EP 0 237 545 B1 Descri ption Background 5 The present invention
pertains in general to hematopoietic growh factors and to pol ynucl eoti des
encodi ng such factors. The present aPI023a64581 pertains in particularto
manmal i an pl uri potent colony stinulating factors, specifically human
pluripotent gigtmptigeyte col ony-stinulating factor (hpG- CSF), to fragnents
and pol ypeptide anal ogs thereof and to'polynucleotides encoding the sane.
The human bl ggflgrbumam ng (hemat opoi etic) systemreplaces a variety of white
bl ood cells (Tncluding 10 neutrophils, macrophages, and basophil s/ mast
cells), red bl coepresntisve(tion pértainein géress) toherdatapioetio grawthfiacigrs grelltd miynucleotides encoding
(megakar yocysues fagtbrat ’he present applicetion eertaine jo particulag tosnasimalian plliriolest calpey stinydating feetars,
mal e has beespecficalirivmenipluripoigntgraneleryts colpnytstimulaling éactorhp GtCEF)do Fagineats and polypeptide
gr anul ocyt esarulves@wyvfwn!t)fey@lwc'eqﬂé?sgny@wsthwe;h |'s equival ent to an annual
rep- |acement dhe thwpsn biepdrigrming PRigtic} Systemy replpces apyagiety ohyaite bood wslls (inglyding
(1985). 1% | seusenhi'%\mam@ﬂﬁaﬁs gffPa‘fﬁPW&i'Pﬂ{'ﬂft celig)s red dlopd, pefs KF@H‘H? al@fhcl?f Fing: gels
f act ors acc Omfga a5/ la{} | ﬁsgﬁ?emf\f-)thea ﬁ%ﬂn} %sr estl ated to pro-
progehi tor " g&?’f’%’“‘i it H’ ﬁgé‘“‘&%ﬂ ¥ "6‘?'°"gﬂ° ‘(f’ycy 3’1“”]"1“ "“’ﬁ’%‘!mfﬁﬂ“‘“a' rep-
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wi Q 0 t tors 'has
assays whi chg ‘%&Ian% Yo sﬁ,ts'vmua@ata’m@mgt. I@aﬁe Eghﬁﬁuﬁ&ﬁ PaEfoBroﬁ th@@aéisrb?stlmula-
basi s of sti eﬂectstdn\éamﬁa% §is LidePabiicld] ohbitRRs. ASA ﬁ?& g/gk mitktlet df hémhedlhave been coined
condi ti ong. efiotd éﬁ.uér;sma@er InGrHISLE of TALERE s B ex3ABTB of thesuitaR @bhftedh BRUerdd), IL-6,BPA,
dehote a nMucpygitek] BREGH) WMOSE and iPsk A A feronfies WRIchEa6 RGW BelidVed td) Spplyets Wl singltmurine
conf usi on t hRenke@dpBtic drdwtiract®@Metcallciehce 238, 16130(Feps5)\§achiso, Brgbksletal &Bialldhem., 252,
acronyns whi §§B8#1927)Day, &al. BIOo: 68, 50D (3980J, lhie| & ab, Jdinigriok, 129 124316(1982)  Nicaln @t &t J.Biol-
growt h f act otchetvb2s8abd17 (9e3)EMarealf, e’iaa caéheg 36,5733 (1962}, @nd Bargess B piglps.5Canetr, 26,
al . J. Bi ads. Chan1980y, bekatingltd 8&@io(<liHuine grotih seguleryallycopBiteirsd, 58, 600 (1980),
| hl @_ et al., Jhé application of reédhibir@rtgénefid @@ digyesitiastwbught some Qrﬂeroutsftm cllaos. F@Iqmp!e.
258, 9017 ( 18@3inino hiid andDNA seguerces for Human erytiBapnistin, whigh stinjuiates thep@dyctiongf grythrocytes,
Bur gess, et bave beentabfhingh(Sses l,uz@cwabl-smmmg@wo 85102640 nubfished Jung 205 1885 Bedome
growt h r egul binant pethbdsbayeralse beanapplisthio thejisolation:of ¢LIA forfa humanarenulesuta-megeqpbagecolony-
t echni que® hatinuiating fattor. Seprbee; etials Progs Natif Agadi Scl. (HBA)<82, #2H0-43%4 (1839 ang Yanga @ ahe
acid and DNAWQ@%“?W1WW3@P P'FFF% - Brog. Nati, Asad: Beic(l 1079 (1984, Fung, et
producti on ofldaturen 3 phiature, 309, 7 %@384) %%‘9 fpeipning of mMudspgpnes.
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M CSF. A hu QBB?&pﬂP(N ﬁ&téiﬁ SR 43 hbESH, Khich 1S Shute@ f thi 4¥BGhd loF b pEURb BMMictivity in C18
col ony- st i NUkRbdsé phelsa HPICE frdchidifs;Was réfortéd t hive adholedliad WSight (MVNSSF 18)600"as iB@Hineld By
be present i @ﬂ&%&wﬁﬂrp&mdsmﬁéwlanmd&bﬁhdﬂﬁé (PAGEJénipiiying siReristalning.aHpCSF
denoni - nat eqradEadier APsHet QIR driisbeleBElE poirt 6E5.5 (Waitd, ¥eal.C) Cdli. Biothem.,\Supgoa, Its (1985)]
Amer i can Ty pandalhigh diferénaatb® adiiviey for theawkise thyemoddeytielenkaihiaasil ine WELISB DOeits, et al.,
No. HTB-9. TlueLk skhiosiahiMoiewlarfand Culfular Biclogy, Galk) et el.,leds, MencSeries; (28 1(1986)]. Preliminary -
stinul ate pr elulibsinditatethat shadacttir idbmsifie dsihaCSfoas pfedgrhigatetpgraniecytp calogatinutating-activity
| eadi ng t o t deringthedicst sevemday$ inalhimaneGRrb-CMBsseyl cel | types in assays using
human bons mar rAnathprfaape designated burhan CSF, has also begn isolated from huipan bladdes garcingma, cell line
(USA), 82, 153637 and has been described as a competitor of murine 125Labelled granulocyts colony-stimulating factor (G-
CSF) for binding to WEHI-3B D* cells in a dose-response relationship identical to that of uniabelled murine G-
CSF [Nicola, etal., Nature, 314, 625-628 (1985)). This dose-response relationship had previously been reported
to be unique to unlabelled murine G-CSF and not possessed by such factors as M-CSF, GM-CSF, or multi-CSF
s5 [Nicola, et al., Proc. Natl. Acad. Sci. (USA), 81, 3765-3769 (1984)]. CSF-p and G-CSF are also unique among
CSF’s in that they share a high degree of ability to induce differentiation of WEHI-3B D* cells. Nicola, et al., -
immunology Today, 6, 76-80 (1984). Athigh concentrations, G-CSF stimulates mixed granulocyte/macrophage
colony-forming cells [Nicola, et al., (1984) supra}, which is consustent with preliminary resuits indicatmg the
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40 1530 (1985). Purification of hpCSF enployed: [err] precipitation; anion
exchange chromat ography (DEAE cel |l ul ose, DE52); gel filtration (AcA54
colum); and C18 reverse phase hi gh Epaxd3ph4seBice | i qui d chromat ography. A
ptotein identified as hpCSF, which is eluted in the second of two peaks of
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activi ty f0314tdzsem)gsgs)rryel ononocytic | eukem c ce | i ne WEHI - 3B [err]_‘—
[Vl te, et al Basekiupdh tiRsEBamortprepartid4) lt espehrd thathftad B3 T-pidt RiicolB) eDaIOGliora, SaalifRhp©SF
al ., eds., dewnsertd. &&pra?ﬁe (hd Se)shctor Rhicth ¢olid Prdpary B& tubneﬁtolaﬂdh\ﬁﬁ%mhﬂibﬁntdrﬁﬁlo-
factor | derﬂytefdcbﬂt{-amu {irigTictdn AP G{UISEY] Charatdriedtipn gndastomiinant @oduction nfhpStGSHwoald be1Q
acti vi t yo duparticgladyliesifabie imtview eftizarembetedability otmunine@1CSERdoraplbtely Suppresssp in vitro WEHI-38
Anot her f acl'deukenlie seligpaputiatidn tllgmite nmﬁc{memh]atmlﬂasmwmepmdmbrattaetmectempa
hunarr’ bl addeetions af mirive BeCFEh kupptessestdiishedivanstiantediyelaid drukermissje micacMedcalf, Science,
conpetitor 229, 15A2i(1A85) Seeqisol Sdvbs, Seiemtifie Ameticer 29461).48H APBB¢ i mul at i n factor
(G CSF) for Bp#iengnttst WS- SFImRYpEqve o bedherapeytiaally significant eadhegerrised @%aa\raehmrv
i denti caf tepmmesgial epple guantitins 'F%'Omm?ﬂcﬁﬂfewﬂ"l'lﬂe'ﬁﬂ niov'detaaﬁdequmwwe of material.
314, 625- 628! s 10%88Yrhy. faierampiR, it reatdqierfaBPaapto SRt AGURSt EPImAISh ea\Af HyreanTumardiank
][epor ted t O;ﬁs ‘{Sm heshymgn H‘ﬁﬁdquﬁf?“@ﬂ‘a GelingRB3E AR CH 9?1‘6'!“"";5’8%%"@5%'@ ’B?/as:ﬁ?%
actors as
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di ff\qgr entiati di p e"tcagglf%m" c ?ég fis b%b#p%;% i ﬂf@duc%ﬂw
5, 76- 80( 19843Cum gg W‘Fﬁe ’E‘f%ﬁ"%’ ‘f’a“&g'e " e el e rr
granul ocyt ef i3 profyegon bél"fcgmf'ﬁ echifplo ., (1984) supra],
which is COQSI te% eVV'nJenndW eI imnary results indicating the 3 EP 0 237 -

545 B1 a 6 aﬁ’—a-ne'%—e?—g-ra—mi ocytic, nonocytic, m xed granul ocytic/ nonocytic
and eosi nophi 'Ac&mﬁ t9 énq: Wﬁ@j}q‘:@r{ce%dﬂ Fau'o?ﬁémwélﬂs@&e braiada. Sirpe
rporatioh

marr OYV cul t YWoGshcld & the Achs pr eﬁf'e |%§§d'n' 86lec¥t non-mammalian
stimul atingy, sfy limtpme.o@ £ sit ir BiIBRAde ty FesHicR dhddRddate dre)nieB : &1 theProvdiomorSddhdal N
enpl OVEdaarmHﬁlgl BRI SFatdr¥ViSte DNA seqBenRE<Otith Fasiliatel cohbtriialion &%ﬁﬂiiy&xﬁéds&cﬁfekﬁ@ Ther
i denti ficat &nﬁﬁveﬂud‘n% vides DNA Sedusiices 6dding foPmibioial Sxprdssibist S@ypeptitie bivblogs draeri-

5  human vesf hpG-OSrSwHiQlfrer A AAbtufallyEstoittidgitorfns frteimd & the R htiBY fotRtiod bt by more
sti mul at i NQ kA6 héd rbsidudh 6.8), deletibn ahalogs ddRakInGlessah all 6t résiiteq shediie) for iHESESF ;spten
t hei r comogiio Bfildgs, 86ch as [SeANMERCSF, Whetdin bicorinoretebididarspécified arblireplatel by etheradsi-,
supra, agd s ; bcbitien aniibds whereiiton@br.morsanpiticcacidassitiued ieadiledie afteanoing Iovmwiﬂhporuon
coul d propebttye gfypétitie)andahitioshare semdarrl the plopertigsef mtirallyocaumingfomsy t e

col ony- st i nul aNavei®NABeduences b1 iERYan inClude sequencesausefuldmsesuridg expeassitri in anaearyotic or
product i on eificatypiis-hcSleelisofpalypeptidd roducts having@tieast & parthéibe primarystrugiure prdpng pr margof
repofted abireitiojogivél prapeitiseeof @aOBHY eagurdugpiuripotent granyl nygimplgting;factes, ONALqeas
[err] | ewkemenaes othe inyrofion ase srerificatly seguitorcamprise hia) the eé?ﬂuﬁ'eaeuswgﬂi in M ik pe the
reported abictmpiemeptarystrantis ; (b) A/ DNAseqyesseabish hybridizes (undesrhybrigization cenditians such as '"“s'
suppr ess estrated hereimerm prt Aendions) o theiDNAsgqHepces inTaplp Vﬂ'r?’é%f"ag?vé'ﬂ F'F a“" ()
Sci ence, 229, DNE@BMﬂgelm ut foE the gegeqeracy.of the genstio %Q"P'l"f"i“'e °es
40- 47 ( 1986 Hefimyginpar (2 o (BhAnd whigh seq 0@@9"‘#& YgeRlide hav F'

si gni fi c#nt SeerificFi ﬁ?,'ﬁpf?f@é'!?dt"b"aﬁéb) ars ences °“°°d'"9 all '°va" CSF

and/or encoding other mammalian spec:es o unpotent granulocyte colony-stimutating factor Speclf'cally

comprehended by part (c) are manufactured DNA sequences encoding hpG-CSF, fragments of hpG-CSF and

analogs of hpG-CSF which DNA sequences may incorporate codons facilitating translation of messenger RNA

in microbial hosts. Such manufactured sequences may readily be constructed according to the methods of
50 Alton, et al., PCT published application WO 83/04053.

Also comprehended by the present invention is that class of polypeptides coded for by portions of the DNA
complement ta the top strand human cDNA or genomic DNA sequencss of Tables VIl or Vil herein, i.e., "com-
plementary inverted proteins” as described by Tramontano, et al., Nucleic Acids Res., 12, 5049-5059 (1984).

The present invention provides purified and isolated polypeptide products having part or all of the primary

55  structure (i.e., continuous sequence of am no acid residues) and one or more of the biological properties (e.g,
immunological properties and in vitro biological activity) and physical properties (e.g., molecular weight) of na-
turally-occurring hpG-CSF including uding allelic variants thereof. These polypeptides are also characterized by being
the product of prucaryotic or eucaryotic host expression (e.g., by bacterial, yeast, higher plant insectand mam-
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15 commercial scale quantities, isolation fromcell cultures is unlikely to

provi de an adequate source of material. It is notewrthy, for exanple, that
restrictions appear to exist againstggpsayausspl use of Human Tunor Bank .
cells such as the human bl adder carcinoma cell Iine 5637 (A T.C C HTBQ)
whi ch have been re or ed S sou - es of natur Ia
et ol (1o el Sorpe il dhed iR ?19'9'§*F 7’ i g
dL scl OSGS t ﬁgs re eeo asso ) IOﬂW m eIns. ial'e!
o h e ;fm coi
e 0 t m i m r eucaryotic
docurent & O teQ n-gly&ﬁ}lat ﬂﬁolWeﬁ&ﬁ &&e?rb&ut; ﬂrﬁasjtalspfnhlﬁ)&e'amﬁltﬂ%ﬁudnﬂe'
t he presenta&ﬁﬁ m €qf urther characterisation of said CSF and its.

production DY L&LQmp ieHéHa d ENAe inRariionQir® hérmaRButiShl SoNitidhs criMisihg)sRBdvb @Mounts of

Accor di ng t QoilkBtidepRatds ofit\ifvBitioR gethdNAittPithtie Wi Gdnts; &itivals dndfor drersusefilan kpGof
hpG CSF aaredg@%md. Such sequences may include: the incorporation of

codons " pr ef er pahgeptii@prodtici bitRein@ntioh yhagisel "abélled! byassedatiomweithiadetediabiz rearker subhstance
pr ow-6i on Of(e.g.| dadiGlabeltsd withaily BQevidy reagstsiisefulindetestimiand quagtifisalion aiZymershpG-GSfin
t he provisi eaidaésuadad fluidsamples3ch asibiobdidr,urinee PNA pradiuctsiof theinentinsday glso PsNpbelled with
sequences Whienttaieumarkérs (such a5 oatiplabels ridawn-isbtopielablild suchesgiictininnd emeleved in DNATybri-
present v elzblicniprogésses tpfocaté e kunBRAP@-CHE aene @asitiop endry the gesition efiapyrelated gene family
expr essi on df a gubrgsemalimie. Benmayasade uged for identiying bumanihrE5EF gee dfjqrders at the DNA
di fferfrom reveland s ﬁammaﬂﬁ?ﬂ or islentifyinapeighhoriag %Fe‘taﬂ%“‘F'ﬂ‘@??fqef or I oc

of one or nor ePdypepige prydycts & fhg peeseqt '“"é“t'°" JBAYChS BT

than al | of hematopaialip faciers oxdmgs inthedigatmant Ga "°d' {“a"
ok, 2 o1 BeT St T o .,E;.,cm' '&,F%»c °e”
by ot her reSIhes '-Pi one% d%\a ofaba ge.‘#ﬁ%

o e plaer

acid residu atment
and whi ch Sgiﬂ Brenia eégxn:“ m:ecl%% e?g Efkaeﬁ?aghﬁag P!@Agg(&%?é‘-'ig 30'Hb85) Ahd'Bachs,

Novel e nven I n securing

eXpEes i 6h) urﬁé%m gﬁjl o%ﬁa%&yw.eqm)a%k Wi laSpaftht B Hodesiibd H theldh BFBALLR
in

havi ng at | i J? ﬁt Eﬂ&i %Eﬁéﬂ §Iﬁ|5ﬂ%0ﬂ3§lll@§ﬂ'guoﬁi‘&trﬁrpramﬂfe%ﬂﬁélmieh%n inits
bi ol ogi cal mﬁ{ mbbainieha! y occurring pluripotent granul ocyte
col ony-sti at| g act or. DNA sequ- 40 ences of the invention are

speci ficg) | YarfafiSddcdplorcd? e Draivihgs (2) - t he DNA sequence set forth in Table VI
or the conplementary strands; (b) a DNA sequence which hybridizes (under
hybri di zati on ¢Ra¥lird 68 partial fdatriction ehdohiitiease mdpastithd AFGCSF gene axxompanied by grexws depi-
condi tions) dRg b Sequbiding Siflited GRE td dbtaihakd gendfhit saterca f ragnents thereof ; and
(c) a DNA sequence which, but for the degeneracy of the genetic code, would
hybri di zestooétiledweﬁnmquences defined in part (a) or (b) and which
sequences code for a polypeptide.having the same aninoacid sequence.
Specifical |y caogrdirgdntie dresent ipeention( BYA saquengesesaeding pachorall gt fbe e 3@14&6?1#‘?@3 of
al | el i c var i p@CSFomepesbesh isbipies @@rharerigriesd. encodi ng ot her mammal i an sp eci es  of
pl et pot ent  gr Aheolneing @xaseples ate-peesenied bytwan of usestien of thejavention aad 4re, spect °a"y directed
conpr ehermelecho ppogsiures cried outpeorieidentiication otit cONf ﬁ@r?éé%“"'e?‘ﬂf‘ﬂ?j g& gagplting
S
xam ¥

fragment s ofin syaisidesyfication and ko thrseavAncing @vegpmwt, pfcquprmﬁ gencmic
i ncor por at e ¥dmendfadiyred Sef‘fsaﬁ"f‘ fﬁ“%‘h‘g mcﬁl o
g b

hosts. Such maMereRartgyieny 5 ?7 ‘éesgéh (E; 8.
t he net hods 'Bf Eﬁrﬂ"??f .,J,c,
Al so comﬁeh 4§ﬂﬁf’t e don o 9% Iséfgance)
coded foBNzy a,, e horriid tibne BiiEBdin T
enoni ¢ !Ei ”S{? fatertr
|gnverted pro s '° ram)n e et {illm&mﬁr%fgfgm,&eclf%% es. e
12, 5049- 505 {o ﬁo%murdsﬁhv b fRhonidf . S ratRihdtb FooRPcorpRNIRIBG-
fg lfl@,/ kg Geds? hle vé¥tor @'pr otic B5prdd5ibA & hp(G-CSF, and to analysis of properties

poI ypept i%e REEQILS
. of recombinant products of the invention. Example 8 is directed to procedures for generating analogs of hpG-
CSF wherein cysteine residues are replaced by another suitabie amino acid residue by means of mutagenesis
performed on DNA encoding hpG-CSF. Example 9 Is directed to procedures for the construction of a vector
s5 incorporating hpG-CSF analog-encoding DNA derived from a pasitive cDNA clone, the use of the vector for
transfection of COS-1 cells, and the cultured growth of the transfected cells. Example 10 relates to physica|

and biological properties or recombinant polypeptide products of the invention.



ss structure (i.e., continuous sequence of amno acid residues) and one or
nore of the biological properties (e.g, imunological properties and in
vitro biological activity) and physigpalsisssmarti es (e.g., nol ecul arwei ght)
of na- turally-occurring hpG CSF including allelic variants thereof. These
polypeptid?s ar e al so characterized by being the product of procaryotic or
eucaryotic e expression (e.g., by bacterial, yeast, higher plant,

i nsect and 4 . PO . ' s in culture) of exogenous
DNA sequengg) agiancing Stpatbod Lhovidire ) holRig i ggni ng or by gene synth- esis.
The pr Oguct S REanipieR5-4 b, 8¥.96% burk 6 5B, siveR GGIAPRBE)GPRHELCEFSNAS Sitaifed e SREPRSENT! ©
[e.9., Eschdiufeltidiy ¥om, New frork, @8 lsbilthd hfa%hmfeebdcsmiﬁgswen@,@tmmaé R heddl S (v N
any mamel igahsps.9da0i138s). The products of nicrobial expresston tn verte-
brate (e. 9.7 fiRN-RHTHN afREBEd dedliendd 6 tiy sanriple of AYd-GSFWE defeRfingdflin ARGPEN tytahies-
Wi th any hygRjandanbiRisuSing EABAOTA da pise sedimBer (Applicd SbysRp, Foutercity, DalkiiorRig)s préle s
of the kgVeaideitialsefilicdiffogalishasey but incThbleil bélowBiTables BRIV single MttBradod@U@Emnpidyed, "X"
car bohy dr atdesigriates Bwesiche whiehwag | ngnmayibiguosdl deRerhinquicipt redidgesaf patdntheses werrionly Ritaray
al s0—1 ncl udatively of Bhthtivaly assinéd.oni ne” ani no acid residue (at position -1).

Al so conprehended by the invention are pharnmaceutical conpositions
conprising effective amounts of pol ypepABIUE Products of the invention

toget hess with suitable diluents, adjuvants and/or carriers useful in hpG
10 CSF therapy. Pol ypeptide products of the invention may be "Il abelled"
by association with a XetectalBe markerl&Gubstance (e. g.1,5 radi ol abel l ed with
[err]) to provide reagents, usehUld_é 1 @, weh papi-H-gat i on of human
hpG CSF in solid ti ssgigr%ﬁ%?%i %ékn%ﬁfrdsuﬁ' as bl ood or urine. DNA
product 8 of the invention may also be |abelled with detectable markers
(such as radi 8higheackareynd wagtesestin sypy evcleghtae aun fof whichresulty a5 reppf %ﬁ&%“n‘g’f“ﬁ?@@

i n DNA hybrtpat thesamele had masy gg‘l%%'afé'% %""tpef‘ef“acpé?"éb't’ Rdha et gR Hem purt-

posi tion arf@isr The$eauSRLE was ?ﬁ&ﬁ@ ecL mly in.a ghrtorr%gjsgﬁr%l‘d |
i @z@m%*s?«%m%agggf

mra]p. Thg \r;g%/l::%',’ggz'ﬁe”;??é‘gaaf‘gp :E'P ;
;ng\%ﬁi redlg?gﬂ?&grgg’g%ﬁéﬁe%ﬁ' entron ma
o) r

useful, al 8t in combination with other hemat opoi etic factors or drugs
in the treatnment of henmatopoietic disorders, such as aplastic anem a. They
may 20 , | so be useful in the treat ne@ABDE E&mat opoi etic deficits arising
from chenotherapy or fromradiation therapy. The success of bone narrow
transpl antation, for exanple, may be enhanced by application of hpG CSF.
Wund healing bumtreatnment and the treatnment of bacterial inflanmmation may
al so benefit fjhom t he qappl i cati ongf hpG CSF. |mSaddition, h&% CSF may al so

be usef in the treatment of_. | eukem gghagedLyRelxa £ (1,j4x-to
di ffer elr?%i ate T‘é%‘kze'ﬁﬁ?‘(?é'ﬁ's{s)\/"'gl {i,gra gti”a??%“‘gr gc?( f\lgffg‘t%cg%?bgc? . (USA),
82, 1526-1530 (1985) and Sachs, 25 supra. Nunerous aspects and advant ages
of - the i nvent iafibulh thire ReidGEE Mereddehtified) Rul#esdd rokprbvided sufficidntiydlorgy;, énampiguous sequence
si ther at i on fern wHidh afredsbrabls Agmibesf piobextbonle Buohgiructer to séarch for NGOSRIBNA. It was calculated
i |l ustrabi omatableadt hEseprabes wauld isve béep requiresito mtampt isclation ofinDNAdaged\pn thespquengep!
enbodi nment sTab@0t. Agai, cantariDetior df the isamplewastblelievest ta g thg groblem. .
Accordingly, a third sample (3-5 ug, ~40% pure) was obtained from Sloan Kettering as above. This prep-
aration was electroblotted after separation by SDS-PAGE in an attempt at further purification. Sequence
analysis of this sample yielded no data.

(B) Sequencing of Materials Provided by Revised Methods

In order to obtain a sufficient amount of pure material to perform suitably definitive amino acid sequence

analysis, cells of a bladder carcinoma cell line 5637 (subclone 1AB) as produced at Sloan-Kettering were
50 obtained from Dr. E. Platzer. Cells were initially cuitured iscove’s medium (GIBCO, Grand Island, New York)
in flasks to confluence. When confluent, the cultures were trypsinized and seeded into roller bottles (1-1/2
flasks/bottle) each containing 25 mi of preconditioned lscove's medium under 5% CO;, The cells were grown

overnight at 37°C. at 0.3 rpm. '

Cytodex-1® beads (Pharmacia, Uppsala, Sweden) were washed and sterilized using the following proced-
55 ures. Eightgrams of beads were intraduced into a bottie and 400 ml of PBS was added. Beads were suspended
" by swirling gently for 3 hours. After allowing the beads to settie, the PBS was drawn off, the beads were rinsed
in PBS and fresh PBS was added. The beads were autoclaved for 15 minutes. Prior to use, the beads were
washed in Iscove's medium plus 10% fetal calf serum (FCS) before adding fresh medium plus 10% FCS to



The Figure is a partial restriction endonucl ease map of the hpG CSF gene
acconpani ed by arrows depi- eting the sequencing strategy used to obtain
the genom c sequence. 35 Detailed Depghbpids@q According to the present

i avention, DNA sequences encoding part or all of the polypeptide sequence
of hpG CSF have been |sol ated and characterized. The foll ow ng exarrpl es are
present ed by® on of .t he |nve tlor{’&@ are s
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Kett ering | NgralybiswRereib@e/pré@intcampile wasppiled tosTRAStvated glassiitierpiss iwftficatbolytrene: Sequg
to Velte, et erthanalySisWas caiiieldlout with a6IAB £YOA sedublind) secdiding th HhiaMethbd(of HEWEAGCHt al., DBlol.
N-termnal achew), 256, 709057GTIEIRE G aral Lal, Aiah Chimuite 163, 2485238 (I9B4).Ehe resultsef Rinfda@ppear
a Run #1 %y imTablel. sequence anal ysis using an AB407A gas phase sequencer
(Applied Biosystems, Foster City, California) to pro- 10 vi de the
sequence i nformation set out in Tabl erdsﬁ.elﬂ’f In Tables I-1V single letter
codes are enployed, "X' designates a-estege—whi ch was not unarbi guously
deter'mi ned and residues In parent heses were only alter- natively or

tentati veloy a3_5| ghed. 5 10

Thr - Pro - Leu - Gly - Pro - Ala - Ser - Ser - Leu — Pro-
pe | 15 20
Gln ~ Ser - Phe - Leu — Leu - Lys —{Lys)- Leu -(Glu)- Glu-

25 30
val - Arg - Lys - Ile -(Gln)- Gly - Val - Gly - Ala - Ala-

Leu - X -X -

85
In Run #4, beyond 31 cycles {corresponding to residue 31 in Table Iif) no further significant sequence infor-
mation was obtained. In orderto obtain a longer unambiguous sequence, ina Run#5, 14 pg of hpG-CSF purified
from conditioned medium were reduced with 10 pl of B—mercaptoethanol for one hour at 45°C, then thoroughly
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TABLE | 15 1 _ 5 10 15
K-P-L-GP-A-SK-L-KQ(GV,S)-GL-X-X-X 20 A high background was present in
every cycle of the run for which regfligy sys@qreported in Table I,
i ndi cating that the sanple had rrany cont anm nati ng corrponents pr obably in
the form of chem cal resr dues rf]#p

I'GSI

ravae ef e ?s olye 0 a
L el o ik arg e ﬁrﬂeraaﬁarz Bt har‘r ?sa'eg:g‘ar%%ﬁﬁmc&°ve qﬁ?érg'g hont

sequenci ng aﬁ?%c@ﬂ'ur was performed as for Run #1. This sanple was fromthe
sane | ot, of material enployed to gew g. 4 of Wlte, et al., Proc.
Natl. Acad. Sci.(USA), 82, 1526-153 .

1. 30 ~ TABLE II 1 5

10 20 35 '

T- P-L- GP—A]'S(S) L-P-QJerr] err - X-K- (R (R th Jore
resi dues, werhg dei5Q |"ed'~[e'-Run G,-?-Z} L™ &]r%/ e“xe:f ci erﬁﬁ% I (?r*gjh
unarr\tbilf guous sequence from whi ch a renessonabl e number of probes coul2d® be
constfucted to se PG CSF I_at 40 t.. -Lfast
1536 probes Gl e 3%51 e"q(%'fre % at”f q#}'gsgl at %n ofélgﬁDNAﬁbla{sed on
the sequence of Table Il. Again, contam nati on of the sanple was believed
to be the problem Accordingly, a thpgd sanple (3-5 [err], ~40%ptﬁr03) was
obt ai ned from Sl oan Kettering as above This pr - -

el ect r obl ot t€& af tA%9 sega¥fatT OW‘%y C;-i_f i‘ﬁ‘%t t 2#;*0 LT e
purification. Sequence analysis of t3ﬁ s sanpl e yiel ded no dat a. 45%Q B)
Sequencing of Mtet]als VI by | segh hogds 4 derpg® Obfwd n- a
sufN~' ci emt int e(:) purge)ﬁér)rat erfsa fgyerforir/rmsur t abl ;}mgfefr nr'ri'%r ve a}?né no
aci d sequence analysis, cells of a bl a¥ler carcinoma cell |ine 5637

(subcl one 1AB), as du at pan- Ketd pr+ npgpey - SMet pbtX+ ned from Dr.
E. Pl atzer. (g,e]fl s %eér)e Fﬁﬁl aI'Iﬂ;/ cul mréeg I sg%vers mce}?jl um (G BCO, Grand

I sland, New York) in flasks to confluence, Wen confluent, the cultures
wer e_t r;zf)sr ni Fbepminagcid seqyense pive ip Takla 'Yl%‘?sSB@F'FW“&'.%’"Q(Q"'fi@‘eF)laag‘H'?F'B'B‘f"f’?th""@ﬁ‘@ﬁ
cont ai ni ng Pepefor phtaigiraRpGriei bR tCeEd ¥ nedi um under 5% [err]. The

cells were rovvn overnight at [err] at 0.3 rpm Cytodex-1[err] beads
(Phar maci a a, Sweden) were washed and sterilized using the follow ng

pr oced- 55 e es ro ur &R golatx A c sryf %@FL qgtﬂe brgﬁ faLA'u -bé’rﬂg
400 ni P
hour s. Af t et;‘el Aﬂ%’%}‘*s £ % §' giﬁ;fg %ﬁ%@m gceﬁgé'ﬂif;éa Pthe %sis of

po
were ri nsed séﬁﬁén@eibt&tﬂﬁl NSt nothe
15 m “Ut es. ét»ﬁé ;@H {;g d ﬁaﬂﬁ/own@m mr: ule§ B4R obt FEGHNEATGRled Bt th
fetal AR bebtedenhtire @A LInGd sthanGstorEWibbMan) et s, b8P JéntNd. 4,304,443 ; Wal-
lace, etal., Nucleic Acids Res., 6, 3543-3557 (1979), and Reyes, et al., Proc. Natl. Acad. Sci. (USA), 79, 3270-
3274 (1982), and Jaye, et al., Nucleic Acids Res., 11, 2325-2335 (1983). See also, U.S. Patent No. 4,358,535
W, to Falkow, et al., relating to DNA/DNA hybridization procedures in effecting diagnosis ; and Davis, et al., "A
Manual for Genetic Engineering, Advanced Bacterial Genetics®, Cold Spring Harbor Laboratory, Cold Spring
40 Harbor, N.Y. (1980) at pp. 55-58 and 174-176, relating to colony and plaque hybridization techniques.
Total RNA was extracted from approximately 1 gram of cells from a bladder carcinoma cell line 5637 (1A6)
using a guanidinium thiocynate procedure for quantitative isolation of intact RNA. [Chirgwin, et al., Biochemis-
try, 18, 5294-5299 (1979)]. .
" The sterile aqueous RNA solution contained total RNA from the 1A8 celis. To obtain only the messenger
4 RNA from the total RNA solution, the solution was passed through a column containing oligodeoxythymidylate
[oligo (dT)] (Coltaborative Research, inc., Waltham, Massachusetts. Poly-Adenylated (poly-A*) tails characteri-
stic of messenger RNA adhere to the column while ribosomal RNA is eluted. As a resuit of this procedure,
approximately 90 pg of poly-adenylated messenger RNA (poly-A* mRNA) were isclated. The isolated poly-A*
messenger RNA was pre-ireated with methyimercury hydroxide (Alpha Ventron, Danvers, Massachuseilts) at
s0  afinal concentration of 4 mM for 5 minutes at rcom temperature prior to use in a cDNA reaction. The methyl-
mercury hydroxide treatment denatured interactions of messenger RNA, both with itself and with contaminating
molecules that inhibit translation. Payvar, etal., J Biol.Chem., 258, 7636-7642 (1979).
According to the Okayama procedure [Okayama, et al., Molecular & Cellular Biology, 2, 161-170 (1982)},
a cDNA bank was prepared using mRNA obtained from 1A6 cells. The cDNAs were then transformed by incu-
55  bation into a host microorganism E.coli K-12 strain HB101 for amplification.

The results are given in Table



EP 0 237 545 Bl obtain treated beads. After renoving all but 30 mM of the
medi um from each roller bottle, 30 m of fresh medi um plus 10% FCS and 40
m of treated beads were added to t heEmh®2e3715¢8B1 The bottl es were gassed with
5% [err] and all bubbles were renoved by suction. The bottles were placed
inroller ragkgngda 3 rpmfor 1/2 hour before reducing the speed 5 to 0.3
rpm After 371OUTS, an additional flask was trypsinized and added to each

rel | er bottle oebkdialénPeobbededignedh thé Bids bRnHPUCHF s tekhiRdISRudridE orTMid 1§ Eonsisted
bottle cult ubbssererreoligbrisoiestidvd dabh tethg &3 bd38Sn BAglh &rdlcbridhingres iRosie FesidAa! FleGrobe
removi ng she ofi8fuclediies &ere nmnufsdtupedtidtdrdingael the @focetiBrelbPOdiriithérs) el@l S GBI \Engineering, 4,
[l scove' s mediaf1962rand labélettwith y220 ATCSy kinasing] with pyighuciemide kisaaechewmﬁ
100 uni t s/ m cereespaniing forthe reassend @ RNAdor rdsidnés 2330 efthepseguanng of Thlde IV, arb lilgstrated in Table
ture supernaant was harvested by centrifugation at 3000 rpmfor 15 nmin.,
and stored at [err]. The cultures 10 were refed with nedium A containing
10% FCS a#fd were cultured for 48 hours. After_discarding the nedium the
cells were washed with PBS as above and d for 48 hours in nmediumA
The slper nat ant was again harvested and treated as previously descri bed.
Approximately 30 liters of medium co%léé)peplr@y A6 cells were
concentrated to about 2 liters on a - l1pore Pellicon unit equi pped with
2 cassett®s havi ng 10,000 MW cutoffs at a filtrate rate OL about 200
m/nin. 15 and at a reter? atac ree e &rounctoBecnfani Arrihe concentrate
was diafiltered with about 10 liters of 50 MM Tris €pH 7.8) using the sane
apparatus and sane flow rates. The diafiltered concentrate was | oaded at 40

mmn. opto & thellddimerdtbr defitdity td1S GasiseiBY tibdbilshddwolicorTdichasfi, ot Blok. Riah. RE
7.8 After kaadsAgss, iéﬁ?-1§é¥(#§§9)aﬂ@éhd§ﬂ§.tu£, Lol CHems 3826080608 ds W
50 MM Tris ( ave h dedidbilikiRPéteWifloBsedbakddiwith 8 GTr T.aW TakaRashi, et all, Rbkires tay ¥kl tofthve
MM NaCl . The aqéludrofedtBeaiiss @idy S\vRrdeolt hd drotp@d nebErdutridiily (o.dh threelhalving Siliredi@Vordbly WIS
of 50 MM Tri & ah@iwo hobrivorabiRtepating@iti e 20 fol | owi ng concentrations of NaC :
75 mV 108 M Thaést hidkffectbbrhvind/'s basdair Wi G's, 2ol pbrifibhts Wrérd ddsighéttusing &h Nty gene
wer &_col | ect eghuerita @ndicidnie) Thefsequendes piskedrom thHaNxhychenshadtite samB overdlicGl arldC &ontefitlat
on an Am conthelfitst iwb ipbsitioad of eachsbdon as wastreseribled bythé hpSICSRypabas. Whiis) tha N b test probes
menbr ane. Thwsreotthesamteliantib, costainddd’s thelib same welativebotifidne andhad\aotentjally tHeishrhe @vedageTm
col umm equi | {62r66tGa.chot agcduRting fof the 3ot incsinewesiduesincluded)®S theihp@-CSF arpblesl 0 ni
fracti onsswer e Twolse® of R-hyc jastprabes were constnucted@cagrding &t thel pracedure ofiClarathers, iebals Supra.
onto a C4 hi §etlrsritustratedrie Eablej \ inciddesih 1. 23 rery withh pejfegt RLclT) 2,dmwhiehthre@Bird position C's
Sanpl es, ran¥yemrdepiagedwithiiggenprating thepwrstpossibje gase foyadding dis (o 8.4s whighdout thigd pagitierf C's
protei n, aboWereTepaces with{isclie nepondgeboftisstprohes was Hesighedto maregent A motegindam digtribigion
f1 ow rate rafidrasige Presipaics it pight givapan prerall feytigh hase piring effach St il gs Hptatadin Table Vi,
initial v@éshl“ﬁg'd i f-q‘_’ igingfralsihatvilibasealrwip G's prsiqnewitha @ (gpd 5. idestligaljos with the agdiipn
at a flow raP' @8R aPPAePE one milliliter fractions were collected and
nmonitored for proteins at 220 nm 260 nmand 280 nm As a result of
purification, fractions containing hpGEAEEERWMNL clearly separated (as

fr ions,72 and 73 of 30 80) fromother protein-containing fractions.

HpG CSF was isol ated (150-300 [err}) ri about 85 [err] 5% and
at a yield of about 50% Fromthi skpﬁg%fﬁgggng%é‘r’?%l 9 [err] was used in
Run #4, an am no acid sequence anal ysis wherein the protein sanple was
applied to a TFA-activated o 9sfe fARerTal GeiddWeddodrer®. Sequ- ence
anal ysis gas carried out with an AB 470A sequencer according to the nethods
of Hewick, et al., J. Biol. Chem, 256, 7990-7997 (1981) and lLai, Anal.

Chim Acts, 163, 243-248 {198/4)aC THRC I'EATIIGET GCROCTHACDH 35 in Table
I11. TABLE Il 1 5
10 5 ' - 3

5 3. 5'Cal AAC TAT GCI GCC CCI TCI CC

4. 5'aac GAG CTG TGI GGC AGI ccr gc3'

® 5. 5'AAI GAG CTG TGI GGC AGI ccr Gc3'

Five replica fiiters containing N-myc DNA seqbonces and chicken growth hormone DNA sequences (as a
' 9



Thr - Pro - Leu - Gy - Pro - Ala - Ser - Ser - Leu - Pro- 45

15 20 @n - Ser - Phe -
Leu - Leu - Lys -(Lys)- Leu -(Qu)- gplobzzedsetr -
3050VaI-Arg-Lys-IIe-(GIn) Gy - Vval Gy - Ala - Ala- Leu - X -

55 b n 31 c c es or.respon to residue I n Tab e
III) no fur'teﬂﬂ{‘) 3|h°“’ g&ng &ﬁ}'f

EER e

-CS s p ours
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nte:
form c acidy %q@é@n %in 90:@191&%&{3 b%‘}' éf%?#;%jq %E;E
Sequence angy ket a8 Wadh ihe er%tagess” (Ol pr . 93@94 1 ah&m § 8%,
#5 are gi Veash Bt ebad bﬁldé&/the Riiowing percentages Probe 2, 1.6% ; Probe 4, 90%T lProbes)
10 10 4 Thr Thf3liR the pteSthce ofchr¥e I's, &3 |ﬁ)pmbe§|2%nd 4,96to a'60R8d dlﬁeréﬂﬁé‘m’s;gﬁ)d'l %) oge"_érved as
20 Cé/n - Sehe metl?hﬁal"l' m{(B4/not inklGdéd In the/Salculabidifis appréibhed [abdd upon Svéist cdse | base pairin
25 ° (Probe 2) and a relatively neutral | base pairing case (P 42l - Arg - Lys - lle - n
- Gy - Asp - Thd dandarfization infofthalion gain@@by the N-myc test hybridizations was utilized in washing and moni-
40 20 Leu toririglofthe hpBLESFhybridation ad ifdicated g, to ghligd the dddiée of cofifidence with @hich tHeTesvid
.- Phe - ifer oftesd thén stringbrifivgshing miditbedccepted( Met ) - X- 25 The ami no aci d
sequence give in Table IV was sufficiently long (44 residues) and .
unanbi guousExamplednst ruct probes for obtaining hpG CSF cDNA as descri bed
infra. Exanple 2 30 Anong standard procedures for isolating cDNA
sequences of Andoalingdithe mocetiee of Henehar etiat . M. Bjol..48615%7-480 (1888) bBitkiathntdiningrecom”
derN—ded 20 r obinantswish NA inserisasrapened in Exdmplerd\eredpreadien @4 nitmcelidose filtass(Millipore Bediorde d
on t he basi Masséchudelts)iaidemaaaneldten Thsf platestwergyiben incuhated tojgsiatiishsapproximately 460,000 col-
portions of oniesahighivers replidacplated deRérntner niWocsliuiose fiemptie deplicas l‘;’efﬁﬁ@mted I"BF!!)@F*!“E*GO"
si ngl e- st r affire@PRIIRA NS bacteriappdhnfiers we I'YSE‘&P’F etp of; Mepe gly gaturated
present in Viljsodiym pyregedde (G 3) for 1P piputes, ey pletied with FigA ’%V‘B‘PF&@'&Y‘?W blotting
pro Gvdur"’@ s withTris Of @P"%'W"%Nﬂ QCF Mderi18 gnnB S.{ VY.I?;n the filters were nearly dry, they were baked for

2 hours at 80°C. in a vacuum oven prior to hucleic acid hybridization. [Wahl, et al., Proc. Nafl. Acad. Sci. (USA),
76, 3683-3687 (1979)] ; and Maniatis, et al., Cell, 81, 163-182 (1976).
The filters were prehybridized for 2 hours at s at 65°C. in 750 mi of 10X Denhardt's, 0.2% SDS and 6X SSC.
The filters were rinsed in 6X SSC, then placed four in a bag and hybridized for 14 hours in 6X SSC and 10X
30 Denhardt's. There was approximately 15 mi of solution per bag containing 50 x 108 cpm of 32p-labeled probe
(oligonucleotides).
After hybridization, the filters were washed three times in 6X SSC (1 liter/wash) at room temperature for
10 minutes each. The filters were then washed two times at 45°C. for 15 minutes each, once at §0° for 156
minutes and once at 55°C. for 15 minutes using 1 liter volumes of 6X SSC., The filters were autoradiographed
35 for 2 hours at—70°C. using an intensifying screen and Kadak XAR-2 film. On this autoradiograph, there were
40-50 positive signals detected including 5 very intense signals.
The areas containing the strongest five signals and an additional five positives were scraped from the mas-
k/ ter plates and replated for a secondary screening using the same probe mixture under the same conditions.
The wash procedure differed in that the high temperature washes consisted of two at 55°C. for 15 minutes each
4 andthenone at60°C, for 15 minutes. Based on the N-myc probe study of Example 3, the final wash temperature
in the second screening was raised because the aggregate melting temperature for the 24 23-mers was 60-
68°C., similar to that of the N-myc probes. Just after the second 55°C. wash, the filters were left damp and an
autoradiograph was made. Comparison of this autoradiograph with a second autoradiograph taken for a similar
period of time after a final wash at 60°C. showed that only two of the 10 clones being tested did not suffer a
45  substantial loss in signal in rising from 55-60°C. These two clones were later shown to be of nearly identical
lengths and restriction endoclease patterns. One clone designated Ppo2, was selected for sequencing.
Sequencing of the recombinant hpG-CSF cDNA clone, Ppo2, obtained by the above procedure was accom-
plished by the dideoxy method of Sanger, et al., Proc. Natl. Acad. Sci. (USA) 74, 5463-5467 (1977). The sin-
gle-stranded DNA phage M-13 was used as a cloning vector for supplying single-stranded DNA templates from
s0  the double-stranded cDNA clones. The Sanger, et al., method revealed the sequence as set forth in Table Vil
accompanied by its amino acid transiation and a complementary strand in the polypeptide coding region.

&
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35 cDNA whi ch have been denatured to single stranded form Wi ssman, et
al., US. Patent No. 4,394,6443; Wal- |ace, etal., NucleicAcids '
Res. , 6, 3543-3557(1979), and Reyes, ecEmpb237#s8¢. Natl. Acad. Sci.

(WSA), 79, 3270- 3274 (1982), and Jaye, et al., Nucleic Acids Res., 11,
2325-2335 (1983). See also, U S. Patent No. 4,358,535 to Fal kow, et al.,
relating to DNA/ DNA hybri di zati on procedures in effecting diagnosis; and
Davi s, et al ., "A Manual bak «CenekigENgi BREEJ NY, cAsiwanced :Bm:terluake.

Genetics”, Cold Spring HaftRE LabgrSEory, 2Ed SpkiS& 40 Sthor, £

(1980) ats pp. 55-58 and 1¢4;&76, wehaefi ngot,_(p,_.pol oY, &Nd phages QAo o .
hybri di zati on techni ques. '@Eﬁg exgrg Evé@ app%iﬁmt e%g gram
of cells froma bl adder carg USigNg o/ guanGqi ni um
t hi,ocynat e procedu for _g ? %g i soi‘i/: S act SHEVE [CY g n,
et al., Biochems-&ry, 1 294- '§2 (19 ﬁgo The 3&?” I gggjeoui

sol ution®ont ai ned & ot al EBNAG r omite 1A6 taiwB/y t

O
messenger 45 RNA feom th® 9 5tal B0l uPiBF th# S8 uti o Ws 50‘535?6
O

through a col um cantai it BE B i go’ﬁeﬁb%/t hyG 2 at eZ8E go 28 3
(Col | aborative Res&hrch, FrieE \aPtham I\/Es%a’»bhusg‘t‘t’é’ PoF’WAblenyPa‘t’é%

| tails&h B E d t
\(/\E?I )e/ wi)(r)]sz)ma?l RSN43| 2r ;ngg %Ug gsm g?%ggﬂ# g%&%cgﬁ@a%ggmgl y

90 [err] of poly- a@nyl at aessen B RNA=( y- [ ertr rrRN@N re isglt ed.
The isol ated poly-A3 nessed S pre gat edmg'n \Igarer CEE%
hydr oxi de (Al pha Vemt ron, :@a,vers: Aessachusei t s) oab b0 a:n‘.umal 3O
concentrgtion of 431Mfor,_,£ﬁ€9 nut 83&E 5 rofiR&npetEe pdESto BETn a
cDN#'reacti on. The @ret hyl -, curm@xproxh@t;reator@@ depakgied gu o
interactions ¢f| mneggenger nﬂ%g bogig ggf agpg th %%m negg 9

J %

mol ecul es that™|i nhigit translati on. ayvar Bi ol
7636- 7642 (19 . Agcordi n:guso the. yarmq mceduﬂe Cka&ag%i et ua :
Mol ecul ass & lul $# Biol Bgy~ 70 P1B82) ], was J) ar ed

usi ngs TRNA obtedli nedd f r om E-jsellﬁ Be c@%v\er&‘%&nt@a or Mg
~incu- 55 Dbati on ito a HASE ni cr‘d%rﬂ’ganl gL col PRM2 st3dih HBIOT

or
anplification. SEP O 45 anplaeR® Hybig BiZat i 3 obe B3 gned
on the basis of tvh h G(ggg)n nogt]sg(ﬂ naP %: ueneleus Tabl"e‘FV cGhYiYgt ed
of a setsof 24 olg nucl eats dos ea:odm:.bel nep bases and g &
contai ning three Egm ne EdSEdGksE B prcub%% gnuc tllcgndes cwgrte

manuf act ur ed accoTing toutdie Bl ocagdey € Ofc Gar ut hereoet ad-n::—-Gen

Engi neering, 4, 1 (198g)wéhd I%t@l&bd WS err FSAP bR Bidasi rf’g

pol ynucl eoti de ki nas be égpnucldetgrd des 5, &Q r esppidh Ng t.@utdae
messenge¥ RNA for r‘gém dueg 30 Ig"ue sdfjehce gfQHble g Sared 88
illustrated in Tabl@ LE Qpbe ;g errla e I ol CC
[err] TC I&mew]ﬁsww QeuEﬁ rgauc OUHL Ol OFZE
. Et ~ RO CVO VAUY SO0 LU
(% 30U IVO © < B JIVY 3pY IV
by [ Q < L & L
“ W 305 368 =68 355 Q00 —OO
I

VRSl > -~y LESEL JUQ
-0 SE L —~ 00 QL
%22 080 > 00Q LO0 - U
RSN QuE4 € 300 SQU >
L] N < e Q& L 4 € ~H0O0
4 324 V0 200 VYO Vw0
CEINL) FASRY) 3VY OV cEQU
- ~Q0 ~ < QO ~ <G £
239 580 VOO nan VUO
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20 The assignnent of neutrality to |'s was based on the published work
of Takahashi, et al., Proc. Natl. Acad. Sci. (USA), 82, 1931-1935 (1985)
and Ohtsuka, etal., J. Blol. Chem, &£60,2600s¢608 (1985). However, inosine
may have a destabilizing effect if base paired with a Gor T. In Takahashi,
et al., inosines may appear to have a neutral effect because they average
out as a group to near neutrality (e.g., three having paired favorably with
C.and two not favorable to pairing with T). 25 To test the effect of

having |'s base pair with G s, controlEz expe&i ment édwerg degj gned usigng an
N-nmyc gene sequence>d@f cl ghE.2 The isgBuenceg pi ck from t N-@yc gene had
the same®overal | G @mIOC cohBaht aF &Fe fir& twod -

. osi-Liong, of gach gcodon
3 1P B engin S o KBS < HE e sofe rold N%ﬁoéﬁ? org and. had-
Pober ne ebi does. | TBBeY 20 Bhe Blencer pevboc 30 00 "B 22 8 L
Lpst_pyopes ere comg il sggmgcor At Lo Ul proGdurd of aruler s ol
perfect match ; 2, ichg%ee t?grg.d posiion s whre r%pl abed vEth l"s

generating the vvorsgfé Si bk ® Qase G addi iy | ' s;° and®'3, 1% which four

third pogition C sowhe r eph d s 's. The se@nd Fet @G tem pr%bes-
was designed to rdp@Eedént %ﬁ%ge ga%g(%n di st?i buti%n of* i nddi ne“basepairs,

that m ght give an ev@ral | reupral pai r¥ng effect § Setil |, fas ©
illustrated in Tabl @&k 3523 acl ud§§%4 comtainifg t# 'Y th& wifl base

pairwith Cs d onegudid h aG&ousnd Ep'ti:dent ip%al tod wi&h thg ad@ tiof of
oVl

ON&—nDr ezl ase ER TAH fHIEnyc Test PriobesOL. C§25 CAC AAg TAT
GCC GCC CCC T&E OC3 ¢ 2. et | CAEWAAC TATGCl TC® oCferr] ¥50
3. [err]CAl SjAC TATR@E c&&&C TBE&Jerrd 4. CE[Ce?%AAGJGAGECTG?G
AG CC Gerd] 55 B, plergdd GAGeEG TG QGCC CCger r I8 Fi v

CQ

replica filteng contB®ng §¥F DNESBquencss anﬁ?chi éken §rowt® hoftone -
DNA sgequences #las a Q¢ p EP 037 54281 ne gleh ve gontrépl ) fere Hake@in a
vacuum oven faif 2 haEBBat @S pridiERo h Gidli zabi onOA | ilt@rs Were
hyb- ridi zed descgiagd i n: Exanpl @ uhof 0k ¢ bes hpGCSF Pr obgs exgept H he
period of hybrEldi zaty @Bwas DEEY 6 BRBs. S B@rs dere aashg’sd t fee 19 mes

[ err

at roomtenperature jBeR onGe,ey g« 10 siuitesgeacty The filBers ghere
fmoni tore® with a Gei cour B2 5 SES The3 58t er & epr@sent ng ® nyd probe
3 gave a very weak sp,gngl relalive tAothe okkes fowr prgbedgfiltgrs 4hd
QL —t
2%0 ESS -QQ LR URS] (8 (] 8] (& :
& O (&
sow ewu ~uQ  IBg B g © P
g 64 L Qe Q o
35 288 Gss =00 -0 ] £ Q : :;
£
Q) o3V Q MO L ounl < g 13 S o
VOO e LB
:gsg mgeg wa88 OE8s & © o & g
U o B o
/ U O RSN %] e B 888 z g 8 & &
< o
“ S0Q OB < o< B o o E4 < Q3 g < 9
~QO0D QL <
Ssg ;88 CRLRS) .303 B =] ] (‘;
' 3) <
[~HLRS w0 o0 HE_':E E 9 2 & 2
(LR S] ] [
2868 =288 <08 Svd <« O O : Z
T
=R LR%) & €O E’UU o000 2 5 >} &
[LRS) OO0 o
“ gps  gEx 288 <60 ®w < @& & B
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was not washed any further., After a 10 mnute [err] wash, the Ceiger
counter gave the follow ng percent signal with probe one being normalized
to 100% Probe 2, 20% Probe 3 [err],ER9Q37Basbe 4, 92% and Probe 5, 75%
After a [err] wash t he percentages were: Probe 2, 16%; Probe 4, 100% and.
Probe 5, 80% A fi nal wash at [err] yielded the foll ow ng percentages:
Probe 2, 1.6% Probe 4, 90% and Probe 5, 70% 10 Thus, in tffe presence
of-three I's, as in probes 2 and 4, up to a 60-fold difference ifg signal is
observed as the theoretical Tm(l's not included in the calculatgon) is

appr oached [ based upon a worst case | base pairing (Probe 2) and®a

relatively neutral | e pairing ca (Frobe 4)]. (The gtandardi Fation

i nformati on gai ned by e Negnyc Zest hybredi zaggion vvast-'utl | i zedd n washing
and noni - toring of the, hp CSF ybr L‘dl zafl on Qas i le ca zed bel owb t o gauge
t he degreeof confidencg w uIt 15 gof ®ss than Stri ngent
washi ng nPght be acceptgd. a co d| n t ot ﬁe prEgcedure ofa Hanahan,
etal, J. Mdl. Biol. 6, 587- 5 ) ubactc-erl aucontal ning resom 20

bi nants with cDNA i nseg preEpare e 25wer e spread o 24
nitrocel l ul ose fil tersg M I i porsg for Ma.ssacgusetas) | ai d em agar

pl at es. nge pl at es were t hen |ncubat ed to esté’bl i sf appﬁ’om mat el y. 150, 000
col - oni €3 which were Egpl i Ba plstt ed 28 otlﬁa nBtwpcBl | ul ose fd lters.

The replicas were IncufateduntiT di |nc? col® onPed| dppeared. Ghe
bacteria on the filter§@ werd | ysed off sheBts § WEHarS$3 M4 pap& barely
saturated with sodi um RydroXi de 40.58) f9r 10 m nftes,“the® bl ot ed with
Triis (1 My for 2 minutgs, g1 oddd bg bl oting 25 %trﬁmg(o 2M

cont4i ni ng NaCl (1.5 MP for®10 Mt nut€s. Wen tthe fMterS we® ne Iy dry,

t hey were baked f 3§ 2 @)ursoat [@rr]F n g§vacyim ofen i or ?70 ngclelc aci d

hybri di zati on. [V\é‘h al®, Prc. Matl .OAca Scr. (USA), #683- 3687
(1979)]; and Mani ﬁ g‘,et ., @I, EBL, B63- 82 (%976)8 Th& fil rs wer e
prehybridized for 3 hoss a® [eru] i & 75oe«m 108 Derfar df®s, & 2% SDS .
and 86X SSC. The fiTjters werg ri 6XSSCg t heg pl aged fepur @n a bag
and hybridi zed fongdjl Eour s§I n Sénan§10X &0 gDengr dtfs) re was

approxi mately 15 r"ﬁ ofc—sol ubi on per kg cont aikni ng<b0 x| err cpm of

32p- | abel ed probeHjol i §bnucgeot| es)i Aft@r hybri dizat i Bn, e fidters were
washed tRtee timedBlin X SSG (1l iteed Wwas) aty roog t enper atir e flor 10

m nut es each. Theé‘-‘flltés vBre tthen fashed tw@tinBs atd[erd' fof 15

m nutes each, once at g0 fofy 151 nukes agd orge afy [er,g] fQs 158m nutes
using 1 liter vol umes gf 6)X8SSC@Theffiltgrs \gere &utorgdi o§ aphgd 35 for
2 hours at [err] usingeAan igteng|fyipg scieengand godak,XAR2 fiffm On this
aut or adi 89r aph, there fere B0-5@ posE_:tl ve55| gghl s Reteced el udgng 5 very

intense signals. The aggas gontaj ning, str ges{9 fivg sigpal sgand an
additional five posi tlge vgre st rap ? mag- t pl & es gnd

reQ/at ed for a secondary scfeeni he iprre Br obe mxt‘ure nder the
same congj tions. The h péoce ffeafced i th tthe:-hl g ten%erature
washes consi sted of two at %err] for 15 ninut €5 ea t hems one at
60C. for 15 mnutes. B %/ peiobecnstudgof Esarrpl 3 ot he final
wash tenperature in th sec‘ﬁnd $tree Fai sed becfuse e dggregate

nel ting tenperature fofg thed24 - nmeBs \A@S 602 [erBl, P | & to"that of
the N-myg probes. Just@afte? thé sec®nd [Brr] “ash® theé*fil fers Rere left

~ danp and an aut or adl ogaph 8as #de. gConddri s@h of Jt hi sgaut & adi §graph with
a second autoradl ograp® taken f& a Sinm|9r péti od°of tfme &terSa final

wash at [err] showed t8at qfly tHw of thegl0 & oned beifg tghtedzdid not
suffer a 45 substantlgi31 | 58s i@ sigkal ifn ri & ng grom@S [&r].—=These two

clones ware |ater shown to be of nearly ldentical
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| engt hs and restriction endocl ease patterns. One cl one designated Ppo2, was
sel ected for sequenci ng. Sequencing of the reconbi nant hpG CSF cDNA cl one,
Ppo2, obtained by the above procedurgs o7 saggPm plished by the dideoxy

net hod of Sanger, et al., Pr oc Nat | . Acad SCI. (USA) 74, 5463 5467

(1977). The sin-_gle-s sed n
T, g r c Li' § g: he s%quence there
\(;(e)ﬁ:)?ref g,[ fg‘%ﬁl ?ﬁ wg\ @ %é {pol?éﬁ n er ere t océur gtut ases (desig-
ose se e co rIn::"E1 ‘be Lte rté. le Sl. method
cod

sequence asddseq thL_

translatjon 51{53 }ﬁfe S o so endng s poon,

10 EPo AL e ot e
escri f the-putative"ma

545 Bl [ ER f hpG- l n&v‘i ed g tule! FFQ%QQ‘IBF a%ﬁ@ﬁélﬁe'ﬁ&r:giﬁlue% e m:ﬂcated

sequence of gdigiihgind’ sopaéo@orﬂ he BB c@don, GA) BrR approXithiienPise bikas Sraf URRRRatsd B uéic

shown bases a4QhuitpRA Y ihB Hoif R thiP UnRukigiAildhd RpAl Yes@ctﬁ%ohdcﬁkﬁ recodmifnRitds| @i vell
occur abgut ad¢vy Stu AscuskR§ infla withddspétt B SonsiNiclionfSRrySRAnEaRGaydtio blpfbsHisisystems)
readily be g@LgETEsidRMed i BblRVATEWIS] tYthOck P ssparagiibsidusd in Ab polﬂiﬁﬁtiﬂ@.%eﬁ&h@e fAo@ppdie
pre c¢edin g NMibhtdited 6 h@lﬁosyﬁh& PiRAMSdiscored Bﬂé’seﬁfehﬁﬁe dn@ Ui BurtrafesRiidd86quailce tspresent
codons encogb&amal paRadehpdtiodsite. Of a putative | eader sequence for the
pol ypepti de. Hes fslevdith it easDE A —oraDcONACcIaes identificeiby itactiybriiizefion preedofes des-
nat ur al 4sS Okritie@ 8bodé frdnpdrtiing d et 6fi4b&ebOIclondsXatietodncllde DMreericoxirtgitizel entirh feadan semgence
resi due of trbe theudasdctiption initiation isite' oriwardnindded, all BréeSipG-GSH aiiestatminatddyn the 5 rkgionate
hpG CSF i s eluetyatd dame sitepindicatingithateedondzary stracturd df tireanNA fragscribedisengrealy-ninders GONA for-
Fol | owi ng t matidhdieypl thissitenAs(d@ bracticl matiet otherefiG,A)DNAY expragainn GRieeningciuch Foiesqsihecdin -
of an untr afkiyanadtd., Melcand €alk 8iol., 3, 280-289 (1983) and as actually employed to isolate GM-CSF in Wong,
o 20 etal., Science, 228, 810-814 (1985) could not have readily applied to isolation of hpCSF DNA because such
isolation systems ordinarily rely upon the presence of a full length cDNA transcript in the clones assayed.

The above sequence is not readily susceptible for securing direct expression of hpG-CSF in a microbial
host. To secure such expression, the hpG-CSF coding region should be provided with an initial ATG cedon
and the sequence should be inserted In a transformation vector at a site under control of a suitable pro-

25 moter/regulator DNA sequence.

Exampie 5

In this example, cDNA encoding hpG-CSF as isolated in the previous example was used to screen a

30 genomic clone. A phage lambda human fetal liver genomic library [prepared according to the procedure of

Lawn, et al. Cell, 15, 1157-1174 (1978) and obtained from T. Maniatis] was screened using a nick translated

probe consisting of two hpG-CSF cDNA fragments isolated by digestion with HgiAl and Stul (HgiAl to Stul, 649

b.p. ; Stul to Stul, 639 b.p.). A total of approximately 500,000 phage were plated on 12 (15 cm) petri tri dishes

and plaque lifted and hybridized to probe using the Benton/Davison procedure [Benton,et al., Science, 196,

35 180 (1977)]. A total of 12 positive clones were observed. Three clones (1-3) yielding the strongest signals upon
autoradiography in a secondary screening were grown in 1 liter cultures and mapped by restriction enzyme '

digestion and Southern blotting using a radiolabeled 24-mer oligonuclectide (kinased with 1T2P ATP) &

v CTGCACTGTCCAGAGTGCACTGTGS . The mapping results showed that isolates 1 and 3 were identical and

- 2 contained 2000 additional bases §' to the hpG-CSF gene. Therefore, clone 2 was used for further charac-

4« terization. DNA from clone 2 was digested with R1 to release an 8500 bp hpG-CSF containing fragment which

was subsequently subcloned into pBR322 and further mapped by restriction endonuclease digests, Southem

Blotting, M13 subcioning and sequencing. The sequence obtained is as set out in Table Vill.

55

14



and nultiple A's of the poly A "tail". Unique Hgi Ail, and Apal restriction
endonucl ease recognition sites, as well 10 as two Stul sites (discussed
infra with respect to construction ofp §39GgaPti c and eucaryotic expression
systens) are also designated in Table VII. OMng to the | ack of asparagine
residues in the pol ypeptide, there are no appa- rent sites for

N-gl ycosyl ation. The undesscoeed 6gbas near t®e end of &the 3@ 3

upt ransl at ed sequence rep?esent a fpot ertial pol Yadenyl at I"on site. Mt is
not eworthy that each of two additional cDNA clones identified by the

hybri di zgtion procedures des- 015 cl,i bed, abovegf (om anbngea totals @f 450, 000
clones failed to include cé

ng e ent Erg | eader” %quenca ﬁ?romthe '
transcription Initiation glte ) deed, #afy three G CSF cIE-bnes
termnated in the 5 regiQ na ex tIy he sa FeXsite, in@ cating at
secondary structure of t tr nsc bed sgv& ely hin@ers ADGAR or -
mati on bgyond this site. 25 rac |ca natteg ghereforﬁ cDNAgexpr essi on
screeni ng such as descri bad | ama g et al & g\/bl. and 1. 8 @., 3,

280289 (1983) and as act-aall oye to |s e GHCSBin W)n9520 et
al ., Science, 228, 810- 81& (1 5) ouI not h read| I y%ppl ied t

i solati on of hpCSF DNA begaus§ suc is@ation "syg;t ens or@narily rily upon
t he pres®nce of a full Ieggthg;DNAUtra cript 3igthe cl o®s assaydd. The
above sequence is not rea@ily usc ptite forS&uring digect expr@ssion of

hpG CSF in a microbi al ho gur e Esuch ego@sm on, t&e hpG CH¥ coding
regi-on shoul d be provi ded-z\MtIgan n| ti I <+ @lon and tHe sequenge shoul d
be inserted in a transforgatlozm ve or a'sﬁeﬁunder trol of §
suinabl e®pro- 25 not er/re Iatcar uence Ekample 5@&n this eSanpl e,
cDNA encodi ng hpG CSF as H‘SO| ¢ previoyg exanpl ggwas usedft o
screen a 30 genom c cl onerc A age a human fetal |iVdr genonig library
[ prepared accordipg to th p edure ofuLavvn etgal . Cel 1@ 15, 115g- 1174
(1978) apd obtai fgd from & |at|ee] s screer@d usi ng g ni ck tr@&nsl at ed
prohe, consi sti ng®¢f two h c fr Bgnents igol ated b digesti§n with

- Hgi Al and Stul (Bji Al to I £649 p< Stul tagStul, 638 b.p.). & total

of approxi mat el y £00, 000 Ehageawer pI @ed on 12%(15 cn) Betri disies and
pl aque |ifted an&'hybri di Z&d t® pr @be ing the Benton/ Dai son progedure

[ Bent onegy al ., Sci ence, 135, 38 1 (1877)]. At@Qtal of 18 positi vy cl ones
were observed. Three cl oneg® (1.:3) el deng the sgrongest Eignals ugion
aut or adi ography In a secor&laryascrénl né were grgwn in 1 Biter cul gures and
mapped by restriction enzﬁTe d gestﬁ on and Sout hgrn bl ott®ng using

radi ol abel ed 24-mer ol i gor@icl e@ti deE(kl éased wta [err]P §TP) 5 3
CTGCACTGEBCCAGAGIGCACTGTG3'E; Th i ngoresults ghowed thg@t Isolatgs 1 and

3 were identical and 2 corﬁal ngd 2@®0 a@ditional ubases S@o t he h@ds CSF

gene Therefore, done 2 wi§ us& f fuBt her chaBac- 40 gerizatiog DNA
romclone 2 was di gested ithERL t refease an 8500 bp h CSF co@ ai ni ng
fr nt whi ch was subsequ®nt| $ sutil on& into p R322 and urther pped by
restrictfn endonucl ease dggesids, WBut hin Bl ot t gng, bcI on| ngj and
sequenci ng. The sequence dBt ai §d I8 asset out TabI e 55 14
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EP 0 237 545 Bl [ ERR] EP 0 237 545 Bl [ERR] -  EP 0237 545 Bl [ ERR]

EP 0 237 545 Bl [ERR] EP 0 237 545 81 [ERR] EP 0 237 545 Bl A
restriction endonucl ease map (approx'Fpar,‘,g\hy4 44 Kb) of genomi c DNA

cont ai ning the hpG CSF gene is detai Ei gure 1. The restriction
endonucl eases shown in Figure 1 are: Ncol, N; Pstl, P; BanH , B ; Apal.
A, Xhol, X; and Kpn, K  The-aripws bel oy t heSmap lepi8t the seBuencing
strategy used to obtain the ge@nm c seq@nce] The&l box®d regi o are those
found in the cDNA clone with the dashed open ended box representing 5
sequenceznot present in the cDNA clone, but identified by probing nRNA

bl ots. The identification of &l ng seqlgenceg pr¢poseq for €gd@ one was .

carried out by Northern bl@tSafal ysis. 1824 Her i gofucl eotls pr obe,
5' CAGCAGCTGCAGGGCCATCAGCTT| el spanni 1§ t pr ictgd spl igegj unctures
for exons 1 and 2 was hyb- rgdiged to hig> i nga Nor tdae®n bl ot
format The resulting blot sh an mMRNAQ he |ze0( ~165@*bg) as that
seen with an exon 2 oligonucidedide pro ) T§ orrbl ney ¥ith the
abllkt/y to direct expreSS|on>1(g of hp CSbero thegpSVGM? | vector
(Exanple 9) using the Met in tion co p|c d iy Tabl e3\gll, defines
t he codi ng sequences cont ai ngd n exon B Exgns 5 age defiy by the
codi ng s®guences obt ai ned Y5 9 8 < Q a8
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in the cDNA clone (Ppo2) of the hpG CSF gene (Table VII1). Exanmple 6 15 This
exanple relates to preparation of a manufactured gene encodi ng hpG CSF and
including E. coli pre- ference codongpoB§ifkky stated; the protocol

enpl oyed was generally as set out in the disclosure of co-owned Alton, et
al ., PCT Publication No. W83/04053, which is |ncor poratgd by refgrence
herein. The genes were desi8ned for @0 initial assenbl y 9f conpongnt
oligonucleotides into multi g e dupl efes which, En turn, were assembl ed into
three discrete sections. These sections were deS| ghed for r eady
amplificgtion and, upon renoval fromthe anpl | f| - cationg,systeng goul d be
assenbl ed sequentially or. tgrough g g:ll ti plee rrent l'i @ation gn: :
sui t abl e expressi on vector he coBsy ucti da f:'.Gectl onsg, 1] 'gn 11 is
illustrated in Table I X tho§gh XIV@ B the cofs uctlongf Sett Boft 25 |,
as illustrated in Tables | Xghand X, gog gonucl e§t es 1-149nere ass&bl ed
into 7 dyplexes (1 and 8); & and 9% & and 10 3 and 11 §5 and 12 6 and
13 ; and 7 and 14). The 7 dlﬁ)l exesg& e then &i %t ed to §rm Sectfn | as
showr’in Table X. It nay al$ be n® @ in TabBe&X that S&tion I hcl udes

&
an upstream Xbal sticky end&nd a &oghstream @a@-ﬂ stick® end usefdul for
ligation to anplification afid ex‘ﬁrﬁs on .vect? and for§igationgo
Section I#s. 30 TABLE | X ECh{& CSFDNAQ ECTI ON g-% S 5]
CTAGAAAAAACCAAGGAGGTAATAAA & g g 1 Q S
TAATGACTCCATTAGGTCCTGCTTCTTE g 3§ 2%0 S
CTGCCGCAAAGCTTTCTGCTGAAATGT @ GG & R 83 <
AACAGGT TCGTAAAAT CCAGGGT GACGEH % B S 48 &
GC'FG@ACTGQ:AAGAAAAACTGTGCGCT/E & S 5 & 2
GAGC 3 a o NE 6 § 8
< [&] [— | o
& 3 8 & 3
& g 2 2 0 5 g
GAAAGCTTTECG 3 2 3 80 2]
w O 11 &
3 %8 120 @ :
< Q 2 8 g S
-] Q et O Q
g s - §4 20 124 Z
2 2 28 & S
2 2 R g g
Q
2 2 oo < <
o 3 9 S &
g & 28 & 2
© 3] o o Q 9
~ 3 O Q N = & E E:
v B - T3 >
G ~ 30 ] 38 4] 3
et @ & ¥ & a3 £
~ o 28 2 S
“ 98 3 § & g g
o
g O 8 [T N - L <
z 8 & & ~29 9
€ Q Q o8 - <
45 (LR 3 Sy o 2 8 8
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n < o 2B 0 Q
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. > O & o e o < -
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EP 0 237 545 Bl [ERR EP O 237 545 81 As illustrated in Tables Xl and
XIl, in the construction of Section Il, oligonucleotides 15-30 were
assenbl ed into 8 duplexes (15 and 2%p olB37 M5B3124; 17 and 25; 18 and 26; 19
and 27; 20 and 28; 21 and 29; and 22 and 30). These 8 dupl exes were then
Ilgated to formSection I, as shown in Table XII._As furthr sgown in
Table XlII, Section Il has aIS upst reaid Bangil sg ckp endeand d stream
EcoRl stlcky end useful forQigation&o a5~ ar’rmllfle'atlon veot orand for

ligation to Section |I. Near Its downstream end, Section Il al so i ncl udes a
downstream Sstl site useful in the eventual. |igation Sectiqns and I11.
‘TABLE XI" 10 EChpG CSFDNA BEGION || €5 G4T C%GCT
15 .. TGT CCATCTCAAGCTCTTCA 7 & 8 g 16
TGGTTGTCTGTCTCAACTGCATTCTEGE § 8
CTGTTCCTGTATCAGGGTCTTCTG % 9 & & B Cﬂé GGL‘EGGTETCTCTCCGGA
19 ACTCI;;GTCCGACTCTGGACACTGT&DA &8 & § g0 5 &
GCTAGATGTAGCTGACTTTGCTACT. 2 8§ g 821 g 8
ATTRGGCAACAGAT GGAAGAGCT CASA 8 & ©§ 2229 )
GACAAGAAGACAGOGGAGCCCACGGR & 5 @ &3 GE-AGEH GAABAGCTTGAGATG
24 30 & GAATGEAGT TBAGAGRGA S g 8
25 CTTGGAGAAGACCCTGATACAGRM § & § &28 = 2 8
CAGTTCCGGAGAGATACCTTCCAGAS' 8 £ ©29% g £ 9
TAGCTGCAGAGTGTCCAGAGTCGAEE 2 g =2 < 8 o & &
AAATAGTAGTAGCAAAGT CAGCTACAT & g § & =098 © g
AATTCTTTGAGCTCTTCCATCTGTTEX < 8 g §30 @ 45850 & 22
~ 2 -3 0 O L] 3] 5 g
. < Q 9 B+ [ ] <5 £ <
o e O & (5] g & [&] & (4]
- ~ 9 & £ £ 2 g
a Q W Q | ] Q) (8
o [T &) J 4] |3} Q <3 L] 8
o} L & Q £+ (¥ Q 2 (¥
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o e O 2 § & B 2 §& 8
> 48 _%2 8 ¥ 2 B 8 ¢
3 =3 =928 8 § § g & 2
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EP 0 237 545 Bl [ ERR] EP 0 237 545 B1 Finally, Section Il was
constructed as shown in Tables XIlIl and XIV. Forthis construction,

ol i gonucl eoti des 31-42 were assenbl edep g1439 sg5 ghupl exes (31 and 37 ; 32 and
38; 33 and 39; 34 and 40; 35 and 41; and 36 and 42). The 6 dupl exes were

then ligated to form Section Il as_depicted in Table XIV. As also shown in
Table XV, Section Ill includes an gpst Seam@anrHB st iraeky end and a
downst ream EcoRl sticky end useful &or @& gatfing § imto an anplification

vector, and at least in the case of the EcoRl end, into an expression

vector. If‘l addition, Section Il has an tépstream Sstl site useful in the
eventual ligation of Sections Il a 11 TA@LE §<III 10 EChpG CSFDNA
SECTION ||l 15 GATCCAAAGAGCTCGGTATQ CéAG < & 31
CTCTGCAACCGACTCAAGGT GCTATGCCG ' 2 < % 9 32
GCATTCGCTTCTGCATTCCAGCGTCGTGC 3 & 9 33 20
AGGAGGTGICTGGTTGCTTCTCATCTG Bt 3 g é 34
CAATCTTTCCTGGAAGTATCTTACCGTGT § s S 8 35
TCTGEGTCATCTGGCTCAGCCGTAATAG g & ' 2 & 36
AGAGCTGGTGCCATACCGAGCTCTTTG 5 Q g £ 37 25
ATGCCGGCATAGCACCTTGAGICGGTTGC g a 3 & 38
TCCTGCACAACGCT GGAAT GCAGAAGCGA < g e P 39
ATTGCAGATGAGAAGCAACCAGTACACC Q < Q < 40 30
CAGAACACGGTAAGATACTTCCAGGAAAG 9 & o 8 41
AATTCTATTACGGCT GAGCCAGATGACG 2 ) 5 < 42 35 40 45 50 55 24
O r £ |l
. 20 O Q 3] (23
~ 4 83§ B § g
sl - § E 8§ § &
\/ - < Q (3] B (3]
- 1] 5] 8 >4
=4 L] (] o 2
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(L] (<] Q 2
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< 3 3] ] (2] 3]
= 3 2 B 2 8
0 g (3] [3) S
[ (3] &=
35 fé § g g g
O (L]
5 2 8 8§ 8
8 2 B § ¢
8 8 E @
4] o ]
& £ <
3] (3]
g8 & g § 2
3] (3]
. s £ BB E
g 8 2 &
EREE
“ EERR
g. g & © ©

-
o



EP 0 237 545 Bl1 5 [ERR] 50 55 25 EP 0 237 545 Bl The Xbal to BanHi
fragnment formed by Section | is ligated into an M 13 np 11 phage vector

opened with Xbal and BanHl . The vectqr reopened by digestion with
BanH and EcoRI, followed by ligatio %W?#ﬁﬂ BanHl to EcoRlI fragment

formed by Section Il. At this stage, Sections | and 11 have been joined in
proper ori ent AtrésrigtionNesanyclesse mhieiaprvxiditaiy 3.4 b) gEgenemic DNA egatsiniad the\np8&SFipeneds
EcoRl di gesdetaied infigure e pestetion endppcieages shayn in Rigyre- arg YREsts P ¢ B 3 Apa'
formed by Shefih: #1dKen K, EheagewRielowhareapdep "Sé?;‘t“F'?‘}WE s‘ra ﬁaseimb ind?
with Xbal a¥fgueges-jhe her%éwi@éawf'}‘?%efwe'éﬂd?e oY l& 'ﬂ %?f' F'i' OX fop se"*'"g
di gest ed® wi ieﬁuﬁg‘i Fot gresentn g CONA slope, d’f‘t ‘F‘H‘ res g HRNA ' ts Pl fsc‘“’""g '
Irgsulr tei”ngufs 3C E@?@I@ g ‘Eig%ﬂa rvg th?.ﬁ i thosI; l m?exons a 2wasr yb-
an gxpr ESSI 3» ina er f. The r§suE§é§ kﬁ thegﬁ;gl §|£Q~1‘6§0

|ﬁ J{‘ i&hE' nu%le %xdr&snon
Table Xy, e 'E flets Jg” n@% i) 'uﬂtfaxm(tfbogﬂ ATable
t2 gr ?e/ ng!; 40?‘ %?f ng% ke Og%tal%ft@ ﬁ:g(T 3!543%}5 é;ﬁéd)ﬂt} tﬁﬁo&nh@géq%ﬁces]o%ta%“:i

Example 6
15

This example relates to preparation of a manufactured gene encoding hpG-CSF and incldding E. coli pre-
ference codons.

Briefly stated, the protocol employed was generally as set out in the disclosure of co-owned Alton, et al.,
PCT Publication No. W083/04053, which is incorporated by reference herein. The genes were designed for
initial assembly of component oligonucleotides into multiple duplexes which, in turn, were assembled into three
discrete sections. These sections were designed for ready amplification and, upon removal from the amplifi-

cation system, could be assembled sequentially or through a muitiple fragment ligation in a suitable expression
vector.

The construction of Sections {, Il and Il is illustrated in Table IX though XIV. In the construction of Section
v B |, as illustrated in Tables IX and X, oligonucleotides 1-14 were assembled into 7 duplexes (1 and 8) ; 2 and 9;
3and 10 ;4 and 11 ; 5and 12; 6 and 13 ; and 7 and 14). The 7 duplexes were then ligated to form Section |
as shown in Table X. It may also be noted in Table X that Section | includes an upstream Xbal sticky end and

a downstream BamHl sticky end useful for Iigatlon to amplification and expression vectors rs and for ligation to
Section I.

30
TABLE IX

EChpG-CSFDNA SECTION I

35 . .
CTAGAAAAAACCAAGGAGGTAATAAA
— TAATGACTCCATTAGGTCCTGCTTCTTCT
P CTGCCGCAAAGCTTTCTGCTGAAATGTCTGG
 AACAGGTTCGTAAAATCCAGGGTGACGGT
GCTGCACTGCAAGAAAAACTGTGCGCTA
CTTACAAACTGTGCCATCCGGAAGAGC
TGGTACTGCTGGGTCATTCTICTTGG
CATTATTTATTACCTCCTTGGTTTTTT
| GCAGAGAAGAAGCAGGACCTAATGGAGT
50 PGTTCCAGACATTTCAGCAGAAAGCTTTGCG
CAGCACCGTCACCCTGGATTTTACGAACC
PAAGTAGCGCACAGTTTTTCTTGCAGTG
ACCAGCTCTTCCGGATGGCACAGTTTG
GATCCCAAGAGAATGACCCAGCAGT
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50 55 27 EP 0 237 545 Bl [ERR] 50 55 28 EP 0 237 545 B1 Al t hough any
sui tabl e vector nmay be enployed to express this DNA, the expression plasmd
pCFML156 nmay readily be constructed Epomsasglsasmi d pCFMB36, the
construction of which is described in published Euro- pean Patent
Application No. 136,490. pCFMB36 is first cut with Ndel and then

bl unt-ended with Poll such that both existing Ndel sites are destroyed.
Next, the vector is digested with Cal and Sacll to renove an existing 5

pol ylinker before ligation to a substitute polylinker as illustrated in
Table XVI, This substitute polylinker may be constructed according to the.
procedure of Alton, et al., supra. Control of expression in the expression

pCFML156 plasmid is by nmeans of a.lanbda [err] promoter, which itself may
be under the control of a [err] re- pressor gene (such as is provided in E

coil strain Ki2[err]Hrp). 15 20 25 30 35 40 45 50 55 29 EP 0 237 545 Bl
[ ERR] 10 :

S
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15 45 50 55 30 EP 0 237 545 Bl Exanple 7 This exanple relates to E. col
expression of an hpG CSF pol ypepti de by neans of a DNA sequence encod- ing
[err] hpCSF. The sequence enpl oyed vepcg2akised |y synthetic and partially
CcDNA- derived. The synthetic sequence enpl oyed E coIi pr ef er ence

5
bd I h
glog Ce) 2 tS ed PV\AaE mB? t%d '"gggi;%' andEg’j},‘ Qf? E‘Llnﬂ;trucgs of gecpon { nu ;%o’li re aésewgled

fragment in d

H%‘iéd o %QE% ablE'Xl
seven of hgyk ﬁha%%ﬂUE‘éﬂ% QR SRUADS o &far% oRISH
‘base paigs éirhﬁ e T it ARy i #  naireeln EcoR i mmme dow trEé?ﬁ

sticky end g néaseﬁl.nmaebaﬂxau@&ﬂol?%s&.onﬁrﬁ #.ul Teaves -a blunt end. This 10
allows for T€ady insertion of fragment into M3 np8 (Rf) cut with Pst |

and with the blunt-end-form ng res- triction enzyme, Hincll. Upon
amplification In M3, the hpG CSF BRBLEaIexci sed by digestion with Apal
and BanHp which cut, respectively, at the Apal site spanning the codons for
reS|dues + 3to+ 5 of hp downst reant of the Hincll
sitée<n the M 3 np8 restrcsgcfk?%g %%T@H&ﬁ%&mséﬁe{)rder to allow for E. coil
expression of the hpG CSF pol ypeptide, a synthetic fragnment was prepared as
set out in Table XVII below. 15 TABLE XVI | 5' - C TAG AAA AAA CCA AGG AGG
TAA TAA 1ATA 20 3 T TTT GGI TCC_TCC ATT ATT TAT
Xba | -1 +1 Met Thr Pro L@&TﬁﬁCGTGGGCTCCGCTGTQ?@CRCA cctr ck@ac € - 5° TAC
TGT GGA GAC -3' Apal 30 rgrccArcnanseTdairenscredct rom anal].ﬁsi s of

Tabl eXVl |, the linkeri dons sp fying the
Initial three resi dues&g;F%%ﬁg‘c%wm&E%F%&Gﬁ%% CSF (" ﬁ'?storl ng the
[er}, -Zspecifying codonsmm@méﬂﬁ@fmdfr@@ﬁl on of ¥ ML3 DNA
descri bed above and enpl ﬁ@ﬁ?@l expres in E coil),

a translation initiatin %@? a se uence of 2 bggg pairs E'?gw ding a

ri bosonme binding site, The pressi on
vect or errpl oyed for E. G@qlmmmmmgtﬂ@pﬂqscrl bed &3 pCFMb36 in
Eur apgarf®Pat ent ATTTGGCAACAGATGGAAGAGCTCAAAG 22
GACAAGAAGACAGCGGAGCCCACGG 23
ACCAGCCAGCTGAAGAGCTTGAGATG 24
30 ACAGACCAGAATGCAGTTGAGACAGACA 25
CTTGCAGAAGACCCTGATACAGGA 26
CAGTTCCGGAGAGATACCTTCCAGAG 27
35 TAGCTGCAGAGTGTCCAGAGTCGGACC 28
AAATAGTAGTAGCAAAGTCAGCTACATC 29
: AATTCTTTGAGCTCTTCCATCTGTTGCC 30
W,
40
45
50
55
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Application No. 136,490, by Mrris, published April 10, 1985. (See al so,

A T.C.C. 39934, E. coli JMLO3 har- boring pCFMb36). Briefly, plasmd
pCFMb36 was digested with Xbal and BEPPIR37SBA81hpG CSF fragnent (Apal /BanHl)
and |inker (Xbal/Apal) described above were then ligated thereinto to form
a plasm d designated p536Ppo2. 40 Plasm d p536Ppo2 was transforned
into a phage resistant variant of the E. coli AM/ strain which has pre-.
viously been transforned with plasmd pMN (A T.C.C. No. 39933) harboring a
[err] gene. Transformation was verified on the basis of the antibiotic
(anmp) resi stance marker gene carried on the pCFMb36 progenitor plasmd.
Cultures of cells in LB broth (anpicillin 50 [err] 1 nml) were naintained at
[err].and upon growth of cells in culture to A600 = 0.5, hpCSF expression
was induced by raising the culture tenperature to 42C. for 3 hours. The 45
final OD. of the culture was A600 = 1.2. The |l evel of expression' of

hpG CSF ® the transformed cells was estimted on a SDS-poly acryl am de gel
stai.ned with coonassie bl uefyg,to besdk &% of bo&aJ cellular protein. Cells
wer e-har vested by centrifugs @ at EPSg for XM Erinutes in a JS-4.2
rotor. Cells at 25% (w V) In er weg ﬁr{:dkene%%arm ng 3 tlrres through a
French Pressure Cell at 10,008 %.s.i." br ok suspen- si on was
centrifud®d at 10,000 g for 1 Lginutes g a JA Sotor The peIIet was
resuspended in water and sol - ilizedw® about 8%hg/nm total protein in 1%
lauric acid, 50 MM Tris, pH&Bvt The © biliz | let material was
centrifuged at 15,000 g for 18 @i nut eostctl;g to 'g%@uper natant [err] was
added to,20 nM After 1 hour, Z#is sanpd e was | o d onto a C4 HPLC col um
f or—gurifi cati on according Lﬂ& &uproce‘iigres of mple 1 (B) with

adj ust rrents made for vol une & concent% i on. A second
purification procedure was deﬁa‘l‘oped tFFeldl al"‘g"ér quantiti ey of hpG CSF
fornulated in a nonor- gani @&t ai ni B Buf f er oﬂir@s mat eri al ﬁﬁsw t abl e
for in viyo studies. One hund®=g and Pt opramzds cell pag1

resugpended | n aboutp00 m o M DEIR &1 pass@34 ti mes ghrough a Manton

Gual i n Honogeni zer a* about 7 PSI br oken || suspg@bi on was
centrifuged at 10,008|g for 3 &i nut es q the pg%et was SE EP 0 237
545 Bl resuspended K 400 m 91% deox§ ol ateg ), SJWEEDTA, 5 nM DITT,
and 50 meb Tris, pH 98| This sﬁsﬁ.{‘-’penm s mxa t roo grpe'l‘ature for
30 mnutes and centrifuged at 28 000 ¢ 58 30 M §

m nutes. The pelletwas sol ubilfged in 1@ n of QRYESar ko 50 nmM at pH
8. [err] was added to 20 [err]@gnd the HiFture wagstirr SE5 hours 5  at
roomtendérature, and t hen cgnh k) fugecé_ t 20, 008 (®ef or 3Q,mmut es. To the
supernat ant was added 3@D m Ra8 &2 one m xt §reSuas pPREEh, ice for 20
rri nutes and then centri Qiged a8 &0po 30 m giges. The @I | et was
iglvedln 250 ml of @Mg%"m‘"ean Omvls macet at pH 4, and
put~gver a 1,200 M G 28 col ufeequilib ej and EFEBI n 20 sodi um -
acetate &f pH 5.4. The hpG CSF3 3 ak (eﬁl&ﬁ 00 S poo and put on a
15 m. CMcel | ul ose col uE equ dichrat edsee20 NMViose€i um acep@e at pH 5. 4.
After |oading, the 10 | unm 86 wasHe &ibl th 6@% of 2& sodi um acet at e

BT

€es,.
resuspended i n about400 m of er and@&@ntrifu ﬁt 10 %% for30

T

at pH 5.4 and with 25 m?sodl h|0|’|d fand th o< B
p 4 Lg]g: E_.g éég S.g
45 3 B :é 0 o o8
= < Bl 8BS 3 o
=2 @ al &< e va
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the colum was eluted with 200 m of 20 mM sodi um acetate at pH 5.4 and
with 37 mM sodi um chloride. 150 ml of this eluent was concentrated to 10 ml
and applied to a 300 M G 75 col unm epoRBisssaned and run in 20 nmM sodi um
acetate and 100 nmM sodi um chl oride at pH 5.4. The peak fractions conprising

35 mM were po ot i€ Eon in . } o £SF
a0 e e, POkl 38l e forShEi L 54 n T ki X WREFRLAGHEAN, Dlorlafies

gel, and conrhdiz)ctie basplexbd\dle ﬂerﬁlg&ﬁd R oA BEAGEM ad@dpicidd i TaBle RV, k&éﬁn%n .Jhﬁue
pyrogen | evedv, Sectiodlifiiriubés ¥ dpds@an GariHIsticRYérdand GBNASHELM E6oR 8icRy dnd Dbekul foPfidating
kit (M A Rit®arsbidation Wabk&id2avielst &, thd\Rse/ draeBeoriRid Hid & ekpréSsion vector. I Blidhion,
exanpl e rel aetton liGad dnupstieam@st SiRGSETR inthdéventadl lig26én o SediGiddraal 1. anal ogs of
hpG CSF wherei n cystei ne residues present at positions 17, 36, 42, 64 and
74 were individually replaced by a.git@hlsgani no acid residue. Site

di rect ed mut agenesi s procedures accu-r-dl-l'—n-g-lt-elu- Souza, et al., published PCT
Appl i cat on No. W85/00817, published February 28, 1985, were carried out
on [err] encodi ng DNA of pI FEHgECEHRRO SE e ifaed infra, usi ng synthetic
ol i genucl eotides ranging in size from20 to 23 bases as set out in Table
XVI1l 25 below. digonucleotide No. 1 allowed for formation of a gene
encoding [err] hpG CSF; oligonucleotide No. 2 allowed for fornmation of
[err] hp& CSF, and so on. TABLE
XVI11 digonucleotide GQ&CMAGAGCTCGGTATGGCACC‘Xgequence 531 1.

5 -CTG CTC AAG TCC TTATSIGUAACASACTCAAGGTGCTATGCCG 5'34GAG AAG CTG

TCT GCC ACC TACA-3' 3. GCATTCGCTTCTGCATT&AG%Q%@CCT G TCC GAC CCC GAG 3
40 4. GCC AG- 3' 5.

5 \CTG GPA GGC TCC TTG @W@A%%?%%@?% d| rect etf nut agenesi s

restrictions were carriCKATCUEBIGCTEAQAAGTRTICT TAOUGHGT ng an Xi@8 - 45 BanHl
hpG CSF fragnent i sol at cf}ﬂf'r e DNA fyom each ML3

" npl0 cl one containing ae%{ @% fASGon V\'géémtreat ed wit é)XbaI and

BanHl . The resul ting f r agdMHACTRETGICARACGGAGCRSERN S si on veddr pCFMW46 and

exprigssi on products wergpdEcdddSshdsacdripitdsreec he pl asmgl pCFM/46 may
be constructed by cl eawqé‘ C;}Pl asm d |E)CFI\/I736 the constructl of which

from deposited and publ? @A describ in Mrris,
publ i shed PCT Applicati MMAMGMMGMGGhed Febramry 28, 1985)
with G aks and BanHl and by b- stituting
the foll ow ng polyli nkeéWWW%ABLE Xl >éﬁg

c al AATTCTATTACGGCTGAGCCAGATGACG

35
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[err] CGATTTGATTCTAGAATTCGITAACGGTACCATGGAA
TAAACTAAGATCTTAAGCAATTGCCATGGTACCTT 10

GCTTACTCGAGGATCCGCGGATAAATAAGTAAC] er Igp ¢ 23 B1
CGAATGAGCTCCTAGGCGCCTATTTATTCATTCGCTA errfsgaUBa 15 In a purification
procedure for Cys to Ser anal ogs according to the present invention, about
10-15 g of cell paste was resuspended in 40 ml of 1 nmM DTT and passed 3
ti=mes through a French Pressure Cell at 10,000 psi. The broken cell

suspensi on was centrifuged at 1,000 g for 30 m nutes. The pellet was
resuspendgd in 1% DOC, 5 nM EDTA, 5 nM DIT, 50 nM Tris, pH 9 and allowed to
mx 30 mnutes at roomtenperature. Lhe 20 mixture was centrifuged at
10,000 g for 30 m nutes, resuspengea BN 40 KD err], and recentrlfuged as
10,000 g for 30 m nutes. The pell et@as di ssog/ dinl1l0 nm 2% Sar kosyl ,

50 nM DTT, 50 nM Tris, pH 8. After 813(|ngfo hour, t xture was
clarifiedoby centrifugation at 20, 08& g for mnutes g &'t hen applied to
a 300 M G 75 colum equilibrated af& run inglgoSarkos‘yE'; 50 mM Tris, pH 8.
Fractfons cont ai ni ng the anal og wey§ ool ed,a,pg al l oygdet o air oxidize by
standing with exposure to air for .east @}y g concentrations 25
ranged fromO0.5-5 ng/mM. Exanple 9 E lian cell
expressi ¢h system was devised to & o her an B8 ive pol ypep- 30

ti de product of hpG CSF DNA coul dﬁ%gxpressgxﬂ n and 34 Et ed by mammal i an
cells (COs-1,. AT.C.C. CRL- 1650) g s st was desegnet to provide for
secretion of a pol ypeptide anal ogcoé:ehpGCSFowa expresskpn and secretory
prqcessi of a partially syntheti e hart i ak i5y=c DNA- ed construction
encodi ngz‘?err] hpG CSF preceded by eader ypepti d8 thavi ng the sequence
of residues attributed t®| human Gw in WEES et al%le‘ ci ence 228,
810-815 (1985) and Lee, @ al., ProgQ Natl. &&d. Sci. SA), 82 4360-4364
(1985). 35 The exprﬂ si on vect'dr" enpl oy &4%f or pre‘Plcm nary studi es of
expressign of pol ypept i | product QEEthe iPWEH- tioR P a "shuttle” .
vect\qr incorporating both pBR322 ag V40 DNgghl ch hgg $een designed to

al |l ow for autononous repllcatlonl th E. and lian cells, with
manmal i an cel | expression of |nserte exogen@u§ control of aviral
pronot er/ regul at or DNA sequense. Thias) vect orp esi gnat pSVDM 1 9,
harboredsg n E. coli HB101, wdd depo?l“f ed Augfsf 23, 19§§ with the American
Type Culture Collection, 123Q4 408 Ziarkl avg GHBi ve, BREille, Maryland,

and received the accession NE A T S@{ 53248 8The spEgigi c mani pul ati ons
involved in the expression vegtor @dtructi,@gh@re askifdllows. A

| eader - encod- ing DNA sequend® was gyt @|S|'2 gas set Y@ in Table XX
bel ow. 4% 50 55 33 5 gg a S5 ]
£ =532 2% age
— 1 U o £2 so<l
B 8 = 90 mio &
“ E > El 9% 00
2 ° & &3 £d
45
50
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EP 0 237 545 Bl TABLE XX -17 Hindl Il Met Trp 5 - A GCT
TCC AAC ACC ATG TGG 3' - AGG TTG TGG TAC ACC 10 -10 Leu A n Ser ‘Leu Leu
Leu Leu Gy Thr Val CTG CAG ACC CTG g;l‘gsza-,(gxggq'TG GGC ACT GIG 15 GAC GIC TCG
GAC GAC GAG AAC CCG TGA CAC -1 +1 Ala Cys Ser |le Ser

Ala Pro Leu to;%ﬂ !-@;-; TCT ew(%;;bep $|yC‘l’ W%TE%@‘ '%_E 1 %ﬁ(ﬁﬁgmg TAG j

CGI GGG GAC. -
% |s sta e, Sec ions |n m er

and Apal sti a"

oo
mEil to
J;gs;[ gﬁe | ea%z_ Eé Q%%ﬁ%nppﬂ vecorlsoggned ¥-eﬁj-e Qxﬁeﬁllﬁﬁg tanérﬂ

resi dues *du 9%7 bl i%ﬁé na e REAke i o081 S Zew?su;’. i s@é.
hpG CSF, -whig ésellﬁslmgte &5-&%‘%: g %btsog b 5:3%% ts'ré%tzl n“l’ on@gﬁ{u@sﬂm
termnal (+_ by E}d p whith bal Eﬁ‘cpéc%ﬁ? ¥R Yrodukt of this
t hreoni ne by, @foa %Esﬂﬂ%dntﬁiﬂn@@c&mb&s' ﬂ»mseu&nmg)érmﬂn 13818 KV éhbding

" processigng u%f tire fiiG-& pigb with@R SRiho R¥nifafthéthibrire cHIA (V) RS, c6lf tllhdldibn ihiation.
i nvol ved in G&bres secre?g%y p‘?"ocesm ng. IPI asm d pSVDM 19 vias di gested with

Kpni\-and the site was blunt ended with Kl enow enzyne. Thereafter 35 the
DNAwas cutwith HindlIl. The resulting | arge fragmentwas conbi ned and
ligated with the Hndll1/Pvullfrag- nent shown in Table VII (isolated from
pl asm d Bpo2 as the second | argest fragnment resulting from Hi ndll|I

di gestion and partial digestion with Pvull) to formplasm d pSV-Ppol. The

manuf act ured Gw CSF | eader sequ- ence fragnentof TableViIl was then |igated
into pSV-Ppol (followng its cleavagewith Hindlll and Apal) to yield
pl asm d pSVGW Ppol . 40 Cal ci um phosphate precipitates (1-5 [err]) of

pl asm d pSVGM Ppol DNA was transforned into duplicate 60 mm plates of COS-1
cells essentially as described in Wgler, et al., Cell, 14,725-731 (1978).
As a control, plas- md pSVDM 19 was al so transforned into COS-1 cells.

Ti ssue culture supernatants were harvested 5 days post-transfection and
assayed for hpG CSF, activity. Yields of [err] hpG CSF fromthe culture
super nat &t were on the order of 1 to 2.5 [err]/m. 45 Fol | owi ng
successful expression of the [err] hpG CSF product encoded plasmd

pSVGW Ppol in COS-1 cells, another vector was constructed which included
t he human GwW CSF | eader sequence but had a codon for a threonine residue
(naturally occurring at position 1 of hpG CSF) replacing the codon for

al ani ne é%/ t hat :

35

55

26



position. Briefly, an oligonucleotide was synthesi zed
([ err] CAGCATCTCTACACCTCTGES) for site-directed nutagenesis (SDM. The
Hi ndl 11 to BanHl hpG CSF fragment in physdysEpal was ligated into ML3 nplO
for 50 the SDM The newl y synt hesi zed hpG CSF gene containing a Thr codon
in position one was isolated by cleav- age with Hndlll and EcoRl .. The
fragnent was then cloned into pSVDM 19 .prepared by cl eavage with the sane
two restriction endorg§ easg® Thegr@sul t3 ve@@r pSPEH Ppgg Fhr)
transforned into COS=®8|s e the—iy-vel ds—lglfg hpg%SF nﬁasuredcg thgg
culture sgpemates ra fr tosse[errgenm . BRally 4he BOM Cg e
sequence whose i sol a@g i sufé'scrlgefél in npl 33 vva ef}rpl o%&! to 'E'pﬁ;‘,m an
exp- 55 ression vectwe for gmmal hay celd xpresgl on gfes hpGaf
specifically, pSVDW J&ﬂ/\as G Bestef i th agdgH ndgl§ andg @e I @ge
el |

fragment used in a foygma gg‘atlo thasynt |CI5 er W i
and Ncol #ticky ends, § B%%Ale B, A

I ntuts
cont a| ning exon 1 i s¢f &ﬁ 3@2 (érés'&o hp‘;el>-:$i Eaagemil& Esglone'
and & BanHl - Kpnl fradhEht aini exo | at e rom pl d 34
EP 0 237 545 Bl pBR3229 8508 ¥pG (%F’gend'nf-’c sub'cﬂ"one)e' he l‘%'s’ul t|

manmal i an _expression Rfctor @ #SV/ g E% Uof
hpG CSF ffom transf ort'ng:d chieel I g’ABLIE?@I ndI I err]-t T@CEACAC
10 WAECTT GEGGT Clers] Ncodd le 10
15 This exanple rel at.%ﬁ to 5«5&. cacE ‘{and i 8 ogi Kegs profdti eS%recg’Trgl nant
pol ypepti de product s @fe thegl gven-gtehon. Jeg Mol eayl ar ght Recqnpl nant
hpG- CSF produ oi | Sekpre n a Ie 7-=
nol ecul ar{'wel g% %85 kD \Aﬁen ?I?t?r i %Enl n geduci n DS- (as ul d
be predicted fmapm t~he: deduced%'am n® caci d @eal ysa—ewof T e VI vx/ner as
natural isol at@ pUI’IEfI ed a® Wescrrbed | Exarrp 21 hadl & ent <

nol ecul ar wei i} of 7 E6 DL TheSpl&SerBL YT § maca&%sﬁl 2d ¥R the
natural isgol ates coul®%effeBtPvel y3ife rulfe® 25 ARt ohOtthe W3S of Fthe -

| ackof asparagi ne resgdues the=82i mar Esequarige of G CHEIn Tapge VI
and there- fore a proc%ureglgs deviesed t%adet e:rgne i rEs':’II?}gI ys:g;]s vvg)é
responsi bl e for nol ecu r Weu ht difegf erennes betropyweengsnat ur abed sol &t @s and
the non-glycosyl ated r nt pE&uct g EAppr HEmat eB\E5 [ El of At8e
natural issol ate materi wag. hreatgd, withy peurap pi das Cal bj gch ernu
LaJolla, California), 0.5 e-rr]-ga.lrplewxa)s re ed, 24

t‘-‘l@

35

3
C TAG AAA AAA CCA AGG AGG
10
CCG CAA AGC TTT CTG CTG AAA
Pro Gln Ser Phe Leu Leu Lys

30

90
Gln Ala Leu Glu Gly Ile Ser Pwop

CAA GCT CTG GAA GGT ATC TCT CEG~

50

Leu Gly His Ser Leu Gly Ile P
CTG GGT CAT TCT CTT GGG ATC C
70
Gln Leu Ala Gly Cys Leu Ser G
CAG CTG GCT GGT TGT CTG TCT C
110

Val Ala Asp Phe Ala Thr Thr Il
GTA GCT GAC TTT GCT ACT ACT AT

Leu Gln Pro Thr Gln Gly Ala
CTG CAA CCG ACT CAA GGT GCT

130
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the remaining material was incubated wth 4 nJ O d ycanase

(endo- x- n- acet yl gal act oseam ni dase, CGenzyne, 30 Boston, Massachusetts) at
[err]. Aliquots were removed after Epgodys8@q4 hours of "incubation. These
sanpl es were subjected to SDS-PACGE side by side with the E. coli derived
reconbi nant material. After neuram nidase treatnment, the apparent

nol ecul arwei ght of the isolate shifted from19.6 kD to 19.2 kD, suggestive
of renoval of a sailic acid residue. After 2 hours of treatnent with

O gl ycanase, the nol ecul ar weight shifted to 18.8 kD identical to the
apparent nol ecul ar weight of the E. coli gggrived material. The sensitivity
of the far bohydrate 35 structure to neulgddi ni dase and O gl ycanase suggests
the follow ng structure for the carbohydmate conponent: N-acetyl neuramnic
acid-[err](2-6)(gal actose [err] (1-3) N &dtyl gal act oseami ne-R wherein R
is seine orthreonine. 2. [err]-Thym di ne-\dptake 40 Proliferation

i nductign of human bone marrow cells was &Bsayed on the basis of increased
i ncorporation of 3H-thym dine. Human bonesgiarrow from heal thy donors was
subjeeted to a density cut with Ficoli-Hg&que (1.077 g/m, Pharmacla) and
| ow density cells were suspended in iscovajs nmedium (G BCO containing 10%
fetal bovine serumand gl utam ne pen-str@f Subsequently, 2 x 104 human
bone mangow cells were incubated with eityer control nediumor the
reconbinant E. coli material of Exanple #&n 96 flat bottomwell plates at
[err] 45 in 5%/[err] in air for 2 days. ~lfe sanples were assayed in
duplicate and the concentration vafied o a 10,000 fold range. Cul tures
were then pulsed for 4 hours with &5 [er#d Ci/well of [err]-Thym dine (New
England 2Nucl ear, Boston, Massachus&@lts). @@rr]- Thyn di ne uptake was
measured as described In Ventua, etdal., sBbood, 61, 781 (1983). In this
assay human hpG CSF | sol ates can-i pduce ﬁe.nefr] -Thym di ne incorporation into
human bone marrow cells at |evels progiugtel y 4-10 times higherthan
control supematants. The E. coli-deyji ves G CSF material 50 of Example 6
had si.m#% ar properties. A second h nb marrow cell proliferation study
was carried out using culture medi of twgansfected COS-1 cells as prepared
in, Exanple 9 and yielded simlar resul tsgﬁndi cating thatencoded

pol ypeptide products were i ndeed secreteddwnto culture medi umas active
materials. 56 3. WEH -3B [err] Differentdmationgnduction Capacity of
reconbi fnt, E. coli-derived materials te@®nduceddifferentiation of the
muri ne nyel ononocytic | eukemc cell 1i ne A&FHI - 382 [err] was assayed in

sem -solid agar nmedium as described in Miw€alf, dnt. J. Cancer, 35 EP O
237 545 Bl 25, 225 (1980). The reconbi nagtghpG GpF product and nedi a
control 54 Vere i ncubated with ~60 WEHI - 3B9]=rr] c¢ells/well at 37C. in 5%
[err] in"air for 7 days. The sanpl es V\erggnqglgﬁed in 24 flat bottom well
pl ates and the concentration varied over <22008-%0l d range. Col onies were
classified as undifferentiated, partiall g&giff&®n- tiated or wholly

di fferentiated and col ony cell counts wePe@coumt«d m croscopically. The E
coil recgnbinant 5 material was found ggindBE differentiation. 4.
CFU-GM BFU-E and CFU- GEMM Assays Nat uralR ¥sol &%s of pluripotent hunman

G CSF (hpG CSF) and the reconbi nant plur 'régtenﬁglurran G CSF

]
QDN o0l
N et L
45 SO0 ~EX0
50

55
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10 (rhpG CSF) were found to cause human bone marrow cells to proliferate
and differentiate. These activities were neasured in CFU-GM [ Broxneyer, et
al., Exp. Hematol., 5,87, (1971)] BFlgplg23nsss@U- GEMM assays [Lu, et al.,
Bl ood, 61, 250 (1983)] using Iow density, non- adherent bone marrow cells

fromhealthy h nheYC)lyu ers n gpf Cﬁ}s@% IgFU—E ?;ﬂ
bi ol Og! cal aCt rm ? a l@ﬁsh%c on O EI§£ m E%E: ed Euro-
shown ‘i n Tabf% Eﬂ% o i onﬁ. g

wi th | ow denfl i RaNG e ol

were subject pdiink@r ﬂ'ﬁlg&%nfdgéﬁbgﬂﬁ pbﬁlﬁkér'a W-nﬁ'ﬁﬁi@ﬁm slbsthdité pa I{nﬁ‘é'r ybe
Phar maci a) . - doigirubtBaVastidiing [ty tfeChrbdedUie EAIRCE: 4.8 Supf DIRRA of EkpleBSiGh/R'the expression
nodi fied Dul fusrveesespld¥Rilii4I69 ridans étiallnibga Pirdthoter A¥Hich Réuifuisly 88 Gndet tAE Eittrol of a Cesr re-
f or adher enc epréddorgehe@ihias Bprwidedih ELdoR stehindtiesHttpNo. 3003, Bect on Di ckenson,
Cockeysville, MD.) for 1-1/2 hours at [err] 20 TABLE XXII 25

CFU-GM 1 BPU- E CFU- GEMWM Medi um

O[err]O 26[err] 1 O[err]0 30 nat ur al
hpG-\e5F 83[err]5.4 836. 7 40 rhpG CSF
875 8l[err]0.1 6[err]2 35 Medi um cont r ol

consi sted of iscove's nodified Dul becco nmedi um plus 10% FCS, 0.2 nM hem n
and 1 uni® of reconbi nant erythropoietin. For the CFU-GM assay target cells
were plated at 1 x [err] in 1 m of 0.3%agar culture mediumthat included
suppl ement ed McCoy's 5A nedi um and 10% heat inactivated fetal calf serum
Cultures were scored for col- onies (greater than 40 cells per aggregate)
and nor phol ogy assessed on day 7 of culture. The nunber of col- 40 oni es
i s \shown s the mean [err] SEM as deternined from quadruplicate plates. For
the BFU-E and CFU- GEMM assays, cells (1 x [err]) were added to a 1 m
m xture of Iscove's nodified Dul becco nmedium (G bco), 0.8% nethyl cell ul ose,
30% fetal calf serum 0.05 nM 2-nmercaptoethanol, 0.2 nMhemn and 1 unit of
reconbi napt erythropoietin. Dishes were i ncubat ed in a humdified
at mogphere of 5% /[err] and 5% [err]. Low oxygen tension was obtained using
an oxyreducer from Rem ng Bioi nstrunents (Syracuse, 45 N.Y.). Col oni es
were scored after 14 days of incubation. The number of colonies is shown as
the nean [err] SEM as determ ned fromduplicate plates. Colonies fornmed in
the CFU- @ assay were all found to be chloracetate esterase positive and
non-speci fic esterase (al pha-naphthyl acetate esterase) negative,
consistent with the col onies being granul ocyte in type. Both natural
hpG CSF and r hpG CSF were found to have a specific activity of a
approximately 1 x [err] Ung 50 pure protein, when assayed by seri al
dilutionan a CFU-GM assay. The BFU-E and CFU-GEMM data in Table XXI| are
representative of three separate experinments and simlar to the data
reported previously for natural hpGCSF. It is inmportant to note that the
hRSdCSF is extrenely pure and free of other potential mammalian growth
ctdgrs by virtue of its production in E. coli. Thus rhpG CSF is capabl e of
supporti My nmi xed colony for- mation (CFU-GEMM and BFU-E when added in the
presence of reconbinant erythropoietin. 55

58

29



5. Cell Binding Assays It was previously reported that WEHI -3B[err] cells
and human | eukem c cells fromnew y di agnosed 36 EP 0 237 545 Bl

| eukemias will bind [err]-I|abel ed gpybswess&seSF and that this binding can be
conpl ete for by addition of unlabeled G CSF or human CSF-[err]. The ability
of natural hpG CSF and rhpG CSF to conpete for binding of [err]-hpG CSF to
human and nmurine | eukemc cells was tested. H ghly purified natural hpG CSF-
{>95%pure; 1 [err]) was iodi- nated [Tejedor, et al., Anal.Biochem, 127,
143 (1982)] was separated fromreactants by gel filtration and ion 5
exchange chromat ography. The specific activity of the natural 1251-hpG CSF
was approximately [err]Ci/[err] protein..sMurine WEHI -3B[err] and two hunman
peri pheral blood nyel oid | eukem c cgld pEeparations (ANLL, one classified
as M4, the other as MbB) were teste§&8or8their ability to bind .
[err]-hpG CSF. The nurine and freshiy obftai ned hunman peripheral bl ood

nmyel oi ¢ | eukemi c cells were washed Biee tines wth PBS/ 1% BSA.
V\EHI-SB[err] cells (5 x 106) or fre | edkemic cells (3 x [err]) were

i ncwbat ed in duplicate 10 in PBS/1 SA~(100 [err]) in the absence or
presence of various concentrations: \Eol u : 10 [er~r]) of unl abel ed hpG CSF,
rhpG CSF or G CSF and in the preseucr.e oF [err]- h ECSF (approx. 100, 000
cpmorsl ng) at [err]. for 90 mn. g'%tad\ vol une:«all20 [err]). Cells were

t hen resuspended and | ayered over [€Pr] ice cal d FCS in a 350 [err]
plastic centrifuge tube and cg trifodged 100@ ; T nmin.). The pellet was
collected by cutting off the d of“ e d «el | et and super nat ant
counted separately in a gammg fount rE"(F% . E Speci fic binding
(Cpr) #Was deternined as total..: i ndi |r)_7the seﬁ e of a conpetitor (mean

G!‘

of duplicates) mnus binding pm By thg pr@gncs of 100-fold excess of
unl abel ed hpG CSF (non-speci f bi ng@g ST speci fi c bindi ng was
maxi mal |y 2503 cpm for V\EHI-SB[err]g({;al L 16 !ﬁ for ANLL (M4) cells and
1125 cpm for ANLL (MbB) cells. Expe IETend s o%&and two were run on separate
days, u¥i ng the same preparation of &r]-_ p SFand di spl ay internal
conS|stency in the percent inhibiti & nod & £9p 2400 units of hpG CSF. Dat a
20 obtained are reported in Table 28| ISRk & 23'30 35 40 45 50 55 37
| 55 =2 88 =
QU o Q
- Y
£2 G 28 o
g &g g3 <
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» 28 ~g £% o
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EP O 237 545 Bl [ERR] 15 38 EP 0 237 545 Bl1-As shown in Table XXII1,
[err]-hpG CSF denpnstrated binding to the WEHI -3B[err] |eukem c cells. The
bind- ing was inhibited in a dose defpyudesisg@nner by unl abel ed nat ur al

hpG CSF or rhpG CSF, but not by GWCSF. In addition, binding of natural-
hpG CSF to umagTrryeI ononocytic | eukemc cells (ANLL, M4) was observed. The
bi nding to ells is paralleled in response to natural hpG CSF in

l-iquid cul tur %is%gﬁeé&ﬂs c&lekhslof 53n FoG-C ggﬁ 2 ONAA Sl AAEd 4 DY -
mor phol ogy. ng{? > SheYeq Intb waQ?L&Hllﬁng: d peeal NAf&ﬁ\FEQ S ¥ intrgtic

| eukem_ Cs cerqgen_ SFRIGRQE! ﬁprgfakhérégdo(‘éN L, Ig suggests at certarn _

| eukemi as may plisiki®h62) bdntining tRHPELBE gbre shéikin TN Wistidested WM FgiAPEng skl Grovi-
ability of ailpéspbloxiingtely GRS E pdirtiraginér inbludifl thgioenb fon MkiuieNpCSIE(ak LidA f Fable Vil)
simlar to witisevenlof hpleadshiequentggsioieToddngit telSeend @REIDLELI60 BaRE Fdlkd bt I Adnttoding
forns equal fegionvelgiAl digestivhéeasdsiach!, 8 dasdatiakp sdideniicaldo thief st ghd SEul 1edves @ bkt 3Ad. This
[err] - | abel sdwifofsetffinsedion ¢ thedwaproent intol M13ape (RfpcubwvithelsB dndlvilth the biuntiériddrRing yes-

t he abi | i t ytrictfon aseyme,ddincihMBerCBhplifiaatianniM t32 thg heBOSORIYA was excishd bp tigestidn with Apal and
di f r ent i aBaneti which ¢ut, gdspectiealys dtithe Apalisite spanningviheetidng foptesidien @@ td + Hofiho@RF and ata
patient wi tBarei siigdowns thetinel site indbaMia mpd rRejctionrelylinker incandér foaaliovetat E.vgplt h
an acut e nmyeiPEstienaf the hp@-GRE pelvpeptive a synthstic agmeptyaa areparesasisetout ipEabie Xo( belgwe d
for four®days in nediumalone or in the presence of 1 x [err] units of
rhpG CSF. Cell.s fromthe M3 cont maBrgulkisgres i ncubated in nmedi um al one were
still pronyelocyte in type; whil& CelrTs cultured in the presence of

rhpG CSF showed mature cells of the 15 nyel oid type including a

nmet anyel ocyte, gi ant SBardCf A AAd AAANECAcAGEeAGGOMAAl TAAaATAONOCYt e. The
actual dffferentials for tBi's-p&TTeFTT 66T1T0CCBLCSABTaAFT BATS or t he
control, 100% pronyel ocyt ¥8@Iand forthe rhpG CSF treated cells, 22% bl asts
pl us pronyel ocytes, Z‘){o | ocytes, 35% netanyel ocytes, 20% band forns pl us
segnent ed neutrophil g =, 1 6. TRRoC tes and 2% macrophages. O note Is the
fact thagj one of the il r-t@n cLg@r coragyl ocytes still contained a -
progi,nent auer rod, iﬁ&‘t db el €ast >this cel | represented a 20
differentiated cell bBelonging 1o emc clone. Cells fromthe second
patient with a myel oblastic | eukem a were also cultured for four days
in the presence of absence of rhpG CSF. Visual analysis of M cells cul-
tured inemedi Wemay uteten@ned bR Snalysis SFTabiéXVAG the linkdrthciudeslah Apal stiokyrnd) todohs spbeiffirg]
nucl eol i . Shanitiaithrédresidiés cfetiel aminodneinal lof lpSLGRE (éstoking” hﬁﬁ%ﬁz. kut Speifying cddosd
to mat ure seatptenpatipabdidestivpbf thaMth BNA deyaribgl abewiaddienplaying rodonxiseferantinllyexpresatde r
neut r ophi | s Eqeplils & tranglationfiditating ATiCa 8 sennense of R4 basepaiy providinglairibéroine higdingpite,@and 4re
| eukem c cl Xpststiclead.act ual dif- 25 ferentiation of 100 cells eval uated

mor phol @§i cal [The expreasignaercter gmployed for E.Goll exprpysion wenihat deseribed #s pOFWS3G A Europgan Pegant
rhpG CSF t répeiieationchia. 136,498, hyiMerisgpublisheriybpriy 10, 4386, (Se@alaey, AT G:Gxt38834, B.5oll JM103 har-
met amyel ocykasag PGRME3E), Repfly, Alasmid AGHYSIG gled With Xbah and BamHl. o hp@-GSH fagmest
and 11% no ﬁ%ﬂ) adinkes (Xoalifpal) daseribed ahayewers tags li 95eig}o foform a plasmid designated

di erenti

four other concentrations of rhpG CSF (5 x err]l, 1 x ]
o R SR R L R
T e

ul
(50% and m =10.5, h% £ %?es&% s induced by raising the culture temperature to 42°C. for 3 hours. The
45 final 0.D. of the culture was A600 = 1.2,
The level of expression’of hpG-CSF by the transformed cells was estimated on a SDS-poly acrylamide gel
stained with coomassie blue dye to be 3-5% of total cellular protein. s '
Cells were harvested by centrifugation at 3500 g for 10 minutes in a JS-4.2 rotor. Cells at 25% (w/v) in
water were broken by passing 3 times through a French Pressure Cell at 10,000 p.s.i. The broken cell suspen-

50  sion was centrifuged at 10,000 g for 15 minutes in a JA-20 rotor. The pellet was resuspended in water and sol-
ubilized at about 5 mg/ml total protein in 1% lauric acid, 50 mM Tris, pH 8.7. The solubilized pellet material was
centrifuged at 15,000 g for 10 minutes and to the supernatant CuSO, was added to 20 mM. After 1 hour, this
sample was loaded onto a C4 HPLC column for purification according to the procedures of example 1 (B) with
adjustments made for volume and concentration.

55 A second purification procedure was developed to vield larger quantities of hpG-CSF formulated ina nonor-
ganic-containing buffer. This material is suitable for in vivo studies. One hundred and fifty grams of cell paste
was resuspended in about 600 mi of 1 mM DTT and passed 4 times through a Manton Gualin Homogenizer at
about 7000 PSI. The broken cell suspension was centrifuged at 10,000 g for 30 minutes and the pellet was
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6. | mmunoassay To prepare polyclonal antibodies for |nmmnoassay use the
anti gen enployed was pluripotent G CSF puri- 35 fied fromthe human

bl adder carcinoma cell line 5637 (1AfRogsyspsepared in Exanple 1 (B). This
material was judged to be 85% pure based on silver nitrate staining of

pol yacryl amdesgobdin 46 i 5 Iﬁe oE@l Qé , SnAEDIR B’ﬁ" &%M‘Tltig]pHg This sus-
mul tipl e-si B&lsﬁh'@é\s% ?HJ&P I'eq H&t fn}nfu g?op Hégﬁ: utes. T e pellet
£it'48d eﬁﬂ’ at48)o in Yhpe et ﬁz%:

r esuspendedybdtedihan

adj uvant . TReo6lArp2%@srkeylad 0 |{1lﬁ 5{ usijlkvhgé‘dae&ﬁ bo ﬁﬂ?&ﬁﬁh
boost er § Mibckelemnpiratiitd Sand tHeh Birirruge@st z&&odﬂg’%ﬁsd rufids. Y4 thdlsup Wss @d&@d&bb el
anti gen enubcetofb) This frib@fle Wasl gut silceF6K 20 Imindk dREh &N ceffifBabadt $000 beémhiﬁ&t@s The pellet
adj uvant . Awakodissoléiti® 50 RGBS MIQENIHNURE 40 MM adeBtd at R 4, dnB ButdVdr'alZAY mi G-25
speci fic t ocdummquiibratéd 2p0 hua 20 BMSDHium Byettd 4 6#5.4.THbIhiBICSFlpe HEEBIGEANE Il wad Sooled

i n hol ders éridyubérecis miatM-celllios®. colurhh @duiilibehield dn 20\Vhi §odRintgcetdtrat pid 6.31 Axér 1obdidy, the
hpG CSF % [ enlunjn/was washe8 Qitinddind af 20enMtodiubi acetsith atpbitsst dndl itieas, mNDéddRimZhiorite) 4ng then
wer e coat edthecgimyddeiutegiwith 200 miaf 200hM sediunf ace@te[atpH 5.4 akiwith@e mMsadile dhiridat 186
wer e~ ncubatnbdf tils ékent wasaonaeatcatedite Msl it apmisdioc 300 e Gi7g bdlurat equilivratkd anBiren i 50
sol uti on wamMdedium aeetatecand 100TeM pbdivmechlorige at pi A6 the peait fr3dions comprising A6 tnfwerBisoled
cont ai ni ng #WfikBAtetlizged; Megflnaliconsenteatianof S-CIFWas 4.8 maiiliisgreatslr tan 6% pveesasdetersined d
and t he @i | by anglypie en srathasd gentained fess tham 0.509 of pytpderter 8.5 mgef brG-CSF. Thelpyrogen level -
i ncubat ed f wes detepipgdysing a Ligyiis Amehoetalysate (LADdeshkit (My A Biviproductss WalkersyillpBdarylane).
7.0 containing 1% BSA. The serum sol uti on was decanted and pl ates were
washed t hr eBXaMPleSs with Wash Sol ution (KPL, Gaithersburg, Maryland).

Appr oxi mat el y 200, 000 cpm of i od| nat ed rabbit anti-nouse I G &ﬁEN Boston

Massachiiet t Thpﬁxag'@le relat bm th d yhe&g@gatepg
each wel | . ¢ P{eﬁ?ﬁ?}a??ﬁc 1?’ 36 42, %ﬂ@@%&% !;909 g e
was decant e‘&o :‘if bﬁ%ﬁ Qi T4 i \ipplicati
renoved fro

\ _ scnibe npra us es z
Hi gh-ti t? J&P d'cmu %degﬁ Wel i%otf % QJ ?gﬁg;z eiﬁo%:

p mid p53
LT
the ¢orrespg . 1 I
propé?tles o% EQ cmﬁggenr‘m ed h vvere “det erm ned by react|V|ty to
hi gh-titered 55 nouse serum specific to mammal i an-cell derived hpG CSF.
0.25 [err] of 90% pure E. ooli-derived protein was coated to Inmulon I
Removawegls in a volume of 50 [err] apdrpoxggrgerum was assayed as
descri bed above. High-titered nouse Sera sfiowed a 24-fold higher reactivity
to the E. coli-derived material than did the cor- responding prei nmune sera
at a dilution ¢fidonddlecide EP 0 237 545 Eeguerts i ne Anal og Bi oassays
[ err] hpG CSF, T'e"Fjr!% ApG CSF, [err] hpG CSF [err] hpG CSF, and [err] hpG CSF
product sssprep- ared according to Exanp 9 were assay for_hpG CSE acst,lwty
in the [err]-thynidihe uptake, CFLEGMFT%rﬁW‘S MG\/E@%'&&#%
each assay, the [errj, anal og had astJ-amyAmrmm alde ¢oc thce TﬁCA—&B:'orrbl nant
| equl es” havi ng the_native struct h $n the
g%'e% of 100-fold | edser act|V|ty ﬂ%f@ %C(P#ﬂf#‘_g &(L}"ane upt a e assay,
250-f ol d®| esser actiqity in the CFEJ-@G&S@@){ G%cﬂ%(ﬂﬂbl‘éﬂ'q ARG} activity

in the WEHI -3B [err]gassay. This daiacep§ GERPEEE i ¥Ec ofrd ec@reamslti on that
cysteines at positiond 36,42,64 and 74 may be needed

The Cys to Ser site directed mutagenesis restrictions were carried out using M13 mp10 containing an Xbal-
45 BamHI hpG-CSF fragment isolated from p536Ppo2 as a template. DNA from each M13 mp10 clone containing
a Cys-Ser substitution was ireated with Xbal and BamHI. The resulting fragment was cloned into expression
vector pCFM746 and expression producla were isolated as in Example 7. _
The plasmid pCFM746 may be constructed by cleaving a plasmid pCFM738 (the construction of which from
deposited and publically available materials is described in Morris, published PCT Application No.
s0  WO85/00829, published February 28, 1985) with Clal and BamH} to remove an existing polylinker and by sub-
stituting the following polylinker.

55

32



for full biological activity. 10 8. In vivo Bioassay Al zet[err] osnotic
punps (Al zet Corp., Palo Alto, CA, Mdel 2001) were connected to indwelling
right jugular vein catheters and i npl Ema 23t 585®tut aneously in seven nale
Syrian gol den hanster. Four of the punps con- 15 tained a buffer (20 nM
sodi um acetate (pH 5.4) and 37 mM sodium chloride] and 1.5 ng/m E.
coli-derived hpG CSF while 3 contained A1 XIXone. The cl ai med punpi ng
rate for the osnotic punps was 1 microliter/hr. for up to seven days. At
the third day after inplantation of the punps, the nean granul ocyte count
of the fosr treated hanst @@Iwas six-fold higher than that of the three’
(buffer) controls and ﬁ”@dA&@mm@mcmmlrccwmcmAcmsch| ected in a

four-fold increase in tsotal s unchanged by
treatnment. 20 These resul’nﬁwgé#gﬁ?ﬁg&bﬁéegééﬁﬁg na %rrat eri al
produces a specific enhancerrent of production and/ or rel ease of

granul ocy®es in a mammal g @@hﬂ@g&@bhgmmggggchbc} CSF products

Fol Lo g1 he- pr Lgidf}r”i'swi{@%gﬁsﬁﬁﬁﬂgg SARrrERaLRaRReRE? Con by A ton,

et al. (WX 83/04053) one may readily design and manuf act u&_@enes codi ng
for m crobial expression of pol ypept| des 25 haV| ng pr| mary conf or mat i ons
whi ch di fPer from that hereln t he |de 1)6-

n a puri i fSEé‘C ran T | res 15 g of cell

i ol %“ ;@ & f)%“f s" ? 9

: (r)]tcgﬁ rrggl gI egn %gc | %gpens oniwasgen (i at1 Uér TE:? ess ‘q:eg . '
E§£ Rt o °ﬂ Ry 9, ia £ “

and genoni ¢

Sp! euégfi
nutagenes a?ﬁfdog Q.;nq g “"?,%g 10060
Suck-pr o UCt ?ﬁeepe $Ive9 BHe10% ofl2 %ah(b Qﬂhﬁ mlxmg
hpG CSF but FH?Y héth, 't e%ixthn@ wat d&riied bﬁ@nﬁifg}m #¢ 80,000 rg%r@@ anr‘tdte@ TaRdiMed a'“‘pplfé oml

i nvent i on 30 glaBGhiiff ediBRfe\ehd AR iP1%5 SERESHIS BOMMANE BHRY FrctBns cBinRb iRRRaloiere
those which gédedihd Gllowed ) dit okidizd byktamtiie with dxpdbiire td Siffodt tagt,on8BY. FiRdI CoridBritrations
pronounceg OfangsdT@a0.5-8@mgmmNg ef fects than natural ly-occurring) ; or which-
have. been altered to delete one or nore a potential sites for
0- gl ycosyl at Egamplehi ch may result in higher activities for yeast- produced
products) ; or which have one or nore cysteine residues del eted orrepl aced
by, e.g., al anilmbisexawpld, amamredianicsi expeassionsystem wasievise|td ascertainavhetheriah getive polypep-
i sol at ed don #detprodect bthpGrGSFENATDUG b eapressedin endsecreted hymapimaliancells(@@S-bA.T3G.C. CRL-
nmor e tyr osi n@650k Thig systenywas|desiandd to\pravide foy segtetion of @ pelyndptida pnaldarnfihRGSISE vigrexiression
readily to hp®sesptoremeessios of apertially sygtheticopartially cONAlerived enpiniaiongeqeding [Ala’] hoG-CSF
pol ypepti de Precagadby ale Hgm'mahﬂm@evmrhy sen;srecﬂof rgsidues, attribuied ﬁoﬁmsshérﬁﬁﬁ@ V!éﬂswt
sequence or Sederrrares. 8 %WW&E).%?W@MW
possess offe actTheF’W“ﬂ?" ‘(eé‘° P'°Y%’cf%'ﬁf° inagy $iupies ghexprassion gipoly ""'e inven-
col ony growt H°"s"(aisﬁu?"5‘f“Pn c b°f p t allgy for
l x ras Inserted

necessary fofY

h ercv@ro‘ Hra o) o(tﬂ'lregu |sv -19,
o e %ﬁ %ma wﬁ‘sf% Esr
€ a Dector &

Corrpet Il fe'as foffows A 18 ;der-enood-
over producti E ﬂ p ct t he present
i nvention, t equence escrl eci erel n V\:hl [ encodes hpG CSF

pol ypeptides is valuable for the information which it provides concerning
the am nogacid sequence of the manmalian protein which has heretofore been
unavai |l abl e despite anal ytical processing of isolates of 45
natural l y-occurring products. The DNA sequences are al so conspi cuously

val uabl e as products useful i'n effect- ing the |arge scale m crobial
synthesis of hpG CSF by a variety of reconbinant techni ques. Put anot her
way, DNA gequences provided by the invention are useful in generating new
and useful viral and circular plasmd

&5
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DNA vectors, new and useful transformed and transfected m crobi al
procaryotic and eucaryotic host cells (including bacterial and yeast cells
and manmalian cells grown in cultureé and new and useful nethods for 50
cul tured growth of such microbi al P23 §48Bapabl e of expression of

hpG CSF and its related products. DNA sequences of the invention are also
conspi cuously suitable materials for use as | alpdreedkyprobes in iolating
heG CSF and rel ated protein encodi ng human genom ¢ DNA as wel |l as cDNA and
genom ¢ DNA sequences of other mammalian species. DNA sequences nay al so be
useful in various alternative nethods of protein synthdsis (e.g., in insect
cells) of in genetic therapy in humans;@nd ot her MBMgiet: .I[gl\éﬁ sequences of
the invention are 55 expected to be-usetul in devel op| ng transgenic
mammal i an speci es whi ch may serie ad kst iARC MG £TG FC%r oduct i on of
hpG CSF and hpG CSF products in quanti'ty: AR TREMTSGITIAC Aeg mter, etal .,
Sci ence, 0222(4625) 809-814 (1983). O applicability to hpG CSF fragnents
and pol ypeptlde anal ogs of the invention are reports of the 40 EP 0 237
545 BY i munol ogical activity of synthetic peptides whi ch substantially

duplicate the am no agjedh TAG e e Ay ik Ay Hily TCYA1 g proteins,

gl ycoprot ei ns and nucl egprot ei e.specificall relatively | ow

mol ecul ag; wei ght poly TR 5@/@%&?@?&%{1 ;‘fﬁq zﬁq@ i n i mune
reactions which are siGad ®Td rreIGad mmmcemmtcc@mcmmne reactions
of physiologically significant proteins such as viral antigens, polypeptide
hor- 5 nones, and the |ike. Included anong the i mune reactions of such
poI ypeptides is the provocation of t he ¥ or!'l mati on of specific antibodies

ngl ogi cal |y actyiue iy rg%l,_s Il%%e a B 8ley €t al ., Cell, 23,
309 310. (1981) ; Ross,_ et "al ture 294 654- 656 981 ;V\alter et

al., Proc. Natl. Acaddcé'mTGc(LﬁQ ATE; TR $LA LGRS CHBECC @’ et al |
Proc. Natl. Acad. Sci CGAUMG TGS TR RCHMCET B GA®452r, et al., Proc.
Nat!|. Acad. Sci. (USA), 78, 4882-4886 (1981); Wng, ety |., Proc. Natl.
Acadi_Sc#. (USA), 78, 7412-7416 (1981) ; Geen, et al .5 Cell, 28,
477-487 (1982): Nigg, et al., Proc. Natl. Acad. Sci. (USA), 79, 5322-5326
(1982) ; Bar onAsirdicateH in Talle XX, the38q@a®E-intRid¢sTHIRIN) and Bpad etickypemgds @tizbdons fhkthet7emino
295, 185- 160@&'982?)1““&@"!99 todhe "l hunfan GMAGRF. Thesefollo48donepecifying an alanine residue,
2, 66- 74( 198 3prolasesijus gnd aycine residue. The prolige prcHeusing eyiduss Jutica¢ the emine edidstreset e
bi ol ogi c# aﬂﬂwnmmr&gqf ERQ‘C%YVP'\FWHEEQ'%FS'SWWB‘EGFWG pidhsinivpbamingtearinal (+ 1) resi-
appr oxi mat eldye & I@&P@s%@@ﬁrﬁﬁﬂﬂr"?esqsﬁﬁ%l#%e"%ﬁ” ine bicalanine wandasioped to hefaciiative of
share their P ?’r?‘ﬁ? ellprpeRsting AT ofthR (PN epds by celiular mechppismeorgipasily ipvelyed jp GM-CSF

i nventi on h&e™Y gﬁﬂh bed | n terms of preferred enbodi rrents it is
under st ood t h 'a ?’ldd?%s'tﬁ\l"?ﬁ b"’ﬂfﬁf'ﬂ?d Wity Klepoytenzyme. Thessafter,
the art. 31"'“] " " H’&f n Wﬁ?%“@tﬁ% '" ' ff
equi val ent \'Tf‘i ?’1" inJe s° % °a‘ fa de”'“:u_
Cl ai EE d. 20 q‘-ﬁ' e 1lw tleﬁ-%%e %? IE‘f llo&?ngé? ;%vg% in pal
pr | mary !i‘ot r UC Q e 18 fig AU trhsFim ﬁjd\’:ﬁ}hﬁ .ca?efao
naturally- éé 803'4%@1!3 e&lch'tfallﬁ%tdﬁgi nbeQr uocLP&t)éf %éiﬁlt(’l AL 4 Qfrrol, plas-
factor ( hpG— Wi a8 tefifinfiedifite Fhssue culture supernatants were harvested 5 days
post—transfectuon and assayed for hpG-CSF actlvuty Yields of [Ala'] hpG-CSF from the culture supermatant were
on the order of 1 to 2.5 pg/ml.
45 Following successful expression of the [Ala’] hpG-CSF product encoded plasmid pSVGM-Ppol in COS-1

cells, another vector was constructed which included the human GM-CSF leader sequence but had a codon

for a threonine residue (naturally occurring at position 1 of hpG-CSF) replacing the codon for alanine at that

position. Briefly, an oligonucieotide was synthesized (*CAGCATCTCTACACCTCTGG®G) for site-directed

mutagenesis (SDM). The Hindill to BamHi hpG-CSF fragment in pSVGM-Ppol was ligated into M13 mp10 for

50  the SDM. The newly syntheszed hpG-CSF gene containing a Thr codon in position one was isolated by cleav-

~ agewith Hindlil and EcoRlI. The fragment was then cloned into pSVDM-19 prepared by cleavage with the same

two restriction endonucleases. The resulting vector pSVGM-Ppo(Thr) was transformed into COS cells and the
yields of hpG-CSF measured in the culture supemates ranged from 1 to 5 ug/ml.

Finally, the genomic sequence whose isolation is described in Example 5 was employed to form an exp-

55 ression vector for mammalian cell expression of hpG-CSF. More specifically, pSVDM-19 was digested with

Kpnl and Hindllf and the large fragment used in a fourway ligation with a synthetic linker with Hindill and Neol

stlcky ends, as shown in Table XXI. An Ncol-BamHI fragment containing exon 1 isolated from pBR322 (8500

hpG-CSF), a genomic subclone, and a BamHl-KpnI fragment containing exons 2-5 isolated from the plasmid
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Table VII, b) is a non-naturally occurring polypeptide ; and c) is the
product of procaryotic or eucaryotic expressi on of an exogenous DNA
sequence. 30 2. A polypeptide aCCE‘; %EQ Claim1l wherein the
exogenous DNA sequence is a cDNA sequéence A ‘pol ypepti de according to
Claim1 wherein the exo enous DNA sequence is a genom c DNA sequence. 4. A
pol ypepti de £BR3I2IPI0H heGCRF ganamie subslanediThe repyiting mommplinn SxAIFRRIon veqiats PRVGHGSCSF pro-
carried on arfus9tidnd Q!@Hfh?%ﬁﬁ'fmﬁ’%@f"wcﬁﬁﬁﬁﬁ d or viral vector. 5. A
pol ypeptide according to Caim1l further characterized by being covalently
associated with a detectable 35 | alfABLEuRIance. 6. A pol ypepti de _
according to Claim5 wherein said detectable |label is aradiolabel. 7. A
DNA sequence whi ch codes upon expression_in a procaryotic or eucaryotic
host cell for a polypeptide productE.E:BﬂFﬁﬁ at least a part of the primary
structure and one or nore of the Bi'atogtcehapaoperties of natural -

| y-occurrighg pluripotent granul ocyte co g¢'ng factor, said DNA
sequence being sel ected from among: 40 LEE¥?é%é€JﬁééDNA sequence set out in
Tabl VI or the conpl enentary stands thereof; N8IDNA sequences which
hybridi ze to the DNA sequences defined in (a) or fragnents thereof; and (c)
DNA sequenceE&xhgletn, but for the degeneracy of the genetic code, would
hybri di zest o The DNA sequ- ences defined in (a) or (b) and which sequences
code for a pol ysekanshie rhlates ta ghysiad asibivibgiaat properiies biteco @ibjiant gulypeptidélimaducts of tHa.inden-
procaryotic den.eucaryotio host celi transforned or transfected with a DNA
sequence according to aim7 in a manner allowing the host cell to express
sai d ' pol ypept MeledylarWaight 9. A host cell according to Claim8 wherein the
host“is E® coli. 10. A host cell according to Claim38 wherel n the host cell
is a mamal i an Respmbinaph hpGACSFRadyels ofEacdli pxrorseion a5 il g ;bequ apoarpnt pgigedar whight
t he expressi Gh1&# kB whendetoapinrd e pduging §OFRACE (s weidbe fronothe dedyged amino acid
eucaryotic h@g 'ys';ﬁa'z% e’%’é%ﬁ@ﬁb_‘g?’;&g;g’i’fﬁf’ Q?eﬁ‘a‘bﬁﬂ '& FH'“P" 1had ana %"ﬁ'&fmf’lec“'a'

g A

and incl u%fl n a °H ?Wﬂe% ‘f‘e
sn et-
5f5 h I ﬂ&éﬁ en n-g QJ@’ Fmer? %ﬁm so ate
0 Umi“pur i Caluﬁ'gml?ﬂ’u, sd v hand
sequence accq{e a ng|| % 15 % %BQE ”EL
for expregsi @BstbrpM uots. n%gﬁéi' ThES
of synthetic \«B@F&Lhm tU‘Qb&hAéE‘Q&J @Q’db @ t)fe Ll':Ql eﬁ?gdeeck &nﬁ%&&:ﬂﬁh&’r némﬁ 9
extant in treatment, the apparent molecular weight of the isolate shifted from 19.6 kD to 19.2 kD, suggestive of removal
of a sailic acid residue. After 2 hours of treatment with O-glycanase, the molecular weight shifted to 18.8 kD-
identical to the apparent molecular weight of the E. coli derived material. The sensitivity of the carbohydrate

35 structure to neuraminidase and O-glycanase suggests ests the following structure for the carbohydrate component:
N-acetylneuraminic acid-a(2-6)(galactose p (1-3) N-acetylgalactoseamine-R, wherein R is serine or threonine.

Sl

2, 3H-Thymidine Uptake

\_//
40 Proliferation induction of human bone mamow cells was assayed on the basis of increased incorporation
of 3H-thymidine. Human bone marrow from healthy donors was subjected to a density cut with Ficoll-Hypaque
(1.077 g/ml, Pharmacia) and low density cells were suspended in Iscove’s medium (GIBCO) containing 10%
fetal bovine serum and glutamine pen-strep. Subsequently, 2 x 104 human bone marrow cells were incubated
with either control medium or the recombinant E. coli material of Example 7 in 96 flat bottom well plates at 37°C.
45 in5% CO, in air for 2 days. The samples were assayed in duplicate and the concentration varied over a 10,000
fold range. Cuitures were then pulsed for 4 hours with 0.5 p Cifwell of 3H-Thymidine (New England Nuclear,
Boston, Massachuselts), 3H-Thymidine uptake was measured as described in Ventua, et al., Blood, 61, 781
{1983). In this assay human hpG-CSF isolates can induce *H-Thymidine incorporation into human bone marrow
celis atlevels appraximately 4-10 times higher than control supematants. The E. coli-derived hpG-CSF material
50 of Example 6 had similar properties.
A second human bone marrow cell proliferation study was carried out using culture medium of transfected
COS-1 cells as prepared in,Example 9 and yielded similarresulits, indicating thatencoded polypeptide products
were indeed secreted into culture medium as active materials.

_55 3. WEHI-3B D* Differentiation Induction

. Capacity of recombinant, E. coli-derived materials to induce differentiation of the murine myelomonacytic
letukemic cell line WEHI-3B D* was assayed in semi-solid agar medium as described in Metcalf, Int. J. Cancer,
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natural l y-occurring proteins, glycoproteins and nucl eoproteins. Mre
specifically, relatively |ow nol ecul ar wei ght pol ypeptides have been shown
to participate in inmne reactions wag ? gggimlar in duration and extent
to the i nmune reactions of phyS|oIog|ca ?y S|gn|f|cant proteins such as

viral antigens {)ol gq_egt i de hor - nmones, and the like. Included anon
the i mmune P23 B recqmbipants P?Fé Proglust ard anetiia gontipls were incybaied with T SRWER3E D*
mation of sGREMeY 351& I“?o"tﬁ%%" infor TARYRd e samples were incuibalrd in2d; flagholiom wellplates agd
Lener, et aE":::'@'f d%gg;%g‘% E ' Colgyips were gfassified as yadifierpiiated, gartially ditferen-
654- 656( 198 talgd an &E"e is We(R Gppinted pyicrds : The E. celirecpmbingyth
(1980) ( en”erter%@a é‘""&&%““ﬁﬁ?’ﬁ“"ﬂ'ﬁd Sci. (USA), 78, 35%9:? 2’407(1981) .

; WAl t t al USA), 78, 48824886(1981); Wng, et

al . g:og. RLcru 6l e Niodna S 74)12 7416(1981); EBreen) et glg ,eto
Cel I, 28, 477 \ifitol(c1i8R2Y il &th 8" Bt

5322- 532 (&Rﬁiésgtwaemnapz i :?nana%efﬁi% ! %ﬁ&r fﬁﬁaké”{e“ o o

itie \t.vere

al ., Nature ot &) ol 58 et
2, 65774 (188 Blood, 86250 & @ﬁ’lﬁl bﬁ@énsn : dhere 'al jﬂ jeers.
rel ati ng tOAl&tm—?a(‘o@ BFUTERRAY OFL)- é%m%ﬁfob&!él Eétﬁﬁesfﬁsm& ¥itkke bhﬁtsB?iin gé?ﬁor
whi ch apprompaajsgla)ggg.bmﬁrgagmﬁgow structures of peptide hornones but may
not sharg theianticbiomiagsdys wate betfommed WIMIbM BERREY riOR-adhbfent bone maiiivicAlis! HishaR béhe Riak-

i nventi on hesvdelsaverecbabject toaaidnsityicut WkH Ficolh HyrRge (Gdnsig 1. 6771aRMP jMNainfacia). Thelldw density
under st 00d - téliawerediteh pdsuspasded irdissvoels hodifietl DoIBECY'S mbdAC Qntaining fetd it eithiand Fieketd N
t he art Thefoeédherenceioh Féigonitissue auderd dishesi(Nd. BE03 BeptemDielengon 26 ookeysvile MD. Hbrl1-192 hotirs

ml ent a&@7PGti ons which come within the scope of the invention as
cla d.2020 Claims Clains for the Contracting States BEE CH DE. FR GB.
IT. LI. LU NL. SE 1. A polypeptide which: 25 -a) has part or all of
the primary structure and one or nore ofadde 3¢ 00i cal properties typical
of naturally- occurring human pluri pot e‘r#—g'ra'rruﬂocyte col ony-stinul ati ng
factor (hpG CSF) of the sequence set forth in Table VII, b) is a

non-at W¥al ly occurri ng pol ypeggyLem; and c) gm-tme product ____waryotlc
or eucaryotic expression of an-ménous DNA Sequence. 30

pol ypeptide according to Caim1l wherein the exogenous DNA sequence is a
CDNA sequence. 3Mediwm| ypepti des@ccording to 28:di m 1 wher ei B2@he exogenous
DNA sequence is g.gepeyi ¢ DNA sequence. 4. A polypeptide according to daim
1 Wnereﬁﬂ t he exogenous DNA sequence is carried on an auton usI y
replicating DNA pl BR&TESEr vi rg-?*'?/e‘ttor 5. ,@ 3pept|de a rdi ng to
Caim1l further ehpeaCSEri zed 8y:zPei ng coval aitdt)ylassom at ed:ﬂvl th a
detectable 35 |abel substance. 6. A polypeptide according to Claimb5

wher ei n 3§a| d qﬁédﬁﬁmtcﬂm&c«;nm of is@ov@'s E’B&'if‘ éﬁl D%Fﬁgéco mZdiurﬁ‘glE%%"/ f ?&F’ h\min%pd 1 unit
codes upon  gxdoRbiart Brythibpaietit, OCar yotic or eucaryoti
pol ypept i de preg FméwaQ&yﬁPgeL GilsVerdbigiétish 1 Qiosﬁrhemu B awg)irc'ﬁﬁ&é&ﬁ d:lfnﬂnameiu&éﬂe
\dr e of LippleMbmidMicay's SR Wit hd fovPheal il divaidd fethi%aiPSerit. Clilktbs ekl dcbied ol
gr anul ocyt e o gredterthdnWalcalis ipBChghragdtd) and méthtiblogi s &%% Litlee. FRE Rimb&OF col-
from amogg: onléh is shown asithe inésh SEAUAARSY Foff quadiipiikdte plagd. e VI| or the
conpl ement ary Fet e gBU-ElAd CFU-GEMM)assdi) caid QLEID9Rre daidd to 8 Y N infliuef lsCove'd Modida
sequences delibeesmediurg §3iboa), 0fstaaeIBAtiuldss) B0 Adtal calf sérunt).0sDINPR-Mmerdaptsetanol O B,
but for t hehehnigenicinai f radombinant ggh@boietinChishes weve inbubatey Inral hdinidified atméspier&dis% CO,
sequ- ences anti% Og tlow nxygen tension(Wap obiaidedusing bn exytpdweciean Rouirg Bignstraments (Syracuse,
pol ypept4sde NiYavEColgnies weressaered after t4alaysmf cubalipn. The number of colonies is shown as the mean +SEM,
as determined from duplicate plates. '
Colonies formed in the CFU-GM assay were all found to be chloracetate esterase positive and non-specific
esterase (alpha-naphthyl acetate esterase) negative, consistent with the colonies being granulocyte in type.
* Both natural hpG-CSF and rhpG-CSF were found to have a specific activity of a approximately 1 x 108 U/mg
50  pure protein, when assayed by seriat dilution in 38 CFU-GM assay. The BFU-E and CFU-GEMM data in Table
. XXII are representative of three separate experiments and similar to the data reported previously for natural
hpG-CSF. It is important to note that the rhpG-CSF is extremely pure and free of other potential mammalian
growth factors by virtue of its production in E. coli, Thus rhpG-CSF is capable of supporting mixed colony for-
mation (CFU-GEMM) and BFU-E when added in the presence of recombinant erythropoietin.
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5. Cell Binding Assays

it was previously reported that WEHI-3B(D*) cslls and human leukemic cells from newly diagnosed
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ence. 45 8. A procaryotic or eucaryotic host cell transformed or
transfected with a DNA sequence according to Caim?7 in a manner all ow ng
the host cell to express said pol ypempiodar pasastuct. 9. A host cell according
te Caim8 wherein the host is E. coli. 10. A host cell according to Caim

8 wherein t h I@QE& witt bi Jl'zal-ﬁb&ed Wﬁﬁé&b@?a m‘g&dm l%)e%o ftg aﬁdi P un{al)eri'eqj
pol ypept i de glce ifihmah cFIE The'dhiity r'na ée

pr-ocaryoti C @iyRiiEal idlirefeuldint cell teG | ly%%ﬁﬂé H&ﬁal@uﬁé J%E% )(ﬁa iodi-
13. A genom &t@%j&SﬂH@“%am&ﬁﬁ i) ﬁg 148 (1983 Ws Separdted fration and ion
accor di ngs t Ogxchanbhd@hroniatg Fﬁﬁ‘ﬂ@ﬁﬁ o BNRG e}g@fméﬂaﬁﬁl ﬁ@-ﬂ@@sm&faﬁﬁrbﬁrﬂat P,Icup rotein.
expressi on i Kurine WEBH-3B(D€ hndiwo liman periphekdd blodd niyblbid feBKbr teifprépaftsnd (ANIL foRe gifsamé@
7 and codi ngasfms, the sthecBM56)were tebtedmarthét ability Pobisd vesl-gpeeesH. ocyt e col - :
onysti mul at i ng Thexodrne andli@shly'oblidéd Buntin@eripheral®Rod @eii iéuhertit tdllawdrb washeld three times

i ncl udi ng onwithABSMSE BSA WEbIKSB(D) eélis (5 © e o freghvigukersis telis (3 11 0) s@eet inanidtddin dupkicate
EP 0 237 1545in BBS11%.BSA (MIGAl)drethe ebrerce®e preseticanf varpuCtoacantrakignso(valind: :10 @l) niunfabeled
expr essi on ofrGRAFarkPBSIOSFiop@M-ESF ang in thelprsesnce of cHHhpRyCSEH{anmrok o0D.AQP drmer ng) aliBC.
A DNA”sequenfeedozin Getdl valyme o120ubiGelswersiben resysnepded sadjeyerrdover2pq i ica cokbf GStin a BF0:
| abel subst al@lastic pentrifugertpha ase prntrifiged €18 dimity)- Toe wlletwas sajecipddy stittihardffhe end of
det ect abl e | Bpbe an paliat and|supemptant coonted separgtely ing gammg paunter Pask@el DNA sequence
accordi ngét o CSReSfie ggdingz(gpm)p(amngug I‘R‘ﬁéb'm e?"é‘l’“"f %ftar"]’"‘ 'G(EBF‘“M"“RS)
bi ol ogi cal | ym‘F“dﬁﬂi'ldl"sﬁFaF‘)' fhe erapapcesnt 1 f?‘ F"° bipging). The non-

squfnce accipect c?q’ Y??g CP“}AP %Q % Qﬁﬂ@ﬁ""g@ﬁ cpm
t t
sta y ran S%% : gg |F gﬁggﬁnw 5: ?er%?nblgl'rl tf?n n{; r g E?%

of\}hé rlnar S ruc ure an one ornore of the biol ogical propertles of
naturally occurrlng pl uri potent granul ocyte col ony-stinmulating factor,

whi ch pro- cess is characterized by culturing under suitable nutrient
conditions, procaryotic or eucaryotic host cells trans- formed or
transfecggd wi th a DNA sequence according to Cdaim7 in a nmanner allomnng
the figst cell to express said polypeptide, and isolating desired

pol ypepti de products of the expression of DNA sequence. 15 25. A
process for the production of a pol ypeptide having the primary structure of
human pl uri potent granul o- cyte colony-stinulating factor, whi.ch process is
charactersszed by culturing under suitable nutrient conditions, procaryotic
or eucaryotic host cells transfornmed or transfected with a DNA sequence set
forth in Table VII in a manner allowi ng the host cells to express said

pol ypeptide, and isolating desired pol ypeptide products of the
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expressi on of the DNA sequence. 20 26. A pharmaceutical conposition
conprising an effective anpunt of a pol ypeptide according to Claim1 and/or
produced by the process of Caim 24 qpod7adskia pharnaceutically acceptable
di¢l uent, adjuvantor carrier. 27. A pharmaceutical conposition according to
Claim 26 further characterized by being free of association with any human
protein. 28. Use of a polypeptide according to aim1l for the manufacture
of+ a nmedi cament for proviging 25 henatopoletic therapy to a manmal . 29.
Use of a pol ypeptide accdlding to Caim1l for the manufacture of a

medi canmeng for arresting.glolifdratio® of |eukeRic cells. 30. A DNA sequence
coding for a pol ypepti d§ nal oy of hpG CSF havi ng one or nore cysteine

resi dues del eted or rep®aeled by al anine or serine residues. 30 31. A
non-natural ly occurring _pol ypepti de product of the expression in a
procaryotic or eucaryotﬂc host cell of a DNA sequence according to Caim
30. 32. Apbiologically Bunctional plasmid or viral DNA vector including a
DNA sequence accordi ng t(EICI ai B) 30. ¥B. A proc8ryotic or eucaryotic host
cell ~stably transfornmed o transfect&i with a DNA vector according to Caim
32. 35 34. A polypeptide according to Claim1 preceded by a nethionine
resi due. 35. A polypepti havi ng the hemat opoi etic bi ol ogical properties
of natura$ly occurring pl-guri potent granul o- cyfe colony-stimlating factor,
sai d pol ypepti de having a# am no aci cgsequencemsel ected fromthe

pol ypepti de sequence seGTprth in Table VII, or any allelic variants,
derivatives, deletion afdfbgs, substitution anal ogs, or addition anal ogs

t hereof, and charact.eri zged by being non-naturally occurring and by being

th roddet of pro- 40 gearyotic or eucaryotic expression of an exogenous
DNA sequence. 36. A non<nafuraly occyrring polypeptide consisting only of
the am no acid seqiifince 14174 t forth in Tab VII. 37. A pharmaceuti cal
conposi tion conprigfing an effe(':_‘ive amount of the polypeptide according to
Claim 34 or 36 and pharmaceutical |y acceptabl e diluent, adjuvant or
carrier. 5 Gairrsgor they Contracting State AT 1. A process for the
production of a polmtpeptiBe having part or all of the primary structure and
one or nore of theehiol ggEkal prop&tEed of Ba@ir@lly oc‘(?urréng pfuri pot ent
granul ocyte col ony-stimy*afing factor, which™pro- 50 cess is characterized
by cul turjng, under sui e nutrient conditions, procaryotic or eucaryotic
host cell's trans- forneep or transfected with an exogenous DNA sequence in a
manner allow ng the hosw cell to express the pol ypeptide, and isolating
desi red pol ypepti de havighg t he sequence set forth_ in Table VLI and
characterized by being & g‘an- n@ur@ Y etcurfi r% gol ypephi desa 2. A process
accordinggto Caimi1 wher@n thH® ex®g8n6lis DNASeQuence Ts acDNAsequence.
55 3. A process accordi ng*®o C afnfl wher ef n™t he ex®genous DRA
sequence is a genom c DNA sequence. 4. A process according to Claim1l

V\A'g’?i n the exogenous DNA_sequepce is_caried Q) gn autogomoysly o
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5. A process according to Caim1l wherein the polypeptide is covalently
associated with a detectable | abel 42 EP 0 237 545 Bl substance. 6. A
process according to Caimb5 wherein gpodstBas@dt abl e | abel is a radi ol abel.
7.« A process according to Caim1 wherein the exogenous DNA sequence codes

upon expr essi oNad dhodn iR Tébie XS, ¥ hhE-COE de%:ﬁ&:ra bihgind10RE w%ﬁ‘-is lt-lreu mic cells. The bind-
pol ypepti de %Mﬁhihi&‘iﬂia’bﬂs&kp&n@&%aﬁe IE g\ﬁJj ;f ? k[g ot 8&?:
S or nore qf adden, Bindh@ s natal HYCEEE S hlﬁﬁan elBRdHdEyR eyke%%lfsr()\m ﬂ ) %a
granul ocyt e crb Bindisg tothesy delds pardbied in resadnSle é’hﬁ\uéﬁﬁd@&?‘ﬁu RGil aﬁtué@ ti nsrPamb
~anong: (a)s t hratdlVhacephages SjudgRll bmidmtiolbay aRY fbsefict ofdindihd)6F nateaP ﬁméﬁ’ t¥ monocytic
stands t her eodukerfibieliiitin sretepatehs(ANLL, M5B)Sydyeste thdtektdh IbdkemaiNtaysdidbatMEexpress or
defined in (d3ckocedtorafgripGtGSFt The abilit of rpGCSF g combiie forhi ining of nattiaC ¥51-h B CSK, Sifnilar
t he degener adynatiralthb@-C3Erseggests thaidie reveptorsttedayiszel briihZ@ms equllyavelNA sequ- 10
ences defi ned i Thesastudigs dedpdnsixatidg thia biodingsaf gataralc &6l ateied bpG-CGSF o Igubbryip eqiis ard@aralieled
havi ng t he sdmaulterarbnithe ahiliotbf saturel hp@ASE to iBluce/granuioeytis and rwoesy il diffgrentintichl of light density
using a proc QPWP?@WGF"SQB@&‘FVW ane patient witlpan acute premyeincitisdeulemia (MB)aridacecond patient
a DNA-sequencd azacysmygighlastipiewienia ). Galis fepmmﬁmt'eruwerewmgd forfounsgysin mediym alane

express said “blﬂlt er1cg af 7 192 unifs gfirpGI@SF. Cells from the M3 centraleultuses insubateddn medium slanm
8 wherein thé"’e QY °yt 5‘It¥Pe ‘fU'e °ﬂ' F‘E’E‘éé%ﬂ‘%\l’,'e‘iﬁ'?ﬁ% PELSEsRawed l’ﬁ"ﬁ“‘e
the host &l pﬁq ton1 a" : e °‘§@P"‘"5lﬂ"d F'Y'?"

7. 12. A gen pr3 elo / c t‘a glogyfes, (?/gbanfgg%:s%%ﬁ
set out in Clsg ned eu Toa 8 an 2 I, :,poré ¥fac on%of r-
expression | clear tan prdehl th tahe E'us cell repres:r'ﬁe
and codi ng, f dHidnb E myelgb sﬂcle kemia
col bry- St 1l gasyoie s%Q;LIQ:Fedf asgé.nea&%bs%ﬁw e b e %Iﬁacul-
i ncl udi Ng  ONQureY in iGN Q%@&%alw 186G & blaSthicd" ©d11s, SYME & IRIPTad nlciebh Baie nﬁzce hen

16. A DNA SequaBeRittAREGLEF, tilteteRtiatdddé Matirk sBimentadHBGlroBINE ididElayi resk BN RESbE In B
a human pl ur icpRéreeiitrophiredggesting Qifféréntiaiin @BYGmRG inE.beiPieionging 1B SeMukéiSItioa. Th Getudidir
DNA sequepce féentiaton oP10D celld elitstl monshonsgibally)feldhled 350 Eontdl @6lis \bbrisiited of fI0%Wlsa) The
| abek__subst aneps-CSFreatdd Eié\coneigitid & 6F@ 8% DIAES, 10k ny@iotyles( "1 59 mdtdmiyelobyidsC28% BaR@forms pius
det ect abl e | abgrhenied neutroplits, @%adrerhonodytes afld $1%mbrcytés; Tiredeukemibléells avgteciisd @xamined for
accor di ng t o dffemhtatidn/at foother concél@atiods SNAGIEEFE 2 €03, TOTDM, 1265 »f 10F arfda= o+ >d&Shot
21. A bi ol ogisbewn). Evénattbe ipwestdongentatinn of thpG-OSF tealed (BINA0MH DY), diere was bigrificang differiitidtion
sequence é&s deslis difgrentiatedbegondinmyelodyies) ofitheM3(E0%) atd M2 (37 %Heukamigotlisc host cel |
stably transforned or transfected with a DNA vector according to

6. Immunoassay

To prepare polyclonal antibodies for inmunoassay use the antigen employed was pluripotent G-CSF puri-
35 fied from the human bladder carcinoma cell line 5637 (1A6) as prepared in Example 1 (B). This material was
judged to be 85% pure based on silver nitrate staining of polyacrylamide gels. Six week-old Balb/C mice were
immunized with multiple-site subcutaneous injections of antigen, The antigen was resuspended in PBS and
, emulsified with equal volumes of Freund’s complete adjuvant. The dose was 5 to 7 ug of antigen per mouse
o per injection. A booster immunization was administered 18 days later with the same amount of antigen emul-
40 sified with an equal volume of Freund's incomplete adjuvant. 4 days later mouse serum was taken to test for
the antibody specific to human pluripotent G-CSF.
Dynatech immulon | Removawell strips in holders (Dynateck Lab., Inc., Alexandria, Virginia) were coated
with hpG-CSF 5 pg/ml in 50 mM carbonate-bicarbonate buffer, pH 9.2. Wells were coated with 0.25 ug’'in a
volume of 50 pl. Antigen coated plates were incubated 2 hours at room temperature and overnight at 4°C. The
45  solution was decanted and the plates were incubated 30 minutes with PBS containing 5% BSA to block the
reactive surface. This solution was decanted and the diluted preimmune or test sera were added to ths wells
and incubated for 2 hours at room temperature. Sera were diluted with PBS, pH 7.0 containing 1% BSA. The
serum solution was decanted and plates were washed three times with Wash Solution (KPL, Gaithersburg,
Maryland). Approximately 200,000 cpm of iodinated rabbit anti-mouse IgG (NEN, Boston, Massachusetts) in
50 50uiPBS, pH 7.0 containing 1% BSA was added to each well. Afterincubating 1-1/2 hours atroom temperature,
the solution was decanted and plates were washed 5§ times with Wash Solution. Wells were removed from hol-
der and counted in a Beckman 5500 gamma counter. High-titered mouse sera showed greater than 12-fold
higher reactivity than the carresponding preimmune sera at a dilution of 1 : 100,
The immunological properties of E, coli-derived hpG-CSF were determined by reactivity to high-titered
5§55 mouse serum specific to mammalian-cell derived hpG-CSF. 0.25 pg of 90% pure E. coli-derived protein was
coated to iImmulon I Removawells in a volume of 80 ul and mouse serum was assayed as described above.
High-titered mouse sera showed a 24-fold higher reactivity to the E. coli-derived material than did the cor-
responding preimmune sera at a dilution of 1 : 100.
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Claim21. 23. A process for the production of a pol ypeptide having the
primary structure of human pluripotent granulo-. 35 cyte col ony-stinul ating
factor, which process is characteri zgglgbyysagbijuri ng under suitable nutrient
condi tions, procaryolic or eucaryotic host cells transformed or transfected
w th a DNA t forth in Table VIl in a manner allow ng the host
cells to ex?)eém&p'&:r{%Il Bloass pt I de, and isolating desired poI ypepti de

d f A d
pro uctscgugl}eggiﬁjﬁ%%’éﬁ'[gé}u G-EQ? fhg‘%agque ' %‘93@ %?] ﬁgmoggfﬁ
that of

a pharnma

amount 4¢ WEH@BBFU*‘ ééQFsPle f?
n'nﬁf"i\

al bi cul
and/or O ai Ravird tHe'?la?veBi?tﬂs{d@‘? l@&sﬁfa%g: th |Jd o %ﬂo i t erg -h;‘r:: '
carrier. 25dinduftikeassay, 286-folf 184sE Gclvily ik GEY th the WEHI-38
free of asspe€issiy. 'ﬂﬂsd&taﬁé’bu@ﬁ&‘hv@bﬁmrd%ﬁﬁoﬁiﬁatcygt neslaﬁﬁsx ns"i‘(?‘| Qﬁ e néddellY
part or all fopfull bibiegied adayy Structure and oné ormore of the biologlica

proper- fies of naturally occurring pluripotent granulocyte
col ony- st el igtitd Blodseeyt or , whi ch process is characterized by 45 culturing,
under~’sui table nutrient conditions, procaryotic or eucaryotic host cells
transfornmed orAlZet@ossbingiumgs (AzsHTom) Pals A OALIModel D0 H REIeRBRCted o MAWENIAG Adht jugular
al | ow ng t heeimcatiteteessdnld imptantedsuteatndolisty 1 @bvwep @ialei Sikan goldeh Narsled Fbur ot & pumpks c6if
pol ypept#detainas b hgffer (20 miespimceeie (fH5.4) ant 37 MiMdodiutchioriBrkng A BRI e, baliRerivay
bei ng a nonbpRESF wiile 3 contained buffegaignel Theelalried pumdingrrate foctherosmolicyings RasOTmictoliter/hr.
medi cament fopwp taseven dayagit ithertisind dipyafiet implatthtion apiite pumps, tikemesa igran@otyte dsunt 6 thedour
poI ypept i detrwmngstgrawessm-folahnghemham that ofthe three (buffer)controls amd thainkremsed granniocyee cofint
bi ol ogi wef refigc @E@Ta foggfoldtinceessenin totaltiymphodytes.dRrngtrocyterngunsiwas ugphanged by treatment.
S‘ﬁ‘dl oc¥t e These Eayisdadicats|that iha decpmbinagt mateliel eiadyseaeresifia enhaisement ofaradaatidn lnyd/or
cuI turing, [ﬂ?ﬂ °@E§F‘t‘%’?§'“ﬁd‘ﬁ'ﬂ"@ ht conditions, procaryotic or eucaryotic

host cells trd % 5P °"t“1"¥9f?§f§a’t!’ﬁe?§"'\/ﬁ’ﬂ‘l°t&ﬁ“°§>€5 plide praivgs e WEHSE andfrap-
msmner aI I o °é‘l'19 b p@ @3 f'ﬁeabg‘fﬂ"g’ EFPP?'G'E” applisation Jiy Altpm et al.
i e e
h t |
ﬁaﬁL?ich'r zs - S"P% u-g»sﬁ § SE T e
o5 %&ma "°'“'°9?E:é§ o ﬂgyn g
havi n one
raving one Hhul .hi‘éwh%gm °ﬁ"2§a Py s.s?'nd
expressi‘on b d?e%mmuewsu s E sy st bt e
according t gy ore a potentidlsifes &&;‘; faitidn ( in tiek for ye. aF
DNA vect or  priaguckiffirétdcts) ; BiNMich Rald SRS mafe C: idu&s xce ,e%é:la ne or se
procar yot i Cresiiue8\dfdiirk Btbrtia &y isohdt d RRS {Hystbrhst r%qp W

a DNA vest Oiore ¢/#dsind rdd@udsQepidcad b pRéhylaidiine Adﬁ%)ﬁﬂ@ﬂ&rb 9ﬁe£ 'i'éldili GAESEed bt@lg oﬁ 0
t he proces Sta@‘et c@isaAlE8 cbmppdehéiided e plypEptideFhgmEntSDUpRdabiythn 8 pérﬁfﬂhﬁlblﬁtmuﬁus amino adid -
A pol ypept i skquénae binsgcdniisry benaingtions WithirChplBLCBF) GhicipageMP by bddSesd bnd dttivity of (e .,
c urring pieceptaobinding) agd eot others (ey.f @loRPorowtl strhlaling 8dtivip) It isotewbrthyit Bctivity is not
Ypept i dendsessany pr any araornmoradfitice ey cte sftie imehtion toatvd therapeuiautinpisyd) @fRlidnd. et al.,
s e guenc e s eBlutf ¢4 01T8-175 (TRER) or utility in other cantgxts Islichl as dn assays efmpe-csﬁenhguatsmve&npatmve
del etion anuihygm;ts wabiset quiteivsefuhin dorakanpls, cases efcdderproduntion pEipGeESF, her eof , and
char act er i zed Acsordingitmanotheraspect ofithel pregent ingention, thg DNA deduence descrbet hereip whichertodes
pro- hpG-CSF polypeptldes is valuable for the information which it provides conceming the amino acid sequence
of the mammalian protein which has heretofore been unavailable despite analytical processing of isolates of
45  naturally-occurring products. The DNA sequences are aiso conspicuously valuable as products useful in effect-
ing the targe scale microbial synthesis of hpG-CSF by a variety of recombinant techniques. Put another way,
DNA sequences provided by the invention are useful in generating new and useful viral and circular plasmid
DNA vectors, new and useful transformed and transfected microbial procaryotic and eucaryotic host cells
{including bacterial and yeast cells and mammalian cells grown in culture), and new and useful methods for
so0  cultured growth of such microbial host cells capable of expression of hpG-CSF and its related products. DNA
sequences of the invention are also conspicuously suitable materials for use as labelled probes in isolating hpG-
CSF and related protein encoding human genomic DNA as well as cDNA and genomic DNA sequences of other
mammalian species. DNA sequences may also be useful in various alternative methods of protein synthesis
- (e.g., Ininsect cells) or in genetic therapy in humans and other mammals. DNA sequences of the invention are
§5 expected to be useful in developing transgenic mammalian species which may serve as eucaryotic "hosts" for
production of hpG-CSF and hpG-CSF products in quantity. See, generally, Palmiter, et al., Science, 222(4625),
809-814 (1983).
Of applicability to hpG-CSF fragments and polypeptide analogs of the invention are reports of the
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caryotic or .eucaryotic expression of an exogenous DNA sequence. 10 34.
A non-naturally occurring pol ypeptide consisting only of the amno acid
sequence 1-174 set forth in Table Vllg g% v séy gyhar maceut i cal conposition
conprising an effectlve armunt of the pol ypepti de having only the sequ-

ence 1-174 set f h in, Tab n a har maceutlcal I y accept abl e
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ei nachveP@Mg en Mar- kier ungssubst anz ver kni pft ilt. 6. Polypeptid nach
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ei ner . 8. A polypeptide according to Claim § wherein said detectable label is a radiolabel.

7. A DNA sequence which codes upon expression in a procaryotic or eucaryotic host call for a polypeptide
product having at least a part of the primary structure and one or more of the biological properties of naturai-
ly-occurring pluripotent granulocyte colony-stimulating factor, said DNA sequence being selected from among:

40 (a) the DNA sequence set out in Table VIl or the complementary stands thereof ;

(b) DNA sequences which hybridize to the DNA sequences defined in (a) or fragments thereof ; and

(c) DNA sequences which, but for the degeneracy of the genetic code, would hybridize to the DNA sequ-

ences defined in (@) or (b) and which sequences code for a polypeptide having the same amino acid sequ-

ence.
45 8. A procaryotic or sucaryatic host cell transformed or transfected with a DNA sequence according to Claim
7 in a manner aflowing the host cell to express said polypeptide product.

9. A host cell according to Claim 8 whersin the host is E. coli.

10. A host cell according to Claim 8 wherein the host cell is a mammalian cell.

. 11. A non-naturally occurring polypeptide product of the expression of a DNA sequence of Claim 7 in a
s6  procaryolic or eucaryotic host. .

12. A cDNA sequence according to Claim 7. .

13. A genomic DNA sequence according to Claim 7.

14. A DNA sequence according to Claim 7 and including one or more codons preferred for expression in
E. coli cells.

55 15, A DNA sequence according to Claim 7 and coding for expression of human pluripotent granulocyte col-
onystimulating factor.

16. A DNA sequence according to Claim 15 and including one or more codons preferred for expression in
yeast calls.
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pl uri pot ent e $3agwniypeptide according to Claim 1 wherein the exogenous DNA sequence is a genomic DNA sequence.

4, A polypeptide according to Claim 1 wherein the exogenous DNA sequence is carried on an autonomously
replicating DNA plasmid or viral vector.

- - 5.Apodlypeptide according to Claim 1 further characterized by being covalenﬂy associated with a detectable
35 label substance.

8. A palypeptide according to Claim 5 wherein said detectable label is a radiolabel.

7. A DNA sequence which codes upon expression in a procaryotic or eucaryotic host cell for a polypeptide
product having at least a part of the primary structure and one or more of the biological properties of natural-
ly-occurring pluripatent granulocyte colony-stimulating factor, said DNA sequence being selected from among:

40 (a) the DNA sequence set out in Table VI or the complementary stands thereof ;

(b) DNA sequences which hybridize to the DNA sequences defined in (a) or fragments thereof ; and

{c) DNA sequences which, but for the degeneracy of the genetic code, would hybridize to the DNA sequ-

ences defined in (a) or (b) and which sequences code for a polypeptide having the same amino acid sequ-

ence.
45 8. A procaryotic or eucaryotic host cell transformed or transfected with ‘aDNA sequence accordmg to Claim
7 in a manner allowing the host cell to express said polypeptide product.

9. A host cell according to Claim 8 wherein the host is E. coll.

10. A host cell according to Claim 8 wherein the host cell is a mammalian cell.

11. A non-paturally occurring polypeptide product of the expression of a DNA sequence of Claim 7 in a

50  procaryotic or eucaryotic host. '

12. A cDNA sequence according to Claim 7. .

13. A genomic DNA sequence according to Claim 7.

14. A DNA sequence according to Claim 7 and including one or more codons preferred for expression in
E. coli cells,

55 15. A DNA sequence according to Claim 7 and coding for expresslon of human plunpotent granulocyte col-
onystimulating factor.

16. A DNA sequence according to Claim 15 and including one or more codons preferred for expression in
yeast cells.
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Trigermttel tlng fa ng an ammoa gi g;?lio he polypeptlde
I NI \_/ sequence set forth in Table Vll or any allelic varlants, derivatives, deletion analogs, substitution analogs, or
addition analogs thereof, and characterized by being non-naturally occurring and by being the product of pro-
40  caryotic or eucaryotic expression of an exogenous DNA sequence.
36. A non-naturally occurring polypeptide consisting only of the amino acid sequence 1-174 set forth in
Table VII.
37. A pharmaceutical composition comprising an effective amount of ths polypeptide according to Claim
34 or 38 and a pharmaceutically acceptable diluent, adjuvént or carrier.

Claims for the Contracting State AT

1. A process for the production of a polypeptide having part or all of the primary structure and one or more
of the biological properties of naturally occuring pluripotent granulocyte colony-stimulating factor, which pro-
50 cessis characterized by culturing, under suitable nutrient conditions, procaryotic or eucaryotic host cells trans-
formed or transfected with an exogenous DNA sequence in 2 manner allowing the host cell to express the
polypeptide, and isolating desired polypeptide having the sequence set forth in Table Vil and characterized by
being a non-naturally occurring polypeptide.
2. A process according to Claim 1 wherein the exogenous DNA sequence is a cDNA sequence.
55 3. A process according to Claim 1 wherein the exogenous DNA sequence is a genomic DNA sequence.
4. A process according to Claim 1 wherein the exogenous DNA sequence is carried on an autonomously
replicating DNA plasmid or viral vector.
5. A process according to Claim 1 wherein the polypeptide is covalently associated with a detectable label
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rzu gtﬁ ng ype the process according to Claim 1 and/or Claim 23 in a pharmaceutically accept-
able diluent, adjuvant or carrier.
25. A process according to Claim 24 wherein the polypeptide is free of association with any human protein.
26. Use of a polypeptide having part or all of the primary structure and one or more of the biclogical proper-
ties of naturally occurring pluripotent granulocyte colony-stimulating factor, which process is characterized by
45  culturing, under suitable nuirient conditions, procaryotic or eucaryotic host cells transformed or transfected with
an exogenous DNA sequence in a manner allowing the host cell to express the polypeptide, and isolating des-
ired polypeptide having the sequence setforth in Table VIl and characterized by being a non-naturally occurring
polypeptide, for the manufacture of a medicament for providing hematopoietic therapy to a mammal.
27. Use of a polypeptide having part or all of the primary structure and one or more of the biological proper-
50 ties of naturally occurring pluripotent granulocyte colony-stimulating factor, which pracess is characterized by
culturing, under suitable nutrient conditions, procaryotic or eucaryotic host cells transformed or transfected with
an exogenous DNA sequence in a manner allowing the host cell to express the polypeptide, and isolating des-
ired polypeptide having the sequence setforth in Table VIi and characterized by being a non-naturaily occurring
polypeptide, for the manufacture of a medicament for arresting proliferation of leukemic cells,
55 28. A DNA sequence coding for a polypeptide analog of hpG-CSF having one or more cysteine residues
deleted or replaced by alanine or serine residues.
29, A non-naturally occurring polypeptide product of the expression in a procaryotic or eucaryotic host cell
of a DNA sequence according to Claim 28.
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a) der DNA-Sequenz, die in Tabelle Vil dargestellt ist, oder den komplementsren Stringen derselben ;
b) DNA-Sequenzsn, die zu den in () definierten DNA-Sequenzen oder Fragmenten derselben hybridisie-
45 ren ; und
c) DNA-Sequenzen, die, ohne die Degeneration des genetischen Codes, zu den in (a) oder (b) definierten
DNA-Sequenzen hybridisieren wiirden und die fiir em Polypeptld mitderselben Aminosaduresequenz kodie-
ren.
8. Prokaryontische oder eukaryontische Wirtszelle, die mit einer DNA-Sequenz nach Anspruch 7 in einer
s0  Weise transformiert oder transfiziert ist, die es der Wirtszelle eriaubt, besagtes Polypeptidprodukt zu exprimie-
ren,
9. Wirtszelle nach Anspruch 8, dadurch gekennzeichnet, daR der Wirt E. coli ist.
10. Wirtszelle nach Anspruch 8, dadurch gekennzeichnet, daB die Wirtszelle eine Saugetierzelle ist.
11. Nicht-natiidlich auftretendes Polypeptidprodukt der Expression einer DNA-Sequenz nach Anspruch 7
55  in einem prokaryontischen oder eukaryontischen Wirt.
12. cDNA-Sequenz nach Anspruch 7.
13. Genomische DNA-Sequenz nach Anspruch 7.
14. DNA-Sequenz nach Anspruch 7, die ein oder mehrere fiir die Expression in E. coli-Zellen bevorzugte
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I ol ogi ques [AVAe)? h“em_
45 33. Prokaryontische oder eukaryontische Wirtszelle, stabil transformiert oder transfiziert mit einem DNA-
Vektor nach Anspruch 32.
34. Polypeptid nach Anspruch 1, dem ein Methionin-Rest vorangeht.
35. Polypeptid mit den hematopoetischen biologischen Eigenschaften von natiiriich auftretendem pluripo-
tente Granulozytkolonien erregendem Faktor, wobei besagtes Polypeptid eine Aminosuresequenz besitzt, die
50 ausgewahit ist aus der Polypeptidsequenz, die in Tabelle Vil dargestellt ist oder irgendwelchen allelischen
Varianten, Derivaten, Deletionsanaloga, Substitutionsanaloga oder Additionsanaloga derselben und dadurch
gekennzeichnet, daf sie nicht-natiiich auftritt und das Produkt prokaryontischer oder eurkarycntischer
Expression einer exogenen DNA-Sequenz ist.
36. Nicht-natiiriich auftretendes Polypeptid, das nur aus der Aminosauresequenz 1-174 besteht, die in
&5  Tabelle Vi dargestellt ist.
37. Pharmazeutische Zusammensetzung, die eine wirksame Menge des Polypeptids nach Anspruch 34
oder 36 und ein pharmazeutisch akzeptables Verdiinnungsmittel, Adjuvans oder Tragermittel umfat.
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|~ expres- sio '3 nnzelchnet dafs der Wirt E. E. coli ist.
10. Verfahren nach Anspruch 8, dadurch gekennzeichnet, dag die Wirtszelle eine Sdugetierzelle ist.
35 11. cDNA-Sequenz, wie in Anspruch 7 dargelegt.
12. Genomische DNA-Sequenz, wie in Anspruch 7 dargelegt.
13. DNA-Sequenz, wie in Anspruch 7 dargelegt, die ein oder mehrere fiir die Expression in E. coli-Zellen
A bevorzugte Codons einschiiet.
' 14. DNA-Sequenz, wie in Anspruch 7 dargelegt, die fiir die Expression von menschiichem p!urlpotente Gra-
4 nulozytkolonien erregenden Faktor kodiert.
15. DNA-Sequenz nach Anspruch 14, die ein oder mehrere fiir die Expression in Hefezellen bevorzugte
Codons einschlieft.
16. DNA-Sequenz nach Anspruch 11 oder 12, die fiir die Expression einer Kodierung fiir menschlichen
pluripotente Granulozytkolonien erregenden Faktor kadiert,
45 17. DNA-Sequenz wie in Anspruch 7 dargelegt, kovalent verkniipft mit einer nachweisbaren Markierungs-
' substanz.
18. DNA-Sequenz nach Anspruch 17, dadurch gekennzeichnet, daR die nachweisbare Markierung eine
radioaktive Markierung ist.
: 19, Einzelstrangige DNA-Sequenz nach Anspruch 17.
50 20. DNA-Sequenz, die fiir (Ala’) hpG-CSF kodiert.
21. Biologisch funktionaler Plasmid- oder viraler DNA-Vektor, der eine DNA-Sequenz, wie in Anspruch dar-
gelegt, einschlieft.
22, Prokaryontische oder eukaryontische Wirtszelle, stabil fransformiert oder transfiziert mit einem DNA-
, Vektor mach Anspruch 24.
55 23. Verfahren zur Herstellung eines Polypeptids, das die Primarstruktur von menschlichem pluripotente
Granulozytkelonien erregendem Faktor besitzt, wobei dieses Verfahren gekennzeichnet ist durch Kultivieren
-von prokaryontischen oder eukaryontischen Wirtszellen, die mit einer DNA-Sequenz, wie sie in Tabelle VI dar-
gestellt ist, in einer Weise transformiert oder transfiziert sind, die es den Wirtszellen erlaubt, besagtes Poly-
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Expression einer exogenen DNA-Sequenz ist.

\-/’ 34. Nicht-natiidich auftretendes Polypeptid, das nur aus der Aminosduresequenz 1-174, die in Tabelle Vi
40  dargestellt ist, besteht.
35, Pharmazeutische Zusammensetzung, die eine wirksame Menge des Polypeptids, die nur die Sequenz
1-74, die in Tabelle Vil dargestellt ist, besitzt, und ein pharmazeut:sch akzeptables Verdiinnungsmittel, Adju-
vans oder Tragenmittel umfaidt.
36. Verfahren zur Herstellung einer phatmazeutischen Zusammensetzung, wobel dieses Verfahren das
45  Einarbeiten einer wirksamen Menge des Polypeptids, das nur die Sequenz 1-174, die in Tabelle VIl dargestelit
ist, besitzt, in ein pharmazeutisch akzeptables Verdiinnungsmittel, Adjuvans oder Trigemmittel umfait.

Revendications

50 . _
Revandications pour les Etats Contractants : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE
1. Polypetide qui,
a) présente une partie ou toute la structure principale st une ou plusieurs des propriétés biologiques typi-
55 ques dufacteur de stimulation de colonies de granulocytes pluriactifs humains existant naturellement (hpG-

CSF) de la séquence indiquée dans le tableau VI,
b) est un polypeptide existant non-naturellement ; et
c) est le produit de I'expression eucaryote ou procaryote d'une séquence d'ADN exogane,
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23. Cellule hite eucaryote ou procaryote, transformée ou ayant subi une transfection, de fagon stable, avec

un vecteur d’ADN selon la revendication 22. :

24. Procédé pour ia production d'un polypeptide ayant une partie ou toute la structure principale et une ou

45  plusieurs des propriétés biologiques du facteur de stimulation de colonies de granulocytes pluriactifs existant
naturellement, lequel procédé est caractérisé parla mise en culture, dans des conditions nutritives appropriées,
de celiules hites eucaryotes or procaryotes, transformées ou ayant subi une transfection avec une séquence
d’ADN selon ia revendication 7 d'une fagon permettant 4 la cellule hdte d’exprimer ledit polypetide, etlisolation
des produits polypeptidiques souhaités de I'expression de la séquence d’ADN.

50 25. Procédé pour la production d'un polypeptide ayant ia structure principale du facteur de stimulation de
colonies de granulocytes pluriactifs humains, lequel procédé est caractérisé par la mise en culture, dans des
conditions nutritives appropriées, de celiules hotes eucaryotes ou procaryotes, transformées ou ayant subi une
fransfection avec une ségquence d’ADN indiquée dans le tableau VIl d'un= fagon permettant aux cellules hotes
d’' ex primer ledit polypeptide, et I'isolation des produits polypeptidiques souhaités de I' expression de la

55 séquence d'ADN.

26. Composition pharmaceutique comprenant une quantité efficace d'un polypeptide selon la revendication
1 et/ou produit par le procédé de la revendication 24 ou 25 et un support, adjuvant ou diluant pharmaceutique-
ment acceptable. .
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7 asgoci é e fagon covalente, , aceur (fet ecta 18 Sequence d' ADN
selon lar eVﬂWhEI@LﬂM pbhr PEﬁE‘éant?&‘tﬁJt lag | € traceur det ectabl e est un
radi otraceur. 19. Sequence d" ADN a brin unique selon |a revendi cation 17.
15 20. Sdqimsseas sbufiRbrodetidh dunipolpeplids| aant urtefartie- Sdrtoutd fla striviird SiacisAeY une ou
viral ou spl agusiel’ dos srbsgtss biclbgdlies OnRiteup Béltimulatiohl dd @blorisade SRaAUIGHIRS picHaltiRdexistant
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avec d’ADN exogéne d'une fagon permettant 4 ia celiule hote d’exprimer le polypeptide, et{'isolation du polypeptide
' souhaité ayant la séquence indiquée dans le tableau VIl et caractérisé en ce qu'il est un polypeptide existant
3  non-naturellement. )
2. Pracédé selon la revendication 1, dans lequel la séquence d’ADN exogéne est une séquence d’ADNc.
3. Procédé selon Ia revendication 1, dans lequel la séquence d'’ADN exogéne est une séquence d'ADN
génomique,
o/ 4. Procédé selon la revendication 1, dans lequel la séquence d’ADN exogéne est portée par un vecteur
4«0 viral ou plasmide d’ADN a réplication autonome.
5. Procédé selon la revendication 1, dans lequel le polypeptide est associé, de fagon covalente, 2 un traceur
détectable.
6. Procédé selon la revendication 5, dans lequel ledit traceur détectable est un radiotraceur.
7. Procédsé selon la revendication 1, dans lequel la séquence d’ADN exogéne code,lors de I'expression
45 dans une cellule héte eucaryote ou procaryote, pour un polypeptide ayant au moins une partie de ia structure
principaie et une ou plusieurs des propriétés biclogiques du facteur de stimulation de colonies de granulocytes
pluriactifs existant naturellement, ladite séquence d'ADN étant cholsie pamni :
a) la séquence d’ADN indiquée dans le tableau VII ou les brins compiémentaires de celle-ci ;
b) des séquences d’ADN qui s’hybrident en séquences d’ADN définies dans (a) ou des fragments de cel-
50 les-ci; et
c) des séquences d'ADN qui, n'était la dégénérescence du code génétique, s’hybrideraient en séquences
d’ADN définies dans (a) ou (b) et lesquelles séquences codent pour un polypeptide ayant la méme
séquence d'acides aminés.
_ 8. Procédé selon la revendication 1, utilisant une cellule hite eucaryote ou procaryote, transformée ou
s6  ayantsubiune transfection avec une séquence d'ADN comme indiqué dans la revendication 7 d'une fagon per-
mettant & la celluie hite d’ exprimer ledit polypeptide.
9. Procédé selon la revendication 8, dans lequel 'héte est E. coli.
10. Procédé selon la revendication 8, dans lequel la cellule hote est une cellule de mammifére.
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