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Vichin.o;;y.e:~¡"J.l'((!ia:r., 105(1), !5-11(IMA)(çystic
fibro:;is); Coie;, el :iL, 110'1- J. Ob;;d. GYM:lC(¡L, 9'J(4),

30L:, I i (1983) (prefl:~llcy, rne"~in¡.ij disçY1'li~l; H~g,¡,

el "t, Aaa. Prdia:", Soind., 72, S27..Ü¡ (953) (cui;:
¡¡ne-Il;" o( prem~il):iiy); Cbm-W;ilkcr. ct at, Arcr,. Piiys 5
!.ed RÛcti.. 65. 3ïO-3'~ (1%'4) (spín~1 cord i:ijufy):

Dunn, d iL E",. J. ANd. PJ:yrir;l. 52, i7E~IS2 0%.1)

(spic" 11:gh); Miler, "t ;:1., Brit 1. !fawilJol" 52.
5,:5..590 (1%2) (icute b!=d k5~); Udupr" 1:1 ¡d" J. L.b.
CIÙI. Md. )03(4), 5ï4-5Sü ;ind 581-588 (1%4); ~nd !(
Lip.:hili. ct ¡;l., Jrr,,,,,L &3(.1). 5("2-509 (In;;) (¡iging):

;md Ihin;Ú, ç! :oJ., Cane",., 51(ê). J iol-l W6 (1I'c3) ~nd
Schw:iru, ~ :ii., O:o!¡;1"'r.go!., 109,269+272 on;;) (v~ri.
OIJ,;¡copl:i(icdi5=~s!:ii~,u:Cump;inìcdb;.."bnorr:...1tryihropc¡e;i,j. ' IS

Prior ~~tc:ipt~ 10 obiain nyihiopoi:tiii i~\ good yidd
from p:!~$Il" or un:,,: lllV.: p;:iv=:n rtb:¡..'d~' 'm,uc.ce~,.
filL CcimplÍC_",'l'n ~lId ~"¡ihi.,I;c;i:ed !;:Ó:ir'IMY i~~h.

n¡q\t~s;ire nc:cs¡;iry:mdgw:::;Hy rç,'JJ: in the colle.:,
iion of very sm~lJ "mc'unI5 of im¡ni:c ~':id \ll"¡!:Ò!C C.t. 2cí
tlacl~, c()m~nine ery:hropoiciin

U.S. Piit. No. 3,c¡33,i53 de5crìbcs " m",ihod for pM.
lil.I'Y purifying efYI!¡fOPok¡Ü¡ (wm "het:fllibod rl;,-,~r,,,
which provide: low yiddt c,f ~ crude ~olí: c~:riCI (;()n-
laining: cr)'thrapoi~l:n.

Iii,ií~i "I(eml'!'; to ;wlaw erythropoi"dri from unne
yidded un,l~ble, biok'gie;:l!y in:ie1Ìve prep:,r::tk::s of
ihe hcri:ior,e. U.S. P"l. No. 3,S65.801 d=ribe~ i:
methud of ::,,bi¡¡~bg ¡he biolo¡;Ì¡;i! Jc:iv¡¡y of i: cii,¡k ;:0
$iibs.!~ncc C;Jút\irinl crythro¡YiìNili Ic'c()vcn::d from

\.rinu. Tíic rr.mliíJlg c.n,d", pCf"raiiOil o)ui;¡''¡''3 "r)1h.
Hll'()ìdi" purtl.nkdJy rctJim: ,'0% of tryihopoktir.
JCiiviiy, ~::i: ¡"~i:i¡'k

Another r:t!húd of p¡¡rifying hiim~,) cryihr,;'poictin 35
from u,;nc c.t pni¡cm,¡ with ;:pla;¡ic ¡\nçmi" i5 de5i.ribcd
i'i' ),;,."i.'" d ~i., J. Bi.,L Cl":m.. Vol. 252. N,.,. 15 ('\"e
10. !9?ï). f;. 555S-556'l. 1'l\i, ~,(':~'\"¡'l' pioced",~
iiic111dö. i(jn "",hc,n¡;c dm~m;,ioúnp:".. dbid pri:::;p_
ir"li;;!',. eel iiltr:,i:o", :;ad :Hj(Dj..plwn Chl'Om3:og:'~phy, ;;
~l\(l yields ~ p\lre el'ythr()poì~:i" prepl~li0., with "
polenc¡-' c1' :0,400 uni:r-!mg d ¡')Jt";n ii, 21% yidd.

U.s. l\õ:. :-lc. 4,:97,841) io T~kci..i'A':i ~l ;iL ,-k~i;rik,
m"ib::,~~ f", ¡inT.~t;n¡; .',,11 n,.thr();)(:'¡c(¡~ produce
fHlm !jc;,hh:~, hum'm urine T-i:dmcr;s wiib WtÚJy b.~,jc ~5
¡(I' "K.hilli¡;C;' ;lIJ'¡ p0p0'e, lIi:'¡ Hw low '1mko;i~r
weight prcÒ~::n t)hr,,¡n,~(! "bve w; ;i:hitiit::ry df,~~i~
~g:i;r;:: :rr:J¡f(~pcic:~n. _ . . . . ,

l,,'.r.. ,'~l~:i: APPIC:,t,Oll N,). ~.(¡~~",~:.) by (:";:il1-,')\O,
,'1 ~i.. puh1i;L:d ~:~y (i: In2. dc,,,ribc.:, pr"',i:coi für ihc: ~d
prod.\:¡~(10n ,,1 hrnr:d !\Ufn~n ~y'~rht:t:;l;,,,:,;¡ ,çc,lh. ,"'.
yOn,in!; P((':"G!,u.I(.v~b r,,r!Yii: Ir0n" ;c';2'5Li,r¡~,¡f

~r,'tl\".ÜV'I~l") F"T 'ii.' '..r '~'jJ~¡',""ri "I (~,h (di,:t:~b~:ed
~niü :¡" c.,Ù,lrc,, ~!;a ni~mm;¡bfl h,,,t Pfa::';lJ!l!Jt
,:.:,,nl;,tn'r.n U1' ¡" 1u' ,,~Il\ P"i reil. Ar ihe !J)ø,~r.( FO. '.'
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Otherb:o~iicn te,"hl'iqi:::iilized tocbuiri p:iril1o;
eryihrolXktin inv'llve i:imiinclo¡Úc-aJ procedures. A

pdyc!oi¡:iJ, xrullH.h:dvcd ;mtib:xy din:c¡cj ~giiin,t
eryihropoietin ¡s develo;ied by injerong :l!l ¡mim.'1.
prt:fcmblr II ru or ribhíi. with IiUfffd. ~ryihropoiciíri.

Th~ injtcted hum~ii erythropoietin i~ (t,'ognited ~ :i
tordgn ~ntigcnic :;ubsr,ll~-i by the immi.ie sy,tem of
the ilnim.:\l :;nc dkiis prc,di;c¡ion c)( ",niÎbodics :igaiii~t

ihe ;ll1iigen. D¡iieri~g cell, rC$p-r.dìng to stl¡mibticn by
iherinti£cniçsub~i::m:cpfOducc:ind rdc::sc intocir(lI'
l:aiion¡¡ntibooic.slígiilly diffcrent fmii ihose Pf'hKcx
by other rc£pondiri,g cells. TIie :i::tibody :ir:iivii,' rc.
m:,ì!l~ Î. the ,~nim or ihe ;mim:¡l when Íl~ hht\d ìt t~.
ir:ictc:l. While iiipiiriried $erum or ;il;l¡boc~' prep:iIJ-

liof\s p~r¡fid .l :i serum immunoglobulin G IriclÌoll
m:iy th~u ,,~ u~cd iJj :i.,~,I\-i tu d~!eCI :irid oomuk;; ""1ln
hUD\afl er,'lliropoietin, ih~ ma!eo:iis stMer fro~¡ a m.:jor
d¡sadvimtig~. Thi$ s.rum aniìbod,', cmllpl.~d of "U ihe
dìfi-cr~nt "mihodies prooi.a.ct by ¡:\d¡~.idu3l \"eEi:, i.
Jl"lydofiaJ ii, m'!lIre and wil comp!c;; ..~iih components
i:i çiudc ":\ltaci$ oiher tha:icrylhropoicliniil01''''

Ofinleii,:sllQ theb~cki;mmid Drih" ;4'l"..nt ínvcrtkm
~re recent :;cv:il;cC' in Ille an of developing cOMimlCll$
cu¡turesoi-ctllsc.1pabkofp~oducingiisir.glos¡xç¡ç"of
:I'liibcdy whiçh is ~p;ciJki:!Iy ;mmunol"gk,~ll:-' re;,ct;ve
wìill a single ilniis"oic dcicrmir.",,1 ofa sdccied :iiiii-
gen, Sec, g.:ncnil1y, Cli~hoirn, l!ígh T.:dirÛtl'," VoL:.
No. ¡, 57-63 (l9S3¡. Aucmprs bvc beii t¡,.;ik to em.
¡,lQy,:dlf~5i;n;mdliybrici)'1Íor.icchniaue;iodevelop
"mur.udonal" il\iì!Jcdle$ to crythmpoleiin and to ~m-
;iìoy th~ intiOOies if! the isol;$iion ~nd aii:iniit:itiv"
d"kciion of hum3n erythropoicÜn. A.~ one eumple, :i
rtport of :hc $-iccc%lul development of mo",tç.mou~ç
hybndc",,, cdlhncs ~ccrc:ing mo:ioclo,i:l "nt¡hodie~ W

hu","n er"lhrnD'li,~tin ~PD"...rci: in :ibsir~ci ¡(..'11! in Lec.
¡¡I,Mg. ..\b$l"'~t Nc. 1463 of Fd. hx.. 41. 5~u(I9S¿).
..\s ;,i~o¡licl c~~npk.;i deiailed de$criptio:i of th,~ pra~i.
1 d;()H "'id ult: of ~ morio,:)on:d, :in:i'Cfyihropo¡ctin

:,niibDdy :ipf.c:.r, in Wei,,, N ~L, PN,tS. (U.S.A.). ~').
;465~5~69 (:9S1). S"c ,;lic. S.15~ki, Biomtt. r;!M:h.Ùr~
Ae:t.. .t'(i lilt) S10i~S?&'1 (19S3-j, Y;;~g;i"":'. cl JL,

Bl,j",d. M(i), 3-~,ì~J&-l (19$.); Y:i,\:iËri..v.~, ,,: ;iL, J. Bio!.
Gem.. 259(5 ), 27i)7"171ü (198';); ;ind U.S. l'~i. N(i,
';,165.614.

Ai~o of imerc-\( iO th~: b:,d:¡~io\tu(! of ilw ì"vemÌ1m
~n: rcpi¡,l\ of the ,r.muno!ngi;;:i! "d¡..~ty of syriihelÍ¡:

F'eptide~ which ~i:bi-"niìaliy duplic::¡c ihe $mir)G :icjd
;~qi'C:i"" eM.m\ in ;;;l1uraHy.occ:irrng 9r01e¡n~. gly¡:o.

pmicia., ;md :iUdL'Qprolci!l~,. i-'lwc ~.."ci!Ìer.ijy, leb.
iivdy low molectrbr \'(:;¡)j~r p",ypcpiid~" b..,, been
~h()wt. 10 p~:iicip~t" in imllHme "~"clÍ')n'. which ~r"
;:miiu in d'Jr~ljou ~nd "~~,,ni Ii) ih~ ìmmu,,~ l'e...!;,,!!,;
,~i ph,.;iclugic:,~¡y ~:i:"il¡"~fli plDidii~. ""d.i, ~~ v,r~~ a?Ü:
:"a:;. p':i!yrcriid() hormc:iet, .an:! i;l~ J:a. Ifl::I~(iM
..m'.''';:. We "mn¡:,;,: r,:"ç¡iC!i~()l ,ouch p)!y¡;,rri~ks ¡~ ihe
pll)HJ;:1lI')¡ "f th.: f()TI~ti()n oí ~¡;~C.iii;ê aniit",Odic" m

i.~i:!:\Jl:,~'¡')¡~i.c~J~~: :;ciiv~. ~iiim;ds" Sc.::. ~.f., L:;:"..r. t:~ ;;,..
'-.o'l, ¡._'. .,O'i-.'¡Ú (I',d); Rm,. (;1 ;;1., '\'"I(,r.i. i'N,
654.(::6 (1%1); WÙ(:r, ~l ,j, ?X.A.S (U.$.";.), 7ì,

'N 51'J~~2(jíi (l')r.()i: Lnncr, e: ;\1, i'.:V..~.s. (U.S,,'',), ..~.
;':-J3~3.1m o')~~ll; W,llrer, cr ~L. P.N.A..S (U.S..\.j. n.

~~i'-"'2i:i' 0%1); Wong. ct r,L, P;V.A.S. (U.S..-\.¡, ?8,
'7.:i~.7'1!6(l%1); G~(:~n,,: ¿j, Cd!. i8,477..n (i%2);
;..i,~g; ct ~i., f'.N.A S. (V.S."".). it;. 5~22-531(' q9~?);

,;" lhrcii, "õ 41. Cd!, LB, -l95";(rl (!982); Orc,,;rn:m. ç~ ~L,

S"f:",. 2:5. 153..,W (i9S1); a:id Lcmer, 5ciu'I~i7c

Am"n't.~r._ N~;. ~(,. 2, 66-74 (l9S;;). Sec. ~h-1, K3i,er. e:

~1., St,era. i23, pp. 249-255 (1934) rcl~i¡n8 to bbln¿:í.
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ç:ij :md immu:ioJogic;¡i ;¡'f¡\'i¡u:~ of sYIHheiic pcpl:(ks
which ;;PiitÜÚr.;i!dy shuc ~=nd"ry sin.ciurcs ..f
?",p:ii:e harmO"'''$ but rr:::y r:u! share ¡heir priii:::ry
$lrocici;¡l çor.rarntÎcl1. 11,e :i':vc siudiQ n:)ali:, of
ci.n¡r:;. i:)amintl acid $.q;¡ciicr.sorprotelflsoihcrih:m ~
eryihmp,-iciin, :i wbst;lfl~" for whier. no $uh'¡lantj;¡!

amine "Òd s.~quen::~ infoITi;¡tiofl h;, bren pl.bhÛ:ed. III
C(Hiwned. c:i.pend¡ng U.S. p:itc:õt :ippJiCrllion $cr. No.
463,n:, fied Feb. .~, 1%3, by J. Ei;:ic. published Aug.

22,1%4 iÜ Euwp:;:n PalCl,¡A¡ipli:;iio~ No. 0 116 ";"I(i, !(
¡her;: is d=ribcd ;: l1Cli",'ri()UIC hybiijomJl ücli JillC,
(A.T,C,C Nn. HBS2(9) which prüdu::es a highly sF""
cirìc mo~ncbn;il. :i:iii.."i!i()p,):e,ia :;mih()dy which Ü:
;i)o; $?ccif:e:iy immUfJQfc;,c!ive with;¡ pdypcpiidc
compriÚng !he t"CUov.'ir,s :;ql.enC( of amino ::cid~, 15
NH:.,-\j~-Pro.Pro-Afg' Lcu.i!e,CYS'Asp-Si:r'Arg.V::i.

Leu.Glci,Arg,Tyr.Leu.Lcu.GIu.A!;:.LYi.COOi-1. 11,(;
polypepil,k k(¡"cr~~" ¡~ ü~e ~~ì¡¡ncJ to ih:: fiis¡ !Wei'iy
ii~djw aci: !~i¿ue:i of !l:illlre hum~n Clythropoietin
isu\Jitó :iccording W 1he m:ihúd of Miy;ik". "I at, J. ::-
lioL Cf:N"_, 252, 55~S-55¡) (1;77) :ind UlXo:l whidi

;.~¡;:(L "cia: inal)-'si, w~s rcrfarm(:4 t:y ilir: ga, ph.'iè:
~~'pcnecr (Applied lh)~ySlcms, In''_) ~::ord¡!:g to the
proccdur" of Bewick, M., d ril., J. lJol, Char... 2:16,
7990-7997 (;n1). See, abil, Suc, et ilL., l'mc. ,va:, ,-ked. ?-5
Sâ (USA,. W, t'fl 3651_)655 0'13) r~htiiig to &.:\-:1.
cpment of rolydoi¡a: ~l:ii\J)Úie~ ag;lilSl :, synth::\¡:;
25-liie~ b",:. 01, a ùirferìiig ;mii¡¡o add i;qt:e:)ce, a;d
Sy\O'.\/~k:, ~l :i!., J, Imm:iro!. Maiwds 69, ?p.lSi-!Só
(!9£4)

Wh,ic ¡i0iy¡;ion~J:id rior;oc1cn;¡1 :':i:ì\xi-ic-&:\ de-
¡,ribcd ahove pro'..i¿c highly '~~¿ul m:,icòab f,'"~ \ir~ iii
i:r:m"'\o;¡,,,-¡~ys i01 ¿c~cO:l.i(:'n:ind'l);¡raìr:c;¡li2nd",'.ih.
mpo;c1in ,;ij "an k ""cfll! in ih":,,flIn¡ty PUiii'C;¡!ÌO~l of
C,YI~fur(Ùtin, it :ippe.:n tmHdy ¡h:;1 ihi$C ma¡ciÜb ;5
,,,,, r""Üilv ~r0vidi:f;i ¡helarge$C31c i,.ob¡iiJ.nf(¡:¡;in.

ii~ic- 0i ('lythrDp-ìet¡~ (rom m;¡mm;¡!i,m ,ç.,:rCC$ "lJ:r.,
c;tnt for f,lrher ;¡n;¡!y~i;:, d:i,i,7~¡ i,,~::r_t r,nd ?():cnli;d

wi'¡.,',:;¡n2,i"f. illNap-"¡1C iise Qfihc ~ubs:;.:i" in Ir""1.
men! :::'. q;" ct:.oni.. kidney d¡¡e~-e wherein di~c;\~cd ~D

ti,,,i~, fd It' ~u.,L"ln pr(;,bc:i,,'l 01" I"rribropoìciin. it ¡"
eo:"equc:-,t)y proj"'(til ir: thc;ot ¡!I;,t the bc:;¡ Vfú\P~'l,;

r'~r Ùi:ly ch;,r;,cteriiì"g ii~mnu:i"r, eiYT:lr~,p(ìk(¡:: ~'l\l

pr(",':~¡~:¡; :~:f'c.:jc~n¡;iit:~ d Íl foi ;)Çi¡_çlii:~i di:j:mi,;t¡ç
~mJ chi:,c;;" ~,; Hlvdvl" ~\xce~.;t¡l ::¡ip!iC¡dWn Df rccri:i¡.
bn~nt pn:id(ir~ l~ d(ec: ~;:rg,i\-:.1k ¡¡':(:r(,bia! ~yr¡j-c'
,;r.~"fae ~u"'rü"n:J,

Whi;~ ~"b't;:"t.;;\) ,;'(Örh "e¡"'~r;ü h.h'e 11""", !1i:úk" m

,,1(~:ri'!c:,l "Gi;won el( D~A "~','-cri"c,; ",:-Hlll 10:
lH:m~~, ~!ld .)::ef man:r:i;,,¡i;Ei ~¡:c"ic:; crythwF-i:c¡ir" j(~
:~ô:'c ~¡:r~;:r (0 h;,v: !:c:t, $1)~:t...~,ft:_ Thi" i~, d¡¡;: pin::-
r~i1y :0 tbe ,"~rcii~' of ~¡","c ','J"rCe,;, e~¡"eçi;\Ey h\Jm~n

ii",;e ~,:)~t~ø. ",,,idid in mRl-A ~uch,,~ woujd :,lio\\
fülLor;:,¡¡"di'1n"r;, "DN'; ii"~!",;' ("'~,,,,WJ¡;dl;, O:-A
'''r;n~r;~r u."d,,,S j(,: ",lytk0p\.',:~~m mig~t he i,d~¡,~,~
"i'~VC'¡'W":" kd~!l;(¡::~", Fmib,i. \G ¡i!ik i~ kr,')\\'"

~~~.i;'~;;;;~':'tl~~"i¡;~~';;;~~,'~ :,:"~~:,::~~~ t~;~~n~,~;~~~.~~, ;~,:

l,ins-, td::~"i;;~O:!d~ .rr:,bc~ r\~~¿;!y ';;"r;~blc 01 ¡d.i~~k
u:." '" D~,,"'/D)\A nyon::u;'t;cn ~"~::!):ng; of cl):-.,\ ,,,)
;)!d ~-;j"'c::,H,- ~:"'l~"","' D:-'A iib¡:~r:"" ll!u',ir,,¡;v~!!',
¡¡". I'"""i:-' :,r"ir;" ~'i;:".! r,i.Uç::v., ,,:r:pi~)\'t.d m 2"IWr:"r~
ihc ~r'-i'''~'".\¡:,,,,~ m,),.,,~.;~r;r,~i :,ri~;h,:;dy rrc:d,,,;rcJ '_'Y
A, T_CC ~:", ¡.ns¡(;~~ d("':i i:ç:, "Jr;Ü: :,¡ :Î1e cç,r.',:rc(.
i:oi, 0:- "" ~i,:,n:u:;;n"~", UJ \',aoo' d:;;m~;;~k(,:íd(; prob"
m :hc :~'¿,r:::"~ d~.::ilxd b:' And~r~o:~. O!:iL. _q:p:,~, Ii ì\
t~l:m;il,~Ll :~:~~ (be '1l)¡~i:m gcr:ç lor ~ry:h¡()pD¡C¡,n II':,,,
;::'\P"'~; ", ;¡ "~in£.1c t;Opy gen~" wi.hin 1hi: 1l\:ii;, f"'"

5,441,568
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r.ùlM ~i:,!, in aiiy e"ent, \l:~ ~enctic m~(e:).~l .:0difll: £0,

hum~m eryihicrcie:iii i~ Ef.~!\, to con~tilllle !~~ l:h~f1
ûCOY;;% ofim;~l Íi,m"li geiic¡nic DNA which would
be prc:era in3 genomic libr~ry,

To ;j~ic. ih" mosi succ::;Sfu¡ of );nCW,1l rC¡XlrtC'd.;,.I.

I"mpl~ :,1 rr:comb¡:I:irH.r"l:;id rneih.:cs to proYl(l~
DNA S-'l1;cnú'$ suitabk !,ir U$C in micr()bi~i c.\pre5s.tm
of ì,.()i..i..bl~ aii;iiititic~ of IIi::m:-iJ:;ii:iri eryiliropcÙli:i
h~v(: l~iiien f~r ShN1 Oiil"" go~L A,~ Ml C,';;¡ilpk. F:nber,
C'.! ~L Exp. H,~,..-w:::!. ¡ L Si.pp. !~. Ab:~;~c¡ !O! n9&3)
¡epmt ilw on:içiicfl I,f ~RNA from kidney i;;ues of
r_'hctly¡hj:~r~z;:¡e-.:,¡c-J(ed b-~¡.',:()JS and :he inj~;:ikm of
¡h" mR1\" ::1t0 J.",~opw- ¡"'~ns u,,yies w:ih t.~c r~t!:N
Irari~imry n:~ult din viir:: pr"diiC:iof, oÎ" mi;.iurt of

"1f;:i~:~ti0r¡ pmduet.~" which ::idu:;ed :irr,c-r.g ihem
di_~¡il~)'ing hi,,\r:g¡c.~1 pr0pcriie~c-f o:ythr0p-o¡t~¡!ì, Mç.r(:
i(:c-em,y, F~¡bt:r, d ,,1.. iTcod. 62. No, 5, Sup;;_ No.1.
Abs(r~~: 392,. a¡ page !2~a (1')&3) rtpör.c~ IhE' in Viiri)
lral1lr'WH1 ot hur:~n kicr.ey mRNA by :rof; "o~yt~~,
Tlie rcsultant ¡r::nsbtion prcdiiC! mb:tuie w:i. ",Itm"tcd
to ¡!lcbdt 01' ihe ot;Jer uf 110 mD ol";¡ (r:i:¡,l;.Ù:in pre,j.
uer bving (¡oe ¡¡etivi¡y oí erytl:0l''I¡ct¡" per m:"fle¡~m
orinjr~tc¿ iiRNA. Whil"t"ch I""eh üfi" v¡~n¡ lr,',n.\b
iion or c.vigenou5 mRN,-\ codin?" (or eryll:r"'r".:Ùt¡,,
were 2ckllQwldl!d to bC'l¡I¡:e hiw (comp;ied eVen 10

¡he- pÒ::r ¡"tXned kvà, of b:ibc(ln mRNA ir¡¡r,$!:t¡::m
i:ilO the ~cught.fnr rroduc1) it ',v:is held th:i¡ ihe rt",t!;l~;
conib" ¡he h\lm~i~ kidney ~, a ,itt. of t.q'lhw¡Joielin
t:xprK~ici;. r,ibwln(; fM the coiisln:cnoa iê,f~l\"nriçhcd

)1) hum;ir: kidney cDNA ¡¡bi~ry t'mm which ih~ dt:"ir~d
gent: might be i.~'¡btcd ¡See d"", F~d"'r, (1,,, RN,

:;j(.~), 769,\ 09Sn:
Sin-c- the ~iiìng 0f U.S. l'~¡enl applÜ;aii.,lJ $-:1, 00',

561,DN '-uJ ,)~2, i ~~" the;e h:io ~ppt:r~c ~ ~;n~le ¡'-pMt
of ¡he ~!o;¡in;: ;:ncJ e".prcnion (if wh:ii i~ =c:rtcd ¡¡; h~v"
k~fl h'im~ii cry¡hr('i"~¡eiir. cDNA ir: F;,:ú/i Bri~iì\, p\lt.
., mm)b,,~ of d.li'A çk)ii~.. wen: jn~,ir¡e:. imo E,cr!i
rl~,~1r::d5 ~i,d ß.bn;;m~" r,"~"'m p:oduc:" ",~it. nni..d In
he im;i\l:i',,,~:ir-t"'e w't:i ~ :nùnN:lc",o) "n1j\)'-'¡v tv ~'1

~¡¡"l"cllIed "cpiier"': c,l" hut~;;n t.ry¡!~:?i~;ni~. 5(,"
l,ce,H'-~n'~. P!OC, Aa~ .-(,.;1, ,'''.".. (U::AI, :¡', ¡¡p_no~-n¡ft!%~). '

BEJEl" ~l.'1-lM,\RY
Tin: p".,,,,,it ;n\/cmii.l prol.'kks, fer the first riP.~c_

1\O\"¡ ':::ific.:j :;¡rd ¡."ibid pclypeptij" r~";i,,,:i¡ i""~'.'''n
F",i ,,~ ;d uJ 11:" rri"nry ~tn,ci~r'Ü n)rik':iii~I,,;r, (i.ç"
C,):IW~,,(,,), '''que::,",, of ~min,) ~c:d r~,ö;:;1",~';' ~nd ('I;,. ,::r
m'itc,",fihebio!og;;;.,¡ "WFerÙCj (e.L:,. it;¡;J\I_i,)!",:i,:,l
"fÇFçr~io and in vi,,() ~t¡d ¡:¡ '-'iul! b;l¡kl,¡~;,: ,êtiv:iy')",r
~~:;¡¡¡f'i!¡V'Ü;:,("'rÜi,~ (,,,:,'Lr;'lpi)i,,ii,i, ir,ç1i:;l;llif ~!id¡c'
"~,ianb 1bT~,;,l -r1i'~',,~, v'¡yp~;i;¡:k~ :):(: "b) uniq\Jd:-
d¡:or;:d"fl~ed t,y h,,:i:? the pm¡¡m:i ,',1 P(;,\('-"y"'t", ,_d

,; ~ :~;;":~E~1:':~~'~~'~\~"::~~~r:ri~;:;¡:;:~'~,0,(e~~:~ ~ ~,,~t~~~~~~;::,~
~,':1:r,"';1': l'n~,:""',:, ül m,çr:ioi,,1 "~F",\,';M, ,:~ ','c",,-
tn;i,k Ie,;" m;;'mn',;,bn "nd ;,,\"i,':n-~ ~d¡s ¡)1,~'" '" f"rÚirr
Ch~L~(,ki'i~e'! hy i'rcc,k,¡; (If.'''' ""':'"':;~¡:')I: wiii. ¡,,,,,,,.,
p,."1,,,n,¡ (J .::¡:t'r cc'¡::"",i~~,li' w!iii;i¡ i::~:" h, ~"'''',:'';::lc,i
',V;i); c:,'~h(T(,;"ii,', in ii\ '¡;':~,~r,,: i~)"'~r,,.n!;"r, çd:t~:",
c;:vir,)~",,,"1 (\r in ,",ie",,",,' !¡¡,:',r f);"ri, '.i'n!' ',-; pL'",.:,,, '."',
"n'~" lb.;' ¡HNj"ct: of tYPic~1 y"".\( (",¡;" S:;C(I..,.,w'Y,:c'ô
Cc'"";'il;;,-¡,¡:pc,;'!,.:'Ü1c:,':_S_.E.c';¡!(jr;",,,:tLdt,,;.",b",

i,~ t,: ;""'('''~;'':''''¡¡ ..:iii: :,;iy m":1"n',l¡",~ p"Oki:~,,, Dqy.-ndi,,:,
i'P(l~: ih:: 1'''',( ~'r';:'Dyi:d, ~o¡yii::;:ud(; 01 ¡he :1~venti0fl
w~y be ~:h(;(;,yb'_d wii!: IJ¡W~in:i¡¡:m or Olb~r t"c.~ry,

ü!Í.: ç:o,b()hy;Jr:jlc~ or mJ;' l;" n()r,.g!y('c~y!;,id_ Po!y"
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ptpi:dt~ 01 the mventicn m:;j' also ir.clucle ~ir 1m!¡;Ü
meiIJ1Griíne amino :,cic r~¡diic (;¡t pf.Úi;on.I).

Novel e1ycoprotdn pmduci~ of ¡he lllW;l1lion inckdc
those h:w¡ng 'I primary :;iiuiur~¡ conformation si:(f.
"'¡"-'nil)' du-piic¡tivc crih:.! of:; r.:iur;¡lly-oi¡rfing (e.g.,
!lIm:m) cr¡"ihro¡xieiin 10 illol\ po:;"'$sion of one or

mere of the biologica pfOp::rliCr. IhtfCO( r,nd h~ving ~ri
;iVcr3.gc c:;rhr)1iydr:il~ ci:f:po,;iior. wlii;h d,ITcr: irenl

Ibtofn;l1irr,lIy-occ\lrring (c.il- human) nrytk(lp~ic.
¡in.

V~rii,bnic (e,g.. COS..¡ and CHO) cd;, piuv;.!cd by
the Feser:: invention cc::i!lri~e ¡he ¡;~ cdh ever a..:I¡.
;ible which c:ln be propagalcd iii vi:rocori¡¡I~UOll$iyand
which up.m growth in cult\lf:' ax ci:p.ble of producing
in th~ Il,odi\i¡; of¡licir giawlllt:, C¡çC.\$ úf ¡GO lJ (¡m,r.

cr",bly in ".içe:;~ or 5().- U ;md mo~t pfcf".!"bly ¡" ".i"""'''
or I,OC!O !(l 5.0('() L) oferytl:fop:)ieiiii per lr,~cdls in 4~

hour. :.~ ddi:Ttr:ind by radioimml.no;iS¡;r.
A¡roprovióedbyi!:~ prcsentinvu;iiún,,rcsYl1lic:iç

p"Jypcptid~ wholly or p-i!1id!y dopltc~Üve ~\f eo:iimi"
OUt "e-q¡,en;;i: of ery:hropoiet;ii ¡¡mino ~cid 'Ciidae1
whieh llfe herci:i fQr the first time du.:ida!i:d_ TI:e~"
:;(:qI.CnCC5, 0)' .'iiii:e of ,li~niig primary, ~U\fd;i)' Of
lcniuy ,¡;\l~itir~l ~iid ¡;ciiformal;,;r,~l d,u~':,lt:il'¡ic.s
wiih li:m¡¡;;HY-QCCUft1ng eryibropui,~ii: (n~Y po~~e"

biölogie;'11Clivily'and/mímmu1\oiogi;;:"propcnie,in
cmrirnoiiwlththeosiir:ilIy-oci:mri3Pwduc¡$uehibl
th"y ll;iy be employcd ;'S ::ìologìeally :ietive or immii.
rioiogÜ:~1 &,"hl¡lllt~ for C!)':hrol""c;in in H:.;;:PÇiiik

~rid immunolop)c:l proe(~'$c$. C6f~cs¡:ol1dir.giy rHO-

vidcd Me momidoH1il ~iid PQlì'~kii).,i ;imil'Oics gener-
;;tcd by ~l.\i:d:m! niuns ..hid\ arc inimul\o¡e;;;:iivi with
~,m;h palY¡XOf':i:k:; ;l.lld, prcfcr"b:y. ~¡," immti¡,()~..;icii\..c.
with fI:lHl~1i¡¡l'-(JçCl¡rrne,.ryihmrt)idil\
,~~:ill'1:1ir.g ;h~ ~r~,e~t. ¡~:ell.iio:~ :i,:: ~io~;:~ ?~:\.
~~q:.~nc_" of m(),:kc:~ :i._,1 ,hI!!.:!;; "p~~,,.., 0..."n., ....ti
¡:-o¡)'p~p1id,. ~cqner:c'C suit;:bly deduced ilicrdi()rn

wbich t"'prC'~nl, rc.spcclÍvc!y, th:: l'rir:~iy ~tnlçlii¡;,1
::~.::~:m~ti~.r¡ ,of cry:hroroictin, Gf mtaikey ;,id !¡¡n,,,,,
~,,__..._. c.n¡;n.,.

- ..\ho pf(widc:! flY tlie p!"~~;¡l invc:HÍ¡m :!rc (l(wd

b¡okL¡~ally i"!t~l;,m:tl vim! ~nd cir",lI,,- pi'i~:n¡,j D;-A
vector,; ir\¡;orporaiini DNA 'tX1J"w:c$;of ih~ i!ll'~(lti('m
"nd,.ni~I',!3i;:!(r:g..b;ictcri:ù. ,.c""t:in¿n¡~m¡:;JJj,j:icdl)
host org~",m., ,i~bl:. tr.:i,form",d or lr:\;sfcci~d w;ih
$uÓ¡ wctmc. Corrc:x:mding!y F;ividcè by iht i'i"'~l\-
iic,\ -,rc rlDvd mctlwj, fnr I'", p"",h",ii"" ür u'-_:u¡

~'0iYrc?tid~ çoii:pri~ing,cl:l:l:f';~ ¡:rüwd) c,.L"Ó.~r'¡¡,-
lormcc: or :::i,.~fcc¡cd ti;¡çrob"" i¡"~,b .,¡,In (;U!)G.\:(:l\
f..~¡li:_:iin' d' I'''",e x:;ik ;:.~prc~,jon of th. c~~()i~r.;w~;_

,-.,~~'wl.1J:f1~ DNA .,eai.e:,:.cs ~Il:! i~,(ihii(:,\ ,,(- n.,'., ~~_
,¡(cd rl'¡yi;cpiidc~ :rom tn" ,ö¡:wih r:-,~di",,:i, ,~,':h";H
Jy,:ncs orcdlubr inemlir:iic f;~(.iiri:¡"

!;t'b:imi ~nd fJ\lrit¡C;¡!i;:,n of ¡nict,~h,,,(¡y "):pr,~,",(',:

¡:,olypcpi:d",;?:o.,j,Jd by the iw_'cnt;(,,, "'''yk ","-;;";
'.'cn1Ï:",,¡! r".;,;.¡¡., in;:Llùi"!j, e_g., i'1~j!."~,¡-,,,,- c'!'flA;;.,I"'-
"r~rh;c- s"r,::r~:¡;m~ ,,,,,j ¡rn'm¡n'~l();:i;:,! 'c¡;,"r;,i;çni~ ",.
vnlv;,,? r;(-nc,dnn~) ~:¡d/cr pci:':kn;,j :in¡ikd, ;'"p"

r~:i C:)~ ,.

""''-''\;; ¡,a:;ie, ~:"cida¡cJ ih~ ¡"'lUC""" "I' .,mii", ",,-j,:
n"jd"o:" d c.ryrhropr,in;l\, 11"~ pf::;ent ir,v",,~;(ln 1'1';.
',:1c~ !"-'f fh~ :o:;,¡ ;ll1di"r p:,,,i,! ",~;J:;('_""" ol n:,.'\
"~'1~cnr(.': U"~'~\ç; (nr ",yH:m¡in;cl;¡' ",,;J ;:,dtlilmg ,.a;!-,

;\á,..:trit;'fo('ih d¡;',f:'::t¡,¡i,~)" ~,,;n,,;r"1\;;,1"',," of "'0::kn',

:'prd"rr".~r' for ",\?I.C'~¡':" b:,; ~d~;,t,,¿ :""":i~,.nt:)~k,,1
,,0il;:, piD\",10n ()f ~-,¡,,~ :or e,,,::'.',,;:,, !:;: rt;,tnctw:- 'li-
dciHJ:k",~ ~i;¡yme$ ;ind pfOvisi,H;')1 ~jd;ii",,;,! .¡;i!;,,1.
("lIií".~1 çi ii,iem,:;di;,i;: DNA -\clju"r::es wbeh (~ci¡¡.

5,441,868
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tat,:coflstroci:onoftcadílvC-\ii=Üvei.I::n;.COin;_
~poci¡rig¡)., the pre.elH ¡l)V~lijOo provides for marufii..

lUre (riml deve1cpmt71i by ~iie ~pecifk mut~g"ne"í~ of
¡;DNA ;mù gi:omìc DN,..) of DNA sequenccs coding

5 for microb¡~l expression of po!yp~p!í& :m~Ioß' ar dc'

riv~!rvC' of (:rythr\po¡~tiri. which differ from natura!!:.-
c-cçi¡rnng forms in u:rrr,S of :he ìdemìty or I(x:~iion of
aile öt mOle amino ~cid re-id\:"" (i.c., de1ciio:' ;maiog~
;:orii-,ini:'S 1= tÍ':in:ill ortbc rCÛd\:C5 ~pccifid for EPO

10 :ind/or$ubSlÍtul¡Oll analogs wh:fein en: or morc¡c~i-
due: ~pedflCd are- replaced by ot!i~f n::~¡dun :,iidloi
;;dìtinn ~mJo¡; wherdn one nr n,;ii' :¡mill ~cid r~si-
,lues is idded 11; ~ unniii:,l or fl'iodÌ;¡¡ portion of the

¡iOl;~.piide); :iiid which ~h3r;; wl~ cr "H the proper,
j S Ù:; of n~l\JI,;.Jy_(Xc\Jrrin£ forms,

Novel DNA se"l\Jc:ic~ of the ¡nve:ij¡¡n Íficiudc::l!
stallcnCl. u:;diil j;' tecltrlng e.-:¡ire.;,ion in pr(K.ar~'otie

or cu::;¡ryctie ho:! eolb of polypeptide pmdu~t~ h:iving
;¡t Ic;st s p-"rt of the primary $lfUClt;r;o¡ o:mform:iiicn

;W Mid one or more of the biclegic~l properije ç, i:ythro-

¡x,kÙI which Ue comprehc-liikd bl'; (;0) the DNA ~i:.
t¡m:ncc; ""I flut in FIOS_ 5. ¡mJ 6 hi:rcin or their (001'1-

plcmeni:.i-y ~tnimh; (h) DNA ~eqii(:nces wli:rh hybrid_
iic (under hl'btìdiution condiÜon$ $.uch ~$ ilu$tr;¡tcd

~~ h,.dn or mor"~tibgctlt conditions) to DNA :;que(lcc~

dcfine(j in (:1) or fr:grnenlS thereof; :nd (eJ D:-A se-
quences which, but for the ¿cgaiaa::)' of the genetic

cede, would liybrîdiic 10 DNA ~eqlJcncc" ùdineù;n (;¡)
Mid I.b) "¡,,we. Spe"jlI(:,lly c.t;'''p,i:¡cml"ú in pslt (h)

:;0 ~¡:: g::l\Dmic DNA s.,ucm;!;. eiicoding allelic v~rin¡
rorm~ of inonk.:\-' snd h\l¡l~n ef)'thropoic¡in 'lnd/cr
Nico.ing other m~mmJlj:in ~p(-ci~ cf eiy¡hr0Fo¡etin.
Spe-cik;¡jly com¡Hc:hended by p~rl (c) are m"n!.i~c.

lured DNA se'lucr,ce& encodil"g EI'O, EPO fr~¡;cii¡~
-, ~nd EPO rir:a!cgs which DNA zq\l~Jl('.es m~y ii¡ç"rf'ü-

r:itç cooons f:ici1ii~tin!. irM~,bi,,)li of m:ó,,,i;)t,,r R~..
in !loa-veitebrrit\'hÜ$ts.

C01lprchci.dçu by ihe p,.',;~r: î:ivc;,ikin i, 1h;,1 c1;i,~
Df i,dyt-;;p:ídes codt'd f(~i ¡,y rùr-i¡i1~~ of rr.e O)\A

"') l'(;mplemefl to ti,e ¡ep ,ir:.nd fnJman genomic DNA
~cqlJeJ'.c~ of FIO. 6 ÌlcrÓ:1, Le., "~:';:ipk:mcnl~ry ;1"

v~ned proicin~'" ~~ dC5;:i-ibi:d by Tl~mori(n:rû, c: :d"
;V:dàc Acids RW:Ju:h. :2. pp_ S()ô5-5u59 (IS'B4),

Aho c"m;)l"hç"j~d by ¡he ¡,wenri,~" Me ¡;J¡;in~"çi:rj_
~5 tk~l c,~~r.p0"¡!iIi:s compri~¡l"g dr",~dv,~ ml"'ti!lb (Jf pi)!.

ype¡iiÎdc prc;:l.c!Scf¡!i" ;fJ""'riti,,1l w!,dhcr whh ~\di.
,hI" ¿¡i..".nl~-, ,di"v;)iib and/or C~rr~f" whi;;hiili0w fer
PW"i,;UH ofei;'lliwpüidri th:--i:ipy, "~i\"e:ii¡y iii the
lr~'itmt'ni of ancmic di~",~~", ,;t:i1CS rwd f1w,i t",~c;;J!J

-.' wdi :ir.r.iiic SI:':"'S;),; :'il~nd chlOnic r~n.:d f3ih:rc.
l'd~'?"plÌ'l~ rf~jució üf ihe:, i'l'''n~i?" "'''.': be -'J?,

iodice by nwr"oni :.,:;'_::m0n wrlf1 " ()!~"l"j""
m~rka ,:"bunc~ kg., i~diúb\;lld "iil¡ !)~I: to p:o-
vidi: rc;ir,cim """fu! ¡:¡ deiectio:¡ ;\~d a\!,~ritißc;,t;(m cr

ó', "l::.t1i"p.'Ú¡;i; ¡" .,,,liJ ¡i,,~i: ;u¡ù niiii! ó~r:irk; .\\:c!: ;,,,
hkx¡.j ;or ",rii,e, D:\A pr0duc~, 0( ¡h~ ::wcnl;nn nuy
~b.;!Y~ Ll:dkJ wÜh dt!~çtJhk ",;,rk~,'; (óiid¡ .-(~ r~(;,:'_
L,t,ch :i.Hd rKn.i,oiori;: )abd~ \uch ~, b.c\nÚ ~nJ C¡¡.'
¡,Ieyed in DN:\ hj'hr:;ji~;,¡io" prn~c;sts ;() k":~¡,, the

.;,(1 (fyth'-"i,,'\;,'i;r. i';~r.c f'G,idü,,:mJ/ür :ho_ pD\iÜ":'z,f ~";'
febkd iJ"'lt f:imi\¡ in ihe Iwr.n, mo~ik,:y ;;i,r. (:ij;::r
m~"l¡n;,lj:',n ~pi;cic~ ebror:io,cm¡l :-n;¡p, "f1,q' ~Jn ~I!.d
b~ CJ~;d f0r ida.1,iyin,t il:c (,-y!ho¡:.(¡clÌn gc"'!: J:",;)".
de:~ ~l the DN.-\ :cvci :If"'! ¡,gd ;,~ s::nG rmik" fill

i,_'. id"flify,n¡; ri,,'gl-boii"f( gc,,~~ ~nJ ih;:ir d;;()r,k~õ
/,~ hac;ri:;f!n dr.,,,iibcd í¡: tki;,il, ();", prncnt ir;..~r..

tion hnb~r prc\!rks $igi~;r:k:,r\t impto',eme:il1 :~, ~,dh-
o.h fÒf i.cr!'ik'~i. '-~¡" ,pccific $in;;l~ sir:indd f,,"ll~'¡;uek
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mide- oj' imbiown ~quen':" in.1 h"!eroi~,:iii;niis ~dlub.r
Qr vÎr:il ~;,.ipk in::uding ffl!!tip!e ~¡ngk:'~H;;mkd

r,;ilyn:i,;,1wikle; ..,,¡~c~c

(~) ~ r.ixl1lrc of l:~l)td ~¡ngk'mal\kd p();yntido:0'
tide pwb:s i~ prcprrd li~"ing mi!fonnly v~rying

~"(l'.:i;fccl..i ctb:;sL'i, I'Jdi of ,~jd probes L~~i.~S poim.
lÌ1ny ~-p",¡fiCJ)Jy com?ltmer,i.iry to ;¡ sequence of
biMswh¡clii$p\l;n:;vclyt:niq(jeto:liepoirnl)d~c-
¡¡de tQbi:detcclc.Ì,

(0) 1Ì!~ ;'~ml'k ù; fi~ed w ~ s-.,Ed ;;htr¡w,. IÛ
(.:j die ~l)bm~le :';lVi:ig: tIie ,;impk fi~d Ilic,,:!n ¡,

t¡c:,\eJ IOÒm¡n¡~h fwnoer binding ofpo1ynuclni_
¡kJ,," ih"r,-,ic "~c~pi by w;iy öf hybridi~~tio" to
¡nlym¡dcutides in ~¡¿ ~3mplc,

(d) the tre-:Hcd $ub$ItMC h;¡..íng ¡lie i¡.m?k fixed 1~
thai"to i~ lran~it"rii\' çori~c!",i w¡ih qid mix:t;f"
of bh:lkè prdiL"$ ,,;nccr cD:idiliGr., f,icililatic'c üf
h,'b,idi;:tìonulily!Jiwe",n:m:ii!yccmplemcri:;ry
pJb'nudeoÜd~,:illd,

(c) ihe ~pcci!lc pciynucl~oiide ~~d",uni:d by monitor, m
ing fc~ ¡he prcu,~(t: of ~ hy¡'r;d,i.11ior; re;'c~i,"n
\;~:wccr. ;: ;,:-.. ~ (Ola.!,. ,~c::plcmc¡;¡;,:): prct
win~ìn ~:;:d míx(\l~Gfl:ibÓ¡d piobt, ;i~ e"idençd

bi' the pr::eiice üf;i hi¡,her demit)' of bbdkd
r¡;~¡crbJ 1m ihe s\:bstri(c at the !oc;;s of:hc,pcci¡k J~
p-~¡y"""koi¡de ,~ c()!lp,.rimn \0 ~ b"d;gicim¡j

(¡mÚl!' () labd!ed m;l(crÍ31 ie,ulting fwii neil-
~pcci!ic bml,ng of laht:ikd prot,~ to the ~ll\)irn¡e,

_ Th~ ;)1c'''~\!:~s ~r: "~I~¡:'~iY_ dfrc(iW in i¡~\¡a¡¡ms
diçt:itmg tHe 0164, ¡.iii, 2'b, ~J.', LW4 Dr nlme mixd .10
polynuck:aiiòe pf(b,,~ h:iving:, kiit:rh of 17 re ~O b~;e';
in DNA/DN,\ Ot' RNA/RNA or DNA/RNA LybtiJ;.
u:io¡¡:¡.

A~ ¿"'::ibcù infr~, ihe ~bove.norç(! impr"q:d p~'oçc-

d¡;rc~ h.w:: il¡'.l5~r~:ivdy ;dkiwcd r()f the ¡dcnijf;c:.:¡~n .\5
of .;D:\A clem",; .;()di~IS fm i:ryilirn¡1'1'Ci;n of mnr,k'~y

spec::"!: origiii,; wilhin " iihr"ry ?repied Îf0~:~ "nt:iij:;
m,,¡Ü:t:y k:,iney.cdl mR,,~. ¡":,ore spe~¡i,c;'¡i;,,:. ':l~"
turt: or 123 cn!:(irml" c'~,ymf' ".0.~""r !,id",,, h.,;tt: "ft
:imiiw""id:¡"qce,:ic"íiifo",.,,:ii,or¡ikrivcdï:mnce'iucr.::.
il\¡; fi~,:ti,)r.~ of h\im:iii c:yihrorE)ie:in w~ cmpky:d i~¡
co-ion? hybridiz;ii:oo Foadurcst;: iccntify,cl'cil 

o'¡"i,o

itiC',," nyi!iropoici;n :.DNA ¡;kll~,; wiihi;, ;, to\.lJ ol
200.C(O col(m;c" f'se:i mm" rci;;¡rbhly. pncki' Co:'

:):c m:p~')\ed. pr0c-cd,irc.~?f t!ir i~vcn:¡."n h::,\.c ::i1flw~d ~,

::~~i~il.~ r:,pui i,,;d:ii:ú,~ .1\: :~):t-c. ¡in~ii:"". i.m'~c,' (rn"
in~; " ~;~:~; ~ :;"';;;"1~:\;;:'~' :~~;~;;J ~;;',;' \r;~~;:::~:',::~;;~j~';:~~j
dH,-",~:L ,,';t ,;£:k :it-~,',''''nc:'!cd mi,\,liH'~ of' !~,S Z(~r;""f
r:'flh,~', 10!!"~:,';! "',!!::, ~ç,'0nd ;c1 "öf 12.~ i7'::-tr ptd:c~
b~c,; ,"" ~ri~;nê¡ ;,,-¡¿ ::n~i!"~,i;, çf .1 Jiffcre:\i êôn¡ini".)""
~:~quci:(~ ,;~' hum,n "fyÜ"ÇpO'c:¡"

Th ::~),~v,:"wi"d i!j:si:~¡¡',-c p¡,;ocdWlt~ cnl'.,Ü(ly'
¡¡H' (:", ie,,,,,,,, ;n""n",- "i ih" U','" ç.f '¡;~Iiir-k ;n;\ci!

":¡i~¡:,r;dc',:"k rro\,~,' In D:-A/¡):~A !)yv.i,¿i,,:,i,,',ii ,',

~~)~~;~~'(:;:,:,!;:e:~~di ~:' "i:;~~: ¡:~~~~.~,~:~;:":~~.~~" :7!¡¡,';'~¡;::~:,Y~:;

;, fi¡~;t'.'~c;;f ,,,,gC t:,:¡r, 3J di!~(,r:"cb':ii.k f,rok" in tr-,;:
iy)I~:,~n c.f d);-'..\ ;;':N.¡o

"\t;i'::,:,,~,,': .;,¡)-:c~ .iiid ,',~~',;"i.,~~.:., d tho "I'.'''''::""
,,'i!i "ç ";-¡:,,!C'r',r i,:, :hn,:" ,k!!kd i!~ ,k-;,n "r(;~ c:;; ',-;;,j
'01'::\'''''' ¡,,r ",.' f('j,:m'¡",.;: ,!:~:::¡kd ,k';~nl,,;.~,t\ wi;""
po'.,;t.,:s;'¡!",'~r,,,¡,".,!,,0fI!wp:'.cri,,(,,:'i'¡hr, ,n'.e'll"::i,,
~1, ";.:;,,c,i'y r-~i(:ncC ,;m~""Ci,,.~nl';

Xd"rênc,,:\ :n:';:~ 10 Hc;~, i :hrnl'i)i 11. ',d,~'rÓ'\
,.1", J I~,;' ¡"(.ipn;(: lcp¡:,,,-ll;¡iicii ,',!, " r:¡;;(jil1;~IJn;:"

J",:;y:,n;dy,r.;üÎ;.1r0duçiSdih"in"cnii()ii.
FiC. -2 ihow:; vecro: pDSVL,.\I~E,
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Fie. J Sh0W~ vectOr pSVfHi.EPO,
FIG. .. shows vcçtcr pD$VL.;rHuEPO.
FIGS, $A, sn lInó SC (collc;Üvdy referral w .~,

FIG. 5) how ¡h~ ~tt¡u"'nc", r:fmùlhy EPO ".oN!, ~"d
!h~ ('n~.(,.j~d EPO.

FIGS. 6... 66, 6C, 6D ~nd 6E (colk::lÌ'ot:v ~":",,::,,d
to i: FIG. 6) ~h0W ihc iequer,,,e of h\mi~~ gcno:-.k:
El'O DNA ~r.d the er.~oe~d EPa.

rre. '; .\k,w~ ¡h" s(:qu~..¡"" 0: ilie ECEPO gene.
FIG. 11 ~h(;w", ¡h~ ~;cql!''TC'- oftlic SCEPO i.eM.
FIG, 9 ,l)fw~ :¡ cùmp;¡i110ri O~' ll,,, hum;in ~nd men.

ke\'Ef'Opol\':xptide-s.
í;IG. 10 £l:';"'l ¡he ECEi'O ~c¡i(m i (ili£o~ouc!co.

tide$,
FIG. 11 Sli0ws ~.c;,¡;O;) J i)f ihe ECEPO gcn~.
FIG. 12 ~IE:'w~ ¡he ECEPD !ioc¡iolì 2- o!igonucbj.

ti,k..
f'G. i:J SliIlW, "tcii(T, i of the EC=.Pt) gc""'.
FI(;. 14 .;i:"w;; ¡he ECEl'O ",~iion 3 0li.~.;¡¡ucb)o

ii¡jc~
FI(,;. 15 ~li¡jw~ u:.t:-in 3 of ihe ECEPO ~en~.
FIG. 16 show, t~~ SCEPO 'c!c¡,on 1 "Ìi!!r.m,¡dw.

iide~.
FIG. 17 "haws ~~'t¡()n I 0f ¡he SCEPO iicnc
FIG. 18: ,¡ww~ the: SCEPO ;cctìon 2- òiigori¡:cko.

Ij~C".
FIG. 19 $hoivS Stc:ion i Gf ihc SCEPO gent',
FIG. ILL ~Imws the SCEPO ie-eiion 3 obgo:,m;kn.

(1(Jr,.
FIG 21 ~;h,,\~~, ~,-cÇl¡Ci¡ 3 Gf the SCEI'O gem"

DET/dLED DESCRIPTION

AC'~vrdiq:: tù ti,,, pr(:stl¡¡ i¡¡vem,(.\:~, DK,\ ~~q""ri(.:c,
"ii~ülij"g p''' (), "n (it'ihe ¡:clypcp:i,:i ~que!1CC nf

htmi,:nal\(lm0ri¡:~y!,pc-:ic\crr:hrqx:,i"lÍri(l¡"re:..¡"i,;i¡
l;m~, "EPO"i h~vc ièccn i"ib1ed ~nc ::ki~:'';I~'T;ied
Funha, the mOl,,:ey ;,nd lii""m (H'i,Ün DN.:;, h~~ ocm
m,d" ih(: ~dJj",,! ,)f ç,¡c;iryC'1Íc :md p~cc:irycii: c~¡i:e$'
"ion pinvidi:i!; ¡~oh:"bk a~:\niiii"~ of ¡:dy?q,tído di,.

.:.(i ¡ibyin.; biekigic,il ie,g., j;,nmlili::!o¡:k2!) pfurenic~ cf
n;¡¡\ll,,!.ly:;)c~t:i::'¡¡;. El~O ~~. \~:ell.lI' b",l!: in vivo ",,¡j ¡"
v:ia) t,i;);'Oi;ç~, :i~ll'nJC:, ,~i EPo.

Tn" DN!, of rr~,ii"",y ,¡v.c:n o:ígin, "..;\~ ¡'0I:dc,,
lril"';, "DNA lib';,ry ,,"",:runcd with mRL"A ,i",.j\'d
fcmlO '::1\""':' i;",,~ ~f:. mo¡¡b~)-;n" "~w"ii',:"l)), indu,7"Ò
;,n~m¡t :¡t~tc ~i,d W¡iÜ'" ',':nm: \,.~, ìmli\)n0icg¡~~.jjy
~~~~~~;ir;.~~:.~ ";;,'~: ~;:i,;~it~~I;:,..~:~:~,¡f;~~;;~i C~;~~?~~,:~j,~~

cDNA cI",!~o; -:(t\::,ini",: El'ü eH~(."i;r:;'. DNA W'"
0(; "'''('),n¡¡1i~iiçJ ~iH(:~;',b ~,~ Gl 1)1\,\/0:\:\ c'ih,my ;-,y.

b¡,¿,z;:¡,(;r, ,,~+k'y¡;-,;l :1 p,';;',) ,-,i' i2~ t\i~".;. ;".ä,-
~,j"bdkJ, J:)',:i~r o1i!;,~.ntl,'.k(',t¡dc, i"iüLn ""d "lv"I",'!
;;;~~~;:,~.¡i,~:,:':~\¡;~';:' ;i:;;, ~'\~ë :~,~:;,;':~; ~~:~'(¡¡0~~:S;,,;~¡~2¡~(;;:~ I!~:~t

'1;)CL:::" ¡nf0rii'J!~for, prù\,Úkd by ,~n:,:..¡r;~tir: :""PlH",i;,
L;O" J~ri ,"qT'c;'¡ei~;;: "ri~1: ,,~~l:pk cf!i\J"'~:¡ i:i\).

Th; D":.'\ sf h"'~,"-n '1''''''''' engin" w,o.,j'Cì;.h'¿ 'r.-H,
"¡¡,1m,, ""n":"¡'c, DN.:.. ¡i(i;",y The' i,d,.,!;c,,1 d '.,x""- .
;;(,r.i;;;,'i;,,:; E!'O.~;",',)d¡:'¡:: DN.!.. "'''" ~ccm;¡?:i"h~d

((¡ dir0tJFI1 D~;.JDN?\ r¡;iaii~ ¡'yhrÜt;':H;,m ,;¡rpb,'ii,:"
:!i" :,:"w,".""i~,,: ;~,c:::d c: \ ~t: ,~i¡\~d :(';,.c~r d;;.:iJr,t1:¡~:,.
(i,j" ¡\r,',".'" o"d ~ ,;"'"';.~,,Ü ",,,~,-i! ",:' ,1S t,Ò,',b""ik,: r;, . , . . "
:n~r 1~!"~,C~i- \', ¡\~"(: ",Ç(,¡,,~ "~t'. '" N~ ';:,','''';: .)1, ,',,,,,ie- :,u.~,
c~"~',n,c'" id,.i~"'''1;lJ'' (~h~;1'~"â 1ic.;C¡ ~ c¡tkrç~¡ er~;;:"

(,; in~~;;: 1-111:"1' ¡:'J'O :r'¡;;"-,~m.
Pc;o;iivc C(,:b",~:; :me r¡;'q~"s ',c'~':e c'criÜ~J by me:.m

'.'í di::kr,.\y ',,,,q'itnc;r.g of '~!0n:d n",A ",;ne;' ":;"':~"¡
16 ~'::'"t:cll,:~' wÜi:in ih:: p(Ònj nf 20om~r r,m¡'~" ~~(j
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~de:ci,~à cl()n~s w:rc ~ubjecr.,j to nuck'Gli¿" ''''l"erce

;:in::i.iy~i$ r,,~~ll¡ng in deduction of pdmarr strucairiJ
c()nfo~m:¡¡Ìot\ cf :h" EPO rdyp"pi¡d~. CT,cOCcd

thereby, TI¡e d::uced poly¡xptidc s~qi:cnc~ ::¡'p!~y~d
¡: high degrcc of homology 10 c:cli ollier iid Ill;: 1);\(li~J
~qi¡CI\CC tenerated by ~j'nin6 :;cid ~n~¡)-~¡s cf hmr..1f1
Ern fr;i8m~nl$.

A ""lëtkd r,\,¡t¡Vl~ menkcy cDNA done ~nd ~ ;'~'
!cc!~¿ pù,it:ve !iii=~\ g~~onik clone were c~ch ì:'.
$"ried in ~ '\:iUltle" DNA vectcr which wa.-implifk.'¿ !I)
jn E.co!i ~n¡j tmplüyed:o tr:i~fect ml':i)m;:¡¡~n cdl$ in
;;WllHC. CuliUlcd growth Of¡¡aUirCclcâ hos! ecH, fe-
,u!id in CUbiT'" medium ,ur:ni~l:lft p:i:p~i-aiiori~ csii-
w~td lDcol\:iin ;;WtlCh;ls3COmUofEPOrtr m!of
CUIllrtilui,t

Th~ (Dl1ow;n.r; e"'~mpk~ M" pfe~i:"ied by 'N~Y of
llTJ$rr~l¡ó;'0(lhl:iiven:iori~ndafc~p"díc;iHycirccied
:0 p!occd¡ir~; c::ròcd out r-r;o!!( idcntiÍc::iion o(EPO
c;,coding monkey cDNA clonc. iind ~\l¡¡iin genomic
clOllC5, to i'mccdurcs r~ulting in such idcmifia.tiün, 20

:lld 10 the OC'll.C"c;i¡g. devdopmcl)\ of,,;.p,c;~iD" syo.
¡ein.~ and iniimu;dogk:d ve¡ifk:iiiou OrEPOC;\prC5~í(Jn
iri Slidi wo\cm,.

Mort p:,nk\ilarly, &;¡:mple ! is dÌfec:Cd 10 "mino

;¡cid ~"q\lcncin£ 0: hu.-::. EPO fra¡;:ren:~ :;ná con. 2$
,!Hiciion ofin.i;olurei of::dlObbdlcd probe" b.1c¿ on
the rc~uIl$cfthi, ~ucncin¡:. Eurnplt: 2 h ge!\i:r:illy
dirc';kd h) P:l.,.,;:dlnc: involv,:C ii: tlie iden:ifieJtlon of
¡.n"ii;"", mú¡J;ç)' "DNA "!(il'C;' ,,,d lli\i: pro;:,¿l's iiii-,,,-
inJiio~i conc~rn¡ng anir.d ire;tment ~nd pidimìr.;;ry 30
r"dioîmmiiro;¡s,;;;y (RIA) Jna¡y~i; of iiilÌmal iira. Exa;T-
pk 3 is dir(:cleJ to the prt:ldfJtirin (.ftli~ c()NA ;¡hr~ry.
o:ofnny h'ibi-di~..i¡C'n r~rccn¡rig ~md ver:f:c~t¡Dr, (jf iic;i.
tive c1ont$;. UN A .~~q"cncini of:i JX,itiv¡; .:UNA elc-nc
;:,¡d i~\" Ecp.e~;iÜo;i of monkey EI'O palype:ptì¿c ,In' :;5
m:\ry ~til..;(;mil conformiÜ,)li (,,¡nine Jcid ~,-cquen~c)

ìn(cr:;¡~\i0n, Example 4 Í5 d¡r~ctcd to pmccd,"rc,c ,,,.
volvd iii Úl~ ¡dt~lti¡;c...¡ion of rcÙivc hum:", r:e,.omiç
d(ln~~ :mÔ ¡ht;~ p:o,"í,k~ ínf(lm,~li¡)I çün;:c~¡ÜIi~ the
~ourçe of ihe ¡:eii(lmi" ¡ib¡uy. ¡¡¡¡'que ¡¡yb~d¡~;d"';j .;

plo"dun;~, :;~,d veiìf¡c:lt;,~n ufpü~it:ve dçn::. r.:,x;;inp!i
5 i, Òr~~ro. I;:J DNA "e"'¡u~r.ci"E of" fK,~ir¡w~ !?_~"omi~

c:i)l1~ ,,:~:: til" ger:~i,:ii()ri of hiim~n EFt) polY?Cpllde
ri;r,¡n,) ~;;d '("'o.\)"n(;o: inforrn;¡tion ind"j:n¡,~ :, C6r"p;ai.
';0r\ tl:ete,:: w .lh", monke)' EP? ~eq~rn'" Ù,brn\:,¡¡",,,.. .,..
;,:-:,mpk~,,' d,,~ei,,¡j l( pr0~~(J\'r~~ lor "Ü¡¡~.irll;tw" oj

ri ','''~(m' ilKml'c,r,,¡ing EPO.",nco¿inS DNA Jèri,'",¡
(rc.m ,t rO';(;\"~ l1U\"!;cy ;;DNA clone the ,= ç,r the
,"",~iÜ' lGI !u,,~Jeç¡i()l! d COS.j celb ,,:\¡j cut¡u~ed
~~((!wih u! l!w \r~¡¡SfCCle(~ :cì!~. Ei;amr1ò ") ¡" iÍr,'n"tll,~ .\I~

proçdi;ic::;. for rc1~:;¡ni'~:\Dn ,'J" v,~c.inr inn'rl'm~¡:i"i~

EI'O.:;(".(;(j(ji~;: DNA d,,¡iv¡; frúm .~ p;:;;i:i"" ìu'r.i~n
se~"'I7:iê. ¡:b"i: ¡rot ll_l.t of the "'eei,ir for ¡~"n.,ftoiDn;:1
C?S.¡ (eil'. '.o":! t¡\e.ci!lt~'~nj gr(!wiii nf th,' ~¡;m;~"~'..td
çc:!o. r:''''''¡'iC"i;Jl!"'C(~J¡om''minq~,_,''yp:"ccdi"c" "

~~~ ;~: ;:~'~~ ~.,~:, r;:¡~;_i~r.~~;;~~~:~l'~~¡:'~:~~:~~~¡,;,~ ()l~~' ;t~
~mpk (; .,,~,,: I, E\:w;l'k ,; i, J'le';t~,-i tu In vi:!," ~~¡J if)
';,\'(, ~;¡,)I(,¡,i~~l ~~¡¡,'¡iy Gr n¡iu;hi,'¡ly o.pr~,~,,:J ErO
oC E~":;i'k,,!; ,;(,J 7

¡:''''!If'k :0 :\ dif,,~i~d:o;, ¿"vd"p",~"i d 'l c,""m:'.
)¡":1 b."'.~ "'f',:-;,i,.-m ,y,i~m~: lor mGrij:c;' ;¡x;,:in EI'O
c;DN/.. Jui );¡;,ur. 'pt~",,; ,scnQmic D!\',\ ,,,',()h':r,:~
Ch:,'",~;c: h~'n¡cr ()v."Jry ('"CHO") ccih ~:¡;! w i!:G !:n~n,"-
l\0iüè;;,j J,,(j h;'cI0biC:~I ~Cl;\';~;~, (,f p;,,":""ti of :hso ¿'
e;\pi,(:,\,c";f, ':./.,t(,,.\., .~, wdl ;,~ ci';!f"~lc,ir~li"" ,.':" ;,:;;i,

Pl0d:"Ci'., E~~:I;Fle IL j; i-il""i"J !0 ¡h" prq;i~t;0r, d

llJm,)(;!ui'çJ g,-'nt~ cncodirig h:.m~n ,?.:ci,:s EI'O ;md

16
ËPO aniilogs, which genes include :: ncmb",r of pckr-
ene.: eúdons fcrcxptc:~on in Ewii :i~id ye.~¡ ho,! cdl:,
Jnd 10 e.xpr~"ioi; ~Y$tcms b~cd thereon. Ex;impk 12
rdaK"S to (he immunologiCEI "nd biologic: Jetiv:iy

5 pmmC$ of expresion plOÒiet~ ofihe ~~stcrfi:: Eu:i-
¡:k 11

EXAMPLE I
A. Humsn ElO Fragm.ent Amino Add Scqutncing

HlJfillll EPO wii,isob:a: iro:n lInne ,nd $lIbi",-I"d tf)
Irypríc¡Jigi:sÜOIllt:ullingiiitlicdcvc!opmcni;ndisob.
iion of i Î discrcie f",gm"llE. in qu:mii:ie, apr(l~im;,iil1g
l00-¡~(J piçl)mok.5.

i i Fr:.emt'1$ wcr" iibilr.\rily a$~igiicd Ilurd)er¡ andwere aiialyzed for r,mino :.cid ~-ql.nc\: by micro!e-
qiience rm.:ùysi u;ins ;l g-ol ph;:c- ~~qucnccr (Applied
i3()~y~lc=) 10 provide th~ ~c-qucncc infon¡¡ati0ll set Ollt
in T3L-k 1, L-dow, w¡'nc;J\ Úrigk lellei ,,l.Jc~ ~ic em.
ployed and "X" cesignat,;s ¡, fcÛdue which Wg no!
l.rlJmb;glllliily (kl"m\¡I'~1

TABLE i
Fn;,"""'~'" $e~~o.oc- Ao.,,,, f:ç'-""

T~,
nbn
1'13
T!~
no
TH
m
ne.
net
n¡
ni
T)C

A.l.P.R
G.K.¡A:

A.i".(;.A.Q.X:
V.L-E.I'

A.V.S.G.L.R
L-f.R

¡''L,F-R
,'.L.L-f..A.K
L.¡.CD.:;.R

L.'..T-G.E....C.R
l-¡.T.A.l)l.f-l\

¡;,A.I.$.P.f'.j).A.A.r..A.A.f'.L.R
E.A-i-X.l.T.T...X'A.tO.tl.X.~.L.

N.£..X.I.T.V.l'
V.YS.:...F.L.R
S-l.l'.-r.i-.:'A,
\/.N.l'.\.....w.K-

D_Q.l-.l._l._ v -x .s-s Q-I', ',,',
E.I'.I..(j.IAl.V.I).K

HI
nJ
n:.
T"

B. J)~s;"" ""G COl,~¡rw'::¡"n d Oli¡;of1::deOlHk l'wti.:
Mim,rcs

'11", ~min" "",id ~"c,-,,nc,,;¡ "": üll in T:ibk ¡ ",,,Ie

i"viewed iii t!~econ!exi cfihed"£,,r:er:;çy crtl;.; ¡;çnctie
co,i" für ih" PIIr?JSC of :,~cni-1linin,; wheihtr mixed
plCtx rin;.c"du(cs cou!d he ~rplid to DNA/DNA hy.
li¡.idii~ti()il rro~,:d~!rc~ eii ;;DNA ~;i:D/()1 tcrwrnic
DNA jib¡'lrk~_ Tni'. :w:¡ly;i~ rew;,h'clibi "",¡¡hii: Fr;,!~.
lnen! ~o_ T35 the:" cxi,letl ~ ,::~(.;; ('.f 7 :\m;nn ';'."1
iç:idii~_, 0''''.Aw.Phi:-Tyr.Ah.Trp.L~',) Wiidi (:()U;i!
h-c ""¡'iudy ch",,,,,rnÚi:ù:t,. '.nço;jeJ IÖr b~' Dne of E~
Fw;;b:,: DN,. ,~q¡:cnclè ~P"-~):\iIli 20 b~~ p~iló. A (¡r,.t
":t of 128 ~'.('.mtr (,;i;,nnixkoiidc~ .\.'"ll~; ¡!icréCI,.. ::.,'-l'

iii(;'~,d by $(~l\i-~Hl phosphc-:,rnIC\:e m~th,-d~ (~cc.

c."., Ik;:"c"tc, cl ;'L. T((".:!;,,-rT.). !.(/:as. :22, Pl"

i~.S'ì.1St2 (1931\ on" ~o"d "'11"'.:1 ~Cc'",d;iii I,') :1",
~,"qi)~'",;" x: (,,,t '" "j"Gkll.\!el1w.

TABLE 11L"

¡'''~~o V...j -,,,, ll\~ 'l,-, .~b T'r L"
ç".~ T"G ,\,,(; .'-1(; C(;" Ace li

, , , , ,
'0 Gc ," ----

hinhcr ~i;;,iysi~ rc-vtl'l~è ih.~! wiirÜ~ fi~gmcm No.
lJS tberi~ e.t:,(l'j J,';fleofó:imi::o:i::j r""iduc-~(Glii"
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I'r(,~rrp.G¡u-PfO.L::u:, oll l!¡~ b~,i~ of wi;ch tk:r::

,;cl.Üd tx p¡~r¡¡rd :; pool of in m¡~cd úlignucb\iid::
!7-r'-:ct 1''',,,,,,, "" ",i nii¡ in Tai))c 1II,Ix:IGW

TAllLEI!
R.,i~,,, . 0b l,~ Tfi' Gb 1'", i-""

;- GIT 00."' "c err GGA 0.'" ,.
C T C , .,

G G
C C :c

OJ:gon\1dcoticit prolit$ wert j~l;lkd ~,\ the :;' end
Wiih g~mri:~ ' :2I'...\TP. Î5ÜO-SifßJ eV..mc,lc (lCN)
\)~¡n3' T,; pdrmiçlwti:k bna,.: ¡NEN).

Ø:..\MPJ,E2
A. Mnnkc;" Tri:M11t-N l'ro:~du¡c~

Fcm::ic Cyri~.mi(llg\!~ :¡wnj,e:i$ Mo(;;ca jt;r:i(:darias
(2.5-~ I:;;, l.-;: ye:P. ole) w"rcl~e:,(~J subC"utnneoLsly

wi!!; ,\ pH ,.0 ~o¡"tior. of phcn:;lhyduiinc- i:ydi"lib.
ride a: ~ dG~.~g'" ¡",vel of 11.:) m!;"kg 0'; d;iy~ I. J ¡¡nd 5.
Th., !iciH:it,-",rii W~_~ r:i:iH;((reJ ;i:Ì0r t'. ,,;ich injectioii,
On d:,,.' 7, or wh~ne"er ih;, h"rr..ai~ri1 levl: fell belaw
2~',", (;1" ¡he- inb;illcvd, $c,um :;r\c! ¡'¡;inc~., WC,to br.
ve~!:: :i1;er :\(biin¡~tr:ilÌcn of 2S mglle do~e" c: kcl;,-
m:iii; bydrr;-chloríde:. H:ir..e~t¿ m:iirri.h wi:c immdi.
:111;';; fW~en b1 ¡iquid nitrogen :"'ld~töred:;1 --70' C

Jj. RIA for ElO
_ R;¡:icill:ll.no:lsl;iy p.r.;dur:~ ~rrli~d fQ¡. qii,tntii:..

ilv" d~!~":li')1l or EPO m ~amp:,"" 'vi;ic CQnauc(cd ::c_
cording to 11:e follriwi:ig prcccdtlrc~;

A¡: cry¡lircpöiciin ~!:iná;iá or unknüViri s,m;i-k W:iS

¡n;;ub;"ecwgcihcrwi¡h;:ntÎ;trumfcr¡,w¡Í10\J,,;it;7' :'5
C_ After :he 1"'0 hni:r Inc\lb.i:i01,. t!:" ,;:;:npk Ii:bt: wcr~
,;odt¿ On ice, i:;~J.bbdl"d cry1hrurcC:ctin W~5 ~dàd.
:H\d the :ub-5 wen: ill:;ub~:d ~l (j" C. for :,: k:.,t ;~
mor" bJI,i.,,_ r:,,;;, ''"~''Y ¡,Ú)c ,;c;m;iim:ú jOü.cd of i;\::'j.
:i;iiio:i mi.,i(¡~~ c():i~i~i¡ng (if SO i'l of JiI",lCd imm()f1c ~o
~c:r;,. ll),(Ülq~¡:¡ d ii~!.""yihrD¡,;¡din. 5 pi ¡rhy101 ~ncJ
(;-:!~O ¡ii of ÓÒi:r EPO ~i:lmh¡:i 'x ""biown ,;:or:p,c.
wi:Í1 PES ,,;mi:áriìng û_ \~k; as:\. tn:i¡;;:,s U¡, !he 'cr.i~in'
¡n~ "0h,,-,~, T!tt ~nti5n~'il \:;,Ü w;;s the :\,r,nnd (C,.t
Gked e" ¡~bhi~ i""",Hi:/d wiih" IS:, p()r~ picp:,r~Ü,); ~~
0:- hU"~i; :!l¡,,~ty e~yihwf"dciÎn. T"". fin:d :",ti,,,o:m¡
(¡;\'~;':'''1 .-)¡, ¡It" ;j~qy \);.~ ~,djusi,d "" tb.u ~t:"' Jiii~~)()dy.
f,,,')~,,:i"í ¡:PO did ~l(): nc~~d 10.)0':. of the ¡ri;;,:i
lG:;'" ;:(""'1,'. 1" .sc~.,r,,¡, di¡, c;)ne'i'"."docd tel ;, i-¡",,¡
:iriii'.c¡um d';'¡:;Cli t! r'.Jin ! .:iû.Ç(l w 1:IOO.(iYi_ ~"

Tk ::iH¡¡x)c:y.bf,ur.d ¡:'J..:.ry¡hW;i0ietil1 ..v;,~ j\cqii.

pH f,~ ((;~,w.:ni:i;, 015 ¡, N;ICI. 2 in~j EDT..\, ~nJ
O,(;5~:; :li¡;i, )..1(,(;. TL: "',,,k'4 ¡;cHn.; w~i~ ;,ç;t)¡¡d
in " ,~;m,in:; ("\J¡~i~~ h', ¿c!,,:nn¡'",' tb. n,,":~r.! of :::.¡_. .
,,;y:I',-,",.;''';'''' IK11md. C(.~r,:;: t~):in¡: ::)-' p,,,.:i,,¡;ur;(,
""I" ""'" ,cl;:"~~'(cJ ire',,, "I! :ir.~¡ ~';)itit';:Ç (Ün~'(': :-,), '.',;
n'):l,~,(çi!~~ r.~~ciFi:.~:Ù',~. T¡'~ nv(.h~0!"-i;,,,;:i ,.~(,n(('in,-'
\;,~ ;n\..n"'.,.,, ',"":pk,', w;,'. ;.':¡"¡i::¡~:,'d by curf,p::f¡,Or, iO
th Si~",.bni';';n',;.

T,:,' :,::."'.-" ¡i";,',~~.d\H" w;" :'FP!ic,j ¡ö. i:-.;;.:Ü:cy ~~'f"n:
d.':~nnj 'co l~,n ,.\. ~b0"-e, ~~ wen :i, Hi itc ""t,,~:c:: ,;;

mc,nh,y ,~i,,,,,_ NCl,m,Ú jenmi :ëvt'h Were :::;";'ytd 10
COn1;:iil :lflpr(¡.\í::i:::dy 36¡¡U/fi~! w!:Jo t¡c;:;d lli,n;;,.:y
~Gum \.:c:ii:iir;d ffGm j()jJ ro lïOO r:~U/!)L

5,-141,868
18

EX.AMPLE _

,; Mf\nl:"y cD~A Ubr~i)' C()",.,ir\l,~ii'J:l

~,k"'$criger H.NA w;;s ¡SD!;it~,d fmm t\Nl1ól ~lld ;me-
5

m,c i:,od:ev kidr~cv~, !:v l~c ~u.~n¡d:"i"in ¡!i¡"C',;¡r:HC

prcCtdurc ¿f Chirg~,'ì:),' ~t ~i.,~BÙ:;hc'1Ii5U)', is, r;. 5294
(1'-79) M;d poly i:A)+ mRN..\ w.):; ¡¡(¡fined by lwe; ru¡i,
Df ;:¡igo(dTj.o::lldo,c c;\Jl.mr; c!irim:d(Jgr~rhy a$ (je.
Ki~btd al pp. in~i% in M:mbih, c! al.. ";"bkcubr
C"nil1t. A L'¡)()r~ro~' Man",,," (Cole Spring, H;"i,o,

bbo::i(,)ry. Cold Sprin!!", H:,~b()r, N,Y., 1%2). TIie

eD.N,-\ ¡ib~J~Y w,,~ C?ll$tr\1ç-I~d ~çco.~d¡?!~ :0 :¡ rn0Çi~-¡.
C;:I~D~ d ¡he gC;-CI:¡i prü"':~'~(i~C:; d O,;,;y;im~" ct "I.,

¡~ Md. ad Co!! Bioi" 2. Pl'- l('i-170 (1n2), T¡~e l.i:y
fc~!"',,~ ()l ihe p¡"'"om!:: p:',-l"I1Cù p¡ç-ccd,lto-'. were ""

i()lltws: Oì ¡:UC:: IV;,S \:s~d ~'" th~ w¡~ w:::tor, CUL wii!:

p;¡tJ :inó :li~;i i;¡i!cd wiih olig( dl or 6ú-W b;;¡ö in
k;igih; (2) HincH d,ges!io:i w:i~ u~cd !( r"mowi ih~

!Ü t:ig()dTi:ii)ffO;n0iiecr.dt)fih~Yc"tGr;(.)Îln:,lr:ind
:;y"ih~o;i, :w¿ ~l;e" dG i~jii"f, 'i:~~, c.:ine¿ out ~çc,:nj.
¡ng iù ri~~~ fHJb!¡,h:d prv'CrolHo; (4) lhmHI úi¡;:,,~:¡on
W;i, t':nplüyçd to r~movc i"" oligo dO :;iil r;'Q~:i One end
c~fih~ wctOf: and (~) repl:,ct!lent ofifie RN" ;¡tr.,rid by

:~ DNA w;¡~ i:i Ole prr:,cnci: d two :ir.kcn. (GATe.
TI\.AAGACCGTCCCCCcccc .nd
ACGGTCITlA\ in;i thrcc.fo\ci mob; i:x'-~e'; avor ilii:
oligo¿G i"íbi ";"ICL

n, Cubn)' ¡Iyl",,,i:.,,I;;):! ì'wç~J\ltt:~ For Screeníq~.
!\k¡¡l:ey cDNA Libt:ir,';0

Tr:on~,rGrmNj E.a;!i were ~rie;,d m:'. :.t ;¡ ,kn~¡¡y of
'J(ü"J colome., l~r 10;.: 10 ern ;:i;;lc o~l r",iri,',if pbt~s
çoni:1;n;lli 50 "\lClO"~"m"/m¡ ,'.mri;~iH¡',_ C;c_ncSc"".,,'i
(¡!(er., (N~w Ell~L::d N"ç!-:~t Ü:.;:i!o;: ND. ;'EF'~7.i)
wer"!,:,,,_wei D,:.1 Bi-II.C\M pl;.t" (r.;~c;t() br,iin l:ç;irt
¡~rU,í?f: 37 ò'/~". C;-_qmino ~d'j, 2ß/L ~f:;! ~g;i: l~, g/L.
çGnt;i.ning :Ij.i m~~;(;gr;.!ll,/r;1¡ Chbt~n.,pj¡~:;,~ülJ ;"J
wócrc ""teel fü bÙ :k r:olon;,,~ ".ff!;,,, 1'1.(", The ""i')r,;~'
\V~re ¡nown m :r¡e ,;;¡m" ':'t~'d¡¡¡¡i rö; 1" ¡war:; ür ìmi,~cr
~() Mi~)hfy ¡lit' ph'miJ cor:-: i;um\xr,. Thi: :impJi!1td

~dün;ç~~(,çdnr;y '1j", epJ "'a~. ::(:::td by :"ri::h' pLc.

wg t¡:c !nicr\ ('AC" 2 pIC(:Ç;. "t iVh,nn¡;'.;: ~ 1Ini p;~~:-
~"nit~k:i wiih e:,,;h "t ih~ ¡diu'.':,::g ~;ii\liion,-

(!" 50 mM :;;u::(;,;: . 2) m\l T,¡,.Ilr: Ù,H ~ 0) _ !(
,m\; Er~:'''.(f'1:i ':(1) fl\r,C"-cmi¡"il,,,,:

(,.¡ n. -' ~,i ,~;,r-!1l Kr t(;:i ,m¡1U\~-;: ;¡r.;t
u; 1.0 ~,! T:-,,!!C! (pH ,_S) f,;~ ~h:t;è ;;-,i~t:(c',;
n'Ç tilt,,:, w,':e fhen "ir drice in:, v:iêi;um ':""~r ~~ ~()'

c. i(; !\\o l~c,,~,

Tl:~ f¡!tLt; (,.CI(: !h(';,:,d:. ";;",d¡"P,,ii,,¡".,,~K ¡¡i,-",.
¡¡"ii ;hr:;,,~¡' ,,,,.,';1\:-,.1 wiil' ;, ,U;,'¡''''ij L-uiii~i~,i¡¡~~ :i0
m¡uq'¡::i:-.s/:¡~l d Ii:" ":":"':1'( rncyrnoc in Hnifa K i0.:
M Tri,.r-C¡ (pH ~ui" (¡iè ;'1 N;\U _ W mM UYl.....

;.: (pH 8,J) 0.:':':' ~DS¡, S(\~:.;fi,:~I)y. :; i-lÍ d t!K ,c.J:1in"
W~¡; ;:;ld(:;i :G ""c), f'¡:t¡ '-.n~; :h; ¿¡¡,;~,;(iç'_" W.1'- ,db'.c'ni
i" pro,,,,.cd __,: 55. C :',-,:
",\i:~l¡cm ,...~, "e'-'L',';~;l-

Tii~ fili:::, w"~.,, (!,i:!\ ~r,,:"",J wl¡¡¡ :11, d ;, nc;y.
b.:cti,;,¡¡"ii !i;iÎfn;Sx:'."PF....G:_':.;" SDS .D:':ni,íc.,
,Ç~¡m/r;'.i SS Fe',';,', 1);'./, ;. '.-: n::p~,. Ti,,' p:,.L~.;"ì;;i/"

:;n "-,'''i¡(C_', :c:'''r ,,¡',~h rho

t¡'~n ¡,c;,w-~:;r '."" ""r~"',i '."" :J'. 5:' C. f""''''''llY :"(:"'~
!"~ur.,m kn.sci, .1£1':. "..h;~h ih-.: pn:h::i:id:z;,i.;"" b~:T¡::
W~, r;ti:(,.,c,-

The ¡,ybrU¡¡:,,::,,~i pr,,)Ç"_,i '..l_' \:~:r,d eil( :" ¡h,_
i(!iJcw,r.:, r'-~))n(!. '1,', c;~d~ tíh.'r \".'~" ~d..i("d j ,,11 "~i"
h~'l.',lid;~';Lti('n b¡f¡'a (5:,;SSPF_.()'i';;, -"C'" IC.:: 'n:.
"m:;'~"'\/"'J y~',,, iR!\XI cDn:~lni~s 0.025 pi';(¡rrwl~~,
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of ~:idi oí:!;-: 12£ pmbe~:qu"nct~cfT~bk 1I (the ¡üliJ
mix\l,rc (~¡1\g dCcS¡gn;.td the EI'V mbaure! and the
iïltcr~ WC~;: m~inu:necÌ :1¡ 4S. C. for ;io hcur~. ThL,

:eiiper;;tllc w;;~ 2' C. k~ij th:ui :l)() low::! orihc c,¡Jeli-

¡~tcd di:"0C~!i()1\ tcmpeLliurc5 (Td) (k\e~mined for ~:-y
of the prcb"~.

F()I!owing hybridíi,1:i');i, ¡he fillc;i; were w:lhcd
¡hret iimt.~ fur tei; minute: on ;¡ :;b:.k.r wiih 6xSSC
...0.1% 5DS at wom Icm¡X~:\lm; ~nè w:i!icd two to
ill;"" :imes with 6;.~SSC_l% 5DS:ii ¡he hy¡'ridÌl;;lion !C
Icmpc(~(ur()(-lS' C.).

AUl6(uJi()gr~rhy of the (,rer~ rn'c;;kd ~ven pos:.

ií'.cCi()nc-;~,.mGngth(':iÚl/)()()("ibfli"_',crl'cn:,d_
Initia! Stq¡lenC~ :tn:Üy~j¡ of or,c 0: the pci":i'.,, mono

key cDN/\ clones (¡je$ign~tcd clone S3 depCdle¿ with 15
Ih" Ai¡e¡ic;iu Type Cd:ure COllcciion 12JCI i':irkbwn
Drivr, guck~~ilk, ¡'tii" undn dcpö~dt accc~¡()" No,
AT,C.C. 67545 01. 0.:1. 20, 1987) '.\"~t perfcmict! ior
veiì¡¡ç~ti();) puq)\1~:: by ~ ::w¡Jìfic:itÜm of ihe procc,
dure or Walbee, ~t ai" aNIl', 16, pp, 21..26 (l9Si). 20
Brien", pL~",id DNA (10m monkey ",DNA duii; 1.;
w;., lir;e-onzed by Ci¡;C,licii with EcuRJ :md ¿çnaftiird
by hoiing in :i hoi1inii walet b~lh, Th-e imdwiide ,,,.
quen;;" wa~ determined o)c th~ d¡deò:iy i:ie¡llOJ of "
$:ir,gcr, cl ,il., P.N.A.S. (U,S,A.), 74. p¡i, 5";63-5467 ~.'
(I9T1). A ,uè:",¡ Q: ihe ElV ini.tufc (¡fprobeó c:orá,¡-

ing of 16 tC(ucm:es wa~i u~td as :i primer fDr :he ,~,
auel\dnlreaC!:0fl$,

5,441,868
20

TADLE IV--oi,ÜnueJ
1:"",,-,01,,," Ë.,~\-r"
ltcc"io¡';",$i,e .o¡:r,w'~"":e i""""",~,)

",
"'
~l¡

h!l
AId
..~i.!
¡",-d

:i".'lA..l~~
L:!
P;.L~
!l1l
Al.=
l1;,o¡¡

n:ó
ioi~
11m

:i¡i
i~i,
I,nL

1:,;3

nH
1"-9

1').
1;1,;

""dr, :1¡

&au~ncing of ~prr(Úma:dy 1342 b~i: p;iirs (wì(hir;
the rcgíûn $p~niiis the S~tl3A ,ite J' TO the &oRl ~¡!C
:ind il:c l-ind!1I sii~) ;¡nd ;,~lY$i$ of~Jl ¡xmibi~ rc;¡ói¡:g
fr~m"i h~ ;¡Howcd for the dc,..dGpnient Gr DNA ;\,,0\
:im:rio ~dd $"qucnc~ ¡r\f('IT~iionsei 0\\1 iii FIG. 5 ci::n.
pn,ing Fonion~ SA. 51' :ind 5C. In the I'ígiir", ¡he P"i.~.
livc;ilìÜ,iJ :imin;) add re~idu,,()fihe:ini¡rio leriiii:::! of
mal\le ErO (a~ venn",,, by ooirdmîcn to the prcvi.
ously mCllioiwd ,eqii::nc. an-il;ni.~ of IWcnl~' amino
ierm¡:i~l f(:ádw~) is d~ign.:ied by (he n=er; + L Tl;c

~(¡ prCc;ence of J mcihionine-specifying A TG CúXiri (dl::~;Z'

ri:.l!cd 27) "uptrl'..m'" Dr ihe ¡!li!¡~l "-mino I"nn;n~l

iiJarinc. rc.~i'-ue :'ß ¡he (11I rc,idu" dc~i!!n:.;cd for ¡he
:imìi,.') .'\cid ~CSUCll~C ,if Ih" ii::lur", pr(¡:cir. ¡~ bdic~i¡vc
ill ih". hkdihGod ilut EPO i~ ir,iti:illy cs;prc.s,,,1 in il;::

,') cytopbsa: in:: preciin;or form including 1\ 2" :iino acid

~'k:,d"r" n!;i,-,, whkh ;, cM:¡~d pl1vr lo em.!)' ;.( m~.
aHe EPO irtto ciri:ulmior:. Potemia¡ gi~'C¡1:tyi.~i;cn ~¡!c.~
wiiliinÜicl-Dlypç¡¡tidc;irede'igr'3!dby,,,ic,i,hllic
;:stímsttd mokc\llu wÓglit nfrhii ll"n~l;t,," r~g10r. W",

..., d(::crTIin,~ J( hi' 7.1,¡ Ii da!i(.,n" ;i~d the M.W. d'ihe 165
:-e,¡,¡¡,,sQ(!i¡epolypepiidecom¡illl!Ì;gr.ulun::r!"onke,,
EPO w,,~ dt_le:-Ùned to b:; iS,2.i6 d~lton~.

'ni",;xìYPi.piidç:.aucnccofFIO_SII3Y ic;;dilyi~

~) ,,,i-jcç,cl; to ~r"iìy~i, in¡- thc plQe(,L'" i.fliiglily hydti\_
p:¡iEc reÔon:; :iud/cr :\~~!iid~,y ~onf()rm.',¡io"..! Ch.'l;','"
in;";.;" iiidiç;:tì"i: of pO¡~nlhlly highl;.' ;"m1Un()!:,~râ;:

ie¡;Ìùm b:-'. (",g" ¡he m::tho',h d ¡-"PI', .:1 "I. 1'.:\ A S
(Ii SA,). 72, FP- :SJo;-3SE (!9E1) ,,¡:Ö K)"l,-, 1;: ;11. J.

9) .',J"¡,Bi,',.. ~:;i, pr. ~ûs .¡3~ 5~9~li ,,~d!or Chew. "_: ~1.,
!l1(Jo;tm.. l~, Fl'. 22.....2,,5 (19,.1) nric A,h-~r:,-c; Ir; /:,';.y_
,,:dlj.::r, .n, pp. .:5 ,--7 (19h), Ccm¡;Hcr'.'5,d~te.d ,~n"¡y,í_,
.1,:~()rCll¡: ~() the Horr, e1 ,~;. mr:ih,,,i ;$ .'v",Lii"k 1.,-
m'~'in., d.'~ Pf(,g(.,m dnij':,,,tcJ PEP Rd''':i:m:c StGic;,)
6_: ¡¡j;'t~,~ .,v.';l:i,¡" hy !i,ldliS"i-t,¡;. Inc.. 12~ U".Wf_
"if' A""n;)~, !'~,o /i.lw_ C:.hl

C. !-loriki::y ErO cDNA Scqucnci:\!;

Nuck0i¡d~ ,t"'1ui:nc" ~""iy_,i.~ uf don" S3 w~~ c.luil-d
~,!)l bv the- pra-çdu:e~ of !.e.",in¡;, .l!c:hoJs ù; E~:;y!!:d
ogy. iD!, ¡¡P, 20-78 0%)) Sci out in Tabl" IV is,* pre-.
lim;:;:,r;, ;niii;:li0n m'*F ~n~lysi~ of 11',,, apprexill;ilc-iy

¡ÚOO ¡¡II:; p:Ú E,cR!/Hindlll d.)ni: fr:,(;mcnl ,,!" clo",:
8~_ Aprrmim;,¡(" i"c:i!ior\ of r~;trictiC!i "ndül1uck~~c-
~iii-ymr re(:.:g;iÍliGr, ;:it~ô ~n, provided ir: ic-im~ Df õ\um-
bcr nf ¡);~" 3' (0 th" Eç'Rl site ~! the 5' end of ik
frJ,'''''Il' N""kctìdc 'cq~ci,dup' w,\.~, ,,,,,'icel ,-iul bv
seg~ie"c;;ng ir,di,"¡du~¡ ic.miciìü; f¡"-f'mcHls with :b~
intent vf m::!~h¡n" ove:bppini; ti~igr;(enb. Forc'\~'''pk
;m üvc-r!:p,-f~l"(iucntcinforr::'1icr.p:üvidt.d by In:dy.
~ìs of m,ckr,:i..k'; ì:i ;, re,llictio~ fr:gment de~;gn~i:;j
C1 ¡; (S",,;,\ rii ~ l! ¡/$m:il ~: -';:.1) ~"d !h~ rCVerk
('filei $,~qlltncing i\(;, fr"'U"~,,i '¡,,~iBn~tcd en (AJ~I ,,!
-42.JBsiE1J ~: _ ioon.

T..\Bi.E ¡V

ftc'''¡'',,:r, r..""",,~
l:"",~,";"'_'c ;;,,, "';'!" "'"" co. ~",'.~"""h,'

"'0,;

,'"",;, )r,;'

I¡"tl ;:n
~."..,i :,c.'

;,,..,i
~:l EÄAMI'LE .;.i:
bll.6
.U",.i
.;:'3,£1

hn
b!ll

""t' ..,_llt¡rn:,nGcllGinicLihr:iy
.:;" oj, A ('h~A ~'):"s~,h::n¡e ¡'uno:w fi:"i li.-", !.~ai'm;i~

¡'br:,¡~ p¡cp~r~d .'\c,")td;ns t~) the ¡imcrÒ:rc', ij: L~,,(l,

f:: ~);;L~;;~;::~ ~;S:~~j:;'_~:K~'~~:~::~J~ ~1\d :i;;u¡i~ird ii,; ..,,,

"~"

,"'t,

,:¡¡

,:,t
:.1" W" JJ l'i:ai'c Hyb,iáin',;nn Pr'1i-~,j,H6 I',,: 5c,,~:i:i~

¡'iir;:o; (i"n(\l\ie Libr~r:..

P¡'''Zt r::,~kk~ were ly~'A:J :ir:d th~ DNAs wnc: ln~d
on iÜ~cr~, (~iJ,iJ)'j pl;u~\lc:; l'~r filln) :içc0rdiri!.~ to the

~~
2,:1

:,~
-".

l:.: ;n
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pr:X"¿~rc, of \Vcc, Ma!:ads ìn Er_7mDiogy. 68, rr.

:;S9-39:; (W;:;) cxccpi (crll"c:.scofGcncScrccn Plus

fihcr~ (~c', £nd;in,j Nucbir c',.:c,t No. NEf.972)
J.nd :-ZYAM pJ;Ie5 (N£I..5 g; M.?C!¡-61!,O,:: g; ~Z-
Am:::" A, 10 g; yr:i.~i oir:ict, .' g; c;lQwirio :icid¡,:; ?;
riulic"".'; 2 g; ;;r.d Js:\r, l~ S per liter).

'ne ~ir-dried fiii:r~ WCre bÚed ~( SO' C. fo~ ! hQut
"rod ili",r. di¡:c;¡t;:¿ wiih Proiein:;" K :l ócæril;¿ i1\
E:i:i:T;j\k 3, Par: S. l'c:iybridI¡;¡¡ior. ..',.,~ o.rri",d ,-,1,1

with ~! !.j N"C¡ -1% SDShiffc¡ for :,~' C. for.; hccr~ V'
or more. ::Ikr which ihebt:ífcr W~ ¡cm()ved. llytniÜí-
¡.:tÌ0r, ~nd pu~i.hybrìdii:¡¡icn wJ~h¡n&t \.H-.e c.:mi.d
011t ';S d",~ribtd if, Eur.\:,i" 3, P~i1 ii. Both ::"" mi~:l)r~

of in :W.mer probes dc;ign~tc: El'\i ;,mJ ¡hc mix:urc

01 ¡~S lì.ircr probcs ufT.~b:" II (¿c~i£n:tud the .sPQ 1;

mi::li.re) wer::o:r:ip!o.yed. Hybri.:ii~Úon "','~ carrkd 0~¡
a¡ 4&' C ¡;;r'6 the EPV probe m:;'1Urc. EPQ prom:

mÌJiun: hvt,rI\-i¡i-~¡¡Qn ..¡¡, c,¡rricè out a1 4l, C. _"_~
Jcgrci." i.;h:w., the j()WC~i C.:lCll::-ld Td fm rncm!:cn; nf
ihe mixllr:: Reriov;il of the ÍlyilriÖtd pmhe for rehy. 7~,-

bl'idÍ!;¡t¡,~n W,i. ;¡cco:npli,hcd by boiling wi:h
¡ xSSC-O !% SDS for :We) mi:mie;;, Autor;¡:!io~r~,)h\'
of ik f¡)¡t~s r.:ve:iid ¡fiice rc~;itive d0ne~ (r;;¡(:í¡.~~

with hmh probe mhiur~) amen;; t:e i,50~::(iO ph.,g~
p);q"u;; ;'.ecr,c-è. Ve~fiQ¡ion of the po,i:j"." doiie: 3:; ~s
!xing EPO.e:iccdinj,t w~ obiained thrQi.¡;b DNA s;-
q~le¡,~inR a'ld ;:!cctwP. ,i:icr,~grljphiç V:Sii~!ii;,tb~l of
!ictcwdup!:.\ formation with llie ffi;nkty ,,:DNA of
Eu:mpk 5. 11m proccdim:: ~h" E.n'C evi'-"n(:" o( ",i,li;.
pie i:W0n, m the .leiiom:c DNA ,;eqU~I;CC.

EXA!.lPLE S

l\hJckü(¡è;: ,cq'Jcnec ~n~ly~h of one of the r;C)\iriv,c
dv!\c" (dc,ign~:cd ~.hEL ccr0si:d w;¡ll th" ;-\n¡cii~';1f
Ty;x C,,!iui~ (.'.lkç(;()n. 1230i l':ikL,wli Diive. Rn::'¡. "
ville, MiL. u",:kr der,i,¡¡ .1':',~n,;o" N,) ATC.C, ':;');$i
en O~\. 20, ! ni) iv:l' r;.;.:icd (Jill ~nd fn.uli;; obi;,;n"d :')
d;,le Mê ,,,: 01;r '" FIG. 6, cümpri,'¡,,!! iy"nions óA. 6B,
f,C, 6D ~,.,(: &E.

In FrG. t, the i:,;ii~) ,~i",r;n(i)u, D:-A '¡cqllC:iCC à;,. ~()

iSr\"I~~:, :()P ~lr~:id of 610 b,e:;" what 1'\ "¡:p;;rcntly "Ii
im;r;msb:ç(; .'\q:i:.ncc im:n:ti;i;ciy pic;:eùin\i " tr"n~'
bted pc'nicn :. ill,; iam:;m ErO ,,~cr.::, M"~,, 'pccif,.
""n". :he""'\l,:,:ç,: ap~2.:,:o cúmp,.i',,~ ih~ f ~,."j '~ii""

g::nL ,.,'Lid: k"Ó lip W ~ ¡nn"blnl n:-A reg".'!' ''''';:''''S .1;
for :i:~ r,rs: f,wi ,,:ii;r:O ,~,iÒ (--.2') i¡,reii,,!! _ 2~) d'"
¡"...!,.¡ j.~'lW¡'~~ ("'p""'''q~er.c~U). h)Ul b,,~\: p~if~, in 1r!C

;~'iuenc~ pic, ir~ ¡h~~ e,~c.(Xb~£ 1he k,:n,i'¡ri:: of If.c
\"";!,,r ";',W' n01 yet beer. t:rt3mhit,;¡;¡¡,ly cc(cnmn,":
:\n,) ~r,~ ihncfOlc d~;i~,r.;iie¿ :oy :¡n "X". T¡'~(C" il",q, ~ú

f;;)!;w, ,'" ¡-'1m:) ,:,:' ~bv,,: i,:;" l;",~ I''';'' (,1391.",,,' p;,ihd"
D;",~ ¡;

,,~~ " :"~
btcn
q'¡¡"¡" nNl "''l'J(~l~~ )n",n:"c.~h:!;- f"lh,wi,~.,; i"

".,,,, ".., " ".i~ (.;,~ liiI,K' ~,1,i r,~,id:.e\ :!-'"'''I,.''' 3n ~hni:;"
,,,,,!;; ::,:'1 ,c,ç;,~;r:'~ i ~d ~~,":~.~;' ,,1 ,:~.~¡'::c ;(~. :l:f~~, ~:":'nr, ,',:,d
'0:;',: ...". ,., ,.I.i,,"!e ,~~¡...... __PC! d, t.,_ ,.,.....r,
:i;:.~ \I:r""i,:i;c ;,\ ,Khll"," ;. ::1.:, ,',i,n"'Jf"r. ib::~e
" ,,,:,,' 'f':" ;,o~:~"ii"f' "r ~.'( :::;"" 3" Öi"~C¡ii~ '''''.

'''''.'1,'''.'.._ ';;!"'.V"('~ I?W. ¡r,l:::'¡¡ C.li,,.,''''!),,."''''''
fur :iei,; !C:;:j~~, 2, ¡~lfii,.d¡ \' ;",,; :!~':r;";'I¡('i"

í'.:2;"I""¡,"~"',ún""'"""c,. Tb,
Ú:~ r~,,,i,,,,, ~i., :h;ç:),J); J i::' t,;(

imn; i;.~:";' ,:'ulTn,:;"¡;
'~Jh~,! ".,,: ,,""n C,:'4C5

hrm;,::' L;.'C .",,; ¡ilea ii¡~n "çrc.~l;e~;c~;, f(''Jr:h imrc,:
,:,f ,:,.~ '':'"'''''' ~~ "p~d:;,'è, Fc.llev.:r,,- the (Durin inlrGn "
¡m ';~,l1;', ¿;,""m,t l:)¡ i~;dlY~ Nil,," 116 ih:(,\l);Ù lUi ~nÖ 3

5,441,868
22n,W?" cod:;n (TGA). Fir;;,!!y, FlU. 6 id~~,:i:i;, :: ,,,.

allWCIO d 568 b!,c r~it) in \\,h:ii ;¡rp~.HS li Iw:ir on.
u;,,,,J:i(cd 3' :t:~Km ()fl.:i~ hurrn:i EFO f'"r.,., lWC ~~,c
p:'¡i~ ofwhich f"X") bn' !lot y~: rnen ;;::arnbig¡io,:sly
$(aueflctd.

FIG, 6 tr.u,~ ;"rv~~ w id~ntìf:.' the prÜn~ry ~(riCI:.r:¡
.;.c,r:om',.~I;Oll (~m:nD l-cid ~~.m~n,'c) ç( m:imrc iium;,¡¡
CPO ~~ inch:Jin¡; ¡¡¡Ii ~¡x:i~~ú :1l1i~:o ;~ci: re~Ühle~
(e~tiin~leJ M.\V. "' i;~,399). Alw revi:;;!cd in :hl' Fi¡;11rC

if ibe DNA *qt:enc.: (:(."jing li: ~ 1; ie\Ìfluc ¡~"d,,r
,;i:quericc r,IOIl!t \v~ih 5' ar;i: 3' DNA wq¡¡en...t w:iich
m:iy bc $i¡::iit:c:mi ~i. promote.jO?"r:iix function, of
th~ hum;m !i".1" OpeiDll. Si1"~ ;0: pc,¡cri~b1 ::lyco$Y¡~'
~,(j'1 of if:c m:i(\re hu;na~ EI'O Po!Yl.q)liúe ;¡r: dc~ig'
::'Hcè in .ihe Figure by ~$t"ri~h, It i~ w~:nliy.:;f,ncic 111::i

tnI: ~¡:ccific 3mino ';c~d ~(:;:\)r.iic,:;:f FJ(." (, h~",,~: t:tm,i¡.
Lile~ i!-~i (,f .~. ,¡alum!!y 0~c",.,i~L ~lld;c f';,m, 0fh'J~.,i:
:iry:hrcpcÍt:in. SU?í',m ï,)~ thi, p,-~Üi0n i~ found iii the
r~,l)l:s of cüntim:ër i:ffcrh :H H~qticr;çI:i;; 0: lJfi:~"ry
i~ohtn cf humaii "ry~hmp.,:iicÜu which pr(,viCkd the

lmdins ib::: ~ignilic:m: numt:-er of t'J~hro¡:(lict:n mol,

ecll¡~ i:hcrin h::~'~ a mcÜ,;i:ni:i:: ::1 r~i:iue ;26 "',¡ O~,

¡:c$~d w:i ~(:r;i,c ~:, ~h,)w" in the Fii.ure. .

FlO. 9. h:l0''", ii!u,;:;ti:, th~ (:Xl::,,: of p01yp~ptirlt,

s-iq~~"ç:: !:Otioio£y b,~m'''''n hiini~n ;;rid monki~y EPQ.
in ¡he uppcr c(.èii!il,U'"'' Un" ::fthe Figurc. ~i:iHk leller
d""'::n~l¡oni ''!e: r-mploy~d 10 l'eprcser.t the ::h,d\!~e¿

¡¡;,nI1;¡ed l,;¡yp~plid(; ,c~¡\ji:nct: of h¡¡m~,', EPO CCr.-
me"ei¡¡g wiih rt:i¿,I~ ,27 ;:nd ihe :owi:; c".nl:r'U(ìll~,

::0 ¡in,; :.ew,; ih~ ddoced p01ypq:tidc ~C9;~t'C" ,if mü:i,
key EP.o ,,0;11i)eri7'~¡;~: ",~i~"K'~ ¡~"¡C:,'"'' i"i:'ji.,.~, - 27.
,-\~l.cn,,;~ "-IC ~mp:c";ye.,- '" !n,,1.hghl (,1e ,cqucni;c ¡¡o-
mü!ù;".,. lr ;.Îi011!d b~ "med ii;::i iht dcdi:c:d rHn:)~n

:i:¡d mDnke;; El'O ''''l\ll:r.ce,ç rc':c~l :i~) ",,::(j:l¡m)~i"
ly,¡nl: ü.::' rc,:i(Ì¡je .~t (¡mman) f'~i¡is:i ¡ 1&, (:::.",.rdÚ.
.:n,,~:o 1'1(;, r; i;;d:;::;:e; tb: :h;o r~~id", i.' ~~( ihe; m~i"."
of ;l piii:ii~\'c mRNA. ~pl¡c~ ,!\Jr:c1~o.n in, ii:c ?,c;w';"c
't(!"c;;ee. ~'f:,~,"nct 0: thc. I!'~m~ rr~id"ç HI :he him;;:,:
yol,'te,,:dr ~';:ql1~ncc '\',~\ f",'I\¡",. \'~,;finl b.' "'~'l""nc.
ir,g of:i cDN:' hU:n~E ~("¡¡C::H~C: d0~,~ pi"'¡:.irçd (wa,

mRNA i,,,biq) f"':n COS, ì ::,-ll~ ir~:\~r"rrre,:! wiih :1\"
hum~n sn(":¡w.' r:'N.::. ii: £:x;i:npk '. i:¡t~~

EX..\~llLE "
The- i".';pl"'.¡':ün :,y~;tC::l ';dc;:.icJ f0;' ¡,,;ii,,1 ;mc"~l'b "

m:c.d)d ,.ynth,'~i:; ,if ",'hii:b!;~ ",,:,,~Ùiö or E!'O ,,~!y.
pcptidt ;',~!eii,¡J ,',:"J,':d f,,r by 1Ì\:: ::1Dnl:CY çl)NA. F'"
víd~Ô t,y di~ l'¡,xd",'", uf E,\:mipk 1 w:i' one ir\\'i;)'.C,
'''.'.~ """I"".:;." j;,,r cd:j i,i,,,.. COS i ,~db, AT C C
No. CRL,l6;,()). lh(~ cá:', Wer" tr;n~kc:(,j \\:0) :¡
u:;lwnku \"CC"ilT C;\:';'I'¡" .;.¡ :\"T()!'cmwu,: r,~D!¡,'~¡:()r, in

E.cm'i ih";q (I~y \',i:u~ ',I tile i~:c~:tr(e nf I,Ei~ 1?:'.

d"riwd DNA) ;:n,; tl:c If,;':n~a1ilf\ h',Glc, t\..,y vi:i"., ,,(
the ¡H':,;~n"c ,)t:'\'4C "'''ô derived 0:-:\)

,J ,,~:~;r(:. :.;~':;:¡!i~:"):y:..... V,:':(N ",:" CJ~~.

~,t..~,,,d "hüicin" .,~ ... pn:'cnbr'~". i-i,ç

~!,):'C S:' j'rc)..¡.Jc'; ¡"' !",,;'¡,pk; w;,~ '"np;iií,'d
E.Cä!i ~r;J :he ~P¡.¡o!,im:,¡c'¡" 'A Lh :::"r.~tY ErO.

~nC0Cin" DNA \q, i,n,::;cd by b:,)JU ""j nindl!
Ù) d:;:~;iiGi:. Sel'd~\"h' hd:.i"G W;",'I\ "p¡i;":.;.¡:";:k1~; ~ (,

~:¡, Hit¡dJll/:,;::l ¡',:-rn !,!lR:¡ò2 ."n .1¡;:((',Xi'

"""¡d)' ,U "1'. h "iiri:~: ;r~""':",n: W'\:' 01,
lo¡nc'': !¡':im r,jE~\riÜ RF ON:\ (P ~r::j L ";:()r.,;,~.
n",), T¡,i~. !,~)kct ind"Ö",;. m ,r~:,,,,, a¡ b,:d~) \)::\;:

d ~:,,!, f~!¡¡Jwl:d b" S;,il. SII,:,L ¡¡:m'¡ll.~l'ó X¡.;, ",'0:'.'''"
¡i,m ;¡Ie" ai¡;:! ~ S~!J ~i;d;,. end. The ;ue)",: t)¡¡~C ('''.';'
r¡".""i', W"'.: hJ.:::i~:d 10. 1'1(",,;., ;.n ",,;,rC'1':n1~L~!y 5.; kb
inlr:nin!i.,l;; p);,-,:i;i CpEltS") whue:n ¡he EI'U DK.\
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w;; f:inkt: on (me ~;;de by il "b:;ik" of :Jsd:.! icsttíct:on
cr.doiiuclc~$. ft;(;ogIÜtion ~i\c,. pERS W;', ¡her. digested
with lIin¿Hl :i"d S:iLL io yield ihe EI'O DNA and the
E;;~\RI 10 S~!1 fMl3mplO) linker. TIie 1.4 kb ft::gmcnl

w;i Iigi:id wiih :in "PPHl~i:natdy ~_O l:h IhmHI/S211

of pBR.:n ~n,l ;;noihcr MJ 3mpltJ HindIll/lhmHI RF
fr.,g:l(,nt linhr oiba h"v:ng ;jrpf0iÌJll~lcly 30 op. The
M 13 lir.h,r ír~smt;J1 W:t dl~rJCiH¡nd by " Hindll
slid:)' end, follo\'\öd by P~il, Sal!, Xb:i! :~(l¡:n¡t¡ci!l

$íie~~f)è:; Bam!l! ~ikky end. The ligation prod~t \\:i.~. to
iig:iiri. r. u~ful iilft;fmt;di~¡c pkmiid ("pim-Ei'O") in-
diidÜ-,g ¡he ElO DNA fi;nhd 011 both side, by b~i\b
cf~e:tik:l()nsi!e,

'ni~ veCI01 dl0.:;¡:;:i for npn.,,,,tori M the ElO DNA
In COSo! edb (npDSVLl") Îi:ii! pr",vi(,usly I;ecn cor.. ¡S
~tr-..Lied Ie all,)", for ~deeÜo" ;iud ~\):'Òr.0mot:, replic:~.
tioii iii E.N!i. The$~ çh~r~ctcri5tics :ire provided by ih~
origii of r'plicl1(ÍOll :'~i1 Ampiciliin rc;hta.ncc gene

DNA ~c:aUcnCe5 rrotCn! ii, ili" rq~i"r\ ~panniiig iiur_b:¡.
iide.: 2~~S through 43(,2 t1 I'IlR!22. Th¡s '''ueil'-''' '-a' 20
$tru:;iuf~ll:" modified by i::e;iJÔ:lioll o(;i linker provid.
¡l\g ~ Hindfl n~..()¡;i1Ì!iorl imrnccÌ;idj' ~dj2C/:¡ i:l,dec.
iídc244S prior lOinç()r-()~:iI¡Onin:oihevecior. Am0r.g
fhe i:dc;:ted \'cclO,'S other ui:eful prclltnie~ w;,,; ihe
c:ip:i:;iy ic i~i('(;cmrJUS!Y replic;ic in COg.1 cdls ;;,d ~
(hepH:~cncc()f:\ viral proinoter¡;qucnce functìonil in
i:amr:~ii:in .:d!$, Th~e cbr;icicrÙiics :If" proyjdcd b)'
the: origin ,~f r(;¡:lic~I;(li DNA ~c:¡ii.neç "nú "¡ale gei,,,"
~'ir;ii ¡""moie, DN,.\ ;Ç,!u""ci; p;i;.,cnt iii the 342 bp
~~q;iwce ~¡i~llniflg Jluc!eü:idc ni.rn\wi~ 5lìl through 30
:no of ihe SV40 genome. c\ imique: rc~iiict¡()i ~Üe
(H:.mBI) w:~~ ¡:r(il/;dcd in !tw '.'ceior ,mrl imi:ed¡:,ICiy
~(ljt.c"nt tl\i: ,,¡wi prüffoin ~c-q~,:'nc'" IbrQ\¡SI U$e of;,

cem"i~rç,~!ly ;il/~;i:oh: link",' ~cq\i/:!)"Ç (Cdl:¡'or~l:vç
:Kci;c¡,rcn). AhD ir::orpm~fcd ll~ ihe V~çlor wa~ ,1 237 .1)
1;:1(: r~i: ,çqutr.cc (,!c;Ìvcd,~ m¡dcoiiòc m.imb(:r~ 1553
Ihr(l~)(,Íl 2770 0f 5\'''0) C¡¡it;¡ii¡ni~ (hç "ble gc"::" ,';rÚ

mRN..\ pD!Y,1\kny~,¡¡nn iig"~; (çoim"cmI" '1:fen~(j (()
;i~;i ir"'n~criptIc-n !(:n~~ir,:;wr). TIUI; f¡;iimcnt W:l\ pc:;j.
(¡oned in il:t Vç(((r in thc ¡iw¡xr ,1ni:nl:iÜür; vis.~.vh ~')
i!i~ "!;¡te g~¡¡e" vi¡~Ü pro~lc)ler \'i~i ~hr linÎaue lhmHI
sit,,__ AI~D pr~'c"::l i,i :11" VCCI(,r W:i& am,Uicr ':i:;mrmILm

H('ljc ~r;, We,ii",,, net m~t:rd !0 FotentJ~! ¡r::r~c:)¡;:cn
of: g~¡¡~ im"r-,'d;i: thc ""';'1"'" lhml-ll ,i:", bctwecn ihc
vi~~l p""moier :,:,¡j iemii,,,i,,, ~";¡i,..ni:e~_ ln:~ lJM:nm~, 4~
li~r, ""fie ~Gmpn,,,d .'Ji ;¡¡"'ro.,im~id:; ?5W hp mGesc
di¡'ydrüfd:i:c rcdwci~~o 'tDHFR) ,"¡n¡,';~:ie ;"chicJ
from ph,~;¿ pMG.¡ ,~~ if¡ G~'oe'. e1 ;iJ.. ¡~,V:..i.S.
(l.S,A.). 79, p¡i. 6522..6526. (19&).) Ae~¡n. ihe: :in)ii,
Opc::d\''- ,~(~m¡;~;I1~m, of ~~;::m¡i: rl?-,~'LI C(,ii-,pn,.e SO
nucw,:'t'~r. :'~::;' lhll)'1gh, '.: ,t.~ ':'_ 1'~'I')_!~ .~!_r,ng W":1
nl~Ck"il(i", :;! ¡ ¡hio:Jg¡i Jil) (,,~_).i'pJ ~c,d .:)5., ih(~¡)i:i,
27ïQ (23ibpüf SV.:() D1\,-\.

F,;.low,,,i.: F,gocdu¡c" Jc~.çrikç¿. ~.g. i:-, M;.,~~;i::I. c:
~J.. "''')'''''' ;~,:ç _~:~'~O":"~l',:!.i"¡, D~:'\ w,~ i".,J:l~d r,om ..

ri;i~r"d r.n".i-:!ü ~~, :, ,¡,,¡¡HI :r:.gn':~j( ~",j h;_:;,!d

¡¡i;.., ;,b¡mi,~ pDS\'Li L:'~ "i\l; IL;r,.HL RC;,I,_:;;ij0ll
ct;~y,.:,~ ;,i);'¡y".,- w~,. cmrH.'ycd 'D cui:iirm im"fl,:ir or
!¡L~ EI'O ,,:~~.; in :h~ G)nrc: r,r,,,~:i,'_i¡nii ;n rw:) oî ih~
f":iul~,nt ~!,:,,~d ,.u:lr,,, .:d":,i¡"",,,. "".':'"" II .11\;i U "j
.5""" ,'IG. :'.'!l\J.\\f;,ti.~g pliir¡::d rDSVJ,.;\ikS- V"c:r;¡;,
w¡i~, E,'U .',~""' ,;;. :Lc '.' '-;l!:!: ""'."~:,,(i(.,;, (Vn::1J;; F:-:
~,,;d C:; "'':fe. .',;,,'tJ fÜf 'J," ,~~ n,,~,,:,\'~' U,\i:if0!~, in Ir;n:;'
fCCiio11 ~.\;X'''I'-,,~i'io """i","cd (() d'¡"f1.:;; EFt) ~"l"'""
~H.n t'\'ci:: ;~. ¡,;;,,i, i:~:\,.Îüfmcd wiil: "',"10.' l:~'''¡ng i,"
Ern DN..". '" rhe U'frO(i '-"'''ll,'l;(J.,

V,:"n.,¡, E. L. F, X :::i;J G were comhined wii¡' t'.,~'.
tin DN/\ imü::,,: l:n:r :ind ~¡i!('.:¡¡ i):-A) were Ò~'"
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played ie Ir~n~¡'::ct dupiic:iie 60 fim p!;;i",s by Ç.'Ic\lln\
ph~ph~t!e mìcropr~cîpilate: mcihG'd5- Duplicl1t: 60 mm
pllllc.'i were "h..~ irar.~ícc!cd wirh C1H;~r DN,_\ ~, :i
"ff0Ck" :r:,nsformaiìo:i r.~eati~'e coriwL After :1"1',"
d"Y5 ~ii ciilwre mtdi~ we:e: ic:ied for the piesence or

polype;i:idr: p:o::e,~i~£ the iirL.'luiiolcgie:.:l prcp-ci-ìc~
of fi~i(ir~lly.c"cuning EI'O.

EXAMPLE Î
A. ¡(liii,,! ElO E~pn:;~iQn Sy~l-cm Involving COS-L

Cdl,
Ti:~ sy~icm $c1cr(ed fo~ b¡iì~¡ ;¡11e-m¡i15 ;¡l microbial

syri:he,is of ilO;:li:.¡,k q\l~niiti~.\ çf hum:m EPO po,y.
¡x:piidc m~leri;¡J coded rQ~ by ihehuni:i¡¡ gciiomicDNA
EPO done-, ~¡so involved e~~refs¡on in manim~l¡"n ¡,O~!
eeil$ (i., COS-I cdl~, A.T:C.C. No. CRL.l6:ïù). -Ibe
hum:in Ero geii. w:is fírs! sul;.ckmi:d into :i "sh(Jl!c"
VCC!Cl which is c~p:.b!c of :I\¡lD:inmou~ rqilìc~lior, ¡"
both Eøii ho,t~ (by vima: of ihe presence of pBR3n
derî\'cD DNA) and in the 11:i1it:Üi:in cdl li::e COS-¡
(b)' virtue of the pr.:ence ofSV oW virus derived DNA).
Tlii: diultk vC.;!(r, ccnt:iÎn:ng thi: EPO gene, w:i rru:i
lr:msfccfcd info COS.L cd!: ErO r:olr¡xpt¡Je l1õaicrili¡
w;;s p;oduecd in rhc ir:iidi:c(cò cells ~iid secreted ir.to
IliccclJculL\fH:incdi.1.

~!()rc spedfic:il!y, aii c:ipro:Ûoii veClOr W;t con.
,iru;:¡e- :1cc()rdir.i; to ¡hi: f(~iio\\in£ pmccdur,,~, DNA
;~.!bted from l~mbÓ clone H.E;, eoni;:ning the hIJm:in
genomi:; EPO gene, iv:., digested lI'Ìth B:imHI :l.:id
l-indll rc-lr.ctÎon Cndûi\ockasi:s, ¡¡nil :i S.6 Kb Oi-A
i-r~¡;';nt kno\';n to eon:",in ihe aitin:: ElO gene 1I:i
i.l.ablnl. Thi\ fr~gmcnl was mi.\.: l"iid IÎgitd with t1lc
bi.:!cJ¡~1 ph\!lÍù iiUC;' (Bo-thc::i Rese~l'di L.ibor:iic-

r;(,s. be.) ,..l,idi bd bee:r: simiiirly di,;i::ti:rt. cre:ri~2

¡hI' ¡mr-micd:,~i" p!;\mid '.pUCS HuE", provièirg :I
eêmvL'l'¡enl wurcÇ- or:hi,; rcsrriciÍim rr~gmenl.

The Vtt:lcr ,~ho$cJl für ..xnr=,ion of the EI'O Di-A
in COS.1 ;;dh (pSV':S8.) 'h;id ple:vi"iisly lx:e:i eei)'
i;r'.)~(td. ll,)srni~i j\SV~SË~ ç,:H(;;ia"d DNA ~4uCl(e"
~¡¡ow¡¡~g ,election ,md ;iul¡;riamOUi l'::plie;\iioi: ir: eCQu.
l'ìic:,o- d'arJc¡n¡~tic~ "too provided by ihe migin () ..p"
i¡::,'\t;rn\ ~mi .-mricjtlin n::~¡';tM¡C" seliC DN,' seau/'ncç,

rHc-~rI't in thç ra¡¡:;n :;p:cnr.ing :mckoiidr:-s 2~.~S ¡hmuSh
~362 of ihe bcttri:l pb.smid pUR322. Thi, Sea'l~llC¡)

"-'''''~; ,1f1(lUr:il!y m(¡¡lifícd by ihe "cdÎI:ön of " i¡n~cr
f'ro\.ióí:g;, Hi"diii ri:o:(,¡;niiiGnÚli: i:rmeói;¡ldy:,d.'''.

"ell I', n"dcotide 2';13. 1'1;;nÚl pS\'4SE~ w;" ;,b)
"":iF~b¡~ of ~Llmi()m')\li repiíc:i!ii)n in CDS-! cdl' Thiç
d¡~i:,,-r~ri,:i,~ w~,,; j)r~)vilk,t by a 3-12 br lr:igm,-ni G~n.
¡:iiiiifL¡; IheSV.;oviru"c;rigin "lrqili(::iiiorl (l\UCk0fi:!¡:
,,¡:~i\b":$ :in¡ i1ltengb 2:0). Thi~ fr:igm.:nl l,,d h".~"
mt;~iti",d fiy ~h" ""JdÜ;ü" of" Erikr Pf,widi:if'~;: Ec()RI
ie~",:;"iii0n ~:r" ~djlCÇ:it t:: nUclit..lidç 27G :md 111i:i\;C!

¡"('V;~::l.~ ~ s"ii 1(~D¡:"ii¡O:i ,,¡e ;¡\!j:';;e¡¡¡ l1LcieoiiJc

:,17¡. _; 10ú¡ up t'i;,g¡"~ni ()t5V-:o W:i\ ;i~s() Nt:~;:jj: iii
\hi.; :,,:i,-i¡ (i:IJ:h)t¡~e.;ilHlitXr..I.71 I thrm!¡;1i 27f2 ,,1m
:i Iin~cl ¡ircv¡;jmg ~ ,,~'" ~C("£¡;ll'OI: "'~ n.:u 10 ,.,nckü.
~i;j,- ,¡¡""her ?î71) Wiili;:" 11:i, f:~gmcnt w,,~ ~n unia,'e
H:,,"!li t~c':'S-:'¡li(~:i ~'~'iu-~n~'",. I" ',..'m,.;.ry. pl,,,,,,id
;iSV.~SE~ c""l;.;nec un;a"" B~mHI :ind H;ridll :c~',~!;"
foii",,, :"1::;, :,!1o\'i1\,', i""u:i"ri o:l¡:~ r;um~i~ ËPO ;:c"e.
,'~G.uu,~",; ~¡;c",in:, (qii¡c.-iiicii ::.r,d ~ekciimi in E(di.
,i"d "q\-~'Kt\ ,iIb",;",; :~l-h':iI:'Jr, iri COS-¡ ;;c!!\_

I" ""de; I" im;aiih~ EPO gene i:iio pSV4SEr,. r\~.','
,ilie: pi..;~.H(oE w:: d¡s:t~rtd with IhmHI :in.1 Himi11
rc:qrid:cm ~~,d,jn:¡c1i:~',t, ¡nd th~ S.61:t El'û ~n'~l"'.:,i;g
¡)N;\ irJgmmf iSC!;¡llid. pSV';SE¡ W~ :i~o- disc$wd
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with lÜmHl :wd HmdlJ! :ird the m2y.r ,,5¡3 bp Îr"S.
:ncnt ,id"td (p(c$crvin¡: all ;ic=:irv fur:cik:ns).
Thete fr:igr.,cntt were m;,;:! :u:d ¡¡;:ii:d: crc;tir,g tbe
fin:il VCC:M "p$V¡:HuEPO", (Sec, FIG. 3.) This vcçwr
W:i~ prcp:i£:i:c: in E.to!i and vc;ctor DNA bobl;:,
Re:,iiic¡;on t'n7;."mi" ~n~ly¡i~ w;., tni¡iloycd !() (:onfirm

in~I:t1;')rlc)'lhc EPOger,,.
I'hnnid ?$V¡,liuEPO DNA w:¡, U~"Ó \: e¡;prc;$

r:uin~n EPO rdyp:ptidc r,;iierhl in COSo) "cll~. M::m,
~ptciic:iiiy. pSVgH:.EPO DNA WIlS combined Wii.l¡ lú
cllrT;er DNA and ira.mlc.;tcd into rrìpJ;cil:; 6I ¡nn;
pi~h:, (if CDS. ¡ .:e1h. ~\,;i ç-oimoì, çJrricr DNA :ilene
w:¡s ;'1-0 HMHfc:::d into COSo i c.i,lk Cell cult,w,

media were Qmp!cl five:ioo $eVCll da;'$ ¡¡¡tei ~p.d te5k(i
lar ¡)-,,, pr(',,r.ce of" po,ypcp:idc, pO~i~ing the- immu. ! ~
:',()Io!!ic,,~ po;xm~ of r.atur~!Jy o."1'Urririg hum::n
El'O.

D. 5"~,!,:J E!'O E.tpr~.Ú":i Sy~l;:m Jnvoh'¡ng COS.!
Cdb

sün ",,(1)10:1 "Y,twi ,,'::~ designed to pr0v¡¿~ im-
pro'-,d prc'\u:.Ü",n of hum:!.,' EPO rolypepÜd~ m~tc:i~!
coded by :r,t hui:i.ii gen:imic DNA ErO don,. in
COS.I c('lJ, (AT.CC. No, CRL.165ú\

In :he immed:.tcly "reccdinS ,;ystem, E1'O wa:, eX'

im,;;~d in CO$.¡ (,ells iiii:," it.s owr¡ pro,nDfcr which i..
;',,¡ihiri ~hr: ),(, Kb ihr:Hl to Hindll n,S:fÎc!Ío:i fr:;g-
mcn:. In ~he fciicwÍ!g C('Mln.iction, the ErO gene b
"I:cr~d SD Ü::H i~ i;, ei;pre,ud ~~in)? IliC SV.K bi" pm.
i:ùlç-l.

~lNe ~lecitic:¡¡I'. the cl(ln~d 5.6 Kb B::mHI ¡,i Bin.
dIll ¡:cnomi;; humMl ErQ rc~triç;tion frJg~I":'l IJ;¡~
in(¡c!!~ed by ihe folk,win;; prccdurc.~. I'bSH1i,~ plieS.

liuE. ~ dc~;ribc'd ~bo"", "';l.t dc.-"vd with D~iilli ~¡"i
wiii, IhlEll w';i¡i"tion i;dOflUcle:\e~. B$\ElI ek~,'(;~ ;)

within the 5.(; Kb EPO ge~c :'l ;i i;úÚ¡;,)n \\.;,idi ì:: .j-
b;¡i- p~;,ò 5 to ih~ ;nj¡j~tiiig ATCi coding for ihe Pft.
p",p,i:k ;,r; ~p¡;wJ.imatdl ¡¡SO b:,~e p::in 3' (( ¡he ¡¡~1;"

(¡HI re\!ri~!wn ~,iic. The appT'-)~¡"n~I"¡y 49r£ b~,e p¡r
f¡~l'mttll w.~~ ¡'übi.:d_ A ~Yl\!h~iiç linker DNA froie_ ~(;
m.c~:' i:U1!:i,,;r¡g Sall ~nc IhlEll ~:id:y cm!, ~nJ ;n
inl"¡¡;~¡ n:lIaHi (ecü;,niticn ~¡~C' "':1,. ~~'nth~,izc.d wil

purif:cd 'P'_c IWO rr:~,;im(r,t5 "--ere m;'t~d "r,Ö lir,.1!c(;
wiih pLj.;mid p!.R321 which h~d beel) (,ut wiih S;,;; ".!Hi
(iamB¡ \( p",due" the imcnm::di"l:: p1:~¡"itJ pimgHE, ~:,
110, g~iil;n:¡c: :.tnn:in EFO gene ::::1) b~ bol~i"d iher,',
f""" ," ., .;Y¡):) b~c p,;if i:l::.mHI ,jigc:i:,O;, ""&""'1;'

c.~~':i'nD ':~~ ''',\,-ipk¡c ~fr,)c!tJr,,1 3~nc '-'¡Iii ;, ~;;n,-de-
.:.'1(; .:~ bsc p.,,:, :,' 10 lhniHI ~;¡~ ~ò:~'~"nr ¡hc ~m:~,,)

tern"",,) ùxl,¡¡" r"srcli,
TL, i::I~",~~,: w;is ¡~;0!::I~d ~r.¿ if,~,cnui ~~" F;;,mHi

rr~;:",~"l ,-;.:ri BJml-H d~H'cd ".~l'r",.~¡m, VCtto~ pl.~:"

n;id ;iD5V.l-,(¿c~r:l:.cd ir, ¡~;ampIc 61. ih,",!~s.~;:i;;Rpj;sr.'~. r~\':..glbLf'O.;I, iliu-;lr.:"d ,,, F,..,-.., w:;,
lJ",'d :(:' ~,\P~~.'''o El'O pdyp,~p1it!c m;~lCl:,i imm COS.i ,.;
,;dl;,; 'c iI":'u;¡,-"".~ ,n E:ta:np!ö ~ :,nd íA

EX.-\MPLE S

C\:'I~;" md:~ tr::m £rowth or the ,i.~ !,~",tt,';c,i
~;:¡~~,~ ;,i;,~;,':~l.,~:,r. .;',_ ~)~r~'~~~;,; c ~~c..\;;r(~L~~~:l/~:c:jL:);~,;:~;: 'I;;

E.\.""p:;': :_ 1' il H. E:cL ,;m~pk ,,~~. Ä,~y"d ~i ?:o.
!?5. ;.a ""ei :~. n,,'c'ldiir( ;;!iljii')t kwb. S'ir"r:);l:~¡r,:'.
:n'¡,', ~:,,\\;c. (;:' cdf, nwd; :r~~tk;;~I~.,~ (:r ~':\"":'(CILtf
wi,!', \'~:. ;,:', ¡',,,-,n¡: ¡",;q~(,;.i ErO ¡;",,r ê',ci~m;dlo,~
w'~rc' :;n;:mblrlJ"u,!'.' !i"to.,¡;,:" hr Ei'ü ;¡nr:l1il~"1r.::ct,,,.
it,.. ;.", ""rC ~~,,,¡i¡f: of tit n.'i0 ",-¡)-:m,,:~m,; d~ri';ç¿

b~1l ~.r0\\:h (,i:" cas.! cc:b inltlfcClcd whh ..e;i()~,; (! I
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::nd L) bv:ng ~hc £1'1) DNA ¡r¡ the correci çriCr:i;¡iiN~.
ih~ .,~ inhibitior, of i2:1_£PO binding w -imibGdl'
r::nt,cd fro:r, n 10 88%, which pl~t:~-s ~¡¡ v,i1:" :,i ib
lop cr ih" ~',;;;n(l~rd CUI""'. Th~ cx?ct ~c!1CCmr;H¡01: of
EPO in the ciihurl' Hipem~l~at could ::0: ih~r. rdir,bly
be e,iim;¡tâ.. A (.\li:~ con$e!\:o.ri,.,t e~ii:n::ic cf 3C'Û
mühd w:.~m:,dc, howc'.-er, ¡rem ihe v¡¡lu(: ;,~á1c:ibl¡on
of the br£e~t ;ii~q\WI á:':c (~50. mi"'rclii~:).

A ,;:pr.:,~l\i.1liVC 'utIU(~ 111m! :ict:m,mig (:~ E.t;H;ipl~
6 u:d five ad ~Cl'e1~ Ó" ç::!wrc fh,¡J,obt::iiid ::ccc:¿.

ing ii:' E,i:impìt' 7A wt';,~ (c5id in the RIA in iirder (ö
cGmpre :\c:viiy f)f ncornbi;l~llt nwdey :ir.c hl!m~n
EPO m"lcn:ih 10 " r,~t~r;¡l!y,cçc~rr:\£ h:im~n EPO
,!:\ncHd :i:.d ib~ röult.i :ire ,:c: OUi in F::¡ihi;: form in
FIG. i. Bri~f1y. ih~ ¡~,\:!:$ ei;pecied!y i~\iC':iid ih~,i tbe
rccûm"ir':lf\i monk,,), EPO ~jgni(¡ç:~ri\~y compt':~d b~
;¡nti.hiim~!l EPO :imîbo¿y :ihhcugh it w;¡~; no: .~blc to
coi:,pktdy inhibii bj¡;¡J¡l,!: u;idoT tho: :",¡ c:\n,litiOn"

The lP,H;liicm ¡ie-c::it j;i!i¡biiian v::1t;e;; forrcc('rr.bi.
2Q nanl J¡ulJ:;m EPO. howevt'r, dr~.dv :ipr.rn~im;¡!c,- ih,,~t'

of rh~ huir:::i gl'O ~!"nJM¡j. n,,, I'M;lk! !l~¡"te of th"
d0~C rt'ponu: C!l¡VÔ siiZgcm irnmtJt;010gic"i ;(kr.:iiy
of the ,.~auei1c~~ ("pile,::,,,) in ccmriiin, Prior c.::i:1i:;¡e:

of riciil:i:y El'ü in Culiul~ Hili:: '.\'cR lc,ç"~lu"içd :;1

:;, iht:c iiilh'i diì:.lÌon levc!, ~n;: wni: kUfld l() r"li;:e

fro;n 2.:I¡ (0 3.!2 D/ri:!. 8lirn~i(d !iu;r,;¡¡\ El'O pWju,,-
iion iC"d:: w~rc CCtto:pür.ding!y 5e~::( 392 ¡¡iV/mt for
ihe (ivc.d;¡y grow;!! ;,~rnpic ,md )f;7 !l,U/ml far the

~-Çvc:n d:iy growih ~;;mpk. E~Ümm~d l110nkt,y FPO
:W prc-ducdmi kvcl; in ibe Ex~mpi~ 7B c~prc'$io;, ioy,li:m

w",rc,ln t.hc~:,m"nid"r ,.,,.¡".ila

EX....MpLE 'ì

Cu!("r" f1uiÒ p,~p~rcd :i,-~cmdi,,;: 1(. Ex:impk:~. i- "m~
7 were óiibjccid 10 ;\n i" vilro ~5S.1í' f;: EPO :,n;\-;iy
~çcotdir,,' i(i iii~ pm::"rjBn:"(G,)¡d"~i,,,rr. r, ~i.. Eii,)'".
trÌlw,l,i.'.\'.",)I. L pr- ,r15~32:; (197;') E,:jm~i",d mo,Ü:c)'
r::1O \,.,¡Ii~' I,." cultm", :Î,,¡', i~~id r:mg"d (lull ~_1!l)
.~.3 U/m!. Hl"'\~n EI'O 1;1I:,,¡c i1"ie,' 'VCle ")t,, ~ç:ivc in
:!iÌ;; in vitro J:;;;:iy ::md, îuiihci, :¡,~ ~cti\'Üy cc\,ld 0(;
nemr;:iied by ;~'lti.El'O ~nt;b"dy. 'Die rC;:G¡n¡'ri~ni

"",.",~" '-'("0 ,."1",,, '1-':';" ."..,~,,';.," '" l',.",,,' "'Y""., i.. ,.~",'~' '."'" , ."'" ;.. i, .' __' ,_':"".~ ,
we::.: ~¡'c ~i.bJ"¡:IL" ID ~li :''::;y tor in \'I\'Ü :i(;'0i:i;~;,¡

"cÜvi',' ;;u'crdin¡; l'" the ;;ai~:;:¡ pr(:(:e::",,,, 0( C,,,,,,',_

~i ¡J..Aa!;¡N. I'LL. 1'1' ini'~_in(jï('10Ùl)"n(l Ihri,r",::rFJ.
l-l ;'¡" A1(". ,'.'_ Y A(,.~cf. SO ¡~:;, Pi' 5 16~)::'; (! ~I(,;') ~::,;
:in;v;'\: kwh ::;w2:cU (rc.m 0:"" 10 ,.::~ U/nii-

EXA"lPLE !(

.;" h ¡¡~:;¡~:'~¡'2~~~~:..~,~;~::~:;~:~~7~~;;:¡;.::,~',¡:¡'c ~:::'~(':,"~C ;;,.~'j
(0 a,,:\ib,:t COS.( "dh, TL,,,_. ""'_::"" ",,,ll'''dC: ii,
COS.I ~c!h ri"" ¡,,, ihe \H('\~m:~ d S\,.~() T :'1',11~,~n

:~~;il~:;ll~ì:¡:~~~;~nl;)~'~~ ~,~~,,:t~ ~;~;~¡d~l~~ t,~:¡~~:;;; ¡;:~"~j¡~ ;;-;~:

d EI'O i,i CDS.: c.:ih., c,'f'i~,";¡"¡' i,: (,iily ~,.~"~¡,,,¡! C io
~.: c,,\-,,¡ Jue 10 ihç "\.,,,,!,)~¡ ie,." '-,1- IL~ ""'cw,. Al.~d;.
lior::.I:y, ('i~iy :~ ,,,,,¡¡ r""'~"'"t;,~';' ,:,¡ CO~;-! hc~';'~¡¡'"
pf(:d:)Ç.Ü\'cíy in:,,,L;"kJ w;l;' ¡¡", .,'"ç:,:,¡,. 'rh", pJn~li!

.:, ~:';:'i::;)i~~õ~';.':~~';;; ;(~~';g: ¡i~~;;/;~i ~'~':~:i~:I~~:~ :';i;',:' ..:~:,:I.¡"
;¡hi" (lFd:,'r. nHH-: rr:." c.:"~'''''''''~' (.! ,,,bicC; c',pi,,",
'.inn s:,,_rt!'õ'. ':''' U~. 1'::1 t\ü -:__'~:.~.lil: ,,,'. )":"~-"l~c"n
!':'¡;:(l Apr:;; ~d:Ü", "ì(;5( ¡: ìC:i':,' ;,nd ! ì ~O¡;~'. _.n

"~ rl;h!U:c;:: '\"1: 2'.'.1%,;!
CLLO DHFR- cd" (D,,;'.1Jì) CHO l-.l cd!,:, U¡.

l::ub,:o: ~!.. ?rac. N,;: Acild. S~i'_ (t),SA), \/d, 71. ~.~¡':

(960) Lid: tk, cn~ym\: ùihydrd"':,r~ r(.0i;C!,'"
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(DHfR) dtl~ m rrc¡;::,on, in i:ic ~lrUCiur.~¡ g(::\~ ~nd
dier~rorc requircihepn"ence",fglyciiie, hypox;¡nthinc,

~nd thym,di"e in ill" cul:i:i" mcc;.. lb.smid~ pDSVL.
MkE (E:i;¡mpk 6) at pDSVL-gHuEI'O (E:i3.mp!c ill)
were irar'dcctcd "long wi:h c.:rricr DNA inlo CRO
DI-l:R'- cdl$ growing ,n me-db. cun¡:imine hypman-

thinc.thywidinc,;¡ndgJycinr.ili(,Omy.ciilliirepbb.
Plasid ¡iSV¡:HiiEl'ú (Eompk 7A) w:,~ m;""j ",.;tn
¡he ri!a.cn~d pl'lG2 coni~;níii£ ;l nlO\"" di!iydrofo::ii",
fC-di;n.ll". Sene dOlled í¡¡~o the bac:ieri", pbsr:id vector
pBR.n2 (p"r G;c;~"r, ct :i:., ~"pi,,_) The pl:¡$n:id mixture
;incl c.:r¡"r DN,\ w;¡~ tr~mfc;tcd into CLIO DHFR ,-
cdh. (Cells \Vhid~ ¡¡cquire oae pb~m:d wil generally
iili ~cquire ;1 ~cCund rL"m;,j). Aflei ihlee d"y~. ihe

çdb wi;n: JiSpCDCtl by jrn)5ÜÙ~lÍon Üiw ~v~rJl lüfJ
fim culture pb:t; in mdi~ lickirig hy¡i:'unthine ~"d

thymidine. Oii!y iho$(: eel!, which h.Wi~ btcn ,i~bly
In;1~t()rm~d with ih", DHFR gene, ~r.d ihadiy th~
EPO i.eM, ~uriiiw in ihi!' media. Af:cr7.,21 ÓY5, c"lo-
nies çf $urv¡~'ins: cd!$ bcc~me ~¡:r,.ci:t. 111~ tramf.i-
m.~nf colonie, :iffer ¿i~pcr:i,)" by lrypii:iiniion c.~" be

continuou.ily propagated ii m~di:; b::kiiig hypo,"li'
rhine and thymjdii¡", Cfe:ilÍng '¡::W cd! $lU.Î¡¡, (c.g"

CHO pDSVL-!vH:EPO. CHO pSVßHlIEI'O, CEO.
pDSVl.-gH,r£PO).

Cu1t:.re f1iiid~ from the "bove c-dl $i~~¡:is were IC!tcd
in ihe RIA for the preS(;;1Ce of n;com\iin"nt monkey c,
hiiin" EPO, Mdi;, fer ,1nin CliO f'DSVL.M~EPO
cOI1I:Ù¡ed EI'O ....ii!i immunol()gcii; l',.'i",nin lik" ibi

obtaincd from COS.! cell, tmmrtc!cJ with pl;ii:id
pDSVL-Mk.EPO, A rcprc:cllt~tí\'c (;5 hour cuiljrc,
fluid wJltairic. m0nkcy EPO ir 0,60 VlmL.

Culture f:uid, from CHO ¡i$VgHuEI'O a~d CHO
pDSVL'r:HuEI'O .7oril;¡j~,-'d rr,c()mhirmt! hu:n~tl SPO
~\/;th imrmil:(;I()¡tc:,J pr0pt:r1i", lib ibi o!)t:ii:icd ,,.ilh

COS.¡ cclls tur.:;fccl!~d \,,¡i¡h rb~:rid pSi/¡)iuEl'O m
pDSVL'gHtlElO. A feprc;ciii:i!ivc 3 day cii!iurc fluid
from CHO rSVgl!uEI'O "o,-'"¡n~,d ;",'9 !JIm! uf
hum:m Era 'ind a 5.5 d,i;' ;;ir,pic fmlT cno ¡iDSVL.
glll,i;l'O bd 18.2 U/ml "f1Hmj~n EI'O "" ir,:;i"i:.m;ú by
ih"RIA.

The q"~nIÜy of £1'0 ¡;rmluçr.i! hy ih~ cd; ':j;i,n,
¿",;c;iib"d ~d,,,)v,, ¡:~fI be ;n-rci,;cd :iy .~cn.: :.mpl¡fic:it:on
giving nt',;' cd ~:rJir., .,f i;t(:..tcr pn::duni,.'¡¡y. Tli:
Cf1l.vme dih'/èrofül;¡ie rç¡Ì\,ei..,;c (DHFRj which ,,; ¡he
product coded for by ihe DHFR ¡:c"" ",;" be inhibiicu
by (!,,, ri,,,f. m":l:ûtr"x,i~ (,M:X) ~!nr;,' ,pi:c'.ific,ily:
cd!" prçJ',;;;¡r~d ir m"d", ,:.na¡'i, ¡',F":,,in:.hinc ;¡n0
ihy:n,¡jinc ;i" inhibiied u kilbJ by !;ITX, Vn;ki t!:,~
"pp(ül'ri~I",(;u(idilion"(,:",:,,.inir.im;¡IÇ(;r.c"ili::!li(H\"d
MTXicdiS !c,i,i:.;nii(¡ ;I\l,j ~b!c W ltmw ii; MTX ~:¡:1 fw
d;i:,iIICJ. Thc~ cdh¡ arc tOIJr,d 10 be t,:~iqc¡¡i 10- ~HX
due 10 ~n ~n"r1i;i:~tif,n dih" 1\"''';'''' "I ~Ld,. Diii;!.
gc::::, r""u1ti'li: in ir.çtc,,\,c¿ p!,-id,-ciic.' (/ JJHFR Cr!-
~vmc. ll¡t ~')t'-!,"i:),~ ceilo C;"t, '" t"Cf, (,,, :ru,tceJ wii!,. .
¡nCfc",;¡ní) 'Y"":n,i,,,iii.r., üf ~,¡TX. rc-i\;:;r,g i,. çd)

$w,iw, ~'('n(~¡::ins ~r"~I"r '''',,;:ni (;f D:1rR ;:ci,c¡

"l'~$;cnicr gcu:::" (c.g,. c.lO) ~"\ir-cJ en ri:cO'.':r.'H~",¡')"

~'tçlcr 'dür.r. "ith the DHFl~ H:;,C Dr (¡~,¡"f,-i:"d wi~;,
:h~ Diif'n~i'~;)~ "r" frqvç,,;ly i\.''"'''' ~,h) ~" I'" ,,,.
t;;c~~nj ¡r, (hci~ G'¡ir t."'''",,,

A' r;c\",:,I"~ ¡""",'ice" ".r Il1i, :,,~':ph¡~.:"~~,,," ,'.',:';in.

"",!! '.1",'" Lei\) pJ)~'VL.:.H:E """', ~""",i"e¡,:d w ¡r,ere,"'
fr,!~ MTX ':tH:cC,,¡r.l\;;." '; (D l)~l, .~(i ,,~.l "nd )e;;' ;i!\q.
Rq);~"~n1:'11"'" 6~.r.(,,,: .")1'1''' ,,,O'¿;,, ,~mp!c' r"¡,r:
O';,-,h 'm?)if:,~~t.ií..a :',:;:,,_w,:rc ::~''':':Y::': :'~ Rl.; '''IJ ,.k,",.
¡¡)~r:cd 10 C0iH:i,n 0.(,:1. .'A) 3:~d ,-du U/~t:L i'~\p~,;¡wdy.
Cd) ~\l.~in CliO pDSVL,,:;!-l,ErO W;'\ mbjCí.kd W;,

5,441,868
28

u;ric~ of incr~a~irft MTX c.'mçcntr:iiions of 10 nM, 50
¡¡M, ¡OO nM, 1((1 1¡~1, i .i-M, ~,:id 5 ¡.1' M1X A n:prc"
~eni:i1jvc 3.dJ,' culture õf.cJb ~.:i..npk (rom tl:c ¡OO nM
r.rrx ~ii:p C'.:mL1¡ncù h(lrr:;n ErO ilt 30S9::129 \JIm! a~

$ jiid¡icr by RIA. Rt-pitir¡~:h'e ';S h"ur culn:r:l mi:-
dium ",~mpks frOii th~ IW oM :ifd L ¡.:!! MTX 'Steps
cont;¡iiied, i~~peci;vely. :-um:in E1'O r.1 466 ~d 1352
U/mI3~jiid¡;cd by RIA (~"èraseofiriplicM'-=ys). In

tlie!c prccdur~, ! X 101. cdh werc platd in :5 ",1 of
io ffcdir. in wmm culture d~3hc~. Tw.mly.tolJ houis bIer

iht :ncdia ..'Cr: removed tmd re-placed with 5 Il! or
~c~Um-rrC1 mcc!i:, (hig!) gluem.: DMEM ~urpkmented
with 0.1 m:\! mii.='cnij~l :unino ;¡c,ds ,,¡¡C L_:iuu.

mine). Ero wa, :il!owcJj 10 :;cC'~mubt~ for 43 ho;r~ it¡
l~ thi; serum-free me.:i;:. The meCia was t.;'l1cclcd fer RIA

;\S~;\y and I.he cell; were Il)'f\;;nìi:cd :;ad ccuntd. The
aver.:,," RIA v,~luc$ of .:67 l:/mì :iiiè D52 V/rr! for
cells gwwn ill 100 nM ii,1d i I'M MTX. re5p-1¡lidy.
provided ;\(;tèl~! yields of 2335 U/p!:HC ~mcl 6750 U/.

:ù plale, 111e ~vcr"ge cell nurr,be'ts ¡ier plale were
!.9., X !CO( "-f,d 1.12;.; lu6 ccn~, rcsp.xiively. The efí~c.
iive productioii ¡;He~ for ihi:c Clllime c()ndjiion~ wi:re

lllll-S 126-~ at.d 216ì U/lWci:1ll.4ll hens,
Il;c cells m ihe ciiliun:~ described ìmmcd¡~ldy "!-Ave

25 ~n: :i ¡;aietic:\lly hclcroscneou, r.-ul:iir()J¡, SiiinJ~rd
~creening pmcc,liur: are b,,;ns e'r.ployed ìn an allempl
to isoble genc:ìc;ily hcr.ioge¡,eou, c101l~ wiili tli",
hitbe!.1 pwrlucÜon capady. Se~, Seciion A. Part 2, of
''PuÌ'J1 l; CO!l,íuer i: :h" Cli.:r;;ctcr;¡ikin of Cell

:; Líiies V,i:d ~() Produce Diok)gic5" hiii. 1. !%", O((c;:
of B:olo¡:ics Resc;uch Rcview, C-eiitc: for D:Ul\$ and
Rio:ogics. U.S. foo :;nd On);; Admir.m~i;o¡¡.

The prodilClÍvily of the El'O prod~cing CHO cd!
hne~ dexi-lxd "bove c.~n be ¡",pro","! by "l'piopibtc

:is ;:,¡¡ CU¡lIll", "'Cliiiiqlll!. Th" propg41icn of :'.'mm:ii¡;t"
ee!l, in c:ulwrc gcrier:i-ly iequire¡ ih~: iJr::cnc,= of ,;Cf1im

,11 ¡he gwwtii meiJi". A meihQ;J 6r pwdiictionorer,1h-
ropoiciiri fiem CHO cdh in mcdia tn:i: d:)t~ n01 c()llt~in
,~n:intft"_i1IYf;idi!,llt",lh"r.\"ilíc"liGr.,)rc"ylhrop0ie.

~,j- tin frum the culmre m~(ji\)m, The method described
hckw i~ c.ipbk M ,~ccr.c)mic:illy pmdut;nii "i-y:h(o.
i,oici;:: in :;cn,m.frce ruedi:i in br£e,,\I.,ii;t¡~~ wf1Ó.cr.t
tOfprod"Ciì;¡¡i,

Srr;,Ü¡ CHO pDSI,'L-¡::'í:iEPO cd!; gr()w,i in ~~!~ii-
.;$ ¡Jard cd: cuJwn c(mdiiiolk';, :rr:: ",td iO ~,,~"J 'Firmer

cdl i:cÌ\ure fI:t.'b. Tlie cc!l$ Me ¡if(P"R~lcd :i,lO su',,,n.
,ion cdl Ii::.o iii ¡:i~ ,pj",,~~ ç"H cu!iurc !h,k in flKdi;¡
c,wÚ,;¡i,lf: i,f;, :,('.50 ir,i.xttm~ üf high ihl~O,t D\fEM
Jnd H~m'~ Fl2 '\!rrlem~nh';J wi:h :)0(, lel:i) c.i!hcrum,

~'l L.glt,i,i:n¡ne, P~"uc:!i:. :iiid .Strep:omYClri, Ü.ÜS ,,,M
¡',0rH""':~m:,, ;¡rmn,) ;tCH.!, ~u~ the ;,ppmpr':\le ;:om;c!'
iraii"n of "'"t)¡l-'''r.'~,I" S"'I;~"';('" c..:1 culture ~lI()WI'

:!ic: ElO.prc:Ü"çing CHO,Çt:'ll$lO Ct ~:tpndc¿ ~_)§¡¡y W

,:irS" v(*¡m,,;,. CEO ;"k;. ¡:rc,:';: n: Sl."pçr.~"on. M~

." u,;,.d (0 sc~d 1");'0" bOlr!~~;i\;,1 ¡nll:~! ~t""d:ng ',tciiwy(:.i

LSx. ¡()7 vd,,¡ç "db p~r t:5Ü.:m' rollu ba(lk i,\ 2(1)11')
c1 ir¡",j"" i-l,t ("j¡, ~r~ :i!!owd (ú i;rw.'¡ Ii) ::0:inn~r,,";:

~.' :.,11 ~dli':rtr;1 cel! iin~ ,wer ~ IlIre"..:;,y ;:",ri(~j Tii~
;ii:odi:i ,,r.~d rnr :hi\ l'bse of rl:" growih i, th~ ;:m,' ~~

'''' ,,,(Cd f::r grn'.\(" ,n ~";¡",::,ic.',, .,\1 :hc ciid "lih~ ibee
d~~~ rn;:w~ri r(;ri"J. :h,: "~t\mi ,oni:Üri¡ng mn:.:i~ ii ¡,,_
~;:)':'~¿ '~:id ¡'~i'ì~;cç¿ \v:;Í\ i(,) ;l,:1 e~ ~':¡um'r~c~ !:..~:i,:
)u.~,! ;:11:-"rc: or "'gh Km~Oi~ !,~,.IJ.::;! ;,1\;1 n'm, ~ ).1,;

:;:.pr+'m,:~ic.j with rJ 05 m~l !\~:.".~,",ç,¡!i.,) ,j~n¡r~'. ;:"".1;.
6S ~r.d L-¡!L,:,~'''':r,c, '1'1;" r:;lkr h.i~ik-o ;Hc ¡,,:urned 10 ihe

:olle!' èOlik ;n~:¡bi\)r fo:':, p~i-ii;iÌ of 1-; nou¡c. :,nd iht
mrdi:i :,pin i~ ii:l;')v,~,i :¡¡d rc¡i!~co-d \'.mll l(~j m! of

írt~h f,e..m,fi".i: mtdÚ. The i-:; kii;r l:'ct:btiin of :he
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:,nir;.tr~~ mdi;; lçd~ci:5 the cú:¡cemr~iion cf ,~,;i¡3ml'

¡¡~ting 5C¡Um pn:tclli. TI¡c idkr bol1l~uc ¡dUf/1Cd:o

¡h"¡n':,,b;,w; (or 5i;vi:ndiys during wh~chcryi!irop()¡,:.
:iii :iccumul~¡c~ in ¡be i:rum.(rix c\lln.:rt mMíJ\, AI it"
d~d of :),c 5tVen.dJy producÜor: pilau, the coml~iio:¡cd
m:õdi3 is fcmí;v.-d ~rid rcpJaccG v.'th frc,~h u-nim.frcc
mdi~m foi ~ ,cc,;r:d prcduc:iür¡ cyck. A, ;,1' cxan:ph:
úf ihç p¡~,,:ict of ¡hi~ prc,Òm:l¡nn ~y~tc:ii, :j ¡"'PU:.""';':'"
rive ~c"e:HLiy, ,enim.f,cc ¡~idi~ '.3mpk cOl\!!:i",i
humó~l i:yt!IIOpoid¡l1 at 3S91:t4U9 DIm! ~s judged by
the RI:\. lh,ed ()~ 3rt e;::irn;UL"Ò cell den,ity of G.': ;0
I,B,',: ¡O~ccll,,/cm). och ~5() em) rolkrl'Giikcünl;¡¡",'Ô
llo:nÜ,ï5¡,ii_S;",llYcdis;mdiiiusther:itcofrmiJuc.
i''))) ,.,rEPOin thO' ï..d:iy, 100 ml culture '."~iS750'i~, ,..70
VI¡C~ c"E~/4i i:()ur$,

CUlll':c i1cÚh ;"¡çm;;d ~ti~i" CHO pDSVL.1\lkEPO
camed in lO nM !\fTX were su:ijcC(,;! to RI,\ iri viiw
and i:i vi~'n EPü activity 3s.\ay~. The ccindiiioned medi;,
$1mpic o:mi1\ined ..¡,2-il..i \JIm! of MI:EPO 1\, TnC3.

~i~re~ by ¡h" RIA. .; ¡ ,2:;0 064 UJlIl :;:;m""~ur,, by ¡hc :!G

ia V;::0 bdç,s'ical ac\Íviiy a~!:" :i:id n.$;;$ lJ/ml1\~
meJ~uri.:i tv !he ia vivo òicbgica! :iet!v;:y :ls:iy,
Airin:) :iciclóeaueae;ng of pdYP"piide produd5 rc-
",,,;iIed !!ic pr(:~eflCC d EPO products. ~ j':ir.Ùplc ~p,~"
cic~ i~:tv¡ni ., ¡c:i,hic\ of the '"k¡¡cr'" s(:"ucnc,~ ;,'¡j~~'~iH 25

¡he l'U::'liv" "mini) iemiin;il ;i!:min"" \VhNh"r ihi\ h the
resul: ofir.cNr,-cr memhiine proc.,,%ing ofili~ ¡x)ly~p.
¡ide in CliO cd" or ¡"fk:ci~ ~ d:fercr.ço: in ~(!\ICiUre of
¡he ~"'¡n" I"rmíni:~ Df :r.onkcy EPO vi~_:i_\'i$ ¡liim~n
EPO. i,. p,,,,~nt¡y"r,kr,cwr..

Culture fhiid~ fwi: cd! ~\r.iin CliO pDSVL.
¡¡H\lEPO ,vcrt :i\:bicc:cd w the :¡~ri:c ~:s"'V\, A ~,5 d~v
;i"pk o.)m.\ind' rc,;o~r.b¡nani hum~¡¡ EPD iii th~

1!H;di" o:¡" ln'd Df 15.2 Vim! by RIA :,~wy, ¡:5,S;!'.;(
1)/i\,' by in ..¡¡r~, ~~~~y ~:¡d i6.~,,'t3,G L'lrd by in vivç n
'tS~;:::¡,.,.,. _~..,' ;_.,~ _', ..i.,. , ,

(~:"_'" ~~,:.c:','"'' CH~ l"D~\. L'¡"hj~_:pcdL pr:

rir,,:. ~:~:t:i'r:"',a rw ~w"wlr-" ~CÚ nM M J.: were: ¡"D:
Jc;.:ed w !h~ tnru ,,~\_~\.'\ :\ ".0 d"y ,.mi"" corHO:",CeJ

rcc,,:::b;n~n: òi(;m,m EPO:i! r. ievcl çi 3(J~~;= 129 U/:ll ..~¡

by RLi., :~3$'):;:7L) l/ml by ;Il ,¡Ira .~;\"y, ,m;!
::o.l~!,,'_ ; ú(! U/¡,d by in v¡vG a~~i;'. Amino :i;i( ',cq\l~,:(O.
w,: Çr ¡!::;, ¡i:Qduc! r~v(~ii~ ~n :iinin() lcnn;n,,¡ G,)!H:.

"?'.inJinf to Ü);: d~,;.~,,:.id ;n FIG, 6,
c,,¡i U''':;;ti""e'¡ :¡':d,:¡ :"!em CHO C"U!; H:,ml,:c1(~d '"

w;:'i p""mid pD$VL.,\H:E ir: 10 :iM ,,11x w"re
¡,,',de,,!, ,,~:d 11'" \11".' d,~iy"cd O\l OVer ~c\"u~¡ d,\p.
,'"""¡1;':,~;" ,-.~,,¡j;~ w¡t:, ~li E!':) ~Ç:iv'ly uf 211:';).1
U/n:! (EPO.CC¡.n 1'0 dticr;,,nc l!:c i¡: ViI''' "fi,.,,:! of
ihc ~::PO'(CM ,"¡XJr. hemJto:l'ii i~,'d, "" ncn,,\-,)
lhh"-C ¡,,:C'.':. tl;e L!!uw;n,~ C.t¡:"':¡mr~i W~, ~:,)liJi;~ird.
('~!; ,'.""Liiond m,..;Ji~ (:em unir:ir:,("c:"d CHO ",-¡i,'
(CCM) :in:: Ef'O.CCM war. :¡:'fj:m",j wiit' PES. CC:'1
'_n': ;,::,.,j f(,r :l.,. ~('rc:l'vi i;ro~p (3 ~.ì~",) ên,j !,,'ö d:y"
k",:;1 ('" !"!;C.CC~I,.",,, \:rm~; pC'' i"jec¡i,)l\ ""d .t~ 1Hilts ,'.'

r,"'~ :"J~;",~n' --WG':; cm~i~';'cd for Òc ,~~.r":'i,-\~,,t:,;
,:r-:,,,,;):, i;: :r,'~'~"'pù:),,'!, (h'"r (he (;Gens: .,:f:' .w~~,-". dw
',"'.-(,' r,'::::,' we", '1\.Ir~,h'C: ;:;:.:rA:i-:ç,;u:i~'. _~ ~",.,,;,\ (',,,
,-,""d:

.. , ..,', ,.
':,¡IC.t ,I": e¡~i:¡f\ :';,i"çt¡(,i" ,¡'",,:~~c :"'!)l.~WnH

",i,,",' :'"" ii"., c:u:',:i'~'¡ ",i;¡;P ';:cot: tkt~,nur,,.,: 1( I:,, (t;
5:!.~':c: :Ör ¡!:,~ .¡Ii gr:i"i\ :':' is!, ;;;;d, in !iit .l(i

C,L'",,, -', ~ "':,:
\h"'n,,,!¡,,~ ;:'"n r,~pi",\i'.,ri ¡;mJ"r:I, m",' be r'j":U:.

rl'c.'. ",""," '" '"bt;mi~iÍ;y p;l(fi"d fenn f~'G;l: (l;I:~r~
;l1o,b ""~,; H~:__C ((:.1 ":;il'lo:,,;;,,, "" ~:~.:,~(,l sr;~,i¡,'",~, C
:)t"I":~";,' :,: ¡;n"

:\¡..rc'¡\¡; :"~¡~' ;j:içn~F¡ W;" :¡~,,:t t~i cli.;.)'~,;1i:I.::i: i;C:
~~~C()pct~ir, ptcci.c(S ¡rom çi:nd¡\I,)He:lcumb'i,,,n
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medium of COS.; ;"id CHO cd! n.pr.',Sièlll of the
iillm~ii EPO gcnc in compali~.oii If ¡nim~n uri:i~,ry EPO
ir,ob:~$ usir.,; both Wt~:cm bloi ~r,;d)'Ú,~ ."id SOS.
PAGE. Tb~c stl:dic-. indic.:,k¿ :h?t the CHO'prDcl~Ccd

5 EI'O 1l~tcrÜl h~d:i som;:wha¡ high:::: i"o!c-~\i!~,r wdghi
th:n :ht COS.! c"-prô,icii prC;d:¡(: wh¡d¡. in turn, WH

~ti3!Hly br£L~~ ibii ihe pooled 5ûlW;7e hllrm.n crir,,,~:,
".Xlr,,~:. All prcdi:Cb wcri: wmcw;'~t lieirlD¡;c"ev~$.
N"lJr~i:i;i;idi$c i:ii¡yme i¡",i:m~¡\r, w ¡(¡mavc si:¡!ìc ~ç¡d

!O re~"!kd i!l COS-¡ iud CEO l'cÇcmbinc:ii pri,~'¿~cti of
~ppn:i¡mJldy "4\l~! nX)Jcçu!:~ wcigh: ;,'Ìk:¡ ..~r~
(y,:tli nùnelhdc,,~ l:rea !bn lIlt' r,,~nlling ~,,¡~b hunirm
,inww\' "~l~~e:' EndQlil~'cc-~id::~,,:.' em,",i,, mc 3,2,l)

(r"~:::-cm of ih~ recori;bin::n: CHO p;Ç.dl.Cl :\:id :he
15 urin~,y cr.a:ic: produc: (I( lo::iliy remove (;3rtc!iy.

drc.:c from bo;h) rW.llid i" ,;:.b\i_~mdjy l'01!i),\,C!''';'u:,
f'OdUCb h;..ing t:,~çr.!Ì~Hl iJcr.:ic:õ\ rr,,;ien,l:r w~igh:
;:h,,~,i"lcri$li:;.,.

Pmificd lil.mnn \lrin~¡y E1'O "'I,C :¡ tcc::inbimmi.
CliO çdl'prcdiic~d, GPO ~cccid¡ia, w ih" ;lW(::lii~m
wer" s\lbjcc(cd to ,,:irÌiü!iydilt!e 'in~lys¡, ;iecordil\g Ie)
the pw:;cù"re c,f L~dc"n, C\ .11. J:ftti:o~Ù i" Et:;ym:¡"xy.
S:;(P~f( DJ. 139.191 on2) ~~ mMif:d thIOl:Zr. U'C d
th,~ hyctfOiy¡i~ pro:edur..; of N,,~~ci, d ai.. An:; BiG.

::hcf'" i~2, SS-,&í (in:~), Expenmcr:la:ly d~tenn;ii",d
i:irbohydr::tc ~omiîiciio;¡ valur.;; (c.\pre;$td ~~ nwkr
r~1¡0:, 0f ç~¡b(:,hydrak ín ihl: produc(\ fer !he cr.nir,-

¡~olak w.:re "-,, f0!loW$: HCXOiC.~, 1.7.;; N,~ci::'l¡gi"Ç(!~~

:W n;Íiç. 1; N.;,i.-ctyl:i;:ur¡:mir¡ie: acid, Ü,9.ì: Fuc,~~!:, (); :md
",'.,JCt:yk:;!:c10,,:¡m¡r;e.O. Ci,lrre:r;ùnding..":,,e" fc!'!¡""
:a()mb¡;"~ril pr0d,)ct (derived 1'10m CHO ¡;D$VL..
;~JJ.:E!'O 3-d"y ciÙim, rliedí:,:.! IU):iM ~,lTX) wer";\$
f"íí01':,: Hc,;()~~,.. 1)09; N'.~cciyi;~¡lJcc;.\'r:b:. I; t..

;)cciyh,~\lr":mir.ii: .ê,ci¿. 0.;9%; Fuu,,;, D; ,,,r.d N-~~,"!Y!'

i;;;¡~ç;m"ma:;:, O. lÌiC:~ imd¡r.;,,¡,rc C0r.~"km WiU i!:~
\Vt:;lCrn biüt ::nd SDS-r..,GE;'~~IY;;~'J"scni:"J ~bü\,c.

(,j""".l;irridn prc,j~Gt" p,,;:,"i:~J by (!~C Fr",'~nt ;r.

v~Ht¡r,n "r,.' ¡I"" ~."-'mp:~htf;~¡V~ c,r_prüd:,cr,; li~:,'i,i", _,
p,.;m.,¡y ,¡, ~,'ti:r;t' ~""¡')rm~:wn ~ulnc'''r.:,y ;hif'l,tJi:vç
o((h;,i 0C~ na(lr;,1!j'.oeecr:;l)gcry:Jjrüp()iet;n :o;,l!ow
f,c',niif,,, ùf (.",", Ct m,;\ie of tlce i.¡d0~i~,,¡ i),(a'~l¡X~

:h~'reo( ;,nd ¡'.)':i,i~ ~" ê'-cl::;;e ~;'I\YDliydf~¡~ (o:Bl'()',i,
¡i,'m ,',i~:c;, dillcr, rr,.:m ih;,¡ ()l n:'ltli;Fy_ ,.',(:',,~ri,,'"'

~")'¡¡I:q~J¡cH¡l.

EXAi-H'L~ ; ~

. H", ?l.":,,',,,i.e.u~''Í''!~ rcl:l!t; to ~!lc :f)J¡ ¡; :~tnii"i:'J¡C
t,y ;i, ,,,nlt~~ \' t! nuc:cot :de b,l,:S D! twe j:; tlce! ::,d te:¡(:,

,,, cnc.0i!:r,,! ihe ht,m;\I\ ,"t--:cit~ !~f'~) ".,,L':n'.:~ "f F1C:. (,
M)C: ¡f,S'Y'''I''';:.,i,i,;;. 'c.'P"';'.!'''_'~)' 'l':dtt(cd c':);i.;,n,fo,
~'l-""";"" ;" í: ",,;"i :wd )'c;,;: (S(.~ri:; i.";'" ,colic A¡;n
(k"'~T:b",i i, tt:ecöf\,tn¡,::inn ri(t;'-r.ö "i\;;Gd;r,j; ~,;:¡jI.lS'
n:' :~"i:~l'\n EPO, B:i~::y ,1~:t(j, :lit F,~,wc"i ""ntO:O':",;j
'.~;, ,~t;:,,~r;)!y :',,; \,d 0'): \a (r.c Fl'''';'(,i:~jy '~('i;':d di,de-
r,iHl: '.); A!tc,':, el ~! (\'/0 f,:;i0-;():;:,), 'n-.., ,3:",0'' ",~(~
ck,,;;;,,:d fq in;;¡~i",;etd)iy d çc:mr"nn" .- i"',;),,~c:,,C'.
t;I!~; ¡,,(U ,r,,,hi¡))C J\)p!n~ w!J,,!,. i" i"nJ. "nç ;;'.'t:~1;
~"kd ¡f,I(! three di"Gl:;r~ !,(."I:,-':i¡, T!~c~~ ~::::;i,(;", "I'n,:'
,L~.i'...i"" ,'". .._',,1.. 'i'''~'i''-'-'I,~e ."..; .,,'AI, ''''''''''.,;~",~.:" .". ','~~ " ''',I'' ,.".. ",.' ';",:' u,'" "':'.~',..
fr,,,:1 ¡f',,, ::mp!n"7;'I~(,," ")\l"r"" CHild r"." "",~C1',b:~:) 'c

'i"""iL;;¡¡o' ,,',, :itrG~;;¡~ ", m"li¡;\ :'; :',,~:r.''')1 !;':;;:,ni1 ;:' ::
"An~~!" ,~.,,,;,,,,,;,,~ '",el(.t,

FIGS, W (hi,,,;~j, is ~nd 7 iili'"rr"iC: Üoc ';;C\":'.'~ "~;J
~:,~:d,i:, r:" ~n~r":f~~t\i,,d f,et'C n'~','d~B;; " I"""""

LTO io,t:'d~r¡,"!1 r~"du'~¡ L'.d,;,\~~ :,I'y k,,,,:,,, 0" ",':',,,.
qUtr.~t 1",t ;m:;,)();n,,', :'.;~ init!;;i mt¡hicr,,!l,c 'i:i-.¡;;~~ :H

r(;,iii"n -j )\'loicc.:v,:r, !he i?ci:c ;i,~orFür;¡¡t,! in ~,,1;,
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:¡i:ni¡;¡ ¡:~:1 £.(oíi :ia:iercnee cooorii, ¡¡:x the ccm:ruc-
iion W~~ theidore 'H,:ferred to:\, ihe "ECEFO" gl'nc.

More í'~n¡nJ:irJy, FIG. 10 ¡lh.i~lra:e5 oligonucleo.
(idcS employed to geilC'r~le the S:xiion i of ¡he ECEPO
gene cocuding ;¡m:no ¡erm¡l\~J resìduC$ of the hl.ir:iri 5
~pe(.jc$ ¡xlypeptide. Ohgonuclcoiide$ were ;,s$embied
imo Ò:pk'xc, (1 and :i, 3 snd 4, çIC.) anc the diiplexe.i
wen: ¡hen li¡;aicd to provide ECEPO Scciicn i ", in
FIG. 11. No;,: tha: ill.. ;~S¡cmb!ff section ¡¡;c:udö rc.

qx:::tivc- lcn:ninil EcoRl ¡md BimHI !iicky ends. ¡hit 10
"êo\'.',lr~:n" of ¡he Ec"lU $¡icky end is ;i Xb.l re'
~trìct¡oi: tiiiym:; ¡ççoeni!ÍiJ: site; :;;:d :I::;; '"llf',tre:.m"
of the BamBI stick~' end is :i Kpnl recOf:fiiibn site.
Seciion 1 eQuId re;¡d¡ly he :im¡;!i:ieil \Ising the Mn
('bEe VtëC(()T employed for \:trific:ilÌon of ~i:i¡iii:nce úf l~
ihe =:¡oll, $O'me diff:ciilik-: were cr,,'(m¡;lcrcd in ¡¡o.
IMinS the ~èClÌOr: :i:m Xb:./K?nl fr:igmenl from RF

DNA gencr;tcd in £.(O!¿ likely diie to meihylJliOli of
the Kpnl rccC"¡;l'iii()J ~il" b~c~ wi¡hin ¡he Iiif':' Single.
~:rjJ¿cd plu"e DNA was therefore iwhitcd and rea. 2()
dered inio J';ubl".~l!;iIiJ"d fonn ¡u vitro b;' primcr
c;t"mioil ~i)d the de~ired d:iubk.~lr;¡rdd fr~gmtfl wii~
rj¡en::dte: r"'1di¡~' ilObtcd.

ECEPO gene Sccti::Jl~ ~ :ind 3 (FIGS. 13 :tüd IS)
were con,tr'Jctcc in:i tim:b,~ manner :'rcm the digof\u, 2~
ckotid~orFlGs.ii and H. ret¡;ecti\,cly. E:ch$cttim1
w;.~ ;implíjìi: in the M13 vei:¡cr cmployd for !eqiicr,ce
vcrilk:i::¡m :md '...~s i~,')14t~t. ffem ph:igc DN':'. A, is
¡¡rP'r~ii frern FIG. 13, ECEI'O ScclÌüri 2 w-" co".
SUl.Ctcó with r-:ofU aud fbmHI ~i¡cky t:"r!~ ~",j could ~(¡
be i~()laic¿ as a Kpnlllìtll fraellen!. Símib.r~',

ECElO Sdii!)n 3 "':~~ ¡ilt.p;ired with B"irHl ¡¡nd SaU

32
¡A~n". d~-Pro¡thrQui!i lletlhEl'O :ind ¡His'j!;E-Pü, as
d;::.ribcd below,

A. ¡Asnë, dC$.Pro" thwcgh lléJhEPO

Pl:imid :536 ç:arniiig ¡hi: ECEI'O ri:mufaciun:d gem:
of rIG. 7 :t~t! Xblic HindlI insirt w~.. d¡ee~li:d wiih

HindIH :;¡:J XhoI. The biter ei:donccJeasi cuts the
F..CEPO gcne 'u '" Um'lI'C, 6 b:ii, pair rcçognii¡oii iiic
tp:irini::g the last b;ue of ihe codon e::cod:::g, ¡\\P'
:hrough thetecond ~seofrhe Ars:Ocooori. A Xb:LLX.
hol '¡ink::(' ,¡ua,e:: \\-;¡~ manuf:ic:t\Je.. hiving ihe

fo1!;:wir:gsequence'

~;; +'
Mci A!¡ ..~ c,~ A'r lf

',' CTAG ATG GCT "AT Tce çA(".;'
:l'.T AC CGA TTA ACG CTG AGCl.~'

.n,~ Xb:dlX!iol linker ;id the XhoJ/llnd¡)
ECEI'O sene sequence fugm.;nt Weie mr.rlC".d into :I!:
large fi:igmeiil ri::$\11Ii~g from Xb"i ~n¿ HindUI diges-
tion â ph.miid pCFM526.-" deriVative of plasmid
pClM': J4 CA. T.C.C. 400,61-;\ dc.sclÍbçd in eO'F-cr.d-
frog U.s. p~:~i: iipiilic:tiiou SeT. No, 63(,727, fied Ai.g.
6. isis.. by Char!o: f. Morrs, to genu;iic :; pl:;smili.
!xrie DNA sc~lli:nce C1icoding E.r:!i l"..prcs~ìon of:h
.\tet-: form o( the dcsred :inalng,

a.¡H:s'JhEPO
l':;"miJ 5:i6 w:i~ digcsteJ with Hiridlll :md XlioI:'5

in p~n /'_ :obove, A Xb!IhoI ;¡nke~ w~~, m;inuf;:cimcc
h"v:ngtlicfollowing~qi.elice'Xbl , I ~ . 6 :''''1

Mtl A!. Fe; I',,, ""g Ln', iic Hi: kr
~',CT..O ATG GCr CCG CCA CGT eTC, Aie CAT (i.\CJ'

,'.T,\C C(iA cae: GCT GCA CAe TAGGT... C,'G ;.GCT.,'

s:i:.h cnd~ end :.od.! be il01.11d (mil r¡'~':c RFDNA
iL,;IÍldll/Sdlliagu:cr\l. Thc¡hrccs;:ii,a;:\!mspr,,_
¡~irr,.¡ ,-;;, ic;id'lj' h~ J;,cmb,cd inw ~ c:ci;,tiliiWll, DNA 4()
,cquc~H::e rl'lG. i\ ~~)t~mFili ih~ ~niin:: !ium;m ,r;=¡(~::
£1'0 pOI)'IxJlii,i/ wiili :i¡¡ ~m¡nG :"nnnil :'~oih¡o"¡''',

Ci,ÒOr. (ATG) :'(j Ew!i ¡r;:m~;i;;ii¡in i:ii:brion. NO!ç ;Úo
thit "u?me~:-rl: of ih~ :niÜJl .:\TG ;; ;- ;en:; .of b~.,;.:
p;¡!r~ mht;;::ni"ihy Cupm:;:'.'r,¡; 1/" nbc",,:;ic bir.::l!g i::" .;~

ocq\le~,c,,(:if:f;çh¡Sh¡~'CXpf,;,dO.\!P.rt:c,:cof l:i:"f::
';":! ,,,¡,.,hk L.'rtC~,;(j" V~L¡'~~ ,,,,'y oc i:'''pi''y~d i,~

c.:~ry :iiC ECEPO. Th, F.,ni"u",1 wc;(': :;h.."c\\ :"1
i:.\¡Hn~'Oli rA' the ECEPO seiw :~;; rb" "'r",¡:ipa.Hiirç
$"n',iÜ,,::'. ¡ih'miCi ¡'CFM~:; . ~ 4c"¡"i1:V~ of ;il:i~:m;l SO
rCFM~¡4 (A,TC c. ~(i0':6) . ",; ç~-;~,it)d in c,;'Fo::,"~'
i;\f, U,;, ;~:M~t ?-pplic;;.tiu~ S,,r. No.. ('3t,,27.Dd. Au;:.
t.; lh.,. (P,)J:IS~ed EOT' Al'P1K~"!:0.n No,,,~,''':.::;_Oi DY
~,b'\riic l' . ~\(:in~, Myrc. Tccihe:,I!)', l'('d,j)J(i w;i,
0,¡;,,~tr:d Win¡ X,;"l ,"H~ Hmdl!. ¡\:,. ,,~'ts r,..,!,::tr:'l ,,;,~ ".
~d._tcd. .""j "':.:i';t)~oJ ;:, .~'"m,u'l;:lIl 1ic'~~i~1f wi:!, .:k
;~CJ:::-dO i:~nc. ;:~~!tc;), \ ....,¡;,¡:'l~p:;¡). 2. (f.rd.' ).i¡;!!!)
and.: (5FIIL"S~il) h:d vcv;:,\:,ly ktn J:;sr.;¡:b1td in iht
,;..irrcc¡ ç;Jtt in M U ~IW ¡he EPO "o~h: W;L" ¡'Onlitd
:h"tfr(;f¡, J:;;; ,¡ngk :"'r,;d/¡j;::dl¡l ~'r"'i""'(;"\. Thi; r,"t" ,;.f
mel:t ,;~cbdd " pNt,;;i: :,1' tho l'r,ly!i"l:"i- f:N:' ~H3
rrp', 1',""2" \!''''''''ng ti~" y¡¡j w HmJll¡ 'A¡"~ ¡""l"'ll:
C.;;:.,!,.l vI' "'.F"i,:,i",\ iii ,),. r~:;ulnnf', ~~pc,;.'':cn rb:;.
rr:ii:, 1':36, 'y;,., h:.. :;)"'-11' of b",~J, P" p(¡,:~()iè',
wh;cL :t~.df :o.~y b,~ u:\d~r c(:ntrd ,.d ih~ (~,,:' r,p'''~'('� (/~
,~c::,: i~uch:= P,)"':J~é ::~ Eu;h;M~¡¡ K12.:litq,).

11\e ¡niilic(;iC\l¡"Ü ECEI'O ¡:trir :ilY.v" m"y b,; v;,ri.
,iu~iy fno;lifb:i HH:nC0!; tr:.1hin¡:nÌtlii: "md0Z¡ weh r,~

The linker and ihe Xhoi/HirdJ!i ECEI'O ~CQ\i~n(.'"

fr.¡gmeni we:i: ill,,:! ifl~~rted inlc pCFM526 to gc'ner~¡i:
;: pl;u;:jd.l;o::c DNA ~cqu~nc. encoding Hç;jJi c:iprcô.
$ioIl of ¡he Mer ; form d ;hc J~ircJ ~r:~log,

Con:;¡n¡cÜ0r\ 0: ;¡ ru~m:faclurcd gcn~ ("SCElO'",
jni:orpor..iil\,~ yc;.~¡ prefer"".:c. ,;()d(l!l~ h:ii d~nìbcd in
¡he r\lHowilig FIGS. 16 ihr(:cgli ~t and 8. ..;~ w;;~ the
c;:: wi!!: ¡be ECEPO g:n::, :h~ en,¡n:~ e"n~mini:::'
iiivdved forin;ilÎon 0: thwe ~"':~ o( f¡l;s(mnd"oii:!,$
(FIGS. 16. U ;;nd ZÙ) which Wet" fmmoJ ¡r:I"dupkicc
and J.(¡em\ikd il~:o~ccti0~;(FIGS. 17. 19 ~f\d 21), Noii.
tll:.t ~yn¡h",.,i5 w::; (;¡cilÜ:o:"d iii part by c,; of $Omç
óub..;¡;:ii:;;! :'cYJo:\,- in bG:h ill:: SeEP,) Md ECElO
CQ:\$ifilcti()m,i.t...0iigol:udtotid("~7_¡:,..îS::cl;nn 1,,(
hOlh genr:s v,nc idcniic."i. :,'. W""'. 0"g(',,,,;k'-t¡'k~ 1-(;
(,(SectiDn ê;i:¡"'ld1",Cn¡;,

Ti:" "~;:",mbkJ SCEPO ,,,,,¡ion,; "",,¡,, ,;~qt:"r,ced i;:
M ¡:) and S"cÜ(m~ 1, ? ,mj .i wqC ;~,(,hr;ibk from ill",
rh;,r.i: :,~ Hiri:JlVK¡;;iI, Kpnl/B¡:IH. :\r.~ lJf\llJ/S;Ü¡
(r"i.r~.~nK
,:.!h~. preSo:1IIY .prdi:.rr",d c~r:cs';irJn '-Y?"il). f')l
~C¡,'¡-() .B''"e pn"'l'Kr; " :' "~,:,,,w,,., ~i':l~'r. t;~,,,.~ ,;.;¡
.)C,;"I".".~!~~ ('-i:octoi ~ç.~n:i10n, ."1' d~Cf:b,,:i tn cop".,:.!.
,.,., "',, _.,"" "''''''-''';'.''. "M ," .'~- 'r,,- ":~A ,.._~,., ,.._~ .'..... ~'+~~.. :'''' ...... ".". ""'"'\',d,~_,: ,'"
~". b'~~, \Jy '_,;~;)i ", Bl!ln, I'ubbh"d O;;t,)1. ht.4;E
EüroF'C.m ¡';'lc¡~lllppEc~¡,c;: 0 ¡23,::'Ï~. Brk:ly pi.:, tb~
,:,,;;,,,, ;"\'i)!vt~ c0n,truç:'oi;~ w;,.:rciii DNA ::i,u,d;~!;
the !ç;,du õC:jïl'::KC üf ih~ Y~'l~! ",-f~~.!ú~. g'",,, pwd"u
¡, Fi~iÜüne'¡ ;:1¡"ii:(:i:iic!y 5' to (Íl~ cnding r",sicf\ of,!:e
",;ws~r:i'u~ gem: to be ei;pr~~..C'a. A~ :, rdi¡i, tho: gene
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pr;xiuct :r::i;~b:d! inc!..:d(."$ ii k:idcr or sig:i~J $cqiicncc
which II "proc=d efC' by ~n c¡i-dOgC:'01IS yc;,~t en,

7:,1nc in ihee C(;\ii~C oÎ ~cçrcijcJl of ¡he iem;iindcr of ih"
onx!lKL Dcc;illt: the con~(i"ctíoii m~ke lli. of the
~-faclCr lrJri.\b:icn inÜiaÜo¡¡ (A1'G) (',Ot!on. ihtlc was
no need to provide $uch ;i cOOcn ;it the _1 po~ii¡rm of
the SCEI'O ge.-¡c. As m~y be m\lcd frem FIG. 8, ¡he
;lhninc (-+ i) ~iiwd;"E" ';t:iience ¡~ peceded by ¡. lìr:hr
~cqucncc :iEo,ving fer direct ìll$i;rt¡on inle :i p!;i~m¡d
incÌ\iciri;: the DNA fm ¡he fim SOil'¡ducHifthca.f~c.
tOt leader (ollewing ¡he (:.(;ictor ¡mm'oler. The ipccific
prci-crrc-J corl$lniCiiùn fer SeEPO gelle cxpic$simi
involved ;i fmir.par. Jig;¡iion iri"hiding the "lxv".nflint
SCEPO ,;eiio!', fr;¡gmCn1.\ ;¡nd Ih" brge f¡::igm"n: of
l1inèJl!S;i!l dige:Ü():;oip)a,midpa.C3. From tllt t"'.
$i.íiinf: p¡:~mid paC3/$CEPO, ¡he aA"clor prOloter
;¡nj It:;¡d~r ~~m¡enee :wo SCEPO i:cnc wne ì;ih:ed bv
dj¡;es~icn wí¡l; BamHl and lig.;id"¡r.io BamBI c¡gdieJ
pbmiic rYE tofomi e~rr.-ÚCifl pb5mi;, pYE/SCEPO,

EXAMPLE ¡2
The pi~~tnt t~:im?k i"latc~ to ",:oprc55ian of r;:combi.

naM pr(i\.~l" of the m;inUr;¡cturcó ECBPü and
SCEI'O genes within the cxpre:.ií;:m ~yQ\:m.~ of Ex:m-
pic 11.

111 U:' of the ".~iire¡"ioi! ,y~¡"¡i: de,i¡pied rot UM of
E""ìihr;~t cd!;. ¡ih,mid p536 Qf E~ampk ! I ..".~.s tr:im.
f,imied í::w AMi E.co!i ccEs prniClllSiy lrar.$f0rr~j
wi!!);i ~ui¡:ihk pL."":mid, pMWI, h.rboring:i Crs!l g\:Jlc.
Ci.llure; of ecb in UI broih (Ampicilln 50 !,gJmJ and ;0
k:!\:,mYÓi S ¡.g/id. prefr;¡b!y wiih lú mM M?SO"j
wcr~ :T,~iiH:ijncd :It 2f: C ~l1d t:¡im: ir(\wih or ~dis i"

cuilUr,:!e O.D_&;(.,,,,_o.i. EJ'O ""pic,Úol1 W'lS Înd:.i,:J
by ,~;,i~g tiicç~b.:rc ,cmper;,¡",c !o';Z' C. Cdh £;()wn
i;, ~ibmjl 4D O.D. rrovÍi.ld £1'0 production í:i, t;~,ii. _;~
macd ï:y gd) 0r ::hc~n ~ ;T¡,,/OD lii"r.

CO'L,: wcre: i::w..".,t",d, ¡y~d, br;:¡:,,"n wiih French
l;~% (lO,lo(j pli) ~n;: Irt::i:d wiih ly:,oiymc :md :-p~ú
¿f.':ac,,:,i. Th" pdki rcs"I:¡i;~ from 2.1,00:: "t; "~~i¡i:',,.
g::¡i(l; W,~.,; $o!uiÎiizc¿ wiib ~gu,,,Üiinc Hei ~nd ~,1Jb.. .:
jC"kd !", f"nhc! piirifí:::¡(,,, iii;i '¡l1g~c ~tcp by '¡,e;llb cí
C. (Vy,:",~) R""ei~,, p¡¡;,~C HI'LC (EtOH, O-W'ïG. 50
roM NH.Ac pH ~.5). P~(I!I~,r, vqu~ncirig r':'."eakd Ih"
pri)hi~: to I"" ir~:'i"~ ~li;m 9)';;' pme- an1 :1\" pm""Ch
ob(;,in,,j ft;\.'e"kd IWú Òfkrent ~mmo lenmii:ib:, A.j'. .IS
P..R :H"j ¡'-P.R. . In ~ rel:.iw" i¡:i~niit:.l\"c r~li() of
"\x'ill .; 10 1 rr:,~ bUn cbs"I\::iii"f) "r liEI'D :i!,,j ¡Öe;
A,..,¡j¡~F:'() ri",h¡,':1S ¡~ri¡q(C'; l:d "~ninù Icimin:il
"pru':n,;,i¡;'" withi" ¡h" h~),i :dh ,"l"c$ W fCmc.'Ie ili".

lenn;1',:" i:-.c~h;ê:))¡i\" ~ne in ;çmc ;fl,¡~i,c"s ¡he iniÜ:" ,n
;Ü:,,,:n::_ R:i;1;"i';H!:UI"':.:W;;'C' :,~iiv;ly br :!ic hi.\bi", w~'"
;It;' in'~: ,,¡ 15;:.((0) I:) W::U::(() Vim!); it.. ...ítw "_'"'_'y

:i;;~iv,!y iv:,,', :,¡ ~~ kvd d .;OJ:~)(! W 6:'.()l(; l' Imr:: ~nd i:i
\.',__0 :,',:\:' .~,::i,..,t~, L,asd f,();¡ ;¡\)""t !:~I; t: ì2'. lJ/::''-
(C:. !iU:1,;'" ~¡r.i:;~r." ,,;;il,,:c ';:~r'c!'~f¿ ()r.iD'(~:)J U/i:i;, ,,' ".
",;ic.f¡ ;~S,'\', ¡ r ::e G,;;~" r~--;,,,,,,,~ nW.'t 1M a:~ rec;;.¡i,!):,
!U~¡; r,¡;,i,;",.: ir r:w ;ri ,,:iv0 ~,,~:: difîc:cd ma:k,6Iv
j',,'m ik,¡ of the h"m~n ",r"n,,,: SFC ,1;ind;id

Tbc Ef'() ,-,~¡~l"r; p:~,m;d~ fQ~~j;(d ';1 pfl~ ,,, J";! B ')1

E'.;i1l;pk !, "(trc e;~çj¡ ir~nsb¡~Ii::,j inH: pMW!.ir;,ns. ':Ú
:l!m~,,:¡j AM" r.""ii ':c!!~ ;¡r.,; th~ (~~!\,; \.1.'çtç ê"~ii'.~c' :\,;
~h),,;' ¡"'~.',:"'ci: ,¡d:t:e,' ".,",~ t~;.i"d:n \:c,b RIA "',,; ",
,,¡iro ~",;,v': ,i,!" .m(! !; ,Il,0 ~"'" ',~:\,,,, kr \$f:'
ó~\-hc': ;hr'?".s:) ~,i.~~'ji;EPO ~xrrc:",int. ?r~,di;cb Wf.1C

~l'i-;ü.'.::"~(~i:' li.vJ'j U/¡¡l¡; ;:n¡j c,((jj '.,¡m~ pr01"."l. ,;~.
i~;leci;\'dy. ",;'de ihe a'\-~y \Jh,~,; fer (lli,"'lhEPO

WeH: ;',h:,li: ":¡.~Ü1 C/mg ,"nd 1..,(0,1 Ui~¡: pm¡~¡n,
i~'Fe-(.:ii\dy, i~;ctic3:irig ibiiht :n:d0g rr(:(J¡ici,. wer,'
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frimi one.fûurili w ,m~.icmh:c. "~c!i"'e" :,s ¡ht; "p:.rer;\"
e_'Nç~,~i0n prúdm;¡ in ¡he =y,.

In Ih", expr=ioJl $"'~:cm dcsi,mcri br u~e of S.ah"'"
siac 110$1 cell5, p!i!miri p YE)SCEPO w:i, :~~rdû:'md
inio two difkrerit ,tr:.:lE, YSDP.; (genOij1x (! ¡icp-3
!rpl) ~nd RK$l (gC1l0IYpe a:cpep...3!rp!). Tr;jn.tfomicd
YSDl.. hO~lS \\":re gfGWl\ in SD medium (1'kihoih in
Yt:l;¡ Gene-iier" Cold Spring H~,bor L:,bor~lOry, Cìl:!
Spti,.i, lIMbor, N_Y.. p. 62 (ln3-) supplenlfll"d wi:h

1ü (:i~~rnim\ ;;cid~; :.t Ü.S0., rH (;;, n 3rr C ~1cdb h:ir-
\'::iid wh~n ihe cdh h~d hen grown 10 ~6 0.0, COrl'

!:tÌ:",d ErO prcouc($ at ltvds of ¡¡tout ~¡.; Vlml (97
!,g/OD Eier by RIA). Tc:indor.¡d RKS! cd15 r,r::\'d\
10 ~:lhcr6.5 0.0. or 600.0. pro,'idd med¡.~ wiih EPO

!S oirJcCJ1r:il:O!1S of :iL.'0\J W-90 U/mi(3,~ ",;/OD Jik¡ by
RIA). Prdiniin.u)' ;mJIl',e~ ¡c\'e~j ~jgni(:~-,,_.nl h~ltr('g~.
neii,; in proJuc:t, pl'.lhiee,j by t!ic expri:~.dQii S;'stan.

l¡kdY!0 bcdlJC to "~ri~tio!\, in glyccsyJrtioJ' of protc-:r.s
e~pr~~d, ~r.d rci~tivdy high ir~n~C$C eonterit or tht

21) ;ì:.cì~ted c~rb0h\"drnlc
PI=in:ids P",C3'~nt! rYË in HI3HH E_câi ceH~ wno:

depNitcd in ",,(,,!'am:i; "iih ih Huk, O:'l'f~clÌec cf

the U.S. P;¡lcnt Ofiki:on Scp. f. ¡n... wi:i :1Ic Ameri.

C;111 T)')% Cuhure Colkciion, J2301 P"rkbwn Dri"'e,

i5 Rückviik. Md., imea dqx)sit nmnixn A..T.CC .~n~i
::n¡j A,T_C.C. 39H2, =p~'C:ivdy. I'bsmids pC¡~M~;)('
in ,;.M7 cell" pCl'M5,% in H1l03 celh, ::,,¿ ¡:M\VI m
JM!03 cd!, '.vere hkci.vi~edcpo$ii¿ e;( ~o\.'. 21. i90.:
:;.': A.¡.Ct: :;S'9J2, 3993,j, :md :W"3:i, :c~r~ctivd~".
S,:cd;croiiyu§ a"~';Ì!i~c ~(r~j¡¡S YSPD~ :.r¿ RKf.i Welt
dC¡lC,~;(~d on Nov_ 21. iSS:i ", AT.C.C. 2013+ ::¡id

2u733,rc:p,cl¡\!(;)y.
It :;hculd ce re;¡::¡¡y :ip¡x,rtnt (rorn c"'ri\;!!cr~l;",¡; üf

ih~ :ibove ilhislr~iivc c~:iml'k'" ih~i mimcxii, c~~";i.
¡¡'):i,¡Hy '.;,!iabk, rT,xiuCIS ~,rid F()"CS~~' ~r" FfCV¡,kd
by tlw Pf",""': invcl\li':,n in ii; ~~r,y :'~P':;':'

1'()'YP9(i,k_~pr(¡"idedbyihe:fi\"criion~recol1pi;,:.
011,1;' "_,cr(!¡ ~i,,,i,,ri"h. whether they :ire mic¡,cbia)l,'
c.\plc;"."o: p:Q,j~,,,i, C/r ,)-'nthci;":. tlDJ",,I\, (!,e p:.i\1"rv,
,,"cú,:d:i:S or i~iii:,ry ,:n¡G\\r~i co:iform~ti(ln r-r w)i;::h
wa: ilr~1 m~dt; KncW;i by ihe prc:er;t inv(';:inn

/\.; pr,:'viü"dy li:Gic~:ec;, :ccombin:i:u-FGduc,",¡ on;.
syi.ihcik produ:ts ofinc invention ~h:m", t,i '::,ry¡,!?
dq)TCc$. ihe in ,.;11" !;ic.hi"i,:;il c,ci¡v;iy of El'O ;,,,i,,t""
:mfT riCl!\;r;,¡ ;")"/(:t,,_;~,d (,:~n,,'~I."ri:!y ::tt- í':7.j,:c:eL' ¡co
"'We tii,lny a~, ò(lb5ii~IL:; ~Of ePO 1:;chic:; m c,Ù,:ic
md¡~ çmplüy~,! fM g~o\\ll¡ of cry:hr."po¡,,:,c. cd), in
c~h"rc_ S;:.oiil,,¡Jy. w :Ï;~ ,',Jtoil ili~¡ ¡~dype¡¡::d.c FLed.
U;;bol thc H'N:"ill"ìn a1;,r"i,w,,, \.'('."G "rfl,":Y ,,! "'::'Jr.-,l
EI'O i,:obk., ;h~y :\,.~ CI\"';W:l:Gl;~¡l 1",:~bk kr "SO if)
"r),ihr')j"("o¡n ihc,;,p:.' pr,xd~'6 i,i~Lti;;cd c,~', ","",.
n-~h. ;¡¡dudin,: im"."", ii! ..,"-d"f" "n,' or ,;II of i¡'~
d"furi krd('r~ ~(l'¡¡a!:c(fin \.:ivc 10 El'O. ~.,:_, ~~iioi,¡,b
ii()~ ,'!" rtt,c,ile;,yic r,-'~",;'1", dcvd:)p'l,c:i: 0:' (:crr(),:,-
nei;,: ,,1':(;;t:, fwd, 'is p);'oi,¡:\ ir'~n lL:W)..~: dkCb ::n,j
lilUf0w inr,',ii (':Y:~ df(cr~). i:fy,hn:";yi:: m."" ç)¡::,,~:~,..

~,\ii'\'!~ii(", c:'. l:c:i¡"SI,,~);t, C ,yi,ih,~,i~, (ce, ¡O-'.d.¡".'I)\,
~l ;,1., '''pL,) ,in.\. ;j' incii~:'iëJ it: E.\;~mr~" ;~.
hem.l¡O~r,: kvdi- in IT,.~r.,rr.;¡¡' lndnikd w'1h~n :!ir ,::",,;
(¡l :wra:,¡" !lt::tztk wiih FOihH:l" cf ih" :Wr"i,or, ~,¡"

"~ilri,\,, 2è''1ërJIl:." liked :r;\n,I";lc,,,r:.'.\,¡d '''"
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~scni~, Frodi.C¡" cl me: irve:¡vi:i, by vinue of ti:ir
pn'..~cl¡C:: by rc.¡c,mbina:i! mcthoo5, ;,ie (:¡;p::r:: to be
free of¡iim)oòe:1~, r,;;IlH"'¡ inhibÍloiy wb$l~ncc:, ~J~¿ :hc
Hke, ;.nd :m:: :hu~ likely I:; pre,' ide cnh~nccd ovcr~ii
cfrcçlivc:¡~.,¡ in thcr~¡xu~:c pr(X:;i~c~ ,,¡s-;iA'¡:; n:.wr:,J!y'
der1\':=d pioouc¡.-, Eryth,opoktir: Úer::py wl:h ¡mid-
\lets of the pre;::nt invention is :,l~o e,~¡itctcd 10 b~ lJ~.

ful in ili~ i::¡li:iCtmen: 0:' OXY¡'C.. c:irrying ç.;p;,çi:y or

iridi\'idiialscncounwril1ghypoxi::eavironmtnl¡¡lccndi.
rimi" mHl V,%ibi~' in ,lH)Vidilig bC:~efiCi:.1 c;irdicv:;cu.
i~~ dk-";h.

A präcrr:d :iicihcd for ~cmin¡~tr::¡¡on of poJ~pçpt;d~

producl~ of the mwnt¡on is by p;ii:lllcral (e.g.. IV, 1M,
$C, or IP) fOlH"S :iuJ the ;;OI¡¡P0,ìii:;n~ ;,dmínÒai:d

would orJin:t:-¡ly indw.J~ i!¡~r;;pc,iI¡i.I1:i' df':Ciivc
ôlllG\in~¡ nf pmdu::¡ in comb¡"~I;",, w¡th ~"'::t:ri~~k
dl1uclll, (::iricrs ar\(l!nr ;¡djuv;in!~. Pid¡mir.~p)' ¡ih~r-

m~çokint:¡,c ~tudies ináiC;¡¡e :ilo!w:\'r h:Jf-!ite ìn v,vo for
mo;¡kcy EPO producl~ ,"'hen r.diiiilii:1ercd 1M f¡¡hi:r
thin IV. Etfective do;;ge$ ue e,~pcclc-d to v~ry ~ub-

?,t:¡nidly ,kpcndini iipcn ihe C0ndiùoli Irc:l!cd bu:
thcn:peu¡;c dos~ ar:: prescntly exp~clt.d !(, bc ia i1H:
r'lntc (I 0,1 i-7V) to LOO (-7000Uì .u¡.q; b:x!y
,,cigJ,i (.rih~ ;i;:livc m:;ic~:il. Si;'¡)(hril iJiucnl, ,;ad,:¡,
¡Himan ~..mm 'llbumin rir"c'Xllempb¡ed fer ph:mlI3ceu.

tkal ctlmflÜion, of the inveniion, :I ;"re ~;t.ar,dard
c;irriers,;uc:,;;,,;iJine.

Adjuv:im m;;teriu!~ ~ui(~:ik í'úr use in ;:cmp()~ii¡on~ of
theinvcntio'lbc,uJec-(lmpounÒindcl"ridcnllynoicd
for c-rvihrcp:iktìc $:imula~or\. dlc::'IS, ~ich il~ tc~(o;Jer. 1,1
oilcs, 'progcl,i:Oi' cdl ~tin¡Ulai,m. in$din.like ¡tfOwth
facto:, rro\t~e1;iii!in~, lewlOriin, ¡:ydic A\1l, )'10bc:iri
aild :riiçt.\.ilh;,'n:iÜne, :is ",¡o, ~~ :,g"nl~ z"nM;¡!ly ,~:r.
ploy.::! in tlt.1tme-l. M ~l'",q;" ~n"m':l. ;;\lel; ~" me-

thcrJo1ii;e, ~t:ir1Gio!ol :mij tUn¡jio!on~ (;cr. "g.. R~,,,.

goui. e¡ ~l" !'.1nmir.¡:rtr J!âÙ:~, ;!~" ~.B. ;!.:S (l9)Çl);
McGc",;¡;ie, i:i ~l., Kian,,? 1M., ~5(;!), '~37.,.a; nn~);
P;¡vlu-v;c.K~'1terJ, e( ;iL, &p:. Ifcr::::d.. i'5\'r¡'. 51,

::83,291 (1::£0); ~rid Kuru. F1.ïJS Le:kr¡, ¡~~(l.
WS !OS (lnZ)l, Al~u- cc:itclljÚ(d ." ;,Jju.,,,¡, ¡:ie
~iib,t.~m:.ci icpor,e¡j 10 e¡,ll.i¡IC," ih" df~",,i" ,)f. ';1 ,~.'n~r.

si;.e. cfy:hn'l'det¡" ,)l ,,,,,,j,,.:;I'O. ,,¡c\¡ ;,., the ",Ü""n.
!lie a"I:¡,~" th',wi.! hormone,. ~!\d¡tw,,:it ~:id or/\
Fcc, Dur.n. "Cm!'c,,1 C(mceF~ :n l~;yihroí'c;c',¡,'"
.Ioim Wil~y ~l;: Sor:qCh::liew:l. Enghnd, ¡ç¡i,i: \Vei.
bnd, ~I ,d.. jj,';,i. ,j.1(:). 1~3-l)S (J'SKl): f."lm:wtt. Kid
r;,'y h:.. 22, 38,-.,91 0%2); Sh,;bÚli. S".. !'n¡:. .f ;'"'d.
2g9. n,.i\! (Wi:i; Fi,hc~, ct ~,L, Slm;;id:. 30U,;. S~.î_P~::

n~'ì;j, Udx, ct ~L, J Exp. :ld.. 1-19. ;;i,;-¡32~

0:1i9:,. ."d n¡¡l"t. t:;,.. E~p. Hem":ü!.. !On!. U~-L~(¡~"
nn2!l;" ",ell:." t:t, ç!~s.,,,o ()r compo.mih d':,:gr::¡t,,;j

"!i(:p"iic "lyt!1i0r~it:~,; f~10i~" ¡\.~~, Neil'.:,.!.I.:\:!: ('( .11 .
Ana. .rIi(.n~r.. b'i, ,: 1-1 ,9 tl'?J'.'J; ::::e; e~yl"'O::ü,
ri'n~" ¡;,~ 'k":,~I~"d by C(:i\£~i~: ,~l "I ¡" y.,si::Ki..;M.

!'r()~"cd''''G' 'll, 1mcm~t:0¡:~, "',,''Ji;r~o.~ or Er::x";.,,,,,,I.
0SY (Q"cb"" ei:y, Qi:d)ci:. Jut ¡.:,. li!~~); C-"i:mc

~;;;r~;';¡;::l:~~~f;:;, t ;::o~~:~~;!:~'; ~~~ ~;il~,;;',,(.: '~~,4\¡ 7~~;~;
'''::¡yt¡',~'gcnim'' fJ' c..~cil;t,! in R"i!¡¡¡i;"" d :,1. .i

S,,'.:,. (::,,(o!. "(), lü5..10s on;;)). Prd:'-"f;;¡r,' .',",cel,. "'.'
ìng~ ;,k;:p;d w m,~"qlfe ,,:s¡hr"i'r:¡~ii~ röp","'." d'
~:(.l;)'r,;'.-..i" ,,"iy,;yihnn¡" ¡"ie" ¡)~".ir,.,.I,."i ..",ih "iik,
:\.a.;Jij',yd:",1hldkrn:;,' ,,' ¡;;¡""J¡ük',;", ~r:d if.t:\ .~''.'r\
,'ryi¡':nf',.\i~('r: Gi'ihc pr,:,n,' ;n"~t:i¡cÌ" kjv,: ~crc':i1cd
C(luiv0C;,¡ :~'U!h.

. Di:,¡:no~.I¡~ \l~,e~, ç( r.d!l),~?\Í¿çc, i:,i :l:ê ,r¡:.""tii)~' ~¡~
wnil~dy exenl,"e a"a mq,,,k ,¡~ 1:1 ¡~bcl¡~t~ ",-J )~.
l;dkJ ÚJl:'~ i;¡ ~ v~iie(y of iir:m\ii-oJs~~y !ediniqi.c\

5,441,868
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¡:lchiding RIA'ó, EL!SA'~ and ¡he like, ~ well ;it ;'
var¡ct~' Qfiii vi:ni ~rid in vivo ;ic:îvìiy ~ss:y,. $ec, eg"

Du¡:n, ct :.1., Expi. íi~rr:;lo!., 11(7, S90~800 (1983);
Oilnoo, d aI., hiho!agy. 16, 155-156 (In..); Krymi-,
E:pt Hemad., 11(7),649-66 (!983j; Siito, cl ~i., hp.
J. Md. 2:;(1), 1&-21 (1984); Niih:on, cl ,,¡, ;V"., Er:g. J.
l,k¿-. 30~(9), S20-522 (l9iB); 3rid '.:lO!!$ fdefences
~r::ijiiing to ,;tt~Y, referred to ¡herein, PoJypeptidGd
th" inv"ollon, iiidcding 5)'l1thc:ic peptide~ com;irbin¡,

10 seqcenccs of fC$duc.~ oj EPO fim rcvnkd hcrrin, ",¡so
provide h¡ghl~' useful pure r;~lcri:ils for gcner;;iil1g
polycJoru amiboks and .'banhu "f moi,ocki:al ~mi+
bcdie~ ~pedik far diffefÎr,e C-on1inuou~ :md di""oniinb+
OilS epiIOr~"'; c(EPO. A~ one e1:?mpk, preJiinjri~ry ana!.

i ~ y~i~ or the amino ~cid ~eautnce~ of ¡:IG. 6 ¡n the COnte;.i
of hydrcp~tli:ciiy :icCQHlilig 10 Hoiir, c¡ aI., r.N-AS
(U.S.A.), iS, pr. 3S24~381S (in1) and d y-cün,by
~lr\.cturC5 iiccordiiig to Chou. ct :;1., ,Inri, Rn~ Biodu:m..
47,p. 251 (1978) n;"'c~jcdthal ,yiiiho:iíc¡iq)(id~dtlFi:.

zo c:ui..!; of cOliiillUOU$ ~qm:iic.~ of rcs¡du~ ~pal1ning
p-0,ìdoli~ 4J_57 illCh:sivc, 116...128 inel\,slw: :ind
1,1--,66 î¡¡chi~¡Vr He likdy w imidt:ct- " ¡iigilly :rnii.
genicresponsc:iii £er.~:i:",u\.eruJt:o:i=k)ri:i1 :ind
po!i,'clon:iJ ;ulibüCics ,:mriumln::icÜ..e wiih hoth the

~;: ~J'rthctic peptide- :m~j the cniin~ proieir,. $,:;;h ~:i¡ibc-d,
ie~ ..re e;'¡XClcd 10 be USdii! in ih~ dclcaion ar,c affi,,;iy

purìiÏç;¡tior; of EPO and £Pü.rd:iled POdUC\I,
Iluóin,ii\.dy, ihe fOl!Qwiii¡t ihicesy:iiheiii: ¡ic¡i:i;¡.,

wcrcl""lMI'àl;
(1) hEPO 41_5ì, V-I'.D.T.K.V8.F.Y_A_W_K.R.

M.EN.G;
(2) hErO i 16-128, K,£'A.j.S.P.P.D-A..'\..S....A;
(3) hEI'O ¡,:-t_J66, V.ì'-$.N-F.L.R-G.K.L.K.L.Y.

T.G.E.A.C.R:r.GO.R. Pre\irri"a,-,' jmimin¡;:~i¡o"
J:i ~l\ldi(;~ -implcying the ~b()v"'¡)Qr"d F:iiypeptid-is bv~

rev,;ilcd ~ ,da¡jvcl~' we,il; poi-l;ve i"~ru":;e to hErO
41-57, no appre,:i.lhl" reSp()I,~ 10 hEro 116-L2S. :ind ~
WOlig ¡"",ití"e ,,,,aim,,, K hEro ¡,tl..166, ~,.ç rr~:i,:)r~d
hy c;ip~L'iiy or r:\bbii ;;~riim ~rijlx\-!ie~ I" i~i\m,,:,o.

~6 pr",,¡pii:J(c i151_1:Üid!e: hiim;¡ri urb:;ry £1'0 i,(¡i~kS.
lidiminary in vi",;) "cÜ'":ty $t\:!ic~ 01\ ¡lle ihr~~ pep.
iicic~ rev"",l",d noii¡;:iif:;:::m :¡;:ii"i;y ei1her "kmeor in
c()mbi~..I¡on.

Wbik the de(h,ecd ~e(J:.cnc("~ d ""iiii" :~(;d re';due,
.;:i or :i;~mmd¡~ii Era prü~'ìdd by the: iliil!i:,iic'c ~):,~m.

pk, c"~-cn¡;:iny defiiie :b, :;rim;iJ'j lll\l'~\lf;i) ¡:n,,(orm:;.
:,,;¡ çf","wie EPO, ii wii! b" \iJ¡dcr~(ü,x¡ ¡h:ii i~l~ svc'

,,;(¡,, ,eqiie::l~'" of ¡65 ¡:;,i:io :,~i:! r,,,id!Jt.s of m()nl:~\'
;¡x'dc-i EI'O ;'1 riG,S :ind ¡lic ¡66 iöidvt' úi" Ii~im:tn
,¡x:ciet EPO in FlU. (; ,Jo no1 ;,m:i ill.. "-ope of u~.diij
ftcIYP'r-iidcs pro\ide,: ty ¡he i1lw:r.ii""r.. Cù:i¡P~'
j;tl~dçJ by (h~ pi",t-m in..."tim. ~'" th,)';" "c,,.,:),,'; ""l\i-
,:¡JlY-0.;curtir,s "lldic; (""", uf EPO whid, pHt f~.
."~)rd: int.',' b:o!ogi::::!y ;,,~,,;\.t m~mmal¡~n r,,-;l~ipq~lidc,
ò\Kh ,b )Hl:1l,:i: J ;"Iç,kw:i ¡nd:"~¡e, ;;r", likdy tü cxÜt,~ . i . 'rftL(:mp~'lc, ~.B.. we ~m1\3fì ¡milime mJe, :~ri)n ~I'C£:Ö

'q;';i',cd iO h.1\'C ~f; ;irgmmc fc,'it:'.ie ~,¡ ¡,,"'t,ni¡ ;\0, ,~n
in EI'O pUblihed :;pplic:Hi,)!1 i' Or7 ';10,:;nd ii:e ip"'~:n
:cp?r:c~ 10 h:iv" L\¡ii;im~i:~ :,l~. pO';I:.::' 1\0" i~'i ii Gr~y,
"i ~'., .\'::!t",-. 2')\ pp ~l!.,_~()~ U'n.,,), Boln ;¡;cc:¡~, "rc
d,",i~l"ri,-e¿ ;,-' ,¡('~:"ritt.tÜw ",-.i:~;(:"' hl:man )' iMc(.
f~~'i'\ !c'iu~r.¡:~,.) ..,HCiiG f(:,;m cf ::-~:"rc El'O ¡,,:!y.

r"rt¡(k~ m;i~' v;,r)' :'mm c."c!¡ ü:ii,,¡ ;t",i 110m ib: ".,
,-"~n,:ç~,)fF¡GS, 5 ~nd (,;'1 (,'¡n,0rk,,~;1L d ,cquon:e

(,~ ,,,,d/e,;n :e('i~~ col dc:c\;ni"" ,."",ii("ii,.\~;,.. ¡¡,cni0m 0:
:,dd;¡i~,,,~ "f :\H;m" :;c:j,b in ,b~ ~~(lUCriCë. wi!h CDI:~.".

c(,en: ¡;iH~ni;;tÌ v:iri~l¡r"tS in 11\" C\P~ciiV far giV'0iSh.
~'i0l\, As r:0l~.. pr~;10llS¡Y, one pUi;.:i,,; :ilidic rom; 0:
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hum;;n sr""d"s EPO is bdievcd IÜ i::d:idc:, ::c:hioni:ie
rc-ià¡i( ~¡ pO,ì~jÇIi126. E.~pcctcdiy, ii;;!ur:ilIy.x-uning

;¡Hd:~ f"=.5 of EPO'c:,~odi:i¡_; DNA ¡:clKlmic ~,,¿

ç;DNA ~"a"'CJ1ct ~ri: al~ ¡itel)' to ¡y.:wr which cDde
(Dr 'ih~ ;jbCVe-nal~¡j l!'t of ;¡lldic rdypep!idn or

simpiy ~m?!oy diffning cod",,, for d~~i.~ri;;ii(.n of the
sim"polyp-epiidei:issp,-cif:¡:ó.

In ;idd¡dor; :0 n;;l:.r;;;l)',c~'"'In'¡nS allelic forms (¡f
m:iwrc £PO, ik ¡i:cu:¡¡! ir;vcn!Íor. :ibo ¡:mbu:,ç., oll¡er
"EPO pr0d,:c;~.' n:ch ~~ txlypi:piidc i!ri~¡fjp of EPO
,i..d. ri';;gmi;~(S of "m~tl.ic" El'O. Fdlt)wîng the PH;.;".
dure nf IÍl" :ihnv".rimr: p'ibiishe4 ;)pplic~'¡¡:J!) by AI.

mn, ("! :,1 (\VO/~~/Ü.:'iJS'ì on~ m:iy re-~dily CC"'gli ~r.¿
ma;¡d~cwre ;:i:n¡; codìrg for micrc\:Ò.l "~pr,,~\ion of
p.lype¡:iide:havi:igpn:n:irYC01\fornmions which dir
fer from th::t herein ~:).ecified f01 m"lurc EPO in :""lTii.s
üfthrider:tii,.or k,c;,'i!cl.oforie01' lJor~ reiiJlJc:(c.g..

~ub:tÜ¡¡li,m,. i",rril¡;1! ;ind iiitcrincd¡i:e :idition~ ~r:d
èdetiùn:i). Alttmiidy. mo¿ifi::.:Í:n, of "DNA a¡;d
¡ie¡;umk EPO géniC~ f!~V be ,~,;dif\' ~ccúmplished by
~~'en,i:n()w" ~Üe-Jir~ckJ m~t,ig"ii~~is i~diniqu~ ~nc
cmp:c.Ytj 11 g~m:ntc ~!Iilog, :.r,d de!'v;,i¡ve.; of ErO.
Such EI'O produc(~ w.:dd Ûl3(C ~t ic~t ~r;., c( ih~
biologic:!1 pr()l'o:":in of EPO om m"y difect' iii others.
A~ (:urr,pk~, projected E1'O PIQi.\IÇi, ùf the iiive~,ticn
i;ich,óe tho," which;irefo:i:1io~¡ened bye.g, ddeiion~
tA:in'. i.c.-Pto' thwu¡;l¡ Ile6jhEPO. !de,-TIir¡Ó;
tllföcgh Argil,¿JhEPO ~~,j "6.17-S5hEPO", the bUer
having irie fC'\icttH'.\ ee"b: fu by r"! ,:"tireeier; ddeid;
or ",hid, ~re more ~tabl,,:o hyà~dysir. (,mJ, thcrdorc. 30

mar havt mer" p,"'i,o,:r.a"l O~ ,çnger !a;fi:g dí::crs
th:i" n~ti:n,Hy,ö"çiirrin" ErO); O~ wh,ch hv:: been
:ihi:ed to d"k1e one Dr mare a p():enti~i ~ítC$ for gl;:;;o,
~yJaÜ~)¡ (v.'i:ich m~y rnUl1 '" ¡ii~!n'~ ;¡ct¡,,'itic; (or y",i,;-
pnxlu,-,:J ¡;'X!ucl,); l' w!:Ì\::r: itive or,e or mi't; c)';;:tir,

r,~,idti~" Ôdelcd or r"r!~,C':: by. e,S.. h"tidinc Cof ,,,ri,~,,
r~;;i.dll"5 (,lJc!i:,, 1.1;" ;in,,!üs ¡ii,~J¡hIY'O) ~nrl )1':l")1":":
:¡~liy in;:,r" c""ly ",)I;,i"d in ;ie!!v" 1erm rrmn mi~wb¡J:
~yslcm:.; Gr whicb lmvc en" 0r IT,cre Iyrr:"in.~ in;d".e:;
repb~"d hy rh"nyl:bni~ (,~di ~~ the ;iniio:; ¡Ph"i5.
lhEPO, fPhch)IiEPO, ;ir.d fPi;O¡'~-lhEf'O¡ ;¡¡d m~y
¡iin;! ¡¡'X'" or ¡;'5 ic~J¡,y \ù £1'0 '~'~"'l'ini, (¡f1 ::irE;¡
cell,;, Ais:! cümprtl1CIl;1(',: ~;~ P()¡y¡:~pii(k f'~í,mtf1!,

d"r",~"I;;"t "nly ~ P"" 0( t~~ O,'iHm"c"~ ""''''~ :Kid

~~quni'~" ~" """M¡j~ry u,nbrm:i!in"s ",,:h'n n\~h,!" ~~
EPO, wt'.icr. (""gr:i""b i;::'y ro:;;~,; (,:", ~;~¡¡víi;' of
Ei'O ic¡~, "~c~pl:-'r ~indi~s~ ~nd l\()~ 0lhc~.$ ("'.s" cryili.
~qKì"1\Ç ~~:IV!!Y,I. b.p'~(,;,i:y ~'gmt,ç;m: m il1lC ic.~,t¡')
:m; Ú)",,, \x,ic,ni;,i f¡;":P.C~b e¡f EI'O w¡:i~h ui; çb.:i-
¿;i!!¿ 1':'''~;: c0;\iiècr~:i0:', úf th~ \i(:il~i) \J",i')',ii~ DNA
r";'1ucri~' dnG.I;. i.t:, ":';..'ginLii\,.. d tk i-,::i) C0IÓ;¡.
uü"~ EI'O X'j~enc" ',,:i,ch .H~ ;k\i",..,i,.d by il)""",
~c:qIJG1~"'i ;,nri ",h:;l, nuy '~Ü"q;iI(C di\(;nci '.d()r.:,i~,"

G! ,,~:I¡c'iiy !( ¡; n:.\Tew~)ni'y ¡h~i ~¡:~. lO::C¡¡Ç,.
,A in ~ç\:'o¡i" íDC ~,;\' (:;'" ,;a mere d ihe "EFt)

.,m;;u,:rt" d Ü:" i"H;C,:i:::, ,:; ~",r "vli,~i!y prç-.;!ii;.¡.'c d
ti1~;"tè¡;:;C. ';;;);1:" bee', Wd~,.d. c; ,d. ''-í""j (g d'
L~;l':~' ;,: üik, em,i",,;,. ,u~'r ", in rTO ;""':" ,g EPO
;ii:t;,,,"i;;'.!'~, A ;~1,.g"\;,¡",. ,,: e~ yt'i¡,,;).j:nir, :""',' 1;" 'i¡¡¡I~

~.~~,~';~:r.'::~,"1~ "':l:i~~;~) 't,,~~,!,' 2l.:.:~i:l~:f);!~:. ~/;;~' ~:~.;:~,::':

15'( t '¡ ~', - I'¡.,~:' :;:", \1"'!:,."",,,,. ':: '" c".~, ,_,;c,
ihm,,~' è. .,::i.~_-,~? 09:-,)!

..,~(.ur;J:"" I" ""'.'ih-! "'f'~C! üÍ ~,,(; p;, ,.;,,;,: "'~'C¡il:(.¡l.
:;i,' cL:'r,,",; D:-A ~~'j"~~;:c" j;,,''':~L'',~d h~:c'r: "'¡'1::h
~n;;,-,e h~~:¡~:\ ::"d nlad",y ¡; PO pOI"P"f,I'CC; Jrc ç,;r,.
:.;:icu;;\!'Ay "~!w:,bk for ¡~'" i¡,or'm:,:Ú',i¡ W1¡ê'i ihi.;'
¡;n,)'.i-Je; (ür.c:rn:ng ¡he ;;mim) ~~jd ,;c:iwnçc nf mun.

5,441,868
38

mi!i~n "ry:hiopoie!ii, which ¡us ll~retoflJn: b~~n \Jr.
~\'~il;bk d~,;¡:itc dcca:a of ;;r,~i;"ic~i PH)cc-'\sinE M

'~o)at~~ of l1.:lUf::llY'(''ccuai"s: pmd,,(;I, The- nNA
5cqu~ilc~~ i~e ill'" c:in~rinioiis:y v~h:;¡bk ~.\ produ(:l~

,1~eíu!indfectinS1heJ:ifge$Q!emi;;rubi;¡I$Yfliiic;i::o(
cnhrCt0i(;ii.'l by ;: \':irkry of feccmb;n~n: leChfliq~i:.
Fi.t another way, DNA ~Ca\'~llCO providcd by the

in-.'çnti()¡¡;ir: u.'iÚ,i in. gc"cr;ilÍr.g. new ""d mdul ví,~;
;:rid cj¡çu1ai pì~'imiJ DK-" Vrt.l(JrS. n~w ;;-:d c:idul

;0 If'~¡d()r::d ;,nd ti-:m~f\'c:cd mic:ilbirl pro~;i:,.'()i:: ~r.t.
eu::.lryu!ic hi.:i¡ cdl~ (including b~e1(fÜi and ye~~: cdb:
:Jnd t:ainm;¡i:1l cdh grcwn if: cultu:t), and n~w ~nd
u.~"f.. trdlw,i. f()r cultur"d ¡;rQwih of SUdi m:crot,i,,¡

hOot cells c~f'~b!r oj' (:~I'U"Si0n d EPO :!nd £1'0 pwd.
IS \lct~. DNA ~qiicnee'i C;:hc inveri.,on ~rc ;¡lio cÇI1~Il'c'

\lou,!y ~UH;¡::!c ri~ict¡::h for ll.~ ~s label!",l pnibc.~ if:

bol;¡iiai~ E?O ¡.ad iehi~(: p:mÓi encoding cDN_~, 2nd
2elmmi( nN ,,\ ~/,~ll"C'C~~ of m~:nm:iii:.n sp",~i~ Úihef
ih~n hurii;,n ant! mGnki:y 'peei!:, hc~;!l i.pe;:fic~¡¡y

10 ¡Jlll,ti~t"d. The e~kni!ú which DNA ,eqC¡;1lce cfihc
invention will h:IVC ,,'c in V¡¡riOllS :i!~"rn:iiive m~:hix:';
of Feidn ;;-ml,~~i~ (e.g., in ,nkC( çeli~) or in gi:r:eiic
th~r"Pì' in hif:lan5 :in(j c:hcr ri:imni;i!~ c:mnD: yet k
:ak"I;~rd. DN.I\ :;qllé!'l-Ö o( th~ invcrÜ";n 'irc ex"

).$ ¡le:':c.j:ö b~ ii.~cft!l in de~'do¡iinE tr;\f'genic lramm:tli;m
,pi;eic; wIi;ch mny '''iw~ ~s cue.:ryoiic "ho::.s" (oi 1""-
di:c!~r.m (\f fr~lll(()PO~~IÍf; ~i:d ttyi.hropu,ctin pn:,d~Cl;;
lf qu:inmy. See. £~'""i~,l;'. I'~l¡¡itu, et :iL. S"I,..~a.
?21(':ó25),8Ù9_g;':(!9S3),

Vi~wta in this !ir,hr, iherdcr;:, :lic !,pecific di,~¡o.
,~re~ of ih~ ;ihi~lr;'t¡"" t:~:imp¡c, :o" .:JcclrÎy r.\~.l iii'
teridd tu b", ¡i:rc;IÜió; (¡Fon the ~t~0f.'r of tl- pr~",r.

iiivi:ii(,nr, ;,~d mi11~r011S mOrjif¡ç"tinn, 3!1d v:iri~:i0r,$
Me ç.'.¡i:clcd ¡o t;.,:c::r l0 ilm~" ~\(il~t1i ,,- ihe- :Ift. As m,c

3" ~,nmrk, wr,:k DNA 't:'::u~;¡,-'.", prüvdr¡! by ihe i!la"
¡i,;iive ,,~:;impk; ,r::;hid,~ cD",,'\ 'll.': £cr.Gi:.;c D~L\
''''iurnccó, P,,,,::luoC ilÜ, ~rrik:mian ?~ovidc~ =Ífio ~ç¡d
;cquc:icc ::;f,:mn;,tirm CSSC1\t;;,j w m~nd'.1çiurc cf i);-A
,çqu,,¡ÇC, tk """"'H)"I: :,b.i Cq'"PICb::~)(h ;""h m3iU¡.

~o f~c!¡)~td D1'A ""qu\:r;"~$ ~~ m:oy be ,~'i\~ln:cl¡~,j h;,\ed
on knowledge of EI'O ;,m::H) ;,;:(l ~c¡;¡;(;na:" T¡'c,,~
n;:,y end", fnr ErO (~, in ¡;""~pk l2) ~~ \Id, ~" k'i
ErO lr~£1l'''I~, ;I;;Ù EPO po!ypepii¿e "¡1:log~ (i.~..
"El'O I'r(,(,,,,:I,,") ~"h;ch m"y :'i,i.: One or mono bido);-
\C;,j ¡i~\:?ci,iC':: C'" n¡~I,,~~n)",x:~\lrr:r,z EPC b;:: ;:nt
'¡,:;.rc' Glhcr~ (fJr p(;:.~,c"~, C~h"h 1r¡ ¿:(f;rrnt dCFrc~,)

:3:-,\ ''''1'',nc.c~, prov,,:~d hy i.hc: rr~~:ii 1:i,,:~t,Ü0¡¡

:i;" t~.\¡S ,Ct.:¡ !(,i u;in¡ad,,~,,;J ~n D;'A ;~.:¿i:a;,~ö ,',)i~-
::\¡:~ for ",,: in ~~'L"r:,'" ,,~:"c'."m\ in :, pr,'''"ry'':'.c ,,'

::; ;~I~,~::;:;.'~'!~;~¡ i.):;:,;,:~:::~ ~;;l~ /::~.,; ;/,~~:¡i;:,~ ~: ~~::~i~:~~';:\;.;~~:!;~~~:

l.~'''' ','¡ i~"()f" of n¡,~' t.io! ,)g;c:i! rr,"?":1 ,c,. ,)i~ èr\',hro !)():c"
tir, ;,nd ;"l,"~kG ¡rmn '.,noConS' Pi tn,- D1\.\ ,;,":¡~c"Cè.$

ò~:1 (¡:it :;~ He::. E ;"',,~ (,: (b) DNA ~;:;;(¡"lCe, whi:b
b!,br:¿~,.e 10 ih,~ rX\'/\ '.,i;,'CIKC' ,::~f,n"d ;ii (~) ')1 fi_".:.
ri~e~.:l, tri~,,:of, ~nd :;:) fl',.,', ~.~a"'''(X' ",hid:. (.:'m ~'á
11;". ,,,c,,,:..",,,,:y ,:,:'i;~ ,:çf'~¡;\: ",~t':. weill);! ¡'y\;:.¡díl.C \"
:¡,,, Dt',\ 'c'¡lJc;li':C:: ,!~:b~:! if, I,,) ~::C (;,:. 'i i' ~.r\;,:.
worth!y ili t;;i:; !c',;arcL h:. o:;,m¡'h-. l!-".i ni,1in.'~ :,nd,,-

t.i; n,c,ney ~nc :\\:i:i:,n ¡CPO gtll(: '.C'iI;Cr)CC, ;,nd m~e
:J,~f"r.:~j¡;,:, ~,:¡'" ';,,,,"':.;~''' "''' c.\,":c:L."O \n
::vh¡ç¡,.,':h: ,o"'''''''':ê",:,:-FlGS. 5 ,,,:d 60' ",r"i;.
¡f;n,¡, iLc.r" :'r' f ;"lllcr. blit ¡c-ir 1:)C J~,'.'~~~r"c\, ,",f ~l:c
pr.nçi:c cDei" ihe SeE-PU ;:nd ('Clol'O .~Çl":~. ;,nd th::

(O~, 'l~~iwf;,;:'iurçJ or ¡¡'~i.~~~"¡:.~,~ ,,1))\:\ (,, '-~¡Hniiç 1):0,\
óeqi:cn~c; c::ú,rJin¡; ''';orin~'' E!'O fr:.)i!m"~t': .\",~ ;'n;(.
iùg, w::"iid ;:1,:i f:~'brid:::" !,., ih" ",,~'v~'m~;\Ü:i;H:J

DNA 'i"'F~"'-'eS ~t¡ch )::t':id::~!ioi-:-: ~ouJJ rc;,jiJy be
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,,,..ice (sui lW.d~r ¡be hybiÙiiz.1!joll com!i(jom d~-
~;:rihd ht,.~i:i wiili ¡'c;p,,~~t to lÍl" ¡n¡¡i~J îlOl~:iO:i Qithe
¡iK.mb:y ~l)': h"m:i. EPO."ncodiiij¡ DNA or llrc,,~:in'
gent conditions, if dò:ircd 10 rCdl!C~ \);,ckgrouflj hy-

bridii.aticri.
In ¡¡like m"nri¡:r, '",hile the :ibovc eMirple ilhi.H;i¡e

the iriv::nticn of microbi;ù ~pr=i(j;¡ of EPO prç,J"C\$
in (hi: com"xi cÎ rrirnm~l¡an ~'cl¡ cXPfc,-~¡cn cf DNA
l;i~eftd ia;¡ hyo;d ,"""IOf ofbiictelÜI pl;i.smid ~nd vir,,!
genomic or.ginr., :: wide variety of expres,¡:on $YS1~'ni$ 10

:iewiiliininCCOnlcmplll1ioncf:lic¡nwiiiio¡¡.Con,pí:.
\.lQ:.~i,. ¡;miip,Lh(mdtd ~fC cxpre,~~ì(¡n ~:',l(~m£ imlOl"inS
V(,C((:n of homrigencon~ :iri.(ins iirr1ir: 10;) v;¡rj~iy of
b;1C(crb!, yc:u: ;md ~ii:imri:di:iii Ge!h; in "¡¡!tur,, ", wd!
~$ to eJlpic,¡ion sy¡iems !lot involving vc:c:ors (ói;ct ~$ !~
c:dd:.m plic,pru~e !r:msfcc¡Îon of ccl!~)_ In ih¡~ rCßard,
it wi!i be Undcr$food :h::i c~pfed()n of, e,g., ITQnl;cy

origin DNA in monkey h;;st cells in c,i!turc ;i;¡d !iuir;;n
¡,ü~i çdJ~ ;,; ~ullujç, a",u;dly ~'1n$iít:.:e Í'SI;iOCt: of

""xOgcll0\ì,;'. DNA expr;:s~or. i¡¡l~mu::h :JS the EPO l'0
DN,\ wJÌ';i,;. high !eve! i:..p~=iori í~ sought would iioi
bvc itsüniiri in (1',,, f:criüri" orthe !iu~i. E:.prc,;io¡:
$ì"~cm~ of ihc lil\.'ci:Üo;, ferther contim:pl:ile ~hei. pnc.
¡ice, ¡e~"IÚ"S in c,'lOpl:i"mic formation of EI'Ü proó.
ucls :ind :ccull\lliitiol' of glycos,'h:cd a:¡d ¡\(n' 2S

g!ycO:Yl;lccl E1'O product. in hOSl cdl cytop!:.mi or
mcmbr:inc, (e.g_, ac.:umu!aHQI) in bcterial peripl;"mi..

~pJcc,) or in cul~~rc m~dium ~I!pem~(~m, ;¡ :=I;c\'e
i1l!.\!~~¡cd, Ü in 1~!hC" llfl-"mmül) ~y~i'-ir~ ,i:~h;i\ f.a,

r:r..gír:oJ', c.\lic:ó~iori 5y\!eIM (d=ribed in Gr;;)', c¡ aL. 3D
HÍCkÔ¡w;¡!ogy. 1, pr- !6J-165 on4)).

IlI'pruvt:1. hybri¡ji.'Hion meihodologiet,of:hc inver..
ti01l, while ¡¡hh:raii\'c~y ~ppi;ed :ibove (0 DNA/DNA
hybr.dil~l¡o:i r¿:r""llill;t~ :m: cau;illy "'pplic,~b!" to
RNA/R;":\ ~iid RNAIDNA s~!ccrÙ)g, Mi~~d pwbt_ ,;,
!echnique~ ~:; :\~fçj¡i i!!U~tf..td gem:r~i!y ':(',n~;!i¡'H~ "
¡..'mb;:r "f iH,pi""cm~nt, ¡,i hybri:jiniioil pw,:"'t,~,
"!lowing ror more f;,pid ;i:~d rdi~lik pdyr",::k')iidc
i"ül:,rio.ri\. lh';~ m:iiiy ¡¡¡:jjvÜju~l rroc,,'''i~Z ímpn:l\c,
mcm~ ind,).~c, I"'l'fow:d cokmy tr~r,s(rr :'!1d :-~imr. ~G
n~n;:" l'rnc't_dnr,,;;: me of ny)ö;i,li:¡scd filter, ':ucb ;,~
G~ncSc¡~t.;i,~r,d GC';,cSc:cen I')", to :;H~w '''vrobins

,:'nh ;:~:1k (¡':'~':; ;1~(! fCFc;tcd i:o-: of the flhc~, "'f:'pk_~.
¡¡ill\ of nD"C) p:otc:i.,t. tr;::lniel)~ fç¡)mpMc0. c_g., ¡",
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TaLIi. d;¡L. Ana!. Bixhmi" 126, pp. :u~-i30(lgs2)J; use
cf vcry low indivj..Ü¡:i conc",n!r~iíon~ (on the ord",r of
a025 picom::lc) d:: I~rge i:;.mb~r "f rnlx~ pro-èc/cg.,
n!Jnibcr$ in CJ.çc~~ of32), 3nd, pcrfonnin¡; hyhriii¡¡..:kin

ami poi-hybridiiition ~t:p~ u:idcr stringent l::m¡:r;i,
ture, closely ~?p¡(~ch¡rie (i.e., within 4' C. w:: rrefer~,
My ",'¡:riin 2' C. ;.w-y from) the lowes c3lciihied d~%(),
,,;;linn Icmren.lurc of ~:iy of the mi.xcd pwbc ern.
ployed, Tht$ ¡i:¡ifOY~rrenl~ CDmbinc lD provide re-

¡ulis wbh:h could not be ~xre,lr.d 10 ;;l1cid didr clc_
Thíi :.~ amp:;' iHui:tr:iicd by tl:e fact ¡hai nihed prohe
prn-c,:;ures ìiwúh'¡ng.: tir.ei ¡he number 01 prohd cver
b-~for,; r",poiud to hav,; he"'i tUC-c'isfclly '.~-e in even
i;DNA!;::r,,~ns on fm::$~niler RNA si~ec-ies ofr~¡:¡ti..dy
lowabl.ndan::ywc:,csuçcc:dul!y;,pplieówih::iscb_
iion uf ~ \l~¡qiiC ~caiicncc ;:~ne in ;, ¡;enomic libr;¡ry

,::rcening of i.~OO,O( phage pbqu",;. Thi~ (t,a( W,15

aec(lmpli~htr'''$cnii~!l¡..ccn"iin:erii¡ywiihih''pi:bi;ç",
¡inn of the considcred opinion of Ande,'icln, et ;o., 5UPr.,
ih.~1 mixed probc ~creen¡iis: InçtliL'C~ we¡", ". ., impnic-ti.
ç~¡ fo: i:.li..on of mii..nm~iilìn p~O!eín ItcnC$ whcn cor'

lcspor.dng RNA'$ ;ire iin:v~ij;bk
Wliti"d:úmedis
1. A proCf'.$s fOf the prodlldiun of :. gl)""otyl"tcd

erythlflpoîetin r-c!ypepiid~ having the iii vi..o biolo;;i.
c"l p'''pe¡ty of elìi:~Ìllg b0ne m:i'T("w .;t:ll~ ¡c incH'"sc

produciîo,i cfrc~ic-..iOC~1i: :i!1(! rcd blc~,d cd!, COmp¡LI'
;l1g iOc 5~CpS of:

(;;)grcw¡iig,\tr.ècr,uiiablcnlltricai(;(¡¡ù¡!jc"'.in~II'
mai¡J.~ ho~r cells tr~ll$rOrmcr! u-r If,,n~fectd with

'''' ÎI,(\i:I~'J DNA ~"'ieem;" en.;odir,g huin:m i:l)'ih.
rOFoielÌ::; and

(b) ¡~cl"iin¡: $.-id glycç:;yhiicd C¡yihropoe:ín pCi,y,
I'''piìdc theref~om.

1. Tht ;:roc::~ ~cco"ii:i310 çU", 1 wl:crc-inó~¡¡J hi;"

.:dl; il~e CHO cd!;.
3. Th~ pm:;"~ 3C::oi¿ini ioc!:;irr i wherÓn ,;:id tit'S!

,:"ll. ,'rf' COScc!!s
.: The prccejs :~i.'cNd";¡g to eb;m whe,-,,;!, :;id

DNA i~ eDNA.
5. The ;lr'~e,~ ~c~or¿;llß to chim 1 wl:i:n:in :;id

Dl'~A i.~ ;.~cll0mk DNA,. .
J~

~G

c
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