encoding human species FPO and

4]

t
[~

T
pey

L
=

35

iy

..ii" i ot B T I

i6
EPO anslogs, which penes inglude 3 number of profer-
ence codons {or expression in B eplf and vesst host cells,
and to expression systems pmed thereon, Exsmple 12
refates to the immunological and biolegical sctivity
profiles of expression products of the systems of Exam-
ol 11

EXAMPLE 1
A Humsn BPO Fragment Amino Add Seq

ukfing

Hurman EPO was isalsted from urine and subiected (o
iryplic digestion resuiing fn the development and isole.
ton of 17 discrete fr‘igmcnt_ﬂ. in quantities appraximating
101 3 pleomales.

Fr‘xgmmm were drbitrurily assigned numbers and
were anpzlyzed for amino azid sequense by microne
guence snalysis using 3 gas phase sequencer {(Applisd
Biosytiems) to provide the soquence inTonmation set out
i Table I below, whcrnn single etler codes are egs-
ploved and "X designatss » residue which was not
unambipuoudy determinmd.

TABLE ]
Fragment Mo Segrencs Anadyrit Roalt
Té: ARPOR
Tio O H-L-E
Ty ALl AR
T VI-ER
Tie ANS-G-L-R
TiE L-E-R
T ELFR
T LB AK
s LA DER
THY LTG0 E-A-CR
ir THETADT.E-8
V¥ A S LA A M-AC AR LR
T B AL W O A N
MR TP
i VYSNEALR
Y] ST T LR
Fir WYL AGWGE
T G AL LA NS 5GP oA
LR

B, Dhasign and Comtruetion of Oligonucleotde Probe
Mivures

The smine acid sequences a1 out in Table | were
reviewed in the context of the dezeneracy of the penstic
code for the purpose of ascortaining whether mixed
prote procodures could be applicd 1o DNASDNA by-
bridization provedurss on oDNA spdfor genomic
EXNA fbenries. This analvsis reveslod that within F
ment No. T35 thore existed 2 series of 7 amdaa
reafiuies (Ve Phe-Tyr-Aks-Trp Lys) which could
b wiiguely chmsnrized s encoded for by ong of 128
povsible DNA tequences spanming 10 base parze. A fist
fet of 128 Ntmer oligonucleotides wan therefore wvne
thesized by standard phosphosmidite mothods (See
Bc.*.ut:' ve, wf uh, Frorshedron Letiers, e

1E62 ii‘h‘sﬁ wn e sodid suppot socanding o the
r.t.n.gtsc:nu: set cut e Table 1 below,

TABLE 1T

Tty

L2

{‘

Fongus Vi A Fhe Ty Ala T b
5 CaA TV ARG ATG COA AL T e s
T A A A T
o G
o "

Further anzlysis revenled that within f.a_j T
T35 there exited aseniey of & aming acid residues (G-
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Pro-Trp-Gilu-Pro-Lewt on the basis of witceh thers
vould br prepered & pool of 12E mised olignuclooide
§Femat prabes wsoset o in Table 17, batow

TABLE I

Gl Fro Try Cim Proy L
¥ GTT G0GA ACC COTT S0A OA -0
i T < T &
& ]
< c

Cligenuclectide probes were jsbelied ot the ¥ eng
with gamms - -2IJ-~ TP, T800-3000 Cilmmale (ICM)
ssing Ts pebvmacicatide binase INEN).

EMAMPLE 2

AL Monker Treatment Procedures

Femzle Cynomelgus monkeys Mowas foscicninria
(2.8.3 kg, 1.5-2 vears old) were trented subsutaneousty

wirh 1 pH T aoi\ tion af l*cr::,ihy(.r:’in* hydrochio.
ride at & dosage level of 125 mo/dkg on days 1, Tand 5
The hepatoorit was momitored prior (o ek injection,
Onday 7, ar whenever the hermataarnit fovel fell below

A2 ‘”'i"c* inital level, serum and Kidnevs were oo
veszad alier admimistration of 15 ma/kg dotes of kota-

e h "

min drochlonde. Harvested materisls were immedis
atcly frozen in Hould nitrogen aad stored 51 70" C

B Ria for EPO

R;;:iie-immunc;:tss 2y procedures applied for quuntita,
tve detection of BEPO in samples were conducted ze-
cording 1o the following procedures:

Acn c:r\'=hf<~r\:3m1m stupdarsd or unknown semale was
'n»‘dl‘: ed togather with ;mism,.u for two hours at 37
. Adter the vag hour Tnoubation, the sample tubes wors
cooled on ize, 3 hiabelied ::ry:h.o;:c:’etin was sdded,
.'mci the tubos were tnoubatzd 2 0° O for ot frast 13

o bowrs Eovh away iube u(_,.l’ Ained S0 el of i
'J:w.!.:,} mastare consisting of $5 pd of ditnted mmmc
sera, A8 cpm of W lerythropoicting & nl reasylol an
G230 ol of wither EPO slandard or unknows sw:r-.c.
with l’f*,.‘.- santuining 819 BEA maling un e i

ing volume The :u‘m:"-m usgil wis

blecd ol s z»‘.)‘bi. Ieienunizad witli e 1% pure preguors

ol human winery erythropoterin, The fingd ant

¢t ansay wis adpsted oo thiat the antivody

b O did not exeeed 10-205 of :*m npnt
vy correnponided o oz Tl

PR 0 I‘“’)‘ {'}’"‘

erythropated

[ lt'llf: M::‘. O.?f I':': !C\ r:‘.‘-i Tr
tuning .15 3 I‘ni _‘
TR LI
Lo
Eraimd,

..iu}"‘ \'\‘» 5 .‘“1 B

A oabune, psow : -

mankey Narmut serum .f:vc-i Were

contata approximazehy 36 mUsnl wiile tosiod monkay
srurs comtained from X o 1700 oelliml

sy i Part

et N
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EXNAMPLE 3
A Minkey cDNA

Muessenger RNA wes isolztzd from sorm
mic monkey kidneys by the guenidiolun |
preccdure of Chirgwis, ot sl Blochemiimy, 18, p. 3294
(15795 and poly (AT mRNA wis purified by two runs
of oligaddT)-collulose colums chromaiography as d.‘:‘

crbed a2t pp. 197198 I Muaniatis, of al. "Molec
Cloning, A Laboratory Manuel™ (Cold Springs
Eaboratory, CoL, Springs Harbor, NY., 19833
eDNA fbrary wos constructed according to u megifi
coticn of the general precedures of Okavams, ot ':i
Mol and Cefl Bid, 2, pp 161-170 1337 The key
featuees of the prewentty proferted pro {.cdi}rc» were x5
fulhows: {1 pUCE was vead as the sole vector, cot with
¥al ang then wiked with olips &1 of 60-80 bases in
length; {2 Hinell digestion was used o remove the
otige dT tail from one end of the vectorn: (3) first strand
synthesis and olipn d€3 raliag wus carmicd ovf seonrd-
ing o the publithed procedurs; (4] BunHl digesden
wat exppioyed W remove the Glige 4G il from one and
o the veetorn and £33 replscs "‘li"ﬂ althe HNA strand by
DIMNA way in the presence of two linkers (GATC-
TAAAGACCSTCCLCCCCCT aned
ACGGTCTTT A in o threefold molar exoows sver the
oligo 4G tale

rary Congren

IACREnEIe

& amd atie-
¥

o
i

§ wovtor.
B. Colony Hylnidisthn Proveduies For
Maonkey clInia Lit

Transformed Fooli were spread out &t 2
SO0 cotomes por 1010 C'T‘ niste o8
sentmning 3 meciopranss
filters {Mew Englund !\t,c!':.}' t_a!.i!c“
e pro-wet oo g BHI-CaM plae (Beoto B
infusion 37 y/L. Casamino scids 2 g/l
containing YO0 microgramsssd Chioramp :
weare aaed 1o Bt the cola the ;«E.:!a\ Thc caton
grown ik the same modonn o 12 Hoars ar oy
fo amphiy fthe plamid copy sumbers, The ampH
cr‘icn'cs feciony side upd were frented b'y e

oy the Dlters over 2 pizces of Whatmien
oltowing solutions:

h.,.ut.u-::} with oo
{1% 50 mM gitrgne - 23 Trise 11(‘1 il o
E“:‘.V EDTaA ipld &

Soresmr i

ary

natriat pi

n} .-cnmullm GenelSoien
Noo NEFOTD
vits bt

;*.:*.{E u

t

Hied
Hy plac-
3 ‘\-o‘

framar

S

R N for ten m‘."‘u;:x;; an
MUTns R pE T s thres minuten,

ters ware thon air dricd
Cloior twa Leurs

The .tiiL woid Hien s

ek NR A

FEER

Wiy oo 55

aer, ,va rawh
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of cash of the 128 probe szquences of Table H {the ol
mixiure being dosignated the EPV misqure} and the
filtors were malnialned at 48 C. for 20 hours. This
temperature was 27 O ez than che lowast of the calou-
iated dunocistion temperatires {Td) deermined forany $
of the probes,

Foifowing hybridization, the Alters were washed
three Gy for ten minutes on & shaker with 60 85C
- 0.1%% SIS at room temporature aad washed two o
three limes with 8 85C— 1% S8 o the hvbridization 10
tempersture (487 ).

Autorzdiography of the filies revealed seven posi
tive clones amaong the 200000 colonies sorecnad.

Fnitiaf sequence ansalysis of one of the putative mon.
key clINA clones {desipnated clone 33 depasited with
the American Type Culivre Collestion 12301 Parkiawn
Dirve, Rockville, Md., under deposit accession No.
ASTCE 67545 op Qct. 10, 1987} wee performed for
verifivation purpusss by & modificetion of the proce.
dure of Wallace, st sl, Hena 16, pp. 20-26 (1981), 0
Briclly, plasmid DNA from monkey clONA clons $3
wis lineanized by digostion with EcoR) and denafured
by heating in 3 banling water beth, The nucleotide go.
Guence was determined by the didecay mmthod of
Sanger, et ol ANVAS (USAL T4 pp. 3H63-5467
(1977} A subasi of the EPV miature of probes consir
ing of 16 sequerces was userd a8 2 primer for the se
QUEBCIRE FELCHIns,

. Monkey EPO cDNA Sequencing

Muclestide seguenes snxlysis of clone 53 was carred
out by the procedures of Massing, Mesbody in Fnzpmel.
egy. H3L, pp 20-78 {1953 Set vutin Table IV §s 4 pre-
Lntinary restiiviion map analvsis of the approximately
FEOG base pair EcoR I Hind b elones fragment of clone
83 Approximale lecstions of restriction endonelense
enZyme recogaiion sites are provided in terms of nume-
ber of bases 37w the BooRi sie at the 8 end of the
frogment. MNeclzstide sequencing weas carrizd ouw! by
seguencing ndividual restriction fragments with the
intent of marching overlapping fregments. Forexample,
an avertep of seguonce information provided by anziv-
sis of nuckentiies in a restdetion fragment designated
CH3 {SaniA 2t ~111/8mal 21 ~324) 2nd the reverse
vrider szqueneing of & frapment desionated €73 (Al 22
~ 324/ B EH 2t~ H03

TABLE IV

w

2

de
..

5

(1
s
Adat
fiea} TRE

20
TABLE IV-continucd

Fevtrciion Eazyme
Eezupaiticn St

ADprorimaie Lamsnanis)
=y

Sequencing of appraximately 1342 base paits {within
the region spanning the S=u3A site ¥ 10 the EvoRI site
and the HindE site) 2nd anatysic of oll pexsitls reading
frames hes sllowed for the development of DNA and
amino acid sequencs information sei outin FIG. 5 cam.
prising portiens SA, 5B and 5, In the Figure, the puta-
tive intziad wnino acid residue of the sminoe termical of
mature EPO (a5 verified by corrclation to the provi-
ously mentioned sequence analysis of twenty amino
termmne residues) is designated by the rumeral + 1 The
presence of 2 methionme-specilying ATG codon (desiz-
magerd - 27) “upstreamy’ of the iniial amino tenminzt
alanine residue a8 the fiest residur desiunaied for the
aming ycid teguency of the mature protoin i indicative
ol the hikelthood that EPO is initially expresssd in the
cytopiasm in s precursor Torm including a 27 amino acid
“lender™ region which i exzized prior to ey of mae
tere EPO into ciroulation. Potemial glyestylstion sies
within the poiyvpeptide are desigrared by acterisks. The

2

. Tstimated moleeutar welght of the transiated region way

determine 10 ha 21,117 dabtons and the MW, of the 168
resrdues of the polyneptide constituting mature monkey
EPO was determined 1o be 18,236 daltons.

The polypuptide sequence of FIG. 3 may rexdily o
subjecied to snalyeds for the prosesce of highly hydoo.
philic regions and/er secondary conformationg chiarae-
teristicy indicative of poremistly highly immunogssic
regions by, oz, the methods of Haopp, ot ab, PN Y
(U5 A0 TE pp. 3823-3828 {198 and Kyvte o1 b, 4

3% {1983 andsor Chaw, ot oh,
5 {1971 and Advencer in I
81 Cemputer-assistedd analy

o
)

o oai marhad s oavaeilable by
esignated PEP Referenoe Section
Lhiver

a2

[

ax

= By Intellipensics, Tre.
Adto. Cabif

z, Pria
EXNAMPLE 3
Al Homan Geaemic Libeary

A Chia phageborms homas

}!b!{:}"p'

L THOG, WO

s hvhrdizsiios

. Plague Hybridiration Procederes For Screening
Human Geromic Library
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p:"a\':cc:um of Woa, Makeds In Ercymeiogy. €5, pp. “sien” cadon (TGAL B » FUG. 6 ddanutios 2 se.

185-35% (1975) cxeept for the use of Gcnc&:rcea Pius quence ¢ f‘t’-S B paim i w “.t ,.;‘p_<,rs 12 ke oan un.

filters {\c-.v England Nuclesr Catsloy No. NEF-973 treinkitled 3 region of the human BFO fEhe, Lwe bose
)

and N 'r,-\\{ plates (NaCl, 5 o MaCh-6¥00, 2 oy N2 pairs of w
T Andne A, Mg yeast axtrac, By Caszmine aoidn, T 5 dey senoad.

hich e

bave not vet been tarmblguously

m'a!’m“- ¥ gy and agar, 15 ¢ oper 1!12:" ITu. 6 thus sorves to identify the pdmary strucieral
The air-dried filters were baked 21 56" O for ¢ four conformstion (nmine scid sequence) of matere har 1_..
and then digested with Proteinase R as dc&crw\,e in EPO a» including 164 *;rc*ria»d aming soid residue
Exnrmpls 3 Pary 8. Prehiybridization was carried owt {estimzted MW= 13,399, Alto revested in the Fisure
with % 1 M MNaCl- 195 §D3 b-u"f'cv for 35 Cofor d heurs 19 4 the DNA sequence coding for 5 37 resdue fsader

of more, alter which the beffer wis removed. Hybidi- wquence sioay with ¥ and 3 DNA wanences which
zation and post-hybridization washings were carried muy be agnifican w promoter/operstor fimctions of
ant 5 doribed in Example 3, Part B, Both e mizire the human pene aperen. Sites for potendizl slveosviz-
mer probes designated EPV and the mixture tioa of the motere humans EPO polypeptide ars dcaig

Femar probes of Table 1) {c:“ esignated the EPQ 12 naved In the Figure by estzrisks, 1t is watthy s (nmc
1 werz emploved. Hybridization wis carried oot the specific aming seid sepuence of FIGL. (’l;r TS
mg the EPV probe mixture. EPO probe tates that of & naturally ceeurring alelic {.\. of human

mizware hybridization was carried oot at 467 ¢ -4 arythropoiain, Suppon for this positien is %o ..ci m the

degrees bofow the lowest caleuinted T4 for mombars of  ruselis of contisued offerts at shﬁ.tc"'cin' of urinary
the mixture. Removal of the hybridired probe for tehy 70 isolater of human ervihropoietin which previded the i
bridization  war  accomplished by  boiling  with Gnding that s f}g":‘ iesnt number of erythrepoictin mol-

PR 8SC -0 1% SDS for two minutes, Astarsdiveraphy  ecules Thonn have 2 mathioning at rezidue 126 a% op

of the filiers revealed threc prsitive clones {'-:'" Ve posed {6 a serine 25 shown in the Figure.

with hoth probe mixteres) smaong the 1,500,400 phage FIE 9, Lelow, Hlustzates the oxens of }‘ni}'psp{i{‘.’e

phagues soreened. Verification of the positive clones s 2% szquenle B mbic}u briween homan snd monkey 'r’I’O
baing EPO-encoding war obtained through DMNA se- I the upper continees ne of the Fipure, shnghe ie{
guensing and rleciron micrographic visualizavon of  designations are employed 0 tepresent the dedus
hoteruduplex formation with the morkey =DNA of  rrenstied ra.vpcrndt sempuences of hemen EPO con-

Exameple 3 I procodurs alss gave evidencs of muli mencing with residue - 27 snd the lower continuous

pe infrons i the genome DINA scquence. 35 jine -,hcw, te dedoced polypeptide sequence of mon-
. key EPC commencing ot avnipned 1osifus muin 27,
EXAMPLE § Y fre

Asterinks mte emploved o IngLight G sequence ho-
Nurieotide sequence enadysis of one of the positive mclogies. ¥oshowd be nowd 51*\:: the deduced hurmern
clongs {des

it “cd AREL deposited with thy Ameotican snad moarey EPO soquences rovest an “sdditionat™

Type Culture Collection, 12300 Parklvwn Drive, Reoke 33 Jvsine (R residise at (hmand nosiﬁﬂr; Vih, Cross-rofer-
vitie, B Lu,-m?r denoiin ac ‘{'\‘; an Mo ATOCA0 a0t erce e FICL & indizates th s residun iz at the margn
a2t TORTY was carried ont and results ablained to of 4 pustive ;:‘;?x}w:\ :51‘3}:3 '\.rc:'m iy !I:: O
date are a0t ont w FIG £, c{;mpm.. portong §A, 68, fequence. Prosence of the 5\; sine restdue i the humzn
L 613 and 6. poive e was further vonifed ’\L ARG
fn FIG. €, the initial continusus DNA scouonce dear 46 ing of 2 «DNA heman sequesce closs pivpared from
fgnat=s & top atvand of 820 bases in what 15 appereatly o mENA obsted feom COS-1 el trunsformed with the

wniransinied soquence immediately preveding o trans. hsman gencmec
Tated prortion of e humar EPO gere. More specift i .
cabby, e sogounes appeats 1o compri the § r-m'} wf the BEXAMPLE ©
gane whioh leads up o aonsdaed DINA repus ; !
foor tha Brat fhar amino avids 27 tirengh — ..»:} af
Teadder doguande {Tpresegaence ) Four bue ’;..:“ in the
07 1 (13t eacoding the
ot vel bean unambizoed
erefare :%:s' : !

f"uu o abe

NA e Example Tinfra.

aliompts ot
\"J_) ot

the monkey L'i)\ A pro-
amphe 3w one invalve
o, COX-§ oalls, 87T OO

ware transdig w:!h i3

Talrtile” wogior
F.onli now (1‘-\
dertved TINA

[SEINIEER

ban: i tm:*.‘. v

biedy nr

_, m. Earl

<,f d vl -'t“si'.a:cu %
eRDG segpamine wmmedareiy folioain
£ aming ang .".rsu!». I

LT

&N \-i‘.h

WiGAn

X *cs for rotidoss ﬁe_: thy

; { Swml, G :L}i! :
Pstichy end. The amove i
d 1 previde an apnrowd -*1““‘) 5 -

mid {URER S wherein the EPLY DINA

A and there :i‘::: COMMEnies i g
ng the foueth intran i
i’ throngh 1066 and 2




Case 1:05-cv-12237-WGY Document 627-5

Filed 07/03/2007

5,441,868

23
wizs fanked on one side by n “bank" of usefu! restricton
endonucizasy ncogmtian sites. pERS was then digested
with Hindil and §2U 1o vield the EPO DNA and the

ZzoRY o Sall M 5mplo0) Hoker. The £4 kb fragment
was ligzied with #n zpproxmmatsly 4.0 kb RamM1/8:4
of nBR32Z and snother M13mptd) HindUifamH] RF
fragment linker abo having spproximalely 30 bp. The
WIE dnker fragment was characterized by o Hindll}
stichy end, followed by Pul, Ssll, Nbal recogaition
sites andd s BamHI sticky end, The ligation produer was,
apain, & weoful infermediog plmmd {"pBR-EPO™ ine
chuding the BP0 DNA Hanked on buih sides by banks
of restriciios site.

The vector chasm for expression of the EPO DNA
in COSt eells {"pldSVLI") had pravicusly been con.
structesd o ailow for seleetion and sutenomous replica.
tian iy Eeoki Thess charactoristics are provided by the
origin of replication angd ‘\mpiuiliin Tesistance gene
1')1\. A seguenses prasent in the tegion spanning auclzo-
tides 2443 throegh 4302 ,fpile?.E, FThiy sequence way
structuraily modified Ly the addition of o finker provid-
ing & Findill rreognition immediately sdiscent necles.
tide 2438 pricr o incorparation Do the vacior, Amang
the selocted vertors other usefy) prope THed Wit the
copasity 1o astesomanaly replicite in COS-? cells zad
the presence of 5 viral promoter sequence functiangd in
mammaiian eoils. These characteristios sre provided by
the origim of replication DNA segueoniec and “fate gene™
viral prometer DNA scouence present in the 342 b‘"
ITGUINOe spenning nucleotide numbers SH7) throug
26 of the SVa0 genome. A unigue resiriction sizea
(Bamill) was provided in the veetar aad immeadiately

adjecent the vira! promoter seqeance throwgh use of o
commaramily available iinker tequence (Colaborative

Kesezrend, Abso incorporated s the vector was a 237

tase pair sequence {denived ao nucheotide numbers 2543
thraugh 2770 of V) containing the “tate gens™
mRNA potvadenyistion signa! {eounaoaly referred to
w4 transcription wensnater, Thiy fragment was posi-
tiencd jo the vedlor i the proper onentadgn vis-a-vis
the “hute gene™ virad ; :mmt—-r "1.’. the unigne BamHl
sife. AlSo prosent i :!v:. vealar wias anotlicr manmatian
Bene at s Iecatien #ot material 1o potentisl iransenpuon
of 2 geas incserted at the sulyus BunH) botween the
virat | promater snd rerminator se:;urm..,\, UThe mammae
an pene camprised an ep t‘.l_, 2500 by migusc
dihwdrofolate roductaes (DHI ',i e weizted
pMG-T oun i , !" NAS
(US AL 79 pp. 637244326, {!*?
Opermive Somponenis of plas
nuche 2248 thraugh 4363 of plslui.? :almg w
nuclestide: 3171 through 270 {33000 and 3353 throuph
IFI 23T of 3VA0 DNA

Following scdures du{.“bm. e, b Rear
5 t

iipm
311

f\’;s

‘(\ mncodiome DMA way ol fom
Piroay .:.m'fii Tragment and Hapsted

PV e with Ba

it cunfirm insertion of
L EPG He, 1afion tn rwn of the
,wl’.:w slnneed weotars Bomte vestars Hoand L3
3, hasrasing plasmid “U‘::‘v",-,-‘-h b K‘vc:lr. 5

S the wrnnp sl

ey mhioy

oy the onriect onen
i

i

Sryood onicnlation.
";3 Chowere cominnd with oin
sl splema DNAG were am-

(¥,

=

b.

A

30
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ployed 1o wamsiost duplicate 60 mm plates by calciem
phosphate microprecipitate methods. Duplicate 60 mm
pla(cﬁx' were also transiected with carrier DNA o x

“mock” wansformation negative conmrsl After five
duys 2l colture media were tevted for the presence of
polypeptides possessiag the immunologies! properties
of nerativecccurnng EPO.

EXAMFLE 7

A Initid EPO Exprossion Swtem Iny
Cells

The systom selacted for inftial strempts at microbial
synthesis of icolatanie quantities of humas EPO poly-
peptide material coded for by the human genomic DNA
EPO clong, 3o involved expression in mammalisa kost
ceils (e, COS-1 cells, AT.C.C No. CRL.-Fo38). I'f'c
ﬁum‘.n EPO geng was Hnt sub-cloned inte a "shuiie’

recter which is u.pahh: of sutonomous repiication in
bc:m E.coff hosts {by vittue of the presence of pBR322
derived DNA)Y and in the mammalian cell line COS.1
{by viriue of the presence of SVI0 virus derived DNA).
The shuttle veetorn, containing the EPO gene, was then
transfecied into CO8-1 cells. EFD polypeptide matcrial
was produced in the ransinoied cells mnd seoreted into
the cell cullure mediz.

More specifically, an sapression vector was eon.
strusted sccording To the following procadurss, DNA
isnlsted from fambda clone ARE L contuning the human
genomic EFO pens, wis digested with BamM] and
HindIl restriction endonusleases, and & 5.6 Kb DNA
fragment kKnown to conlsin the entire EPD gene was
salated, This frapment was mixed and ligated with the
Lactenisl plasmid plICE (Bethestia Research Labaraio-
ries, Inc} which bzd been similardy digested, creatiag
the intermedinte phumid “pUCE HeE”, providiag a
sompvemient weuree of this restricton fagment.

The vecter chosen for expresion of the EPO DNA
fn COS-1 eolls (pSVASEL had proviessly boon cose
strusted. Plasmid pEVASE! contained DNA seguences
allowing selection snd avtonomous replication in ool
Thiese characieristios wre provided by the origin of rep-
Heation and Ampleithis resistance gene IXNA seguences
pm*c’.. i the regon spanning nueclzotides 2443 thraugh

438 of the bacterial pl:m'a"‘ de: . Thiz sequence
wath uru\;:umily madificd by the addition of » linker
providing & HirdHI recognition site immediataly adia-
vent o auskotide 2HE Plasmid pSVASED was abso
capable of autonemos fepiiestion in CO5-T cells. This
charzcterinis was provided by @ 32 bp tragment con-
taining the S\-’"r!.'i véms arigin of replicstion {nucicottle
awmbery 357 t‘;"} 2700, This !'ﬂymrm had bee
midified by Jsr zdditien of 2 inker providing 2n EcoRlI
reoognition $ie sdiient 1o aucleotice 270 and o Hinker

i Sull recognition site adiment mecieatide

G0 b faiment of 3VE0 way also present in

Hus veutos {snciectide numbers 1711 through 2772 phi
2 Hnker providing » 381 recognition sife next 10 nuclea-
tife :w"iiwr T3y Within thic fragment was 20 enigur
Hamiii sequente. L summirsary,

amHi

Iving €G58

SToA 3

phasmnid

snd Hindill

s,

st
vion of !'r i.Lm an B pene,
sogretcns abiowing rt,,..m.!.mi and seleotion W B eell

el

and seauonve: stfowing replication i COS-

l:‘ atder to mvert the BFCG pene inte pSVASEL plas-
AICEHeE was dgested with Bambl and Hindil!
restriction endonsclenses snd the 3.6 kb EPO ancoding
BINA fragment isclated. pSVASED was alsn digested
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with HemHi zod Hindlil and the mejor 23135 bp frag
ment olated {preserving all necessary funciions).
These frapments ware mixed and ligated, creating the
final vecior "pSVeHuBEPO™. {See, FIG. 3,)3!};5 Lol
was fraﬂ,x*:mﬂ in Ecoll amd vector DNA biohdod,
Restriction enryme analysis was emploved 1o confirm
insertion oF the EPG gens.

Plagmid 28VaHeEPO DNA was giwd 10 sxpres
Ruman BPO %Iypc,;:‘u» material in CO8.1 ¢elle. More
specifically, pEVEHUEPO DINA was combined with
zarmer DMNA and transfected into mpll\.al" &3 mm
plates of COS-3 cells. As x control, corrier DNA ala
was sso framsfeored into COS-1 celin el {“xi'.nr(-
media were sampled fve and seven dave ixter and tusted
for the prosance of polypeptides possessing the immu-
aofogicnl greperties of natorally ooourring humen
PO

I3 Scuenid

EPQ Expresston System Involving COS.1
Crils

Still another system was designed to provide jm-
proved production of human EPO polypeptide matosal
coded oy the human peasmic DNA EPO clone in
TS cells (A T.CC, N, CR1-1630)

In the immediately preceding systom, EPO was ex-
pressed m COS-1 cells using #ts own prometer which i
within the 5.6 Kb BamH! to Hindll regtriction frzg-
ment. Inothe foliowing construction, the EPO gene &
altered 50 that i i3 expressed using the $VAG iate pro-
I,

Maore ﬂpc.:i"xc.':ily. the cloned 5.6 Kb Bambl o Hin-
S gencmiz human EPO restriction fragment was
modtfied by the following procedures. Plasraic pliCE
Hut as dosertbed above, was elraved with Bemlil sad

with BBl seatniction endonucleases, BBl olesves 3

withing the L4 ¥b EPO gane st 2 posiion which jz 4
base gaice 5o the injliating ATO Ccrdi'r}p for tho pre-
pepindc snd approximately 680 base patrs 37 16 the T
GIIT restaction site, The approximately 4500 base pair
fragment sabatesd. A synthetic finkes DINA frus-
ment, contumag Safl and BstEN sicky ends and
m{crm‘ HamHl recegaition site wax \:sthf‘u:’:d e.n”
The two frgmnents wers mized ard lgate
\kf!l plasmid pBRIZT which had been Gul with Sul
Bamiil 1o produce the intermediate plamid pBRHE,
Thie genomte homan BFO gene cap be isolated there
fruer ax @ 500 buse peit Bamil digestion fagmen

the romplete struciueal gere with o sin
R i:‘zac ;,ar'\ it Bam

HI srte advent the ammme

cmert WAL :.

et WAL e ned o6 a Ha

sted and into

fragrment g HamMi cr\::s'.’mi cEprawion vest

id pDEVLI (desenbed in Example 63 {he tesultisg

el pEVLRIISEPG, as Hustesicd 1 FIG. 4, wes

wrexnrass PO polyneptide material fram OOS
dam Eramples § oz TAL

EXAMPLE S

vih of the six ':_:‘.\;L\ tadt

Huty modiz

tee
T
-
n

izs ;u:u:;hiu ,ﬁ‘{,‘.:
Lol celis monk 'n‘ndw«
EPO pene r‘u‘:c:‘:.":!st)‘:
g :,.‘,wnlgi sty negative for BPO immuntresctiv
ity. Fur oach sarmple of the two wwpemissns derved

frem prowdh of COS-1 aclls transfected with veston i)

aen }:\n.mr N TEG!

LA

[

v 63

26

and L} having the EPO) L)\ A inthe carred! orignlation.
the 4 imhibitios of 'BLEPD binding 10 antibody
canged from 72 te B8, which plaves 2l vabies ut the
tep of the siandard cutve. The exect congumtration of
EP() in the culture supematant could net then reliably
be ssumuxigd. A qoite conservative estimumie of 300
mlisml was made, however, from the valie aaleulation
of the largest aliqunt size (250 microlitery.

A represestative culture fluid according Fta:np?.,
6 and five ped soven day cultnre Dl

]

ds obtamed aceord-
ing 1o Exampic 74 weore tested in the R1A in order 1o
sompare sclivity of racombinsnt monkey and m:mm
EPO materizis w0 a2 natursly.occurrag buman BPQ
standsrd and the resuits are set out m graphic form in
FIG. 1. Briefly, the resufts expectediv reveated that the
recombitant monkey EPO significantly competed for
sat-humen BPO sniibody although it was aot abic 1o
cottiptetely intubit binding undst the (o30 conditians,
The mexbnom prroent inhibition valtes for recombi-
nant human EPO. however, clotsly sprraaimated those
<f the human BPO standard. The paralic notate of the
dose TESpOnSe SIEVCS supnests imaunologics! idenity
of the szquences (cplmv\cs\ HUCGILTON, !’f::,\r eslimates
of monkey EPO in cultves finids were reevaloated at
these higher difution levels and were found to raage
from 231 1o 3.12 U/ml. Estimated human EPO prodae-
tion levels were eorrespondingly set 2 392 mUsmi for
the five-day prowih samplie and 367 mUsmd for the
wyven doy growth sample. Esimatsd mookey FPO
production levels in the Example 7R expression system
were o0 the satne order or betler

EXAMPLE @

Culture fuids pr eprared sccording te Expmples & and
were st'b‘c\. ed 1o an in vire sssay for BPO senivity

cording (0 the procedare of Gndwateer, et al, Fods-
9% %, pp. BISC3EE (1973 Tstimaicd 'nca-.i'c\‘
= atues for culture flaids tested anaed from 17 to
4.3 U el Human PG oubiore Toids were abeo active in
thic i vitro asszy and, further, this activity coold be
neutrziized by anp-BEPO snubody, The reoombinan
mgakey LEPOD cultare Quids accordiog to )j ¢
were also subjected o oan :'.\wv forin \;m ‘,,o
apindy .

F1opn. !(Eﬁ‘?—‘i"f:" "!Qt’»iJ
Yo dond Sed. 1A%, pp JI’\—‘

anged from 0 1o 104

Anm N

RXAMPLE 13

semaned Trontir vedden s
\-C'-"f.s:s repliveie s
T mw I

‘cEEi :iuc ter :?';: f'erwecsw: ot &Y
jaty of :c;.\iic:

anfv
ai dons of 1he
;\<.”:z~1.\f“ of £ 0‘»-' b:cm [

oot the ovenies

I F

<

prasont

abie myrber, {51
SHAH RYRICITG §

o
a2
1

(_Hf) L.-iifk" cells {DL.. i CRHO HL

o Nai Aeod S0 {t}.i‘.‘r A e
("iaﬁ\ fack  the cl‘-.:j«::'u, tehvelroiniate
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{DHER)Y dus o munstions in the structurz] genes and
therelore m.urcmcpr::mcuo{"lycmc, hypo xmthz ¢,
and thymidine in the culivre media. Plasmids pDSVL-
MLE (Example ) or pDSVL-gHuEPO (Exsmple 78)
were transfected alopg with carmer DNA into CHO
DHFR™ cells growing n media conmning hypasan-
thine, thymiding, and glveine in 60 mun cultare plass.
Plasmid pSVeHuEPQ (Example TAJ was mixed with
the plasmid pMG2 containing 2 mowse dihvdrofolate
redectase gone cloned it the bacterial plasmid vector
9138.322 (per Gasser, et al, suprs.} The plssmid mixture
and carrier DNA was transfected into CHO DHEFR -

cells, {Cells which 2cquire one plasmd will generathy
alsc: =cquire s scwnd plasonid). After theee days, the
cefls woye dispersedd by trypsinization fnto several 10D
mm culture plate in madie lacling hypoxarthine sod
thyidine. Oniy those cells which lm'e been stabiy
iramsformed with the DHFR gene, and thereby the
EPO ﬂenf_-, su'wv:: in this media. After 7-21 days, colo-
mics of surviving cclls bocame apparent. These transfor-
mant colonies, after disporsion by trypsinizstion can be
continucusly propageted in media lacking hypoosn-

thinc gnd thymidine, creating acw ool stigins {ep.,
CHO pDSVL-MKEPO, CHO pSVRHuEFQ, CHO.
pDSVI-sHUEPO)

Caltare fluids from the sbove cell stiains were toste
mn the RIA for the pressnee of reeombinzant monkey or
human EFO, Media for strsin CHO pDEVL-MEERG
ceptsined EPQ with immunciogios! propectios Nke that
obtained from COS-1 cclls tramsfecied with plasmid
pOSVL-MIEPO. A representative 43 hour culture
finid contained munkey EPOr ar 0,60 Usntl.

Cultare Buids from CHO pSVgHUREPO and CHO
POSVL aHUEPD rontinmed recambinant humsn EPO
with immuonelogiox
CO3-} cells transfected with phsmid pSVaHeEPO or
POSVI-gHuEPC. A represontative 3 day culture floid
from CHO pSVelluEPG conmained 255 It of
human EPC xad & 5.5 day sample from CHG pDSVL.
#HuEPO had 152 U/ml of huisian EPO a5 measared by
tie RIAL

The guantity of EPO producad by
cesoribed sbave can be incressed by
giving mew ool straing of greater produstedty.

the eoli stising
gens smplification
The

P propenties ke that obiatned with 3

HE

W

g

39

.l
h

enzyme dibydrofolite reductase (DHER) which is the 43
product coded for by the DHFR 2oz can be inhibied
by the drug methotrexale {T»i'l"\’" More spaeificaihy,
cells propagared i mediz daching bypoxenthine and
thysaudite are inbibited or killed by MTX. Undus ¢
spprapiizte comlitions, fey., minkacd concorimations of s
M cells resiatant Lo amd able 1o prow in MTX can be
phtaired. Thew cells are found 10 be rosistont to MT
due 1 an 1::'.;)E§I“,c::zmn of the numbor of thelr IHIFR
rvc:::-_a resnlteg m wmoveased production of DHFR en-

yme Vhe eells can, m o be tro ated '-\":E: w5
InoroRsig Lo of MTH, tesal i
sTfaim CUniadng numbers of 2] ;
TPosienper gones O varnied :
vt s{ong wilh i P penc or tran ~='u:::.li \\""
the DHPR zens » guently Poand sl i be iee
aremeed i thedr pene copy sumber
B ﬂ'.“i CORCER

43

B "Eu Ea T
G ub"ni tun iy
- HUEPD way suhjected 1o

aach :m;}?:f.,mud step were
mincd W oontais D60, 20
Celt srrain CHO pD

U.l
g
{ = 4

=
W

28

reries of increasing MTX concentrations of X nM,
oM, 300 M, 200 0, | oM, sad S M MTX A :z:prt‘:-

sentative 3-day culure modia sample from the 100 oM
MTX step contsined human BEPD a1 308922129 u/ml as
judged by RIA. Representative 48 hour oulteral me-
dium samples from the 100 o3 2nd T pM MTX ftx:ps
comtained, respretively, Duman EPO nt 466 znd 1352
Usmlas fudged by REA (sverage of triplicate w; 53 In
theee procedures, 1108 cells were plated in § mi of
mediz in 0 mm culiure dishes. i‘v\r.‘,my!m.. hours later
the medin wers removed and repiaced with 5 mi of
serupi-Tren miediz {high glucose DMEM supplemented
with 0.1 mM non-eszentisl aming acids :ru‘ L-gluts.

ine), EPO was sllowed 1o secumulate for 48 hours i
the serum-free madia. The medis was eolleeted for RIA
assay and the cells were trypsinized and counted. The

average RIA walues of 467 U/mi and 1352 Urm! for

cclls grown at 100 oM and | M MTX, respectively,
provided setual vields of 2335 U/plute and 6730 U

sfate, The aversge cell numbers per plate wers
! 943105 and 3120 106 colls, respectively. The effec-
tve produchon mkes for these colture conditions were
Ihus 12684 and 2167 L7108 colie/A8 hours,

Fhie celis m the coltures deseribed immediately above
are 2 genctically helerogensous pepuwlation, Standard
sereening procedures are bring employed in an attempt
to isolate genctizally hemogencous clonss with the
hipbeat production capacity. See, Scction A, Pan 2, of
“Peints 1o Comsider in the Charzcumization of Cell
Lines Used to Produce Biclogies™ Jun. 1, 1953, Offics
of Biotogics Rescarch Review, Center for Drugs =nd
Biologing, £1.8. Food and Drez Administration.

The productivity of the EPQ producing CHO el
lines desenibed above can be improved by approprisle
celf colture techniques. The propagation of mammalian
cells o cultcre rencrzily tequires the presence of serum

e growth media, A method for production of eryth-
ropoietin from CHO cellsin mediz that doss nat contain
iertnn gresitly faoiiitates the nunfieation of C'}lhl’ﬂ"‘h}lft
un from the colture medinm, The method described
betow {8 capable of coonomically producing cryio.
poletinin serum-free media in Barge quantities suffiziont
for producting,

Serutn CHO pDSVL-gHul PO cells. grows in stan-
dard eell cvlare conditions, arz wsed 0 soud spinmer
sl coliure fSasks. The colls wro pr \Sp.‘a;,s!t:d 35 5 Suspoh.
aton col line in Uiz spianer cell enbiure lesk in media
consbming of @ 3030 mixture of high glucose DIMEM
snd Ham's FI2 copplementsd with 395 fetal caif serum,
Leghotarmine Poasdhn amd Streptomyain, 005 oM
aon-eSERi aming actds and the appropriste coreen
ratiom of methiciresste Fospension ool culture sllows
the EPD-pradusing CHO colls 1o be expanded castty o
farge volumes CHC’I ook, grown in swipension. are

cmi o sead roller hodther at an inbud secding denstiy of
B3 407 viakis c-.;:i:. et B S{} roiler hottie in 20 mi

af medte, The cell
w5 oan mdbernt o

sl

tr R 10 sonlhilenny
three-day porind Th
mmnctia uned for this phose of L,-_- arowth i the sone o)
useed for prooseh b suspeisicn AT the onid of the three-
day growth pericd, the serum containing medis i re-
moved and epineed wuh 100wl of serum-froe siecix
353 e r;f mgh ghroowe BMEM and Hanes FI7
supplementod with § 63 mM sod-enentiad aming .:C'.il,\
and Teplatsrose. The eotler bondes arc toturned 1o the
soflor botke invubator [or @ poriod of 1-7 hours and the
media agaln & rmmoved and replaced wwh 100 mi of
fresh seromdfres medis, The 1-3 hour imcvbation of the

i
m
ok

3
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rum-ires mediz reduces the conconteation of coniam;-
g serum protens, The robfer Boithes are returned 1o
ubator for seven days during which ervihiropotn-
mulaies m the serum-free cullure media, At the
end of the seven-day preduction phase, the conditiones
madia s remeved and replaced with fresh serumefree
medium for ¢ second production cycle, As an exanple
of the practice of this productinn syufenm, o ropresonii-
tHve seven-day, serumefec mediz mmp‘n: contaiged
hunmes orvthiropeictin at 3882 :040% Urmi as judgcd ‘)"
the Bis B.*szcl o an eslimated cofl density of G5 1
LE50 507 celisdem?, cach §5 em? roller bottle cuat'um d
From 0.73 w0 1.5 I(}E eelis and thus the rate of produc-
fion 3”—?’0. nthe Foday, 100 ml culture wis TS0 1o 147
U/10E celis /48 Bours,

Cubrure fluids from celf strain CHO pDSVL-MEKEPO
carmied in 1 aM MTX were subjectef to RIA in vito
and in vive EPO agtivity assays. The comditinned mediz
‘a;'.mpic contsned S1.2-0 14 L/mi of MEEFO as mes.

2 by the REA, 31220064 1h7n] as messured by the

@ witro bolegical act bty assay and 42555 Usml as
...has"re:i By the in vive Yolomeonl activity assay
Aming acid sequencing of polypepade products re-
wala} the presence of EPO products, s prisciple spe
$ residues of the “leader™ sequence mijament

cies having 5
e putative amine termical alandne. Whether this is the
rezall of incorreat membrane processing of the polypep.
tide in CHO colis o reflecs @ difference in strusivre of
the aming termings of mopkey EPO vis-a.wviz humon

20, is prosently enhaowa.

Cuitere  fhads from cell strain CHO pDSVL.
gHaEPO were subjected to the three sssavs, A $.5 day

sample covtsingd recomnbinunt human EPD in the
imodis ot o kevel of 182 U/ml by RIA asey, 558308
Vs by inovige

o sy ead 105030 Ul by in vive
ALY

Culrore

Trom CHO pDAVL gHuEPD colls pre.
cstepwize WO nM MTY were sub-

mgredt are

> nipidied
_;c.::esi 14 the thrae '&*.‘N,.. A3 duy ',.ampu' cortainod
recombinant human BPO ot tovel of 30w 129 U
Ria, 238940708 Usmd by in \ii-"c. assay, smd

AT by a0 ViV assay. Amine 30l segueng.

B r:zw'ti% af .:mmf) fcm‘.:'\.d [s
in FIG. &

At RO u:-Il‘ s !
mrid m,ab\ boMEE s 10 aR MTX
i the MTN dudveed ﬂixt GVEr deVErs
im medin wih oan EPD sctiviy of 32
P EPO-CUMY T dc!cr::‘r w the
QUM epun hema foveh s
d Mt cz;:c:':m:rf ey g duct
from untransfecied CHO @
wele -';-.*.j::';re'f' with PES CON
(ﬁ ..n» J FHE AT W
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PRI gt EY
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medivm of COS1 and CHO eol sxpression of the
humsn EPC gene in comparison te human vrinary PO
molates vsing both Westorn blot anslysis and SOS-
PAGE. These studies indioated that the CHO prodused
EPO materia! hed 2 somewhat Wgher moleoniar weight
then the COS 1 expression produce whish, in turm, was
stightly farger than the poaled sourge huams
exiraet. AH products were somewhat heterogens
Neurzmiadase enzyme Hegtgiont 1o romeve sislic ..c,ni
resulted in COS-1 and CHO rece

approsimately egual melecular .vcwh' oh owere
t‘mth nonetheless farper than the resubling zisfo humo
weingry extract Endoglyeesidase F enzvie (BC 310
Geatment of the recombinant CHO product and the
urnany exiact produst {10 toeily remove carbohy-
drate from both) resulted in substantialy homoy :
products heving cssentizlly identicsl molesy bt weight
characteristio

Purified beman urinery BPO 4oe :'nbimm.
CHO cell-preduced, EPG sccerding to the fnvention
were subjected to carbohydiate smalysis sccording 1o
the provedure of Ledean, @t al, Methods in Enzpmofogr.
3 Pare Dy, 1301491 (1982} a8 mendified thiow ah use of
the hydralwiis procedores of Nesser, of al, dasl Bio-
chery, 141 SR-87 {1984), Experimentally drtermined
»arbon‘ drate comtitution vahues (expressed as molar
ratios of carbohydrate in the produet? for the urinary
isnlate were as follonwvs: Herases, 1.73; Noacetylslucose
ming, I Nezostybwuraminic acid, 8.93 Focase, 4 snd
N-geetyigalsctosamine, 0. Carrsmiponding values for the
recombigant product {derived from i’., 10 ISV
aHubEPO Sadsy cu.turc medis st 100 oM MTXY were as
folipvws: Hexoter, 13.0% Nogoetyd .Jmcm.w“x z
acctx"ﬁ‘uraminu ‘.h:d G598 Focose, O and Neznayh
gateciosaming, O Those fndings are consistont with the
Wastern biot and 3D8-PAGE snadyas geseribed shove.
Criveontoein prodects provided by praent e
ekt are thus eomprehensive of prodoats haw

=

a8

oo

goow
primay slvustucad conformatian '-u"ﬁci Lty ,')’ "n'dvc
of {het of 2 aziunaliy-occemne crx!‘: s o atlow
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mential part Looli preferonee codons and the construc.
fion wias thorefore referred to o2 e “"BECEFO™ gone

More partievlasly, FIG. 10 Husiraies oligonucies.
Hdes comploved 1o generate the Saction 1 of the BCEPO
gene enceding amvno Terming] residues of the homan 3
species polypeptide. Obgonvctestides were sssembied
into cuplexes {1 and 2, 3 and 4, cte.} and the dupleses
were then hgated o pmvida BECEPO Seation | as in
FIG. 11. Note that the puombled section in .udw e
:;pc-"::vc: teruinal EcoRi snd BamHI sticky end .ha{

“downsiream™ of the BeoRI sticky end &5 o ).‘tml e
striction enzyms :ccorrsi:im site; and that “upstream”™
of the BamBH stcky ond &5 2 hp, L recoanition site.
Section 1 could readiy be amplified using the MI3
phage vector emplayed for verification of sequense of |
the seotion, Some diffieeltics were encountered in iso-
lating the sevtion w5 an Xbal/Fonl fragment from RF
INA genemted in Eocoll likely due to meathylation of
the Kpal recopnition site bases within the host. Single.

randed phage DNA was thercfore isolaied and ren-
dered into doublestrund=d form in vitro by primer
extension and the desired double-stranded fragment was
thoreefie: roadily fwlated,

ECEPO gene Sections T and B (FIGS. 13 and 15)
voere constructed in 2 simitar manner from the cligena- 2
clectides of FIGS. 12 and 14, respecuvady. Each sectian
was amplificd in the M13 veator employed for tequetce
verifieation and wes isodated from phage DNAL As i
spparent frem FIG, 13, ECETPQ Scetion 2 was cone

tracted with EcoRI and Bam3T sticky ands and could %
be isolated 25 3 Rpnl/Blll fragment. Similady,
ECEPO Section 3 wis prepared with Bamii and 83l

16

Iy

20

(e

Xbsi

Mer

32
{Asn? des-Prof thyough UebhEPO and [HTMEPD, as
desoribed below,
A fAsnT, des-Prot thraugh HeRERD
Flasmid 536 carmying the ECEPO manufactured gene

of FIG. 7 sz Xbal 1o HindT fnscrt was digested with
Hindll znd Xhol, The latter endonuelease cuts the
ECEPO pebe af z unigue, & base pair recognition die
spasning the last base of the cedon encading At
through the second bese of the Arg¥oodon, A Xbal/N-
hol “ligker” sequence was manufactured having the
fallowing sequence:

A
HHH

ozl

+1 I T i @
Mo Al Ass O Asp
YOETAGATGGCT AAT TOO GAlLY
PTACCHATTA ACGCTO AG

Xhei
[ Eh3

The Xbab/Xho! finker and the Yhol/MHindily
ECEPO gens sequence frepment were nterted into the
large fragment :‘c$LJIl'1§, from Xbal and HindIH diges-
ton of plaunid pCPM3SI6—a derivative of plasmid
pCTMA (A T.C.C. 30076}~as describad in co-pend-
.ng U.S, patent application Ser. No, 636,727, filed Aug.
&, 1984, by Charles F. Morris, to generate & plasmid-
borne DNA sequence encoding E ool expression of the
Met~' form of the desired analog.

B {Hx thEPO
Piasmid 536 was digested with [indill and Xhof as

in part A sbove, A Xbal/Xhol Haker way manofactured
having the following sequence:
[ . : % 5 & 7 H ® Heal
Al Fra fro Arg Lee It Kb A

SOTAGATOOUT COG COA CGY CTO AT CAT GALY
PTAL COGA GOC GOT GCA GAC TAG GTA TG AGCT:

sticky ends end could be bolated from plizge RE DNA
as # Bplli/Sedl fagment. The three soctioms thay nre-
pared can rendily be assemblod Into & continvous TINA
sequence {FIG. T eonoding the entire homan i elcntc
EPO polypeptide with an aminc terminal methionine
codon (ATG) for Zeoli wansiztion imitiation. Noto ajso
that “upsiream’ of the mital ATG iz o senics of base
pairg btz ntizly duphcnting the nboseme binding gie 43
seguencs of the highly expressed OMDPf zone of Flioll
Any wuniakle capresuon vector anay be caployed to
garry the BC !“P’U The perivular vesion chimen for

.

exprossron of the EQEPD gene oo ibe “romperature
sensitive’ plasmid E>CI MESD - 8 genvanve oF plasmad S0

piCF \!41:

(AT S0 e es deseoibed tn eo-pend-
elent ..rp,za.a':on Ser. Noo 836,727, filed Aug.
4 {Poblished EQP Application No.o 13590) by
i F. Morns More specifically, pUFM336
aated with Mool and sl tho Jarge Trapimens was 32

Fempioved B e tveonnne lgstion with e
it 'hmii. 2 \.\prﬁ“ﬂ"f!)

by,

oy

T

BOEP

PO pene. Segtions
amd 3{BL "Snii‘l Bk proviousiy been assombled i the

;i

worreet erder r' BIth zne the EPOY gens Wik :t.-*,'..z e

:hr::n';:’r:sm A
inchardad
EELRTLE
. ..'!' CABTCLON i
i, pE3E, wak by omensy of o : .
wiieh isedf may b under central of the O ST ETPIOLME 6%
gone fsnch &5 ;::::m KiIzatig)
The manulacinred ECEPO gene above moy e vard

wusiy modifizd o encode envihrnpoiatn ?.I?I“-.!(&g& Sh

vrlnd o Ecel

The tinker and the Xhel/Hindlil ECEPO soquence
fragment wers then inserted inte pCFM326 10 geserstc
s plaarid-bome DINA cequence tnsoding B colf expres-
sion of the Mot 7 form of the dosived anslog,

Consryction of 3 manufaciured gese ("ECEPC™Y
meorporating yeast prefetence codons is a3 doveribed in
tic m!ln.».m. FIGS. 16 through 21 and 8. Ax was the
case with the BECEPD gene, the eatire consiruetion
invebvaid formation of three sein of aligonucieatides
(FIGS. 16, 18 and 20) which were formed intn duplexes
and assembled into scenans (FIGE, 17, 19 and 21}, Nae
thit synthesis wae faoiitzled by part by of some
sube-optimal codons in both the SCEPD and ECEPO

onstriction, Le, eligon x.‘_icmuin T~12of Sectinn 1 af
?.'.-mh #enes wers identicsl, = waie oifgenectectides -6
of Section 2 in each genw,

The swembled SCEPO sections wein
svilens 1 Zoand 1 were solaahie from the
phape ax II:..JII!/ {pnd, Kpnt lgild, and bgbtisSsil

Lo

ieguenced in

fragments.
The presently preferred  exprossion

SCETD geme produces b6 ossoretion systom bas
Seerevisize e-feclor scaranian, as deseribed in copend-
'nw ULE. patent application Ser. Mo, 487,753, filed Agpx.
ABEE, by Grant AL Bitter, published Dot 31, 1984 ax
I_u:o;ca“ Fotent Ap Lo 43 123,594 Briecfy put, the
mn invalves constructions whereln INA snending
he teader segnence of the vent o-factor gese produs
s poshttonied immaedintely 3710 the cadiag region of the
crogenbuy gene 1o be vc;*r aned. As & resull, the geee

Ek e
the
1
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product wransiated incledes o lesder or signal sequence fram one-fourth 1o one-tonih 4 “active” o5 i “parent”

which 5 "processed off" by an cndoponuus yeast ens expiession prodect in the aswavs,
Tyme in the counse of seeretion of the xcm'.iim.cr of the In the exprission system designed for vse of S oerew-

product. Broawse the comstruction mahes wse of the  siee host cells, plasmic pYE/SCEPO was ransformed
a-tic stor transhation infuation (ATG) codon, there was 3 into two diflcrent strains, YSPP2 {genotype @ popd3
7o need o provide fuch 3 codon a¢ the 1 poxifon of  trpl) end RKAY {genotype aapeps-Zirptl, Transformed
the SCEPO gese. As may be aoted from FIG. 8, the YEDIS hosts were grown in SD medinm ethods
wlanine { = 1y encading w:.wemc & preceded by s finker  Veast Genetics, Cold Spring Herbor § Laberatory, Cold

foquence aliowing for direct insertion intc 2 plasmid  Speing Harbor, MY, p. 82 {1983) supplementsd with

1

inchuding the DNA for the first 80 residucs of the a-fac- 15 cussmine ackds w 0 3, pH e 30 C Mediy har-
ter leader following the ¢-futtor promater. The specilic vasted when the cells had been grown to 38 G5, con-

prc:crrw construction for SCEPO gens cxpression  ixined BFO predacts at fevels of about 246 Usml {57
invoived o four-par Igstion including .he above-ntied #8705 Hier by RIAY Transformed RESE calls zrown
SCEPO scetion fragmems snd the large fragment of 1o sither 6.5 0.1, or 60 QLD provided medt
Mindlii/Sall Gigestion of plasmid gl From the re- 15 concentrations of sbout B0-80 U/mi (3¢ 22/0D Hter by
suiting plamid paCI/SCEPD, the edacter promoter RIAL Prefiminary analyses reves! vignificent hetercer-
and Jeader sequence and SCEPO gene were izolated by aeity in producty prostuced by the expression svetem.
J:::cs!::.m with BamHI and lgated into Baral} digested likely 10 be due o vasistions i glyecsylation of protens
plasmid pYE to form expressioo plasmid pYE/SCEPD.  cxpressed, and relatively high mansase content of the
EXAMPLE 1 aszocisted cirbohydrme
PAAMPL Pizsmids PaCl snd pYE in BBI18Y Eeali cells wore
The present example relates W expression of recombl- deposited in accordance with the Rules of Practice of
naal products of the mzmufaciored BECEPC and the LLE, Putont Office on Sep. 7, 1984, with the Amuri-
SCEPQ) genes within the sxpressos systems of Fxam- can Type Culture C.nlk‘csmr., 12301 Parklawn Ditwe,
pic i1 Rockville, Md, under depasit numbers A TU0.CL 39831
In vse of the expremsion system designed for use of  and AT.C. 39883, n':'f.p,.-c:w fy. Plagmids nCEMS2E
E colf iost ceils, plaamid pi36 of Example 11 was trans. i AMT ceils, pCFMSE6 in IMIDY colls, 2nd pMWI in

&

l\.l

T
wn

dny il

Formed into AMYT E.colf cells previoosiy transformed IMIOS ceils ware hkewise deposited an Nov, 21, 1584
With i Suitable plasmid, pMW I, harboring a Cre gene, a5 ALCC 59932 38034, and 39933, reypectively
Cultures of celit in LB broth (Ampizilin 30 g/l and 30 Succharomyees cerevisiae steaing YSPD and RES] wcrr»-
kasamycin § pg/mi. preferably with }0 md M2304) depasited on Now, 21, 1983 o A T.CC. 20734

WO mai:uafncd at 285 O and upon growth of oolis in RT3, revpectively.

calture w Ol 0.1, BFO eapression way induced It sheadd e readily snperent from ecastderation of
By raiing the cyllure emperaleze (0 427 C Cuells grown the above Hlustrative caampies Uial numerans extep-
1 ibout 30 Q.0 provided BEPO producion {20 esti- 2 fonuily walusble products and processss e s vided
mateid By peid of ahout § mp/OD i:twr, by the presznt invenlion in i many Sypwoots,

Cells were harvested, fysed, broken with Fremch Poivpeptices prosided by the invantion are conspicu-
Prese (10000 paj and reared with Iysozyme and NP3 ously useful mutodah, whether they are aa
cerergent. The peller resulting from 24,000 xg azatyife- expressed products or svathotic o
untor was sofubilized with guanidgine YIC! 2nd sub. 20 secondary or fertiney dirotral conforma
Jected 1o furher purification in o singie step by means of witg first made known by the present ‘n‘.'cr:. 5.

o fVy Reverse Phase HPLC (EWOR, 0-200%, 39 As priviousty indicated, rocombinant-produeed and
mii NHeAs pl 481 Protein sequencing reveated the synthetic products of the invention )mm 1w
produes o be grenter Than 539 pure and the praducts degrees, the in vitro biclogical activity of EPG tolntes
chtained revented two different mmno termasks, A-Pe 35 from mareral rourees and o -:.x'*um?\' are profnoied

FeRoaed PoBRL L i a refatve guantitstive catlo of  Bave utiity ap substiteies for BPO jie i‘,:o. inocaif
abdut 3o b This dstter chscrvation of BEPD and {des medin emploved for growth of envihropoiotic &
Alating ““} products indicstes that aming foimina culture, Shmilaly, 10 e o

segnsing’ withie the host ;r12> geives o romeve s it of the invention by

hicnine and in fome imences the initsd 9 EPQ isolates thoy are oon H
smmuncassn aotivity for !.‘": sobiles was erythrapsctin thorepy procedues p: ariiond
{ﬁ‘ to JELEG Uimg; fn vitra sssay mals, Inciuding v, e develop ey or sl

TANKRS 1o 62000 U Smps and in
e g arivity ranged from ot 10 00 730 Uime.
{420, humesn gpomary wmolate stan 'E:a:rc af 74, {)JJ Liima
wack assay, B The dove rzpun
i i rothe inovive assay d Hiered :“.'\.tm::}h
iof the humen "‘i"‘i“" EPG standard.

s I ::::‘.m' r;...,m :
2

din \‘\LIC)} IO e, Stimed
wnge, doevelnpment :

tion of e
nete Q!'L\_‘:

rsodd b praets A gnd Bl
mied i oW s,
Howere cuiared as
sazkales weere wested n ot
HEA endd

Tomvied ANT

sfrendin

havy Far

Wit rrs 24 e 24

NV

SP0 nxprestion mroduets wets

a;:p:o*".s..{r!\ [RALE

Urlmy and £.000 Uimg pro : wn rhnys 25,
ferpectivedy, whis the aseny valuo for [H:* ihE: "O s The min wn of (he for transdy-

SOG Umy end 18,000 L‘!!T‘.f* prnTin, iy dhrnnrh ude of BIO therapy can be ax

xwmu\m, indicating that the analng products were pected 5 rosull in reduced sransemicsion of infootions
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agenis. Proguets of the mnvesuon, by virtwe of their
predecticn by recembinant methods, ste expected (o be
free of pyTogens, sattral inhibitory substances, 2nd the
like, and zre thuy Bkely 1o provide enhanced overal]

effectiveness in therepeutic procsiscy vis-a-vis naneadly”

dedved producis. Erythropolenin therzpy with prod-
ucts of the present invantion is 2lso expected 1o he veer
fuf in tha enhsncament of oxygen carryving capaoity of
individeals cnconntering hypoxic eavironmental condiv
tions and possibly in providing beneficial cardiovascu-
far clfects.

A prefersed methed for administration of polypsptide
products of the mvention §s by parenteml (e, IV, IM,
8C, or IP) routcs and the compositions sdministered
would ondinanly include  therapeutically  effective
amaunts of produst in combination with scceptable
difeents, carriers and/sor adjevants. Preliminary phar-
macokineie stodies indieste 3 lopger haif-life in wive for
mankey BEPO products when sdminisiered 1M rather

than FV. Effective dosapes ere expected to very sub- ¥

stantizlly depending wpon the condion treated but
therepeutic doses are prosently expacted to be iy
range of O {~7U) to W0 (~7000W) pg/kg body
weight of the active mae-dz). Srandard difuents such as
human serum atbusiin pre contemplated for phanmacey-
tical compositions of the invention, 25 are standerd
carriers such ay caline.

Adjuvim maserisk suitable for vse in compositions of
the invention include compounds independently noled
for erythropoictic stimulstary effzcts, suzh as testoster-
ones, progenitor cell stimudatory, insudindibe prowih
facton, prostsglandin, serotonin, cyclic AMP, prolctin

and triicduthyronine, a5 well as spenrs generaily ome
plaved In treatment of spiastie anermz, seeh af me-

thesolene, sanazolol and mndroione fsee, cg.,
pott, ot 3k, Pomminerse Medicy, 23, 233
MaGongle, ot ak, Kigney fsr, 233, 437
Paviovic-Kantera, ot sl Sxpr Mozl 8Supp.
83281 (LY and Kurtz, FEBS Lewers 1sxly,
15108 {1932 Also contemplated &8 sdjuviasts &
substanees reported to sahance the offocts of, or vwner-
gize. erythrepaictin o wsiale-EPOL such as the adrenee-
gic aponian, thyreid hommaones sndrogens and HBFA
free, Dunn, “Correst Coneeprs o Erythrapolesi™,
Foba Wiley and Sons {Chwhester, England, 1955 Wai.
fand, et ab, Blug 34033, 173375 (19¥3): Katmant, Kig

,
new Inn, 2F, JEA-30L 1982y, Shakuh, Fng, J Med,
JES TIEG : Fisher, of gi, Steraide M6 53 3

Urabe, ot al, J Expn Med, 139
poansd Billat, ot wd, Eape Hemarol, 131
833} on well iy the olasses of comps
“hepatic erviiropoietic faotom™ fyoe, Nouphton, ef 3
Arre, 6%, TTI-179 {1983Y Cerythools
pins’ o desaribed by Congote, o sl in Abstran
Proveedings 7th Internationsd Cung
o Cuehes, Jul §
Bioohiem. Blazhyr, Hes Comm., 115
and Congote, dmal Biochon., §14G, 4
* fas deserihy Ly
L3 TGRS0 (19E31) Pee
b desdpned 10 mexsure covihegp
guHyEnal cvthemie mice pro-trented wah vither
:

then anvun

Hormar anst

v {uckbes City,

torane o pangdiaione :

ervthropaietn of the present invention hove gererated
eiglivecsl results

;

Dizanestis e of polypeptides of the mvention are
simiarly extzative and molude wie i labelizd and T
Belled fone inoo ovasiety of Inmonoassay teohnigum

<

3]

s

a5

ey

1

EM

e

35

mcfuding RIA%, ELISAY and the tike, as well as a
variety of in vitro and in vive aerivity sssays. See, e,
Dunn, et sk, Expr Hematol, 11(N, $50-8300 {1983}
Gibson, et al., Pathology. 16, 155136 (1984} Krysml,
Expt. Hemawml, 11(7), 649-66D (1953); Saito, ot &l., Jag,
JoMed, 2313, 16-21 (3584); Nathan, et al, New Erg. .
Sfed, JO¥G), 320822 (1583); and warjous references
pertaining te assays reflerred to tharein, Polypeptides of
the invention, incleding synthetic peptdes comprising
sequences of residucs of EPC first revesled herin, also
provide highly uveeful perc materials for genersting
pelvcionad antibodies and “banks” of monocional anti-
bodies specific for differing continuaus and disoontinte
ous epitopes of EPOQL Ag one exemple, prefiminary anal-
yiis of the aming zeid sequenses of FIG. 6 in the context
of hydropatbicity scoording to Hopp, o al,, ANAS
(LLS.AL), 78, pp. 3824-3828 (1381) amd of secondery
structures ecaording to Chou, et at, Anr, Rev Biochem.,

7, p £33 (1978) roveated that synthetic peptides duphi.
cative of contineows sequencey of residuss spanming
positions 41-57 inclusive, 116-128% inclusive and
143-166 inclusive are likely to produce o highly anti.
Zenie response and pererate vsefnd monoslonad and
polvclonal antibedies mmmunoreactive whh hoth the
synthetic peptide wnd the entire protein. Such antibod-
s ure expacted 1o be usefal in the detection and xffinity
purification of EPO and EPQ-ralated produsts,

Ilusteatively, the Toflowing thiee syathetic peptides
were preparcd:

(1) LEPO 41-37, V. P.DT.RKVINFY-AWELR.
RAE-VAG

{2) AEPO 156-128, KoEALS-P-P-DAACAS.ALA;

(3) hEPOD 124168, VY-S NFL-R-G-R.L-K-L-Y-
T-GEACR TGO R, Preliminasy  immunization
studies employing the above-noied polypeptifes have
revealed a relatively weak positive tapowse w BEPG
#1-37, 5o appreciabls rexponse (o BEPC 16128, and »
strong pesitive romopnsy @ hEPD 1434186, &5 measured
by capaeity of rabbit serum antibostios to immans.
precipitate - jebelled humsn orinsry BP0 isalutes.
Prefuminery in vive activity studies om the three PP
tides revexled no significant sctivity either alone or in
cembination.

While the dedused segrences of aming atid residus
of mammelian EIC provided by the Hlostrative sxam-
ples ostentially dofine the srimay stynaurn) conforms-
tion of murore BECYL 0wl be undenstood that the spe-
cific sequence of 183 amine 2uid residues of monisy
sprcies BPCHn FIG. 8 and the 188 residues of human

Fospacion BFO in FIG. 6 do not amit the 220pe of uselul

patypeptides provided By the fwvertion. Compre.
hended by the present invertion sre thote vanous nsta-
safly-occurting silebic fonas of EPO which pest to-
sesreh into bictogieadly notive mammalian polypeptides
secli as ety miwsforen indicstes are Hkely 10 exis
tCoemypare, ey, the bumian msene interferon apecies
repried o have oh srginine residue a1 positon No. 144
tn BP0 published sppHcstion €077 670 and the speaies
poricd @ have phetamine ot poition No. 146 in Gray,
L, Naztwes 255, pp o n03-385 (14E2) Hoth syl we
sTacterized S8 Conslunting “motere’ human oy infer
vosequences) Atele forms of mature BV poly-
peptides may very from rack ether and from the o
guenves of FIGE Sand 6in teoms o beug
and/or iy terms of deleticin, substitutior

] PN

Lol seguense
L IRSertens of
schditions of s seids ol sequence, with conse
cuent porentiad variations in the capagity for mveosyls

tion. As nolwt previously, ane pulssive abielic form of
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human species EFO is bedteved o include g mothionine
residie 31 position 126, Expectedly, naturativ-sccuring
alflelic forms of EPGueseeding DNA genomic =nd
CDNA wquencss are shio lkely to ccour which eade
for the abeve-noted types of alichic pelypeptides or

simply employ differing cogons for designation of the
same polypeptides as spf.uf:m,
In additen o namrally-gccurring allelic forms o"

matwre EPO, the proscrt invention alse embraces otk
"F”Cs products’” such as polvpeptide anglogs of EPO
andd fisgmonts of "mature” EPOLF lewmg the prowe-
dures of the above-noicd pebiithed application by Al
T, o 2L {WO/ELA05T) one may readily sesign and
menvianiure geneg cmiing for microbial expression of
polypeptides having primary con farm:ticns which dif-
for from that hereln specified for & EPO in terms
ef the idemtity or location of one or more resilucs (2.,
subsutelions, werminal and intermedistg additfons and
deletions), Alemutely, modificatinns 0?" cDNA and
genomic BPO penes may be readily accomplished by
walbinown site-directed mutigenesis technigues and
empiayed to ponerate snalops and derivatives of EPD.
Such EPO products woold share ot Teast cnr of the
Bintogical pro;wz:‘:'c:« of PO bt ey differ tn others.
&35 examples, projected EPO products of the inventen
inchude those whish are foreshorened by e.p |, deletions
fAssd, do-Pro? through HeShEPD, ldes-The6
throtgh ArgiIhEPO ang “A7-S5hEPOT, the latter
having e reswives cm'itd for by an entise exen deletsd;
OF W ix: deare more stabls 1o hydrolvsis {und, therefore,
may have more pronounced or longer hwtng =
than natursly-ocourring EPOY or whish have been
altered (o deiete one or more 2 potential sites for
sylation {whick mey rosalt ta higher activities for v
prxduced products); er which have one or more ovstsin
residies (E:“if'!t‘fi or repisced by, pop, hitidine or serine
tusicdues Lsnch 15 the analog {HisfTh EPO) and are poten.
sshly wore castly bolated in active fom from micrpbisl
systems; o which have enc or mere tyrasing rosidues
repinoed by phenylalanine {such a¥ the ansiogs [Pheis

)
ULy

Lot &

L)

IMEPO, (Phe’™hEPD, and [Phe'*hEP0O) and may
Bind more or Ims resdily w EPOG reqepiors on targe
vells, Alsn comprehended are polypephide fragments

dupi

'sm‘uwl-

s anty 2 part of the conttnugus wming aoid
ar weeondary conformations withn matute

which ’t.\g:’::cms t::.n. {0:»;
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malian crythropoietin witeh has hcrc{tz.‘mc beel us-
availebie doipite decades of anaiyiicsl provesing of
solates of moturztly-ccourning prodects. The TINA

sequences ave abin concpicuously vatuable as products
aseful in effecting the large seale microbisl synthesiz of
erthroporetin by o varlety of recombinant technigues.
Put anothet way, DNA Sequences provided by thc
mvention ars usefl in gencrating new and weftd vica)
and circulsr plasmid DNA vectars, now and vse z"}
trensformed und transfeeied miczabiz! procaryatc snd
uzaryatic bt eelis (ncloding bacteniat snd veast cells
and mammatian cells grown in culturs), and now and
usefel matheds for cultured growth of such microbial
host cells cepable of oxpression of EPO and EPO pr el
ucte DNA requences of the invention are alse conspice
wously suitadle mamriah for use 1 lubelled probes §
isolating EPO and releted protin encoding eDNA and
gennmic DINA sequences of mammalizn spesies othe

than humsn ant monkey speciss heroin w*ctﬂai

tHustrated. The extent 1o which TINA s SeCitery
invention will huve use in varfcos
of pretedn sypihests (o,
therapy in kumans

%3]
iyt

ur \.ol tll
slrzrnative methods
in irm:s celis) or ik ggnetic
and other mammals canngt ves be
calcu DINA sequences of !h“: mvention are o3-
posted 10 be aseful in developing tminsgenic manwmaiing
species winch may serve as encaryotic “hosis" for pro-
duaticn of erythropoiatin and erythropeictin producs
in guantity, See, generatly, Palmiter, et al, Seience
REEIELY R N N SR S L1 XY

\.’1*\\-:6 in this light, therefore, the
surgy of the illust examnples ure clely nel
tended {0 bo lhmitdng apos the scope o t
imvention snd nemoerous modifications
arg c,\a{::cw'* G onay
axrtple, white DNA sequenses provided by the Blus.
trative examples Inclade cDNA nnd geromic DMNA
seguences, boriuze this a ,.p,...cat' n: provides mning scid
sequence mibrmation sssentixd (o mantfacture of DNA
tequenes, tie inventive alw comprehends such manu-
frctured DNA soquenves momay be constructed hased

on keowledge of EPD aming achd senuencos.
codder for BFO 20 in Panmple 127 av well o fur
PO fragoients and EPOD pelypeptide sanlogs (L
TEFG Products™) whi y share one or mors b:cr;og;-
wal properties ssteratly-ocryrtny EPC bur not

T gersess cthers o Sfferent (,c:'r/.:x:%}
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ok '21"!: G hars L

UETNCLE Py
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feth.
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in-
he present
anrl variang

1o thesse v et in the o As one
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tural coninrms
e,pc: 1ed Ol c'\'sa
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gy would sho hy"rh :
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cammics ouwt under the hybooization conditons de-
seribed herein with respest (o the iniisd solution of the
memkey end heman BEPQ-cncoding DNA or mare strin-

gent conditons, if detired 1o reduves background hy-

bridization.

1n a lke mannern, while the shove examples lustinte
the invention of micrabial expression of EPQ products
in the context of mammalian coli expressien of DNA
tnserted in o hybiid vestor of bacterial plasmid and viral
genomic orging, 3 wide varicty of expression syslems
are within the coptemplaiion of the invention. Conspic.
vously comprehendad are expression systems involving
veerdrs of homngeneous ariging applic? to a variety of
bacterial, yeast and mammalhan cedls in cultere a5 well
a% o expresiion systems mot involving vestors {such as
calcium phosphate transfention of celfs). In this regard,
it will be understood that eapression of, c.g., mankey
origin DINA o monkey host cells in culture and L
host celfe s culture, dcustly consttste instances of
Yexopenus” DNA expression inasmuch as the EPO
DNA whose high fevel expression is sought woeld not
have is origing in the genome of the hest. Expression
systems of the invention ferther contemplate these prac.
tices rexaiting in cytoplasmic formation of EP) prod.
uste and rccumulastion of glveosylated and newm-
ghycosyiated EPO products in host cell cytoplaun of
memiranet {c.g., accumulation in bacterial periplasmic
apacesy ar in culture medivm supemennts as sbove
ilustrzredd, o to rather uncommon systems such as fa.
eraginoss epression systeme (deseribed f Gray, ot al.,
Aintechinolopy, 2, pp. 181165 (39340,

Iinproved hybridirstion methodologies of the inven.
tien, whilz lustratively applied sbove (o DNAZDNA
hybrdiztion sereenings sre cqually appliceble to
ENAJRNA snd RMA/DNA screening. Mixed probe
techniques s horein Marated genersly constitute o
ssbiee o taprovements in hybridizedos processes
sHowing for more 1apd and reliable polynusicntide
olations, These many individual processing improve.
ments inclwde: hoproved colony transfer snd mainte.
pantc proccdnres; wse of ayvlon-based fiters sueh 32
CErasloreen and GenseScreen Plas 1o sllow repiobing
with same fliers snd repented wse of the filter, applics
sien of nuvel protosse traztments feempared, cg. o

P
(=3

i)

]

-
A

i
~if

e
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Tauh, ef al. dnal Blochent, 126, op. 223-220 (19823 use
of very low individual concentzstions {on the order of
0.02% picomale) of & large number of mixed probes/eg.,
numbers in excess of 32); and, performing hvinidization
ardd post-hybridization steps under siringent tampera-
tures closely approaching (e, within 4° C. and preferz.
bly within 27 C. away from) (he lowest caleulated disso-
catinn temperature of any of the mixed probes em.
ployed. These improvements combine to provide re-
suits which could rot be expected to attend their cse.
This s ampiy iflostrated by the faot that mizest probe
procutures invelving 4 tines the number of probes ever
before teported 1o have been sutovssfully used In oven
cDNA sereens on messenger RNA species of ralatively
low abundancy were suevessfully applied 1o the iscla-
tion of u unique scquence Zeas in s genomic Hbrary
sereoning of L20G,000 phage plagues. This feal was
accamplishet pssemially coneurrently with the publica.
tion of the considersd opinion of Andertan, et al., supra,
that mixed probe sereening methods were . . imprasti-
«at for bwlution of mammalizn protein genes when cor-
responding RINA'Y sre unaviilable,

What s cluimed is: -

L A process for the production of a glycoryiated
erytsrapotetin polypeptide having the in vivo bistogi-
cal sroperty of esesing bons marrew cells 1o increase
preducton of reticulacytes and red blood cells compris-
ing the steps of

() growing, wnder sullable nomicnt conditions, o ei-

mafian host cells transformed er wansfectod with
zn isolyted DINA sequence cnceding human eryth-
ropoiein; and

B} tolading wid glycesylated arvibiopoietin paly-

pepiide therelrom.

2. The procoss secording o ehiim 1 wherein seld host
celis ure CHRO celis
ag prodess acoording 1o chadm 1 wherain said host
ceily are COS cely

4 The process secnrdmg
LA s eINAL

5. The procesy sccording
DYNA i genomic DNA,

*

* x - +

-
L

sxid

to claim 1 wherein

1o claim T swherzin said
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