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Background 10 The present invention pertains in general to

hemat opoi etic growh factors and to polgﬁﬁm},{ges encodi ng such
factors. The present application pertaiTs - particular to mammal i an
pl uri potent 38l ony stimulat- 15 ing factors, specifically human pluripotent

granul ocyte col ony- st ifRd §rdd¥bdraGinfedtdiin taifsfiAggeAREadnto

pol ypepti de anal ogs .t hereof, and to %%gnucleotl es encoglng,ahe sane.
. The human bl ood-’ﬁ%’%‘(ﬁﬁ?&tﬂpﬂﬂ ifactars aRd e Hrlrpuclegtidesy of
| ﬁ/hi teh_b: o;)d cel leaalcl(ddieiguﬁm faﬁmcf'roﬁﬁd ?_:rd&éﬁi@rﬂmbﬁcaﬁgdn pertains
asophil s/ mast c¢ells),, .re ood cells (ierythrocytes),and clot-form ng
col 15 (maga TR pRREARIhaT, b AARna L arh SRR b s 1 80Y, ERPBR1RE

average hundf miing ifactors) epeaiflicdlly purduc @lur ipet &5t oguanudocyte X
O] ) SEMIER AR SN R B -l 4t lihen €81Kd) o
Bi oEssays, 2, 1p®lypeptide Bg@dpgs thereof and |to ipolynueleqdtides snal |
amounts of certgn@oding the same.
The human blood-forming (hematopoietic) system
20 replaces a variety.of white blood cells (including
neutrophils, macrophages, and basophils/mast cells), red
blood cells (erythrocytes) and clot-forming cells (mega-
karyocytes/platelets). The hematopoietic system of the
average human male has been estimated to produce on the
25 order of 4.5 x 1011 granulocytes and erythrocytes every
year, which is equivalent to an annual replacement of _
total body weight. Dexter et al., BioEssays, 2, 154-158
(1985).

It is believed that small amounts of certain
30 hematopoietic growth factors account for the differen-
tiation of a small nu der of progenitor "stem cells"
into the variety of biood cell lines, for the tremen-
dous proliferation of those lines, and for the ultimate
differentiation of mature blood cells from those
35 1lines. Because the hematopoietic growth factors are
present in extremely small amounts, the detection and



2 result, a large number of names have been coined to
30 henatopoieti@egmeuwa ﬁaehosﬁaameﬁUﬁumbef bhefdbtbesen As an ieddanpleof a
smal | nunber g) ni torl m cek %ort he | et épg‘; bl aqd cel |
i nes, for the ? ehen- resu 55{] 5?8 P?é?ﬁt FBﬁ £ {“ﬁ(‘)s t he
ultinmate diCSE; cBCGH} | MOGBf andt BSE bteodll:ehtsohymm lwhash axe Incves.
Because the he"@éf’f’é’é@&'Gﬁ%Bﬁw t8Ch0o5Engié mu:PﬁSsﬁBha‘th%&%rﬁ@' y smal |

anounts, the detection

i denti fi catli®bn growtlestacteror sMateal &) i Saience, a@29rr3$-22 (1985dssays
which as yet ordeee dFdd ngﬂu?&e?@on@ttﬁ@ q}ffBzol chéf! ?nQSfZafCtl@rS% on the

basi s of stlrrulatlve effects on 'U'I"Ed‘%?ﬂ‘s—u i ficial

conditions. As @9 }eRRs:, ﬁtl%ﬂ‘geghmfmr_%f WPebl ﬁsé rhé8 hecmeﬁ-e&lt'o

denote a rmch IHmIneLNPe129f 2431 0B85, Micsbap! et al.of the resultant

. confusion the terns,, 11-3 multys F, ., HCGF apd PSF are all
acronyns whi ch ﬁ%@%v@i% %]p%?ﬁt J’gkg?ﬁﬁl'ee Brne

hemat opoi efliSc Tht §f Mdrcénctd0, 772t (H982) ScamdicBurgéss, 186£2a1(1985) .

Sroos, o5, a0 Bgetiedlced; 48! P M10887; PORing b4°HakaoRE mySiind

Ni col a, et al. QIOWthJ wallaeny 925@9@)'15“(5.983) Metcal f, et al., 15
Int.J. Cancer, 30, 773 (1918!@”@9‘&{%305 e@émb nan‘:n ﬂe@?ECQEchZG 647
ne

(1980), rel at | ng to various r owt regu atory gl ycoprotelns
The appl i cati oRiguesAfhibreHokfe fane Q’&#F out @f qtRisgBageougkPrsone

order out oD tleixanPiads th® amttho VEIP/4nd IBNA dedqwensed 288 Rlanequences
for human
erythropoietin, which stimulates the production of
erythrocytes, have been obtained. (See, Lin, PCT _
Published Application No. 85/02610, published June 20,
1985.) Recombinant methods have also been applied to
25 the isolation of cDNA for a human granulocyte-macrophage
colony-stimulating factor. See, Lee, et al., Proc.
Natl. Acad. Sci. (USA), 82, 4360-4364 (1985) and Wong,
et al., Science, 228, 810-814 (1985). See also Yokota,
et al. Proc. Natl. Acad. Sci. (UsSA), 81, 1070 (1984),
30 Fung, et al., Nature, 307, 233 (1984), and Gough, et
al., Nature, 309, 763 (1984) relating to cloning of
murine genes, as well.as Kawasaki, et al., Science, 230,
291 (1985) relating to human M-CSF.
' A human hematopoietic growth factor, called .
35 human pluripotent colony-stimulating factor (hpCSF) or
pluripoietin, has been shown to be present in the cul-




<2 OpLor purified rrom tnis cell line has been reporcedad to
erythropoietin,aMﬁmﬂiaﬁdrpﬂdﬂkfhﬁdﬁiqncahwtditfeientlatiqnthCplﬂsa-have
been obt ai ned. Li A |
publ i shed June %g?teent p%&%%r t:IQec éDLiltlnéa ﬁ?ﬁdﬂs&qé r%%duggé%%aﬁﬁ Iaé& to
25 the isol ati ®ajor dloed cnelei. hypes dimamassays aisieng dpimae bone marrow
(Ush) 52, 43605038 f’“‘&%’& 5oy e Ve all SProc, NEVI, £684; SEY,
(1985). Seelf sdU8AYat 82, 152ét-le§|30 ﬁr1&35Mt |Pu1;qcfak¢at8eqn oEihpCSB1, 1070

(1984), 30 Fungm {ﬁbg%'d r%sﬁobre@l?pl(tjagrﬁ@n, YHidPUekchfhge  al .
re

Nat ure, 309, 763 l'at i'n ¢ I ng of nurine genes, as wel | aé
Kawasaki, et al &b QE‘Féﬁ’@éap%Q'O( PR3} nFeh ﬁh}r"aﬁaM@SF

A hurman hemat op_cmeu\sa gmmdm)f aand Cl®aldead r¥e phave Migh peécfidrmance
colony-splnulatégﬂpgth Q&P%ograﬁy’. m?ﬁ?é%ﬁ‘?ﬂedtégﬁ; 1) ggggg'to be

present in the
medi um of alBunwhibhaddeela&edi iamkheelsledonde of twolgeakisix£dadbhviapd

deposi t ed under ;e I CLi ondi.- t

Gl tur e ol Tact LBnE18 FeVkEsEoBHaze gricl EbARAGRL, | dad RERSARAYPS |
The 5 hpCSF puhaflﬁea modecudas velighti dé&wda@fbé@noﬁ@p@ﬁ éftexmined by
stimul ate proli &eaﬂmoaog g EB@PﬁQEba‘('s%)ijpoFily'érc'rylamd@t dregeni tor

cells leading to the |on 0 pes I n assays
usi ng human bonErﬁahPéﬁﬁls (BﬁﬁgénFFB#°¥épﬁb51%EPFeﬁ&?%ﬂ1"9+WcﬁP $Bivas

Acad. Sci. 30 (&&AlieB2re 2§ea5§8 ha%85hn Rébefliectiriien pfidPGH 5.5
enpl oyed: (NH efRliterrLehe !l sP 881R.  Bibohen? SUpp SKA"%s (1985))
and a high differentiation activity for the mouse myelo-
monocytic leukemic cell line WEHI-3B D* ([Welte, et al.,
UCLA Symposia on Molecular and Cellular Biology, Gale,
25 et al., eds., New Series, 28 (1985)]. Preliminary
studies indicate that the factor identified as hpCSF has
predominately granulocyte colony-stimulating activity
during the first seven days in a human CFU-GM assay.
Another factor, designated human CSF-g8, has
30 also been isolated from human bladder carcinoma cell
line 5637 and has been described as a competitor of
murine 1231-1labelled granulocyte colony-stimulating
factor (G-CSF) for binding to WEHI-3B D' cells in a
dose-response relationship identical to that of
35 wunlabelled murine G-CSF [Nicola, et al., Nature, 314,
625-628 (1985)]. This dose-response relationship had




S also unique among CSF's 1in that they share a high degree
chr omat ogr aphy (&Eﬁfbpﬂi |l eseindide)différéntia8ioAnof wnﬁ&%@oﬁ’ol um) ;

and C18 reverse rform | iguid chrqmat ogra A proteln
i dentified as h 515 ’%rﬁ‘gﬁais *a%feamwﬁﬁg%&eﬂaﬁsx Bg

activity i n (OJSB!tpyerse Ipigis ecdittént raict one s, GRASFr spmmuedtbe mzxeldave

Sulphate (So8) - A de e Ror i ESISh Eafiing, cBRRRINIERIRY ot
silver stai rliOng.all-lp;CSHSJ%) 2upna ) i eshieipoks econsisbent anitbopredimioayyi nt
of 5.5 [ Vel e o @'Indﬂca%%rt%%rar‘?&'@%?%r&ﬁﬁlﬁ&?@@ﬂ monoa-”d

a high d|fferent|at|on activit nono | eukem c
cell line VEH - 3yt rn}nfemqlaamekocartlc/monmwgymseasemopbpééel ar and

Cel | ul ar Bi ol 00¥%01&H s YcEi-cEMM) eter W@ié efncdBat 1885HF. human
Prelimnary studi es indicate that t*g'te fa'g identified a

has
predoni nat el y gPaNf MBREOE FHHMLES i ti PPy 8 ha%uﬁ"iﬁﬂ PﬁE“fl rst
Zeven dayz %ls admeSF k@?l}ﬁ\/lhsasmmso atll.ng bformatl?nﬁdﬂf)thentfﬁphmllc "
esi gnated human al s.0 been isol at er
carci noma cel | 9731y IE?&}BJG@ Hfd b’éér‘?stise%%s?l RAC SLQB?S%?HPQP%
nurine [err] |- diosid ewhgrandelds e & @uopesty mh ath nhas beeacaocréGe@ra)'x

for binding to \WEH - leq’léoeceér{ Sf %acé-ocglc?ﬁel\% e §e rB{;a{-_h%aBQbRs

i dentical to that of nuri ne

314, 625- 629f( teBE s imila ridsies edpmen: GSH A |hﬁ%rh?ﬁlhatiﬂentlf1ed
-4- PhAVI | r e ri ne
& CSE and nag pglsi}ggsde?% %{I actorl?;fgl% 4 ©inil #0Lhg efactor ¥

Nicola et al., Nature, 314, 625- 628 (1985).

Based upon their common properties, it appears
that human CSF-8 of Nicola, et al., supra, and the hpCSF
of Welte, et al., supra, are the same factor which could

25 properly be referred to as a human pluripotent granulo-
cyte colony-stimulating factor (hpG-CSF). Characteriza-
tion and recombinant production of hpG-CSF would be
particularly desirable in view of the reported ability
of murine G-CSF to completely suppress an in vitro WEHI-

30 3B D' leukemic cell population at “quite normal concen-
trations", and the reported ability of crude, injected
preparations of murine G-CSF to suppress established
transplanted myeloid leukemias in mice. Metcalf,
Science, 229, 16-22 (1985). See also, Sachs, Scientific

35 American, 284(1), 40-47 (1986).




2 material. It i1s noteworthy, for example, that restric-
GM CSF, or multitishs[dpsedn toterist IYHrastloebmméeadal useS6E. HLUKRA) . 81,
3765-3769 (1984),]). CSF- rr‘]é ffd GCASF arelE 5 al so ﬁgigge am)na,CSF' sin
that they share SMRHH %r ells sygh 43 the human,Rladder: CAERIPQMAGN of
VEHI -3B D err] celtelise $623Dl gA.RiCA. HTBIUwhbgh Radeybeén répddted
(1984). At high | RS, L el | Lxe
gr anul ocyt e/ nncré(:)%h@hg‘gé(:%% oﬁg-?aotr%n%(hgg @qﬁ ﬁ\ﬁg%%%,é g? ‘Iﬁltﬁr . ,Et(fé84)
supral, whi &9 i (8% ssupeaith prelimnary results indicating the
appear ance of granul ocytic, nono- cytic, mxed granul ocytic/nonocytic

and eosi nophilic colonies (CFU-GEMV) after 14 days incubation of human
bone marrow cultures with hpCSF.SWZ[)erﬁJ the Enpwen 15 described as

stinmulating formati on of neutrophilic granul ocytic col onies in assays
whi ch enpl oyed nouse bone rrow cells whj ch has been a

| s, a propert

criterion for identifiRSRIHNE o tha BT e%lgc% 1LERN e RN¥Basi s

of these si Sl ardequencdrirend iThf-for 14l hawxr hsent | G pE+ECSF 28re ot b~-G CSF
(granul ocytic cql.o stigrul.ating factor). . i cola gt_al. . Natur 314,
695 628 ( 1ogs) _ videa S 'SUER e may ngTNARI D Bhe SlacolBoraFion
appears t hatofhuooadoreSrgrefidr mefd "Nifoal ®xptess ion shyprselected heohpCSF
of Wlte, et al rs e‘?&nﬁjf tQr ' ywie
referred to as éﬂ%unqnlaapﬂ %‘fsp%%}eh s ér?ﬁﬁqé%mﬁﬁgp%%?%gn‘g%ﬁﬁﬁhﬁg
fact or (hpG CSFFestradcidian iendonucleasgn enzynesomhdihe prenitsion of

hpG CSF woubg bagait i1 GHialilan Jesralaa idy Vifve fhed it d apgat ed ability
of murine GCSF to conpletely suppress an in vitro WEH -%E,o 3?,&err]
| eukeri ¢ cel | p&SAUAnGes ghichfacildtate canshruction (of 11¥%nd the

reported abilit wxpfredsed vedtict@.cd The preeaitlimientionulde préoidés
suppress est abl j.shed t ranspl ant ecé eI.oird I.eagf:]em' asei niom' ce. Mercalf,
Sci ence, 229, 18- s(eﬂ%c_essggaépgo’ °g8ﬁ§ obiak,(9¥RTesaion ff i RAlY
284(1), 40-47 (pepk)ide analogs or derivatives of hpG-CSF which differ
25 from naturally-occurring forms in terms of the identity
or location of one or more amino acid residues (i.e.,
deletion analogs containing less than all of the resi-
dues specified for hpG-CSF; substitution analogs, such
as [Ser17}hpG-CSF, wherein one or more residues
30 specified are replaced by other residues; and addition
analogs wherein one or more amino acid residues is added
to a terminal or medial portion of the polypeptide) and .
which share some or all the properties of naturally-

occurring forms.
35 Novel DNA sequences of the invention include

sequences useful in securing expression in procaryotic



e stiMAGALrIYy AW EVL B4 Mol es Ve wite SidVeilLaWii: A W

To the extent tHiReRbEieatlyn§epnota EOMBELISE: { Kalatd® W |SPQieNae St

and hence need tfoPehaydi fable vabl gndnTapr@eyeiral o%Cahe idUatnigli@fentary

i solation fromcell Cc ures . is unlikely to provide gn adequate source
or ' B mmrerial $573R9%50 LR ¢roNArsrdusane! shleRoPYREddiked (indazne
appear to exist lugpridizaobonrconditubensfsibhnas illustratianhexr®ilns oruch

as the huma | adder carcino cel | Nng.. 5637 Al..C. C HIBI),
nave been rar dire SEEEEBAT candfEiont) oFonBRE-DRA,sEaendR i Fakke
al. 10 (1985, sFh)or to fragments thereof; Sandulg)oh DNA Iseguencen
According to the, e L n¥ent 4,00, g%#h gyen i I rt
of hpG CSF are prrg{-&?' .r%t\l/{fdggfl %ﬁ%hds qu%lﬁ%ég ggy@ﬁ%ciégggﬁqtc{]god@: ?gul@
incorporation hybridbeento"phefNAcsequencexpreTabdr Nflsel Spesd fion-
manmal i an host s;calfip FoRYEShORadd SitEsr 0£b9|§9_¥a§§n6¥li_c prAe%%Ei[u@dd&
endonucleasgéfnz neii,an thehgrOV|SJon qé% 0 adglhlonal initial, tTerng nal
or intermedi ea%é@? ing atlehtevamt 2t (ERTMS { @ NPERSSFUANASRT 0RO | y
expressed vect orihg Bthér apgithal ive s pedli éd SOf PpLUk dpdtent GHAnmdPeytees
coding for mcrobial expI £55 on, of €o %ﬁ %§e$tkdeaigalogs or . derd vatives
of hpG CSF whi PG R AnE Pl V-0 ert ﬁﬁ Y& f“RrFE‘FHtgegf Yhe
Identity or paxdat (e afe aeenufactured M seqdencesdeasofing. hpG-
del eti on anal og ntal i SSe t L t k- u £ ed
For hpG CoF. SuBSEt da ey Sof MBS Pr g SFal83k of, npfB8rBRTch o7
one or nore20esDRPeseqr nces may incorporate codons facilitating trans-
lation . messenger RNA in microbial hosts. Such manu-
facturec sequences may readily be constructed according
to the methods of Alton, et al., PCT published applica-
tion WO 83/04053.
25 Also comprehended by the present invention is
that class of polypeptides coded for by portions of the
DNA complement to the top strand human cDNA or genomic
DNA sequences of Tables VII or VIII herein, i.e.,
"complementary inverted proteins" as described by
30 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 structural conformation (i.e., continuous

35 sequence of am no acid residues) and one or more of the
biological properties (e.g, immunological properties and



2 Synthetic procedures Or OZ procaryotic or eucaryotic
30 specified ar e,orgtple&geéslgudht Ras. g"e,SIKde‘ﬁacﬁKiaaqdlyfdm, hx@lﬁ@kogs
wherei n one or re.am,no _a sidues JS q@ﬁ q%a tegm
nedi al portion g’aaﬁ’fé BEESS g n(i)m% ian diy e ebhro ?’“Pﬂe
properties of nenousl DNA seqwmnndyldu;éxneﬁsbjﬂ@enomxc or cD@Ne¢16h$ng
sequences of thg, I ByeaLhanLathuds s, ﬁ?eq‘beﬁb%%%t‘és%fé“tjﬂléagf“yrég&

expreSS|on I n procary gtIC or

eucaryotic hBst (€ell.s Sacperppyseisdcanestisgiae hari procaryate ebsiga, part of
the primry strpgbheshcheal ebTa! '(99 co%le)n)drfm o171 :QJ £k Q?f"é’géﬁﬁ'

properties of mataral ty-occur i pot ent ran ocyte. co ony-
stinulating facFéRtipRAWE uéﬁ&e@&mWQM%?ﬂ mv@ﬁ@#6ﬁ~ar€he P%ﬁﬁkﬁ#$c@ ly

seen to conpri Sﬂlcé‘éblhmee%%%(iw(i‘h &@trtebraft@rt(b gn , Tatdre-Rdmamnd Tabl e
VIIl or their co guence whi ch

Tbri g zee (uniBaRmalEROoLNG, aniBon Colhs s EOREn oLy SFRARIA LT WEFRI
or 10 norelStrangehtmanngrbitedsas tOUeIpenla\I@lgSeguanthe mShtdmloyed/l I~ or

degenoracy of tRBLIBRREFaeEoRE: theuLavert n, pry; BE B3veRtiodteddiithe i
Table VII. Spechémmaliancafl 9tbanrp|ealu:arx¢@dt1|chpabbhyﬂ)raa|es ganaE e BNA
sequences 15 ﬁ&ﬂdbﬂgemgﬂtgdvar b?ﬁglp %rtrﬁegf Fp&gsﬁn%‘i’(ﬂrox?w

|ng ot her Il an" S t ranu
col ony-sti rruI ati\l@Ofaet:budespacmn@alallyn@csmpehéﬁdémby acidygesidye are

nanufactureﬂotmfg; egugeEsneng9di ng hpG CSF, fragnents of hpG CSF and
anal ogs of hpG CSF Wwhi

ch 20 uen y .l ncorporate codons
facilitating trans- I%}?Bn°°mpﬁg§§9§§§rg&Nﬁth HSEPGBP& arssRharyg,ch
manu- maceutical compositions comprising effective amounts of
polypeptide products of the invention together with
suitable diluents, adjuvants and/or carriers useful in
25 hpG-CSF therapy.
Polypeptide products of the invention may be
"labelled" by association with a detectable marker sub-
stance (e.g., radiolabelled with l251) to provide
reagents useful in detection and quantification of human
30 hpG-CSF in solid tissue and fluid samples such as blood
or urine. DNA products of the invention may also be
labelled with detectable markers (such as radiolabels
and non-isotopic labels such as biotin) and employed in
DNA hybridization processes to locate the human hpG-CSF
35 gene position and/or the position of any related gene

family in a chromosomal map. They may also be used for
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factured sequencbemaas)po’eat;ii1:yfbetooasorudre\asadcbrtdimg:reatm&ntt £ met hods
of Alton, et al. ﬁeﬁ EH?EW@‘%&&BPE&EE, such! 23" a tan%y fo & H}J.%B They

Al so conpr ehende gr esent I1nvention Is
pol ypept i des cod@aﬁéisgy eovsebnl bR the treapmantonf hematapeietda op

st rand hgman CDMeﬂicﬂegoﬂl'Psm %Séﬁéﬁaﬁﬁ%rﬁfp TR 3o Iradiadildn
herein, Ienentar I nvert rotelns as descr.i bed by 30

Tr anont ano je? a;herm b ei TRACS C?é%.ogﬁ NgoAGrI@yg transplgapation,

Thedprteseﬂt !nvefkbtoexmplledersapwéffen‘hianpdd by tawliihadxml ﬂiemtpasl-et
products havi ng mary struc nf qr.mat i.on
(i.e., continuou 5 g%% % %F%# %%1R%t§ckﬁeﬁ ?Faﬁeéf %h o é%&;qﬁﬂt Qﬁ
t he bi ol ogi cabapteptal i bl Yanmat iommayoglsal bpnefdtt feomarde appli-
-7- in vi Q tivity ys :
(e.g., nolecul aré;\s/\g}g%t‘j)’f)%ﬁ@-cf‘%al I%/ﬁo%%ﬁgglgn h@cgg%onﬁ&t a%%lou ng
allelic varikht suﬁﬁ%lll-bom thestretnerbt pfeseu emxar bagedoupear act eri zed by

bei ng the produczte;?éxemramaht @yrabsféseﬁeese@unsakehlef c@rlq%aryotlc or
eucaryotic hos expr ess] onée g., acterial, ,yeast, gﬁgr

plant, insect amPhefmf Al cel E°¢n¥4g1ruﬁgagf- EQAH (USJan

sequences obt ai r]],eshd)y(mlwnahd)rsa‘d?m oé!mtag or by gene synt heS| s. The
products of typical yeast Saccar o ées cer VI Si ae% g&gprocanyote
f

[e.qg., Escherichi a col “Wo"&)ﬁﬁqe%‘b@ta IPQVQP agPEe® sghve
ciation wtl2@ntisnmelllbberagparent te fhosecskidled in the art upon

consideration of the following detailed description
which provides illustrations of the practice of the
invention in its presently preferred embodiments.

25 Brief Description of the Drawings

The Fiqure is a partial restriction endo-.
nuclease map of the hpG-CSF gene accompanied by arrows
depicting the sequencing strategy used to obtain the

30 genomic sequence.

Detailed Description

According to the present invention, DNA
35 sequences encoding part or all of the polypeptide
sequence of hpG-CSF have been isolated and character-
ized.
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as blood 1S5or sg@queacipga lRRS#QﬁVQrﬁpﬁﬁnﬁ%ﬁ$%naﬁﬁytaﬁsﬁebéfat10"
l'abel | ed with d%tee?bq?'p@ rdger ed Inﬁ%d&%ﬁﬁb@éﬁformaaménnqamlmat opi ¢

| abel s such as biqt} 4 tla processes to
resEes

| ocate the huma@Ch G§€SPQ§§%$3 qaiﬁ%q%ﬂp%uuﬁﬁﬁabL% PotFt HoReGkedn$o
rel ated gene thbarmbhturna:acmrdma&mweqtﬁntcﬂ Yofrey géAémbe wsedef or
a

dont )09 MR RS RN SR s e Bl¥hceaq L8V ER RHa0EY,
Pol ypepti de2pr odticustdbnt k€ prmaﬂufadhumud(gene encoding hpG-CSF
wherein E.coli preference codons are employed.

Example 7 is directed to procedures for con-
struction of an E. coli transformation vector incor-
porating hpG-CSF-encoding DNA, the use of the vector in

25 procaryotic expression of hpG-CSF, and to analysis of
properties 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 suitable amino acid residue by means

30 of mutagenesis performed on DNA encoding hpG-CSF.
Example 9 is directed to procedures for the construction
of a vector incorporating hpG-CSF analog-encoding DNA
derived from a positive cDNA clone, the use of the
vector for transfection of COS-1 cells, and the cultured

35 growth of the transfected cells. Example 10 relates to
physical and biological properties or recombinant poly-
peptide products of the invention.
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5 may be useful, alone or in cqny lieONY 34 41ig 018158908 pUIRBRIOPSDSY i C
factors or drugs.kn_the trea Q t opoi et.ic disorders,.,such as
apl astic anenia?l#ﬁg§ stalﬁﬁ?g§&§o°ﬁéﬂﬁﬁﬁaﬁgﬂﬁéﬁ|? t3inad et OB S1oan
hermat opoi eti ¢ Ketdleriagt Enstiitute ,f New doariknt NewaMordk, fanisellasedoandl
t herapy. The su ‘ row i ant.atjson, f a may
be enhanced by ggg??égtﬁl g%eggﬁﬁ%@— to I%'ﬁgg%l.' &A:utna& "He 595y Na SR a'nt
and the treb@nefciof (USA)haBZer LAI2611i538m 985 .may al so benefit fromthe
appl i - cation of hpG BRE. N-ltlgéﬂﬂgillatll Qi AP GGar E_g,],_fé)tgg dRjiguseful
abi | |

in the treatnment of | eukem a based upon a  reporte y to,
differentiate | 8aRBARCOECRPE-CSF was detegmised im gc Rugathl by micoer

(USA), 82, 1526sequend&3@n&i1983% a&dn§aﬁhﬁaamwnmagas phase sequehbgerous
aspects and adv

tages.of .the inven- 20 tiaon wll he arent. to thos
skilled in the g&PPgbsﬂ E1°sxaﬁ§f“€rer§f’ﬁ§ﬁfoic%twe F&:illﬁawoﬁb‘%tﬁ?ﬂl pgovide
descriptions thbiséqpenuédéafbkhasﬁbatb@msomt tiine Tabde iTcbelowhe In f
invention in it ent rLr odi ts. - b
Description of fﬁ@i%ﬁagrkzsgigg?e i%t%E? oggge%ﬁfgﬁﬁg%9¥%§1mu ia?ggls-
restriction endeates anuesédue whpchbf wakenogGu@SRbjguousdqodrtesningd
arr ows depighg ”QeéP&ué&qﬂﬁ”ﬁh?&a@hﬁ?hgg}é‘g‘féeﬁn&? QR hd v ey 96pom C
sequence. . . tarle scripiion
According to theeptativelyndsfaignad.DNA 35 sequences encoding part or al

of the pol ygeptide sequence of hpG CSF have been isol ated and
character - I zed. '
TABLE I
1l 5 10 ' 15
K-P-L-G-P-A-S-K-L-K-Q-(G,V,S)-G-L-X~-X-X
25

A high background was present in every cycle
of the run for which results are reported in Table I,
indicating that the sample had many contaminating com-
ponents, probably in the form of chemical residues from
30 purification. The sequence was retained only for refer-
ence use.
In Run #2, a second sample (5-6 ug, ~95% pure)
was obtained from Sloan Kettering as for Run #1 and a
sequencing procedure was performed as for Run #1. This
35 sample was from the same lot of material employed to
generate Fig. 4 of Welte, et al., Proc. Natl. Acad. Sci.




5
-9- The foll owm ng exanpl es are presented by way of
Illustration of the invention and are specifically directed to
procedures carrikd out pfFior to ideldifica- tidh of hpG CSF20DNA and
genom ¢ cl ones, X I l&L08) Li- sLEh Ldenbhficatian,. ,and .o
t he sequenci ng, {&%ﬁgﬁ'ﬁn&sﬁofﬁﬁ eg%i 01?1 g’?it}érrg E%Ze?i gn(ggl\b&,%r} X
genomn ¢ and manufactured genes and verification of expression
hpG CSF and jgnal og products in such systens. Mor e _
particularly, Exanple 1 is directed to 10 apino acid sequenci ng of
hpG CSF. Exanple 2 is di Ad&hasgh mQ%Ft?ﬁﬁkﬁ%@%{%ﬁf%nlanﬁlgbﬂg'IFHPaﬁf
for colony hybridiid not prvi@e SCIALHE i e kBYPL Sng, r €h&mbEguOueonst ruction

of hybri di zati on _prohes. anple 4 relates . to ridiza- tion
Screeni ng. | dend BT dTom SHOEH . TAEB IR PEEE hE CREPRE S FOR LS
positive cDNA clbenecarst ruct egieiter &daxych foofhpetOeEDRAe pItneag cal-
structural nf | ' Ci i W]y anple 5 1is
directed to(i% %q%tﬁe?]erﬁ(h%ﬁ c%g't ilgﬁ%n&%siiﬁﬁ%g %&g& g@%ggn' gegﬁone

encodi ng hpG CSEegaixed 406 ats emptediselatiameof orbNR(based uoni theof a

manuf actured geRgqRRiRY B EBIESTT, | AIAIE] hdnCohindt fORT sECERgOdons are

enpl oyed. I's directed to procedures tfor con-

struction of ansSemPd@ wasr Bedieviesk itéh beodihg prrRRiem.  porating

hFGth,FE;gECOdi ggt DINA, ][he_A'é%%frﬁfin@l%,V%CE&ﬁﬂ@f@npﬁngGﬂgﬁéP m@%d teSSicotnh
(0] P -, n 0 anal ysi Of, operiles Q reco I nan roauc 0 e
Cnventi on. | 20 ERPRTSDe vES SbAALBE.d AR SLRAN KOk G TINg e abPYE.  THASI ogs
of hpG CSF wher prepayatdoncwassiedeetrablotted after separation by SDS-

PAGE in an attempt at further purification. Sequence
analysis of this sample yielded no data.

25 (B) Sequencing of Materials
Provided by Revised Methods

In order to obtain a sufficient amount of pure

material to perform suitably definitive amino acid

30 sequence analysis, cells of a bladder carcinoma cell
line 5637 (subclone 1A6) as produced at Sloan-Kettering
were obtained from Dr. E. Platzer. Cells were initially
cultured Iscove's medium (GIBCO, Grand Island, New York)
in flasks to confluence. When confluent, the cultures

35 were trypsinized and seeded into roller bottles (1-1/2
flasks/bottle) each containing 25 ml of preconditioned
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repl aced by anot Rektiai eagl 408nmAoofcPBSr wasdadded . neBeadso weste musmenesi s

performed on engedi 99 8REreohg genEXgnebe 9 héui“sr eciagd 0 JAY es
for the construc a vector I ncor porating G CSE _anal og- encodl ng

DNA  derived fF%ﬁ19e5€§|FPvﬁeEBNA'cFBﬁe §h@aﬁs€rgV"tR§ £, thehgads,
transfection of w&belrintéd, 1ﬁndashanaUEtugﬁdp§§ wgsonted.. t IThd sdLCt ed

cel | s. Exa e 10 relaies,to ysiLcal apd biolo |ca ropertles or
reconbinant vere 5%%?Fbﬂvﬁ90655tgg of*PhE®P hve f? Puddy 'ene’ beads

- 10 - were washed in IscoveEsampfiud plus 10% fetal c@Af serum

A sampl e (3-4rer e T8 =5o5e ptPdiey Spesh HESLUBLGY, ThA"BRe MR
was obt ai ned froﬁﬁ%ﬂb@@ beadsettering Institute, New York, New York, as

I sol at ed and purified d Prec d. 10
Sci. (USA), 1526- 1530 ‘?E%g%)*%w"a\eﬁf ‘bt _$0 - m1 ToRC£nER H&r‘%"ﬁ%@am d

sequence of ltsh sfrom eagh) roblepepttle nadl ot o5 ﬁéﬁshnmﬁdl’iﬂﬁ‘ piusy 10% o-
sequence anal ysnmcslsarm; £0 ﬁﬂ@iﬂtgeétmas@a@@%meédded téprhieed

o osyetems, Fostel dd. Pl b0 Pls Gefl Yesnd b Mo iR S5 o,
codes are enpl oymrbble€ wbsegremovedlabxeSsmtfﬁsndueI‘MIbdstwesnwtere
unanbiguously(kgfgégdu¥L roller racks at 3 rpm for 1/2 hour before
20 reducing the speed to 0.3 rpm. After 3 hours, an addi-
tional flask was trypsinized and added to each roller
bottle containing beads.
At 40% to 50% of confluence the roller bottle
cultures were washed with 50 ml PBS and rolled for 10
25 min. before removing the PBS. The cells were cultured
for 48 hours in medium A [Iscove's medium containing
0.2% FCS, 1078 hydrocortisone, 2mM glutamine, 100
units/ml penicillin, and 100 ug/ml streptomycin]. Next,
the culture supernatant was harvested by centrifugation
30 at 3000 rpm for 15 min., and stored at -70°C. The cul-
tures were refed with medium A containing 10% FCS and
were cultured for 48 hours. After discarding the
medium, the cells were washed with PBS as above and
cultured for 48 hours in medium A. The supernatant was
35 again harvested and treated as previously described.
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and residues in parent'ﬁle/ ‘vveﬁréd o?ﬁyaa'f?'é?wé?mef?tsr"f ab?gﬁt épo\s’el“k;/mm-

assi gned. 20 The concentrate was TdBidfiltered with about 10 lxﬁérs of

10 15 L
A hi gh background was resent I;e:‘ver %rgg/@ﬁ'g 4'—h%f%"&éea %/Bﬁgf&hs aéﬁxs
results are reported i cmama$QS- The it akilteredacontentoapeevhad loaded at

contam nating com  4PMSMih. RIARYE V1 i D dde Bﬁfé'&?iuﬂ?é Eaiuﬁlﬁsbgkﬁﬁl-

from 30 purification. The sequence was retalned er -

use. 10 h hrated im 3amdh Tr hniPR £ b [e&ﬁ'}@r logdd pgrefhe column
was obtained from Sl oaﬁasKeiatseremsata&He)rsM zﬁﬂt@rwlxax 1 BEGEENSENYOmMM Tris

procedur e s perf of TRey o, oW £, Wkeh P GBI AESS SaThE e T %)
Acad. Sci . with GOBM Naf2,. 13Me Idllunirl Gy .tHdw seguehtialdy eluted
given in Tabl e I%ith six 1 liter solutions of so&ﬁ“%%%é'(pé 7.5) con-
15 taining the following concentrations of NaCl: 75mM;
100mM; 12SmM; 150mM; 200mM; and 300mM. Fractions (50
ml) were collected, and active fractions were pooled and
concentrated to 65 ml on an Amicon ultrafiltration
stirred cell unit equipped with a YM5 membrane. This
20 concentrate was loaded onto a 2 liter AcAS54 gel filtra-
tion column equilibrated in PBS. The column was run at
80 ml/hr. and 10 ml fractions were collected. Active
fractions were pooled and loaded directly onto a C4 high
performance liquid chromatography (HPLC) column.
25 Samples, ranging in volume from 125 ml to 850
ml and containing 1-8 mg of protein, about 10% of which
was hpG-CSF, were loaded onto the column at a flow rate
ranging from 1 ml to 4 ml per minute, After'loading anc
an initial washing with 0.1M ammonium acetate (pH 6.0-
30 7.0) in 80% 2-propanol at a flow rate of 1/ml/min. One
milliliter fractions were collected and monitored for
proteins at 220nm, 260nm and 280nm.
As a result of purification, fractions con-
taining hpG-CSF were clearly separated (as fractions 72
35 and 73 of 80) from other protein-containing fractions.
HpG-CSF was isolated (150-300 ug) at a purity of about



9 oSequence analiysis was cCarried out witnh an Ab 4/Ua
1 sequdhcer accordingl®o the methdds of Hewick, et al., J.

T-P-L- GP—A— S (Dydy PR err M./{gleged(rjj-,géu% @gﬁﬁ) d,r&),,gsé A&Qll Chim.

Al t hough nore r

sufficiently | o@ amdr;lj;.grﬂiﬁs-mw (39 nce Theomesdults of cRsonéhl appeaiver
of probes could;p, Lot ructed to search for hpG CSF DNA. It was cal -
15 culated that at |east 1536 probes woul d have been required to
attenpt isof8ion of cDNA based on the sequence of Table Il. Again,
contam nation of the sanpl e was bel pgeed torbe the probl em

Accordingly, a third sanple (3-5 [err] g, -40% 20 pure) was obtained from
Sl oan Kettering as above. This preparation was el ectroblotted after
separation by SRS PAGE in an attenyst at further purification. Seqnence

anal ysis of thig,sanple yielded e dat a ( Se nc
Mat eri al s Tht erLProy Ley ovi &r,yd bfrﬁew &1@ NEtsfﬁ)rds &;r ted Bg
order to obi&in a sufficient anount of pure material to perform
suitably definitive amno acid 30 quence anal ysis, cells of a bladder 34
carci noma cell | ine 5637 (subcl one 1A6) as produced at Sl oan-Kettering
were obtained fE3m Dr SeE. —PPRezer LegeH SeNere Livd t1iys)— Legur(@ley~ Glu=
| scove's nedium (A BCO, Grand I|sl|land, New York) in flasks to

confl uence. \Wen confluent, the cultures 35 were trypsi ni zed and seede
into roller bottles (1-1/2 _ flasks/béﬁ%le) each containing 25 m of

precondi ti opgd val - Arg - Lys - Ile -(Gln)- Gly - Val - Gly - Ala - Ala-
Leu - X -X -

In Run #4, beyond 31 cycles (corresponding to

25 residue 31 in Table III) no further significant sequence
information was obtained. 1In order to obtain a longer
unambiguous sequence, in a Run #5, 14 ug of hpG-CSF
purified from conditioned medium were reduced with 10 ul
of s-mercaptoethanol for one hour at 45°C, then thor-

30 oughly dried under a vacuum. The protein residue was
then redissolved in 5% formic acid before being applied
to a polybrenized glass fiber disc. Sequence analysis
was carried out as for Run #4 above. The results of Run
#5 are given in Table IV.

35



Thr - Pro - Leu - Gly - Pro - Ala - Ser - Ser - Leu - Pro -
- 12 - | scove's nmedi um under 5%X¥J err]. The cells were grown 2¢

overni ght at 37].err at 3r todex:z 1 bea

(Phar maci a, Uppedl é], c!;’é%ed'e(r)ﬁhe Prﬂ/ﬁe"} & Wfthed Wy -s%'f’l T2 EgYuSi E@“t FeGln=-
following proce- 5 dures. Eight grans of beads were introduced into a
bottle and 400 m of PBS was added. Be were sus- pended by sw %l ng
gently for 3 hours. After allow ng e beads to settle, the PBS was
drawn” of f, 10he Vedads Arg ~wdrgs r+ ricled 4 G1PBS &Y {7 9P PBGhis-added- Ade -
beads 10 were autoclaved for 15 mnutes Prior to use, the beads wer e
washed in Iscove's nediumplus 10% fetal calf_ serum (ECS) before agdl ng
fresh medi um pt€s TORINCS tRY&pt diveé — Lay eniGy vedtka — Thr - Tyr - hyser
renoving all but 30 mM of the nmedium 15 4f5rom each rol | er bottle, 30 m of

fresh nmediump O(V FCS and 40 treat bead dded to the
bottles. The b&ﬁ’ﬁl s & FfRsed Tt/ E‘%@(b[err]P fMe bbbl es were
renoved bylSuction. The bottles were pl aced in roI I er racks at 3 rpm

for 1/2 hour before 20 uci_ng t he.spee g o]
addi - tional flask \Aé@%t nilg‘fé‘ 5ﬁ§u5(5‘3 d% ‘Péna%rhﬁ‘%ﬁ%r 9 %%ottle
cont ai ni ng beagwfficiently long At444@‘§stidua3% @indc anfdmkigeousetootonr

bef or & remvi nf-E g PRECDU £t PR g8, T CER Il s geqdhina T 1

medi um A [ | scom_j_msdl um cont ai ni ng 0.2% FCS, 10[err] M hydrocortisone,
2mM gl ut anpge, 100 units/m penicillin, and 100 [err]g/m

streptomyci n]. Next, the cul ture supernatant was harvested by
centrifugation 30 at 3000 rpm for 15§£§ﬂ2_13\:£ stored at -70[err]C. The

cul - tures were refed with nmedium A contai ning 10% FCS and
_ Among standard procedures for isolating cDNA
sequences of interest is the preparation of plasmid-

25 borne cDNA "libraries" derived from reverse transcrip-
tion of mRNA abundant in donor cells selected on the
basis of their expression of a target gene. Where sub-
stantial portions of the amino acid sequence of a poly-
peptide are known, labelled, single~stranded DNA probe

30 sequences duplicating a sequence putatively present in
the "target" cDNA may be employed in DNA/DNA hybridiza-
tion procedures carried out on cloned copies of the cDNA
which have been denatured to single stranded form.
Weissman, et al., U.S. Patent No. 4,394,443; Wallace, et

35 al., Nucleic Acids Res., 5§, 3543-3557 (1979), and Reyes,
et al., Proc. Natl. Acad. Sci. (USA), 79, 3270-3274




2 Manual [or ¢enetic kngilneering, advanced bacterilail
were cul tured foGed8thosts. cAldespdiagaHdrbgrt baboratoedi,udolidhsprdldgs were
washed wi th PBS ve,apd ltur fRE_ rsoi,n,aed A, .The
super nat ant was %érgggan?gfvéé?ggya%g ?géagédégsgggeéygu%ﬁ§'dgggﬁqﬁﬁﬂ
- 13 - to colopyppandi phague BPbridéestdbnnbechmiquedi.ti oned by
1A6 cells were concentrat a t 1y a ' Ral,) iscon
efot 21 2RANT wis ékggésggdNfﬁemcgkngQQh%teﬁ 1!

unit equi pped with 2 cassettes havi ng I s.at a filtrate
rate of about0209ram ofi¢elhs fremad Bladdent gasciaemaocedboddne0663 / nin.

The concentrate pgge fli @éiﬂx? e eguihi diabent tdPobihsté Ptocedu? @bl ighiabH
7.8) using the sane apparatus anpd sagf, fIOM/rafes. The diafil tered
concentrate was Fbidbtvarisolabyony ofi intagt REAq |CREFIPENeePFuRdsEe cOl UM

equili- 10 brateiochemDstdyy i B8 p59485299 A{1879) padi ng, the col um
was washed at the sane ratg Wih Ljiter of 50 T'riﬁEllti (gH Z.ﬁ# agd t hen
with 2 liters of 50nﬂATTi§fh e gy AYFRS M1l %Ras t hen
sequenti al | 1%l tethl RNAv fitomithd IAG ecelbs ut i Dmsoltfa bdndhIyi $hépH 7. 5)
con- 15 tainin ' CHNL I @l TP e
125mM 150mM 28'6%7{%‘2%‘1 Fag L e oﬁéé%g(sjkﬂ g. % %th%'gfe%ﬁ S‘c’f‘ég,%g{lnd
active fraction¥agerragassd dhrgugh a eolwunteentalininghigedeanyAni con
ultrafiltration enymsiyydeadl @l odut) PUESPELLINALL Fo WEsEEFBRANENCTRI S 20
concentrate was | gaded onto a 2 Titer AcA54 gel filtra- tiongcolum
equi | i brated i nWeBdhamre MaasafuRAL fon ROLY-AdRAM3tRd GPRlYoAN) tails
fractions waoe &MdrEtetishdld \¢f mesddrifdrd G VIt i A @ dt R@dcbLagiad
directly onto a gﬁ hlqh . .
while Tibosomal RNA is eluted. As a result of this
procedure, approximately 90 ug of poly-adenylated
messenger RNA (poly—A+ mMRNA) were isolated. The iso-
lated poly-A* messenger RNA was pre-treated with methyl-
25 mercury hydroxide (Alpha Ventron, Danvers,
Massachusetts) at a final concentration of 4 mM for 5
minutes at room temperature prior to use in a cDNA reac-
tion. The methylmercury hydroxide treatment denatured
interactions of messenger RNA, both with itself and with
30 contaminating molecules that inhibit translation.
Payvar, et al., 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
35 from IA6 cells. The cDNAs were then transformed by
incubation into a host microorganism E.coli K-12 strain
HB101l for amplification.




5 the hpG-CSF amino terminal sequence of Table IV con-

performance |iqgiiételdr oFaaogeapby 04PLLigeudTeotides each be SgPL®S,
ranging in vol uge from 125 nkhto 350 m .and cont ai.ni n%rnl-S ?r%(gf
protein, about ©5F WintERIth qad FRatadpling Lhnes P 18RI S at
aflowrate Thegprober olidonticleot idiespaterd man f ftiured aackdagd bingl

an initial washing,.w.t , [ tate HS§. 0- 30 _.7.0) in 80%
2- propanol at ahgl3&krgfecéahﬁgzgﬁn#g%ﬁ%gﬁgs' g%iFﬁVVi§%¥5¥¥égt'ons wer e
coll ected ah@ nBnigtioeedinhgr 4, prdBei(A982Y 22dnhabzA@EnveErth ATP

As a result of ngkﬁhﬁ@&? ”_g%&%ﬁé&h,gﬂgfﬁgg)tifde ‘k%in%'he’é‘rél N P I ol carly

S
protel'n-contal ni ng

separated (as fractions 7 : rom ot

fractions. Haenesteqsidesel aoEHeEP90d30g [tor the) messenaarn RNAffbout

- 14 - 85Fesibb¥sand-3bd arytRbdsefuehest oF0%able0tvt, Niar Pl fusd

material 9 [err%g maé used jn Run #4, an am no aci d sequence anal ysi s

wherei n the protERRe€ahPl €aRd€ Upplied to a TFA-acti vated gl ass fi ber

di sc withoutspol ybrene. 5 Sequence analysis was carried out with an AB

470A sequencer according to the net qu f.,Hewi ck, et al., J. Bi ol .

Chem, 256, 7990-7997 (1981) and Lai, Ada m Acta, 163, 243-248

(1984). The results of Run #4 appear in Table I'll. 10

TABLE |11 1 hpG-éSF Probes 10
20 3" gc 16c 1CC fTC ICC ETG gzvr grr3’

The assignment of neutrality to I's was based

on the published work of Takahashi, et al., Proc. Natl.

25 Acad. Sci. (UsA), 82, 1931-1935 (1985) and Ohtsuka, et
al., J. Biol. Chem., 260, 2605-2608 (1985). However,
inosine may have a destabilizing effect if base paired
with a G or T. In Takahashi, et al., inosines may
appear to have a neutral effect because they average out

30 as a group to near neutrality (e.g., three having paired
favorably with C and two not favorable to pairing with
T).

To test the effect of having I's base pair
with G's, control experiments were designed using an N-
35 myc gene sequence and clone. The sequences picked from
the N-myc gene had the same overall G and C content at



Thr - Pro - Le&npkﬂ%fq);ﬁ%,ﬁh%MQPQ7Q§§-QF%§§S: Leu - Pro- 15
15 Two sets of N»myc te@th prahes -wene copstiructed -
Lys -(Lys)- LeHt Y - .
30 20 Val - Arggcg’gﬁ*é)s" 9 G’ ne §racecyre of Saruthers. gt 0 o Leu
- X - X - supra. Set I, as dldustratedoid Pakle|Bs 1relvdePanding to
25 residugo3lai R3Tare Wiltlh pee fledt! Rt chi;0n f iiGRRh SEWIUENESe third
i nformati on was _oht ai ne%, In order to o%t ai.n af,ongqer unanblguous
sequence, in aPREF SN M § &85y IEPF5ES h IR 9872%R g ERRdYeT Bhed
medi um wer e r egosad bliet lcake [feorr adding af s[;elanid 3y captwiel dlanfdu f othbné
hour at 45[err . r- |y Jdri. r C T pLetein
I,SFHTEQ%@. g:lh% et s ri%#ig&gép With e bord seddnd J€:x PLP

resi due was n-redi Ssolved orm ¢ acid or € bei ng appl red
to a pol ybreni tedtgpaobeisi was diesdign8dqlencepaesiendi @ morevasandoemi ed out

?Slgof Run #4 abo¥eibhg onedy ti%ogfingu_?zgflzpi%@r%r,e tHattmidhd aPive 3 35
overall neutral base pairing effect. Set II, as illus-
trated in Table VI, included: 4, containing two I's
that will base pair with C's and one with a G; and 5,
identical to 4 with the addition of one more I:G base

20 pair.
TABLE VI
N-myc Test Probes
25
1. 5'cac aac TAT Gcc cee ccc tee cc3’
2. 5'cac aac TAT GgcI eee ccr Ter ce3'
30 3. 5'car aac TAT Gcr Gccc ccr tcr cc3’

4. 5'AAC GAG CTG TGI GGC AGI ccI cc3'

5. 5'aAl GAG CTG TGI GGC AGI cCI gc3'
35



9 hybridized as described 1ln rExample 4 for the hpG-CSF

1 probes except the period of hybridizatildn wadhéniyPeo - Leu
oY Lhbcas Fuakies i yifie gree pes gt zops, cemperal’
25 : ture then once &t UGB\, -10Amynutdess eadd e -TlkenfilEkys- Asp
- Ay - Aa - < ; : i

40 Leu - thgfepﬁgn}tgﬁsi_%ﬁﬁ?.€<§§}qe5M%§Q5§hﬁ-_ Tyr - Lys -

45 Val 10Phe - Ser. - Tine filAey) regmésntingvi-myck-pugbe 3 gave a
The anino acid %agg %@kg's;i?;n'a'l T‘%qla%i!svzé VRS the otHdd cEsint | ¥rbood

e £ff-
resi dues) and unandi guqus con- ruct_probes for_obtaining hpG CSF
cDNA as describ&grs andhwps oy washed any further. AfterE§a%5|@12ute

{%Lmng stand?_rd so?cefiuaeﬁ,f ngei g@li@ém%:mﬁﬂ‘d/él _rbgav&ewdcmlp%w%mepest- i's
e preparation_of  plasm g- orne c “libraries" deriye reverse
ransorp O EROH SR SHARAMARI BEADE PN RS AT e A g S b ot ORR*

basi s of thebr Pxpbesi,0208f; Prodegst (d&5t€. ]Wh@te Pulobe 4, sI2%i i ahd
portions of the Lnocachd.seqyence Qf a.nol y- ' wn,

| abel | ed, si ngl g?ngaRdezglsNA é?(%%é %O %e@ﬁe%’@@g’dt}gﬁ%r)gae[dﬁe%%;gaég%uence
putatively presearein Probeh@," léitgeProbeNA,ndP0se amd Rmabe NS ONAYDNA A
hybri di za- ' p dytegaGarri cl Q4

whi ch have beenkégﬁétﬁggg ?g §Pngrey@%ﬁgﬁﬁegﬂfoF%Fquywijégﬁéﬁépg?ggpé,
U.S. Patent No.PBoB842443.6%al Pxebe & 99%i andNFaobdec Sacitlt Res., 6,

3543-3557 (3979), and Rey@hys, ineknd preedee UE khreead'sfias (A, 79,
3270- 3274 . . . .
probes 2 and 4, up to a 60-fold difference in signal is
observed as the theoretical Tm (I's not included in the
calculation) is approached [based upon a worst case I
base pairing (Probe 2) and a relatively neutral I base
25 pairing case (Probe 4)].
The standardization information gained by the
N-myc test hybridizations was utilized in washing and
monitoring of the hpG-CSF hybridization as indicated
below, to gauge the degree of confidence with which the
30 results of less than stringent washing might be
accepted.

Example 4

35 ' Aécording to the procedure of Hanahan, et al.,
J. Mol. Biol., 166, 557-580 (1983), bacteria containing




colonies which were replica plated to 24 other nitro-

5
(1982), and Jayea lé.rﬁl% ENH%%' é“'\ﬂ[hges J%?l%;%%wezrgez ?ubatg??’ né}]?SS)

See al so,
DNA/ DNA hybr| d| Aitsitdmatr ¢oloniesc appess ddh ef'l’l'ee:tba@tﬁtnla@rmmbhe aﬁd EEVSS,

et al., "A Net.i n -
Geneti cs", Sol d %pn n(f%g & %tﬁ’g%gr'éa?gﬂy, dﬂ%dﬂ ?‘%Fbﬁa‘%ﬂéﬂ saty
(1980) at pp. 5535@%#@@7@1#@!“ hydzoxige (0 { dﬁ%rnyl oL B ERfie “nen
hybri di zati o t galytit@desith Tris (1M) foPotzalmﬁmé@,s lerédacb rom

(16 usi ng & gEIRHABLMLER GE3ald |5t SRING FOG R (1 5k] €$f /28
i sol ation of inmdautelA. Waleinr gWenfletteeﬂs were ne'a:m;heanys,t rgheyl 8vere
5294-5299 (1979 th£°FA8 E‘QPFS Iheg%t,gl lﬁq ag %%nﬁ%esxpnéjrts"@p &gnt ai ned

15 total RNA f ohl enger
fromthe total RM&ledkuticéd, hybeiddkatiion. [W&hsl.paets@d.t.hr aN@blurm

Fnc. o "OvgP nacESY el (UBKT g BSR SRy AT AT oo
characteristic 6t Adssef8ad. R&Ara&ﬁéré to(ﬂﬁ@ olunn whi | e ri-bosomal
R:C\IA IIS egggﬁdl atAzda resul ﬁ‘h@f ftilntars weﬁreo‘ﬁ@ﬁ’ rﬁﬁ&re@('f'&ltfﬂ md&QrTieéE]Q
Fatgg %oly A{erﬁf ﬁeséén&ép R&Aoﬁaéoﬁrggp¥@§ @ﬁ%#§§#§f o mewguLio-
hydroxi de (Al phgsgent rhe, fDaBeesSwere r%&@@chtmswt $5C3t then pllaced _
;Oggﬁgfﬁgggfﬁ Ogoﬁrn?%forbag andnhyg alzedr%%r &% %@%%uﬁ%_%Q(§Sé(% ge In
10X Denhardt's. There was approximately 15 ml of solu-
tion per bag containing 50 x 106 cpm of 32p_1abeled
probe (oligonucleotides).
After hybridization, the filters were washed
25 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 50° for 15
minutes and once at 55°C. for 15 minutes using 1 liter
volumes of 6X SSC. The filters were autoradiographed
30 for 2 hours at -70°C. using an intensifying screen and
Kodak XAR-2 film. On this autoradiograph, there were
40-50 positive signals detected including 5 very intense
signals.
The areas containing the strongest five
35 signals and an additional five positives were scraped
from the master plates and replated for a secondary



2 based on the N-myc probe study of Example 3, the f1lnal
tion. The net hwmow éwﬁw@dﬁ:ttneatmwe@@wé@dng wabntaiged ons of
messenger , |tself and, w ontam patin s Jthat
I nhi bit transl§$|4$ egi} h“%;gﬁmﬂﬁé “I§Sg°gD%§ ?2425
(1979). mers wagkﬁnﬁ&ﬁﬁq}x(BIMEiikayanahqmooédUhe NEhggama, et
al ., Mol ecul ar ul a, cgﬁqiy ]56%,: op( , C k was
pr epar ed u5|ngq%g%§%mnajned %r A 55 ¢ ﬁggg%*wéﬁﬁe?gﬁtgqg
transfornedobyWEfe|hﬂﬁnxﬂamn1aﬂd(ﬁﬂi4Rk9r¢ﬁt92kﬁgka%ﬁ1m?dek| Rompagtirai n

HB101 for anpligdrC@Jf ¥his autoradiograph with a second aufdradiograph
Exampl e 3 Hybr,i di zat1 on pr obes, desi gned on the_baSis of 5

the hpG CSF am%@§&edfna Sslélji}@rfcé’etffl e YipeAfter asfipgy wash 3&t of
24 ol i gonucl eotiotes exivddeithat?dnly thasest ithd eX@tdl cels chaiagntagteldr ee

[nost e res! GUEa poe, M ALO SNAUNSLSC JE 4TS IR 181 piE
Engi neeri n§p 4,Erbm1555(—5@821). amheszbddwed clidried eveqd® Yaitter shbdynktaabeng
r Thernboned Mgty aRentiegl S0nliie, ng AMESOIA EngsatEggRoTI
are illus- patiesasi.-n Pael ¢lgnelgesignated Ppo2, was selectedABpE V
sequencing.
Sequencing of the recombinant hpG-CSF cDNA
20 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
single—-stranded DNA phage M-13 was used as a cloning
vector for supplying single-stranded DNA templates from
25 the double~stranded cDNA clones. The Sanger, et al.,
method revealed the sequence as set forth in Table VII
accompanied by its amino acid translation and a comple-
mentary strand in the polypeptide coding region.
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O &) £+ o
- 19 - b OFl veUr epI g E?I n| N-nyc DNA
sequences and chi cken Gr owt 7 horm)ne gquences (as a negative

control) were bakgd i nfa vaBuum &ven Bor 20 Boursgat 80[err]%. prior to
hybri di zation. AT fil®ers Vaere ‘-"5 hyBri di S?ed a¥ desétibed in Exanple 4 for
t he hpG CSF pgobesUexceg peruod oi-' hybu d zgl on was only 6
hours. Filters were V\gshedathre i s at fr oomx '8 a- tufe then once
at 45[err]C., 10;mnutas eagh. Ehe fblterg <Efeqonitored Fith a

Gei ger counter. O Thg fil presgnting N-mg prghbe 3 gave a
very weak signal eI at], ve tQ the_other four probed fi] - ters and was
not washed any f theru Aft a 51:0 mﬁute o SE[err ' vvé%h, the Gei ger
counter gave the Poll oW Eiﬂer- < c¥nt sPgnal “wi t h¥pr ob& one Hei ng

normal i zed t 10(@5 1 Pro 0% robeUB (4glerrBC.1, % FRgobe 4, 92%
and Pro 5% terca 5 err|@. wash t &e per.:cent&ges z wer e:

Pr obe 2, 169@ Probe 4,09100% ande«Probg 5, 80% & o 1 naks waslf at
60[err]C. yigl ded@t he 80I | i ng fer ceft ageg 8 Profe 2, L. 6% Probe 4,

90% and Pr e 5, 70% 4 Thus, .in th prgsenc of téhree I's, as
in pr ob ?d 4 Uup t® a 60-fold di fder ende i nosi gn isa observed
as the theotditic I'sﬁﬁot |‘ﬁclud‘é'd|nthe° cﬁ’lcul&ion)‘&is

appr oached ase@upog wdgst se 18 Base Fairiflyg (PEbe 2) and a
relatively utrat | se 28 pai%ing @ase YProbg 4)]& & o The
st andar di zaﬁ on iemf or mati ortygai reed byt he © Nomyc Lest bri di zations was
utilized in sh@g ar@ gm)nlffjorl rﬂ of 8he t‘ﬁGCSS hybgd"di z&ion as
i ndi cat ed belgow, t9 gayge the deghee qf congidenge w fh whiFh the

9]

GTG GGA GAC AAG AAA TCC CTG TT
GCA CCC CTC ACT CTG GCC TCA G

- GGC CCC TGG ACA AGC AGA GGT GG
TTG CTG GGG AAT CTC GTT TTT CT
TCA CCG ACG TGT CTC CTG TTT TT
GGT CAG GAC TGT GAC TCT TTT TA
GGG GAC TGG GGA TGT GGG AGG GA
GGA AGC TCC ACT GTC ACC CTC CA
TCA CAT TGT AAC TGA ACT TCA GG
[£150-200 base poly A plus 25-



ete b ously by the n t 1 th
30 results of Iess fﬁlﬁegtypﬁmeﬁ?u yn y q1 ﬁ? ger,Ef a cre Od

Exanpl e 4 35 due to the Ré@@?éiﬁg ﬁ\elttH@l.sr & &ur The W there-,

J. Mol. Biol., é@@er553v5§Qs(3933}1eﬁaéfeﬂ93daaaﬁ§'EdEbdlng portlon
- 20 - reconbi nant s i gDNA i nserts s pﬂgpare i n Ex le 2
were spread on 2 ﬁlPPGEEFVﬁI €84Fr| FEAYSRFLA | °§or

Nhssgrhuae;;;) Basddoanaggtrébpbﬁden&betbl&h@iﬁmlﬁo\Mﬁﬁmiﬁﬁﬂ1ééﬁ%&ﬁ&@d to
establis ro o S i C i at e

24 ot her nitro-ékngggg¥Fé g§§9$F??e?g L$§§§ 86?5&%? q?

di stinct coIon|eelappéathdeoﬁhaebaesedue ofi the pduahmye "maﬂumeﬁyﬁmdnon
sheets of Wat dr oxi de
(0.5M for 10 requiRs, corocs GRAERECER by, r1. o Bl wbe Ry Te e
fol | owed by thepeafhgrureveated to. sMpludat A7di mesidues Bs5N) for 10
mnutes. Wen theafthteqs %Pl@@ﬂﬁéYtHéy!'sEBEY wedon Jtﬂ@'@dcfdaonz hours

at 80[err]@sin_a vacuum oven pri or nucl ei ¢ aci bri di zati on.
[Vahl, et al., F8t. aﬁﬁt%??i%*l%%ﬂlifsﬁﬁﬁ Pasas, Ofeanse%fm atesya)|: and
Mani atis, Eﬂe@henc@%hd r&lltil{ﬁﬁe 1325(6976)1e poly A “tail" Th@nfllddeers

wer e prehybr|d| ed, for hour 60] e of 10X,
Denhardt ' s, iﬁﬁgbg 6§E—f restrlctl A LgSnuclease recognition
sites, as well as two Stul sites (discussed infra with

respect to construction of procaryotic and eucaryotic
expression systems) are also designated in Table VII.
Owing to the lack of asparagine residues in the
polypeptide, there are no apparent sites for N-
glycosylation. The underscored 6 bases near the end of
the 3' untranslated sequence represent a potential

20

25 polyadenylation site.

It is noteworthy that each of two additional
CDNA clones identified by the hybridization procedures
described above from among a total of 450,000 clones
failed to include DNA encoding the entire leader
sequence from the transcription initiation site
onward. Indeed, all three hpG-CSF clones terminated in
the S' region at exactly the same site, indicating that
secondary structure of the mRNA transcribed severely
hinders cDNA formation beyond this site. As a practical

30
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5> not have readily appiied to 1solation of hpCSF DNA
SSC. The filterpesauee’ isedd iigh1®% iBBCsyktemsplor@dhadld 1§ oé 1y nupoRaghand

hybri di zed for 14 hours in 6X_.S nd nhardt.'s. JThere wa

approxi matel y 1B*ffe8fes r}u-al fU§9tﬁ8ﬁgﬁng§§§ 5ﬁﬁ59ﬁﬁﬂfEﬁpxgﬁﬁ[%f?feﬁpm
ﬁfb[ear]PE!abeI?ﬁsaggF?robe (oligonucleotidfﬁ). _ _ Af ter

ybri di zati on, e filter r S e [ J .
liter/wash) at roon1tenpe§g uﬁgdwg ggngﬁsen%ﬁu 8% gg%ﬁiﬂ¥£zg$§¥%é%§b%%re
t hen washedl®wofor sernedngt ddsectr pRPressiosd ofnbpés GRRhin onceicrobbal or

15 m nut 5 888 oNCRoakeBale’ Shtn bRPréasThAU! EheUtididst | L6Hin
vol umes of 6X SSC. ' The filters were autoradi ographed 30 _ for 2 our% at
-70[err] C. usi n§eamOPnEBRYLAybRgPEEVEBRIaNELD ankdAdk IRAR ATG | ¢odOomMARG s
autoradiograph,théesquehee shoﬁQd5Bep@ﬁéﬁkvedsﬁgnalgfﬁﬁsxatféfiaéuding ?
very intense sjgnal s. . e areas _containin e stronges
five 35 signal s&REORN2EqAI BAbRANNARTCRBLFPIVEE fePBiE@RLRAPrOmOteBIY  he
mast er pl atES anelgukptatedNAosequeacendary

- 21 - screeni ng using the same probe m xture under the sane
conditions. The wash procedure differed in that the hi gh tenperature
washes consisted of two at 55[err]C. fd@xample S ninutes each and then one
at 60[err]C for 15 mnutes. 5 Based on the N-nyc probe study of Exanple
3, the final wash tenperature in the second screening was_ raised
because the aggregate nergnnghiénﬁé?@Ph¢e ¢BNAt aecoding. hpG-GiF Asas

60-68[err] Qo sidgbla¥ed OihheheObréfEols Weample Phabetsedustio &fded ¢
second 55[err](%eggg{E éfgnglltgrghage 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
25 consisting of two hpG-CSF cDNA fragments isolated by
digestion with HgiAI and Stul (HgiAI 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 dishes and
plaque lifted and hybridized to probe using the
30 Benton/Davison procedure [Benton, et al., Science, 196,
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
35 enzyme digestion and Southern blotting using a radio-
labeied 24-mer oligonucleotide (kinased with 1—32P_ATP)




- o Wil e AN LAV CAWVMG &6 TTWw WMidgve bl WiLhild V4 LV AN aSReS

10 were left cApB2dQ bp keTRSHierpedhnhRg ARAETentoHpach was sifiser
this autoradi ogfigeie 1§ t $ufc BEEEN i Mt pBRIB2Ar aRE furthakemabped by nil ar
period of tinme after, a Iinal‘¥ash at GO%err]C. shgmed t hat QM&gt of
the 10 ol ones HAHET iesien endomicl sane sAF98F 5 - s SBLEBRT PaPLOSES Adr MRl
inrising 15 fgutebdn ity eind Gequdresing Wwo Thensegueneel abes islkdvid adbe

of nearly identical_|engt d riction endocl ease patterns. One

cl one desi d&:t esth?Dp%‘ﬁtf g%gf%@eec‘{fﬁff or sequenci ng.

Sequenci ng of the reconbi nant hpG CSF cDNA 20 clone, Ppo2, obtained by the

above procedure was accom plished by the di deoxy nethod of Sanger, et
al., Proc. Natl. Acad. Sci. (USA) 74, 5463-5467 (1977). The
si ngl e-stranded DNA phage M 13 was used as a cloning vector for
suppl ying single-stranded DNA tenplates from 25 the doubl e-stranded cDNA
cl ones. The Sanger, et al., met hod reveal ed the sequence as set forth
in Table VAP acconpanied by its amno acid translation and a conpl e-
mentary strand in the pol ypeptide coding region. 30 35
-22-

20
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At _ %] T} o (3 > U
t here are shown bases corresgo ing to ghosggof fhe $ pol ® & cDNA
|l i nker. There then occur ab ive bas (@esi dat ed ag B\') whose
sequence coul d not readily b 5 det er g neéuna&bl gudusly by €he Sanger,
et al. method due to the:pggcedl ng fultigle &s. Fhe seqfegte there-
after reveals a series of 123cedons enc mgga pertiog off & putative
| eader sequence for the pol y3e tide. 3] Bassd o cor@espond&ngk to the
ani no termnal sequence 10 0% tural i Iatgzs oR hpGeF descgi Bkd in
Exanple 1, the initial tﬁrEonl ne resi dued of e tatigqez"@ture” form
of hpG CSF is indicated by +§. §vature hﬁGC§F iSO her eaf @e reveal ed to
i nclude 174 residues as €n8i cat ed. Bol | di ng& he @st op" o%n (the OP
codon, 15 TGA) areJapproxi i@ty 856 bises 3f af unt@ans| at &d &8’
sequence and nmulti Ple A s,?pf°t8e poly A"'talS" Bni quﬂ iE, and Apal
restriction endonuctjease rechgRition 8 sit®s, B weBl as t §35tu| sites
(discussed infra wigh re§pfct to cofstrugti og‘of 8rocary§t igc and
eucaryotic 20 expre¢ssion sygt@ns) are & so Pesignated in TaBl § VI I .
Oning to the lack ofl asparagpng residue§in@he § pg2l ypept Bd& there are
no apparent sites frafr N- a9 cosyl at fon. ghe Endergcored B Bases near

Al

the end of thed untransl 8ted sequ e epr Esent@a pot eft il 25
pol yadenyl ati on si t.4g. g;l nag ewokt hy 8 hat eagh Df two
addi ti onal cDNAR[cl ones i aestl fi ed b
descri bed above frdm anong &t & al of 4
DNA encodi ng the entire Ieacﬁrio sequ
initiation site onward. gnleed, all

t ha? hyb di zgtl on pEopdures

0d® ¢ falge@,to i ncl ude
e e&roma he £ranscrigp
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d

h_p CSFacl on So-’ltgm nated in
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& cl gnes

the 5' region at exactly theds®we site, § ndiati & t hdt ég endary

structure of the mRNA transcyi Bed L8y ¢ h§1der§ cDNA Eoigjmt i on
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- 26 - matter, therefore® cDNA Xy essi on ﬁcrgaeni ng sggh as 8
descri bed in Okayama, et al., gbl . an 1. Biold 93, 230-289 (1883)
and as actually enployed to isal at en Git < CSF n@QMng, et @l ., Sciefce,
228, 810-814 (1985) could 5 n& haveer eadily apgl igad to isqggation of EhpCSF
DNA because such isol ati on%’syst ens & dinaril ) rgl y upon ghe 8
presence of a full length cDNAStranscri in thegckdnes ssayed. S

The above sequence is not readfly suscegkible 10&f & securi di rect g
expression of hpGCSF in a ni cfobi al © host. T& €ecure su expr esseon,

t he hpG CSF codi ng regi on 8houl d beBprovi dedEéw& h an inifial ATG Sodon
and the sequence should beSinsertedg n a tra@sthrmation 8  vect oG at a

site under control a suitabBe pronot &/ - 1501 &g at or DNAEsequencef,

Exampl e 5

]

In t& s exanpBe, cDNB gn&di ng hp@CSF as 2
isolated in the preyj ous exanpfe was usgd to scrgeig a gédonic clofle. A
phage | anbda human tal liverggenomc 8 i bragy § prepareddaccordi n§ to
the procedure of L , et . Cell, @15, 1157g1%4 (1978)§and obt a@ned
fromT. Mani atiwg] was scre@ned using a nick Prghslated fgobe 25 2
consisting of two G CSF cDNAEfragrrentgisol ateg %y di g@stion w £h
Hgi Al and Stul (Hgi"Al to Stul, 649 b.p.g Stuw Stul, 9 b.p.).8A
total of approxi matgy 5008000 phag® were pl at on 12 (85 cm) pefyri
di shes and 2 S <
&
(=
~ (-]
| g
Q
~
Q
«~
-t

80
LeuHisSerGlyLeuPheLeuTyrGlnGlyLeuLeuGlnAlaLeuGluGlyIl

60
laProLeuSerSerCysProSerGlnAlaLeuGlnLeu

CTCCATAGCGGCCTTTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGA! ﬂg

CTCCCCTGAGCAGCTGCCCCAGCCAGGCCCTGCAGCTGGTGAGTGTCAGGAAA
CTCCCCCATGTCTCCAGGTTCCAAGCTGGGGGCCTGACGTATCTCAGGCAGC.
CCGACTTTGCCACCACCATCTGGCAGCAGGTGAGCCTTGTTGGGCAGGGTGG
GCCCTGTCCATGCTGTCAGCCCCCAGCATTTCCTCATTTGTAATAACGCCC

laAspPheAlaThrThrIleTrpGlnGln



s\
—

howed

add@ti onal

ILODOYOOVAIADIOLIDL LIIDDLODOLILILLIOLIILILOLOIYOIIVILYIVYOIDDLOVILLLOOLYIVIDOLLLL
c oc

QY
O_C._ > -

paumwmvmwmamhwcwucmnmwmmmwmwwcoooauuowauuucua<uuo<uuoaow¢u<uuouaou<o¢uu<<ucwoauuuoou<uaoauuo

nucgease
he §equence

r f&rther
o r¢l ease

~S= 3 tOdRQeg

. — N o
uuamumamuwuwymuu&wm@u@mcoauvmuauau<uaoouu<ouaauuauuoaua<uuuuaaoaocuu¢u¢<<aaa<a<<aaaoaouua<<<

. > ) . .

t]lrnl

C ~>C 0 |
U%UU@UH£<U@H&@% waauU.auUtououauuutcauuawwauuuuwtguauuuuUto.qiuouaucu000&4400&0&0

oM O O — — 2tbts
A O.— n oSwm
uuuwaummuwma<au<mw<aMW¢wmcmmmna<<<aoucacu¢awu¢uuuao«uuaoouua<uuuauoauauuaou<<<<<w<cau<uu<aua

2BgsE  ,:5T8 o
aa¢wsahwamﬁwawacnwﬁvuumw aumwauauuuwcouuuu<uuo<<u<uc<o<<ouu<u<o<¢<aaa<a<uauoo<<aaa<aoaua<aa

2 578 w235
<auWNWAW&wmwm%ﬂwmwmwmwmvmwmmm<<uuo¢waouuo<uuuuaauu<uuoocauaauuouocaooauauucouauoaauo<o<uuaua

o w 5 m. QM g @© 5 m = W w W dOooaguioeIynansTHbIyna TeADIYILLI3S TRANTHNDTIYJIISUTHNI]S

8 FoEcbbgEGEE TA 0LT 091 |

« O . TT OV - (&) (@)] ()] ’

589825 L0° £&, 2
aamwmwmmmmmwmmuemwmmuuuoucummﬁmuuauaouuuaauuuuuuua«uuuaouu<uuu<oouo<uuauuuoauuuoooac<wouau¢<
TeAn WAISefyPayb vy IVI3SeIYaydeIVvoIdIanNeIVATOUTHIYLOIGUIDNITRIYOIdeTYIaNATONaINT

O O SOt ¢ -

N .O %@m.wwe% .m,,.m W,i ovt 0T .

S pdemw Bc_-5

O SrraGSSOOZNt

2%25 28 Qoo EVwd Tiin

dmmgHm(dah SBnO

c O — Q Lo [oRrE_ |

S ndN)o. A0 (¢h)

c o s ¢ bocw

T O C C T .- N 1 Oy s ©

oMo — m.m ()] ° m.h c W_S

H_Hd s _0 mtim..ms.l

T 0omho00 ©. O O -OT

53> 0 .- 35 N O C n O

e =-29%68 """ nwaeno0S

T80 g0 50 LT

—Cco= W.I“H c@dccsS._ o

O 0 0O Wwm dO_tbca..SdO



[err]

OVOHILIOVIOLILVYIOLYIVOVIOOVIOIVYIOOVIOVIVIVOIDDILIDLOVYLIOODDLIDOVOVIOLOLYD

o :
cU&ﬂBiBHBtB‘UCO049BwUUBB<UB94040BUFUUHBUC‘UBUBBG‘t‘UUtUUt00<UQU‘UUBU0400¢000050900400400000

VIDDIVOVHNNLODOVYOILIOOLIOVIOODLIDONIVIDOOLIDOLIOLIOVIILOVILILILLIILIILLIDLOIOVILOVIOLIDOLLLOL

Lo
(92]

99VYILIOVYOLOVYLIOLLYIVILOLOVIILIIIDLOLOVIIVILIVIDIIOOVILLILIOVIDILIIOVILOLIVIOLIOVYOOVYYOLIOLO

LOLYILVVOOVOOVIVOVIOVOIIVOOILOLYIOOOLIVIOIOILVOILIDLLIIOLLLYIVIOLIIILOOVIIIVIODOOV LLLLLILOVD

30

(*p,3U0d) IIIA I176VL

25

20



-20-

o R R TR R T DA 3

s ——— iy T

[6”43pict the sgq%ﬁpging stﬁ$Tgy used to_%ggain the

10

15

20

25

30

35

genomic sequence. The boxed regions are those found in
the cDNA clone with the dashed open ended box
representing sequence not present in the cDNA clone, but
identified by probing mRNA blots. The identification of
coding sequences proposed for exon one was carried out
by Northern blot analysis. A 24 mer oligonucleotide
probe, > CAGCAGCTGCAGGGCCATCAGCTT3', spanning the pre-
dicted splice junctures for exons 1 and 2 was hybridized
to hpG-CSF mRNA in a Northern blot format. The result-
ing blot shows an mRNA the same size (~1650 bp) as that
seen with an exon 2 oligonucleotide probe. This data
combined with the ability to direct expression of
hpG-CSF from the ?SVGM—Ppol vector (Example 9) using the
Met initiation codon depicted in Table VIII, defines the
coding seJuences contained in exon 1. Exons 2-5 are
defined by the coding seqﬁences obtained in the cDNA
clone (Ppo2) of the hpG-CSF gene (Table VII).

Example 6

This example relates to preparation of a manu-
factured gene encoding hpG-CSF and including E.coli
preference codons.

Briefly stated, the protocol employed was
generally as set out in the disclosure of co-owned
Alton, et al., PCT Publication No. WO83/04053, which is
incorporated by reference herein. The genes were
designed for initial assembly of component oligonucleo-
tides into multiple duplexes which, in turn, were
assembled into three discrete sections. These sections



[err] _i%&ugtrate?e49]Table IX though XIV. 1In the construcgion
A restriction enflodect basel negps (Appuskratedl yn TabBed KK) aafl ¥enoliigoBNA
contai ning the F. gene i el aj in Figur restriction
endonucl eases JH%%%%%&\ %ekigtrzgﬁgaég#éﬁg%%g kfggs?I%uBIQSSﬁFB? EPd 5
Apal, A, Xhol, 8 : ahcamdbd;: K3 anthel Qs r dvandel dw Shandap2; 6 degdi d8:t had
sequenci ng r t tai 0P} Sn S . +&h xed
regi ons ar el%i hgée %ﬁ] [ nOrrPé) ?h&e":‘é%e%l%%ggwg}tllélntﬁgggggﬁeégogggaended
box r epr es RGP g cEhonn bk cGable K. t hEt P 21 8Acbeppoted in

identified by mamie]gg:rﬂ% i tsion Tf‘eiﬁéﬁgﬂééiéﬁtﬁﬁﬂtﬂéam xbswd'slagtcky
sequences propose (0] expon one was carrile ou r n o)
anal ysis. A 24 41d gfbrﬂoft’ffb?ﬂ%?é“ %&E}CW@&A@&; FBACCTTS |

spanning the prtd-on to amplification and expression vectors and for
15 1ligation to Section II.
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=4 CiALAPAARAALLAAUUCALUOGLIAATARRA 4
dicted splice junctures foTARRGACTACATTAZGTACTAEDTCUTC®d 15 to RBpG CSF
MRNA in a Northern bl ot %’ﬁé@@éCAﬂé@rfféﬂ%&TGAAATb@gTe{;Ot shows gn MRNA t he

sanme size (-1650 bp) as seen an exon |gonucleot|de pr obe.
This data conbi ned wi tAAEMCERFGTARAABCORAGCETGAREEBSsi on of 4  hpG CSF

fromthe pSVGW Ppol vector (ﬁ@mm&mmm@mgggci@t initiatgon codon
depicted i ri Table VIII, defines the sequences cont ai ned i n exon

1. Exons 2=3 are defi neocwqw @RREAGHt ai ned i nbthe cDNA
cl one (Pp02) of the hpG CSF gerGG‘J(MdcerGGGTCATTéfsCTTGG 7

Exanpl e rati on of ja manu-
factured ‘gene encodi ng hpG @W{@ﬁ%@@é@ﬁﬁ% preferenée codons.
30 Briefly stat ezpmmmamncmmmm geneBal ly as
set out in the disclosur gﬂq , PCT Puphication
No. WD83/04053, which is I ncor oract GCF# reference herein. iI)'{lue genes
wer e d28i gned for ini tq%CmCSFQSEGWWW¢ gonucl eol135 tides

into nultiple duplexes whi eipadvadcdchcaierrreTRSeadHRE €d into {pree
di screte sections. These sect]ons - 34 -

were designed for ready anplAGGRCHTCHT CHREATRRIPCATOVES frbi t he

anplification system could bgastomoaGaarcaceoacang®l |y or thgough a
mul tiple fragment ligation in
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a suitable expression vector. 5 The construction of Sections |,

Il and Il is illustrated in Table I X though XIV. In the construction

of Section I, as illustrakedwn Tabkes & X and X 8' I go- nucl eoti des
1-14 were assenbled into P Bl exesY T &nd .-‘575 2 and 9; 3 and 10; 4 and
11; 5 and 12; 6 and 13; an 7 and@®®). Thezi@dupl exes were then
|igated to form Secti on@las sho gn Tabl eEd& It may al so be noted in
Table X that Section | i ncIS(ﬁs an up®t®eam Xbap @t i cky end and a
downstream BanH sticky end&eful fof&i ga- gi on to anplification and
expression vectors and fog 2l i gatipg Lo Secld gl |- 20 25

30 :UU :

2
11

4
13

(]

2
CACTGCAAGA AAAACTGTGC GCTACTTACA AACTGTGCCA TCCGGAAGA

40
CTAGAAAAA ACCAAGGAGG TAATAAATAA TGACTCCATT AGGTCCTGC

100
160

TABLE X

30
TTTTT TGGTTCCTCC ATTATTTATT ACTGAGGTAA TCCAGGACG
90
CGCAAAGCTT TCTGCTGAAA TGTCTGGCAAC AGGTTCGTAA AATCCAGG
GCGTTTCGAA AGACGACTTT ACAGACCTTG TCCAAGCATT TTAGGTCC
150
GTGACGTTCT TTTTGACACG CGATGAATGT TTGACACGGT AGGCCTTCT

= e o =
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o —~ ~ £ a

= 0O m

£ | Vo

9 "B O o g

o al = o 3
| ~ 0Q

= (-

=

a o o [=] [~RORL
™ -

o ~ = ~ AE2

0 < &4

1 - UU"'

4] o B L~

0 > 0o

Q) 0O

<] <



2 and 30). These 8 duplexes were then ligated to form

35 _ Section II, as shown in Tabd® XII. As further shown in
TABLE | X )G CSFDNA SECT

CTAGAAAAAACCAAERREETRAFAnRECt ion T8 & upstreanlt Phanr s?icky end
TAATGACTCCATTARRACETEEoWhEtfE€am EcoRI stdcky end useful for ligation to

ﬂm%gm%ﬁvector .ﬁld3 for ligation to Section 1I.

GCTGCACTGCHAGeanCTEsCdoemstream end,5Segtion II also includes a
S&%%WI site useful in the ev.ntual ligation
CATTATTTATTACCTeEYFeryTiiTand III. g

GCAGAGAAGAAGCAGGACCTAATGGAGT 9
TGTTCCAGACATTTCAGCAGAAAGCTTTGCG 10 15
CAGCACCGTCACCCTGGATTTTACGAACC L&E?:ELI_
TAAGTAGCGOMCAGTTTTTCTTGCAGTG 12

ACCAGCTCTTCOGGATGGCACAGTTTG
GATCCCAAGAGAAT GACCCAGCAGT EC“PI_GI%WA SECTION II

GATCCCGTGGGCTCCGCTGTCTTCT 15

20 TGTCCATCTCAAGCTCTTCAGCTGGC 16
TGGTTGTCTGTCTCAACTGCATTCTGGT 17
CTGTTCCTGTATCAGGGTCTTCTG 18

- CAAGCTCTGGAAGGTATCTCTCCGGA 19
ACTGGGTCCGACTCTGGACACTCTGCA 20

25 GCTAGATGTAGCTGACTTTGCTACTACT 21
ATTTGGCAACAGATGGAAGAGCTCAAAG 22
GACAAGAAGACAGCGGAGCCCACGG 23
ACCAGCCAGCTGAAGAGCTTGAGATG 24
ACAGACCAGAATGCAGTTGAGACAGACA 25

30 CTTGCAGAAGACCCTGATACAGGA 26
CAGTTCCGGAGAGATACCTTCCAGAG 27
TAGCTGCAGAGTGTCCAGAGTCGGACC 28
AAATAGTAGTAGCAAAGTCAGCTACATC 29
AATTCTTTGAGCTCTTCCATCTGTTGCC 30

35
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- Qllu 44 . e D QUPILEXRCS weoilitc Lilcll ligaltd Lo Lot ocl™

[err] tion III as depicted in Tablg7X1V. As also shown Ag
illustrated in I I t C

ol i gonucl eot i dgﬁfeg(&wmge%%eién aisfske I eh“‘?%s msﬁo%éjﬁ;ei%g Baght gltggk&
and 24; 17 andenrd angsa gowastream ELell St 4§P Ey} 5ﬁa 29gasnd 22
5 and _30) The&a idH reamprie i da Q:?é@@b:toér&! Rt lePLetiAnthe, as -
shown in T e XII further sho I n Tabl e Xll, Section Il has an
upst ream B case, CP@S ECORT, #1801 MM rafh RERITFS K97 cKSCERH  usdful for

| i gation élo addrltelmw,l Secatiiomn I\IGQ'taE and;;lfsa{jzéangassmn $ bt SeasedHall inl0
Near its downs a t|o cl ude stream Sst |
site useful i n%‘% @élgé‘rd%‘ﬁi Illgg? 1°6I1 °§%e§emcﬁ9%n§$larh%dfjf¥m

TABLE Xl 15 EChpG CSFDNA SECTI ON | |
GATCCCGTGEECTCCGCTGICTTCT 15 20
TGTCCATCTCAAGCTCTTCAGCTGEC 16
TGGTTGTCTGYETCAACTGCATTCTGGT TABLE XIII
CTGITCCTGTATCAGGGTICTTCTG 18

CAAGCTCTGGAAGGTATCTCTCCGGA

19
ACTGGGTCCGACTCTGGACACTCTGCA ~ EChpG-$§FDNA SECTION III

20 GATCCAAAGAGCTCGGTATGGCACCAG 31
CTCTGCAACCGACTCAAGGTGCTATGCCG 32
GCATTCGCTTCTGCATTCCAGCGTCGTGC 33

AGGAGGTGTACTGGTTGCTTCTCATCTG 34
CAATCTTTCCTGGAAGTATCTTACCGTGT 35

25 TCTGCGTCATCTGGCTCAGCCGTAATAG 36
AGAGCTGGTGCCATACCGAGCTCTTTG 37
ATGCCGGCATAGCACCTTGAGTCGGTTGC 38
TCCTGCACGACGCTGGAATGCAGAAGCGA 39
ATTGCAGATGAGAAGCAACCAGTACACC 40

30 CAGAACACGGTAAGATACTTCCAGGAAAG 41
AATTCTATTACGGCTGAGCCAGATGACG 42

35
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Final ly, Secti &tag®. ReStioRs: fudndy Ids hayguPpeen J?quo\bi"ésl’%???rand XI V.
For this const oedieintat ioni, gONext, anuxtlhecrt IMISSInpALlE APedEOE iassepbhed bgpto 6

ggpl e)5(esa$1314g§.—gn1th§°6é-&8§%e e\fgrlg Itﬁbéd'l gg"&%%%?ﬁéic é—;-“‘-‘flﬁ‘lon

1l as depict etoi ECORII éergMenAs falmedsbqwﬁaatlon ITBble XV, Section II]

i ncl udes agpgupstream Bamilhesue%@h cont%'l% q%d am FCPRI ¢ €ti cky
a

end useful tor |igat- ¢At] on vec)fe and | east

in the 10 cas@igested mésh X _gaa andt §_&r1 exﬁ{léf@dlcﬁ’ﬁ»ve%h%rvectw con-

addi tion, Sect ta@nhhghasc%@oupitme@m gihlestide M8 Wst D and E&HSREYVENt Ual
ligation of Sections Il and |11 15 ‘—TABEE Xl

EChpG CSFDNA SBefhoRE |FPe smagler of the two ErAGmEltS eP’AG

31 eachCaL4esfARCACECAMGEEETARE CG a plasmil® pCFM1156
GCATTCGCT

AGGAGGTGTAg }Tgﬁcgf&:ﬁ;ously opeggg with XbaI and EcoRI. The
CAATCTTTCCTGGABEDABEE TAECERTE reaction3is2an expression plasmid con-

nggm$$églnuous D§$65equence, as shown in Table XV,
ATGCCGGCATAGCASrodiagCcEr Tentire hpG-@8F polypeptide with an amino

TCCTGCACGACCCT (£ 5Bnine codc:x?l9 ATG) for E.coli translation
ATTGCAGATGAGAAGCAACCAGTqﬁéA t 5487

CAGAACACGERRAGTAEFF BEABEAAAG 41
AATTCTATTACGGCT GAGCCAGATGACG 42
25
30

35
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OATr(

O
orientation. Next, an {her ML3mpl | vector is opened by BanH to EcoRl
di gestion and then [i ed with the BanH to EcoRl fragnent fornmed by
Section II11. 10 &  The vector containing Sections | and Il is
digested with Xbal anffSstl. Likew se, the vector con- tai ning Section
1l is digested wwth &%l and EcoRl. Both of the smaller of the two
fragnments resulting f&aam each digestion are ligated into a a plasmd
pCFML156 15 whifZh is §§§viously opened with Xbal and EcoRlI. The pr oduct
of this reacti®p is ag gxpression plasnmd con- taining a continuous DNA
sequence, as shkown i n<+kabl e XV, encodi ng the entire hpG CSF pol ypepti de
with an am no t erfithal met hi oni ne codon (ATG for E.coli translation 20
initiation. 25 38 30 35

Wt

160

Gly val Leu Val Ala Ser His Leu Gln Ser Phe L

TABLE XV (con

174

e
GGT GTA CTG GTT GCT TCT CAT CTG CAA TCT TTC CT
His Leu Ala Gln Pro

CAT CTG GCT CAG CCG TAA TAG AAT T

150
170



-y ek g A= R S EaLTIHL e dvld eVl Ve LAV RSV MWwiiUasw 4L

first.cyg with Nded) and then blunt-ended with gglI such 44
thatAbbbAugRiaRy nguNUell 8ivest areMikske oy@d Oyatkxt, the
vector is digested with ClaIl and SacII to remove an
existing polylinker before ligation to a substitute

10 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 pCFM1156 plasmid is by means of a lambda Py,
promoter, which itself may be under the control of a

15 Cjggy repressor gene (such as is provided in E.coli
strain K1l2aHtrp).

[err]

20

25

30

35



e

< B
to express this DNA, @13 expr essi on pI asm d pCFML156 may readily be
constructed froma pl &@ d"'pCFI\/B36 t he construction of which is
described in publisheg ropean Patent Application No. 136,490. pCFMB36
is first cut vvithgéel nd then bfunt-ended with Poll such t hat
bot h exi sting Ndel si destroy . Next, the vector is digested
with Clal and Sacll t& ¥engye an Xi stlng pol yl i nker before ligation to
a substitute 10 polyfj8kef as illusgrated in Table XVI. This substitute
pol yl i nker may be consxnoucted a§:18r drng to the procedure of Alton, et

i n ¢ he expression pCFML156 plasmd is

al ., supra. Cotglrol 0Q ®xphgssi

by nmeans of a Inbda ﬂ?rrﬁ er, which itself may be under the

control of a 1&qerrggepressoggen (such as is provided in E. coli
20 30

strain Kl2[err r
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L0 tMet T ) nplsr. 1Ne SeguelliCe cliplOycud wWds palttilally

35 sydAfhetic anflepattially cDNA-derived. The synthetic- 46 -
Exanple 7 xa b¢ #ets & expression of
an hpG CSF pon %?? & %@pﬁégéé EL°gE sg uengg%énéﬁéﬁné ing [Met[err]]

hpCSF. The sequence einb@%@lﬁagpﬁévtFQFF?lnlng the hpG- CSF gene
shown in Table VII, was digested with HgiAI and Stul

10 providing an approximately 645 base pair fragment
including the gene for mature hpCSF (as shown in Table
VII) with seven of the leader sequence residue codons at
the 5' end and about 100 base pairs of the 3' non-coding
region. HgiAI digestion leaves a 5', 4-base sticky end

15 identical to that of PstI, and Stul leaves a blunt
end. This allows for ready insertion of the fragment
into M13 mp8 (Rf) cut with ggﬁ; and with the blunt-end-
forming restriction enzyme, HinclI. Upon amplification
in M13, the hpG-CSF DNA was excised by digestion with

20 Apal and BamHI which cut, respectively, at the Apal site
spanning the codons for residues +3 to +5 of hpCSF and
at a BamHI site "downstream" of the HincIl site in the
M13 mp8 restriction polylinker. 1In order to allow for
E. coli expression of the hpG-CSF polypeptide, a

25 synthetic fragment was prepacred as set out in Table XVII

‘below.
TABLE XVII
30 5' - C TAG AAA AAA CCA AGG AGG TAA TAA ATA
3' - TPT TTT GGT TCC TCC ATT ATT TAT
Xbal

-1 +1

Met Thr Pro Leu

ATG ACA CCT CTG GGC C - 5
TAC TGT GGA GAC -3'

33 Apal



S SPEC1fy1ng codons deleted upon Apal digestion of the M13
synt hetic and [ - Lyed, T ihet 15 ed
E. coli prefergﬁﬁé QEEXIgQNA QSEVX gnd Qﬁ5ﬁ$35“§ ns gﬁ%ﬁﬁﬂ%ﬁa?qﬁgﬂy
hpG CSF gene exghgmednmamecm&),wastaageé,ta@dqm txmmatmrwmﬂm.um 10
provi di ng an appsgy e 5 e | ne
for mature hpCSF z EHBEO% ?% bQ%ﬁ pB%E\/PEaqu\n‘a?hgsevéﬁ%g‘ébgdhé; I rhi}rﬁf
sequence resi dudlt8doRadadn _EilhétSCkEanénd about 100 base pairs of the

3' non-codirg regi on. 'rhlgléd( 9é§§§6h00ebﬁé‘z‘e§m 15yed4fia&862 Stdgiky end -15
identical to that of Pstl, and 5 avegﬁg 3 Thi S arfows for
ready insertion® RFERR" PPa¥ARNE at d?ﬁFB" ﬁ*ﬁBP P éut“\MEt"‘H:qﬂﬁq“ and

with the blunt-Ratlent Appbicatifonesd!li LB6pa9eRZpyeMoliriel,! pubdldshed
anplification ' 3, hp F Sm€ c'se di gest with 20
Apal and BanH %@ﬁ%ﬁ %%t léégpec 'V |§£§§f h3‘§p5| Ppé4 t. é%gging t he
codons for residMe®3 mtm&sn@prhnd Briefilya pamsimidi pEFMEAnasant
of the Hi nqlg i ct Yok et rder to
al l ow for Qi.ité‘e Qeaeylrte%szl(‘%%foﬁ&h'eiﬁh%% ‘Eﬂgoﬁggegts? ?ragk{zééﬁz

synt hetic fragriRal Q%Eéméﬁﬁm#%@ kinker tfpal/fApak)cdserribed phoyg were

TABLE XVI | 3Ghen 11_|9at:ed @ereﬁé@&&%%%é@@d%{%ﬂi@ﬁ ATA
3" - TTT TTT GGI Egc CC ATT ATT TAT

-1 +1 t Thr Pro Leu . ATG ACA CCT CTG G&C C -
5" 35 TAC TGPPXdshmid\p536Ppo2 was transformed into a phagapal

20 resistant variant of the E. coli AM7 strain which has
previously been transformed with plasmid pMWl (A.T.C.C.
No. 39933) harboring a c1857 gene. Transformation was
verified on the basis of the antibiotic (amp) resistance
marker gene carried on the pCFM536 progenitor plasmid.

25 Cultures of cells in LB broth (ampicillin 50 ug 1lml)
were maintained at 28°C. and upon growth of cells in
culture to A600 = 0.5, hpCSF expression was induced by
raising the culture temperature to 42°C, for 3 hours.
The final 0.D. of the culture was A600 = 1.2.

30 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.

Cells were harvested by centrifugation at

35 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



2 acid, 50 mM Tris, pH 8./. The solubilized pellet
XVI4I7 Che ik mat;eril.ald w8s n@an@em@eﬁnaaegstoom gngbysilo ofinetes ancri]

, the linker_ includes an a] st y_en odons pe i ng, the
initial three fte i%tfess?ﬁe{%@%# nguééﬁ_was adﬁ?ﬁapoo?ohﬂ\f@sﬁ%é’?%s oring"
the Threrr], Majresrihid csdmplé¢-wasSlcpédedfyntg ao@dnHPILE etceldimpaforpal
di gestion of t M : | be e yi q&cj&pﬁe
preferentiall y% e&?pt}’é%se_ ?ﬁPghQOP???R% ??{’;ﬂ%g?g?lg%nbﬁiet Iati' ng ATG a
sequence oft24 ) peiiths 3diws nents nadesbor wohuragand cofiqentzard an
Xbal sticky engjgkb, The expression vector enployed for E. coli

expression was that described as_pCFM536 i n, European Pat ent Application
No. 136,490, by Mrris, puieeordl purifigatian progedurecwag devedopsd C

199%) go 5  EMOLmberoerElen o fresty cokarut @ o

i gested w al_.an . e ragne . Apal /.Ba

and 11 nker (XbROARFARN ST GRAD LB LERE: ThiRRRFPEARLd Toh SHRRRLS o
forma pl a3fi dfdesiignatiad studbsSPpddhe hundred and fPEagnigeams3@Epo?2 was
transforned in resi rd t cqls ;A in
which has " S8aY BAEES S 'Sediedliadd 1 Unclle 8Fq TuaiBe A R B

No. 39933) har bod pgssed [ertimefpekhroughs dMantonrGuatin Hogogemnigeron t he
basi s of the agtki Qi ic7('o?63 Si r i on the
pCFMb36 progenla:torglb%}ugsm : ?gf'mlsltkﬁérlg%oo e%gﬁi;fisnﬁfgégrgggn ar?pi cillin
50 [err]g 1m ) centrifugedpiat AtedPhi9 Karer3q MmingespaRdgkbft Pedfletel Is in

culture t020604as QeBus EXY U @il B 190Gy Molatel 1DDCYY Bhenm
\(/:v;lst xggot i”ﬁegﬁb%‘? t50mMZ%"I"IT.Oran?fi @00“554 Tris,Theré .nal‘rl%.g' sggp%%%i%lgxl _t ure
was mixed at room temperature for 30 minutes and
centrifuged at 10,000 g for 30 minutes. The pellet was
resuspended in about 400 ml of water and centrifuged at
25 10,000 g for 30 minutes. The pellet was solubilized in
100 ml of 2% Sarkosyl and S0 mM at pH 8. CuSO, was
added to 20 uM and the mixture was stirred 16 hours at
room temperature, and then centrifuged at 20,000 g for
30 minutes. To the supernatant was added 300 ml
30 acetone. This mixture was put on ice for 20 minutes and
then centrifuged at 5000 g for 30 minutes. The pellet
was dissolved in 250 ml of 6 M guanidine and 40 mM |
sodium acetate at pH 4, and put over a 1,200 ml G-25
column equilibrated and run in 20 mM sodium acetate at
35 pH 5.4. The hpG-CSF peak (about 400 ml) was pooled and
put on a 15 ml CM-cellulose column equilibrated in 20 mM



9 Wlith 37 mM sodium chlioride. 10U mi Of thls eluent was
30 Tondeveta tdd ew)rwsmbnamcﬂ apfi 088 by &8hd800 mlt GRS or med
cells was esti on a | d | e t ssi e
EﬁgykcﬁEQQ§¥r%P %ég n% fn 20 ﬂﬁ sgﬁﬁhﬁ %a@tJQ%QﬁﬂF

bl ue dye to be ul ar wer e
harvested by céft inMigsnd iom a:hnsrm@oag pﬂr51® m'ﬂbeepeah frastions ot or.

Cel s at 25% co S)P idd 3’?9@ 5’&85%% ?Hdpf@ft?_g §tE'r'1‘?§.zteW ougih e
- 48 - rernch sure broken cel
suspensi on ﬂasQﬁﬂi#|GQRRﬁﬂQﬁaQHPQXRfgPPQﬂcqg Mﬁﬁu¥e§ mg/ml, is gxeaker

rotor. The pel lt@faniassy ylatbidribiéd By danalys 58! 8Ri bi ged ,atandout 5
ng/m total protein.n Wblaurrc 5 acid, gg nv Tri s, 85 g g The
0

sol ubi | i zed pelfPftained dess 4 %so c2rR9 i P RYrogen P 89 P§ nminutes
and t 0 t he hp@r@©SFat armheCpydoyer Nwmekuhbﬂ deté&mhmédAhBéhgla hour
this sanple was .l ogded HPL for ation accordi ng
to the procedu;égugggefgﬁEQSXﬁf:P%%S {¢gghuE§§%e fg hg for volune and
concentra-15 Bdioproducts, Walkersv&k&axnﬂhmx&amdbat|on procedure was
devel oped to yield larger quantities of hpG CSF fornulated in a

nonor gani c-contai ning buffer. This material is suitable 15 for in vivo
studies. One hundred and fifty grans oEXampleecB| paste was resuspended in

about 600 M of 1 mM DIT and passed 4 tinmes through a Manton CGualin
Honogeni zer at about 7Q00 PSI The broken cell suspension wa
ot T Tuced at 10, 000 0 FhYSI@xainkerd ehRF At L eNSH GhsFPEoRBIBARS | n

400 m of 260 dmexjielsl abegeR@Chted atldlogs of hpG-CSF wherein cysteine
residues present at positions 17, 36, 42, 64 and 74 were
individually replaced by a suitable amino acid resi-
due. . |

Site directed mutagenesis procedures according
25 to Souza, et al., published PCT Application No.
W085/00817, published February 28, 1985, were carried
out on [Met‘ll encoding DNA - of plasmid p536Ppo2, des-
cribed infra, using synthetic oligonucleotides ranging
in size from 20 to 23 bases as set out in Table XVIII
30 below. Oligonucleotide No. 1 allowed for formation of a
gene encoding [Ser17]hpG-CSF; oligonucleotide No. 2
allowed for formation of [Ser35]hpG-CSF, and so on.

35



- b di 4 - A de W LHALAN - e & e sa WA Ttd b A W A -

EDTA, 5 nM DTT, and 5nM Tris, pH &' G MG IHEi BFT GCCWASCHTRSA 3" room
tenperature for 30 m utes and aentrad ugesl catc Mc®00ag £oc @RGHH3NUt es.

The pellet was resuspended i n ahkout_ 400 r d ntrifyged at
25 10,000 g for 30 mifUtes. The pell tm@ﬁwﬁﬁ GER ‘388156 M of 2%
Sarkosyl and 50 nM at SgH 8. CuS( er ry’+@¢R; GCA BBERATCO® PG [AGC] PRAARA 't he

m xture wasgtirred 16 hours at room tenperature, and then centrifuged
at 20,000 g for 30 mnutes. To the supernatant was added 300 mi 30
acetone. This mxture was put on ice for 20 m nutes and t hen

centrifuged at 5000 g for r3@ HAULES gathe RG] | AL das,diSsRb¥ed i n 250
m of 6 M guanidine and 40 mM ys S’z&eum%alcet zgt%'erezﬁteH 4, ahd put qQver a

1,200 M G 25 res¢EiGidosguvers: Sasd iadd qukn ysinm iRk dnrartaindng: 35
pH 5. 4. The hpGagSkbagaBamBlzoUpc4eSFTIHr adife OAIRA AKE Erditp9Betpd2 Hs

CMv-cel | ul osgscol unf_el

iTTbrated . 20 mM . . .
Ta - Cofli SAMRIBtE o ONA frn eagit M13nple lone, Sonkainingsa
washed with 60 GiksebSezZOsublstdduttivaceiast ¢ ratatpld widarkbal andtBa@BIgM

Zodi um acerat o SrepAeBUFRAR® cE3GHAR S ag cashedt ot i ¥adlof] vERRR!

el uent was PORMZA6r anddexpreBsibnapa odugltiseverre ds30&trdd GF5in

colum equil i brg&gﬁp%dﬂun in 20 mM sodi um acetate and 100 nmM sodi um
chloride at pH 5.4. e peak fractiaons conprising 35 m were pool ed and
filter ster?®ized. The 10ThenplagwidePCFYTi46nMay BeGooostructed Ry/ nl, is
greater thap18a%iRYr 8 pRadAiar preng ey (2Rd! ¥ons tduck i .ofNGhich

from deposited and publically available materials is
described in Morris, published PCT Application No.
W085/00829, published February 28, 1985) with ClaI and

25 BamHI to remove an existing polylinker and by substitut-
ing the following polylinker.

TABLE XIX

30 Clal
5 CGATTTGATTCTAGAATTCGTTAACGGTACCATGGAA
3'  PAAACTAAGATCTTAAGCAATTGCCATGGTACCTT

GCTTACTCGAGGATCCGCGGATAAATAAGTAAC3'
35 CGAATGAGCTCCTAGGCGQCTATTTATTCATTGCTAG5'
Sau3a



Dli4 4Ng passed J5 cimes tnrougnh a trrencn rYPressure Cela at
cont ai ned | ess 10h&900 s ing mhqaybn:gm pElD.suspewéion wApGe€hkrifthged

prrogen 1 evel eSS0l ) 6k U0 hcee . L Ui AYERORALC LY AL Sk

Exanpl e 8 in 1% DOC' ST ERZAvp|Se mMIDRRs 30 nMeTuée, opHr 8candi nant 20
met hods to gensmbe:eaﬂ%looaﬁ,pfsmﬁ—x%m ez‘anFyLsé@?é‘?atureres'rﬂlées
present at_positions 17, , 42, 64 a ndi vidual |y repl aced

by a suitabPe Q#ﬁﬁ&r&bMG%WQEQtflfuﬁﬂﬁaat 10 000 g for SFPeminuEeped
mut agenesi s pr eéedup@sud@@cqmlm S H.Q, SR, reﬂeﬂnf@gbhl asedoP6do g

Application No WOB5/ 0817 ubl i"shed Febr rrled
out on [I\/tat[erf‘j’]r 3fc Bdi eplpzfgﬁ'n %%d%%& in’ 1@’61“&8% 4t a,
using syntheti SaokoggrlucIStﬂomMjmmarsgl my Tris,n pE-I &, freficeéd mox2aghfises as
set out in Table LI I | Ie
formati on of aﬁ' B ger‘ie %c% |x(r?1:\§{t[esgla% ?L:i]%] H‘géﬁg o‘f?'b%nhg%%f'f‘gg RIS 2
al | owed fo}5f oRGafPBNgoE oSS0 avinutiesec @888, tiveh apphied tasa 300 ml
- 90 - G-75 column equilibrateEAghﬁ Xl lin 1% Sarkosyl, 50 mM
Tris, pH 8. Fractions containing the analog were pooled
and allowed to air oxidize by standing with exposure to
air for at least one day. Final concentrations ranged

20 from 0.5 - 5 mg/ml.

Example 9

In this example, a mammalian cell expression

25 system was devised to ascertain whether an active poly-
peptide product of hpG-CSF DNA could be expressed in and
secreted by mammalian cells (COS-1, A.T.C.C. CRL-
1650). This system was designed to provide for secre-
tion of a polypeptide analog of hpGCSF via expression

30 and secretory processing of a partially synthetic, par-
tially cDNA-derived construction encoding [Alall hpG-CSF
preceded by a leader polypeptide having the sequence of
residues attributed to human GM-CSF in Wong, et al.,
Science, 228, 810-815 (1985) and Lee, et al., Proc.

35 Natl. Acad. Sci. (USA), 82, 4360-4364 (1985).




2 autonomous replication 1n both E. coll and mammalian
digonucl eoti decells, with mamm&ELaRNEEll eEpressxonlof inserted éxod-1G

CTC AAG TCC TTA GAG G CTG TCT
GCC ACC TACA- 3'Aé“° Bk ‘“‘%e‘ control °f5a FhF2 ApRI PR fé?&ﬂ%‘me 3!
4. DNA FeEENEET (TN €0AEX6x AGi8signated pSVDH-19,

5 - CTG GCA &L Ta% TTeC‘aAiCFéIAAtTQTLO 101f was degas EBe %slt%g%er site

directed nmut 29enes! s ons wete carr out usl
contai ni ngl1l0 1&85baitgunthe iy Csrad rByperCul torat Gglﬂ-ﬁsmlpmmir?@z)las 15

a tenplate. Dy AiC10Measds M 3Mmbék ¢1 D1, Cl@é‘if‘ié‘h&%hénd re@éfivgﬁr the

substitution was treated wi th Xbal and BanH e resulting fragnent
was cl oned i nt #SS8FEN WP vettBC-C- 3k 46 and expression products were
isolated as in Exanplene. sr?éblfxc manipullde€i GhasihdonCERV 46 wRe be

From depos t od SXRY SRRIA MGk by Biahaan upee 45 Folbguary oy 1

Morris, puBlSi sieddeCretmudiosg iDNA Mequenca\Bads W@hesubédshsdsiebm&ry

28, 1985) Wlthlg %Jathﬁ‘%dr’gﬁs ﬁaéu—il to renmove an existing polylinker and by
I

substi tut - ow ng pol yl i nker.
TABLE XI X 30 d al [err]
CGATTTGATTCTAGAATTCGT TAACGGTACCATGGAA [err]
TAAACTAAGATCTTAAGCAATTGCCATGGTACCTT
20 TABLE XX
-17
HindIII Met Trp
5' - A GCT TCC AAC ACC ATG TGG
25 3' - AGG TTG TGG TAC ACC
-10

Leu Gln Ser Leu Leu Leu Leu Gly Thr Val
CTG CAG AGC CTG CTG CTC TTG GGC ACT GTG
30 GAC GTC TCG GAC GAC GAG AAC CCG TGA CAC

Ala Cys Ser Ile Ser Ala Pro Leu
GCC TGC AGC ATC TCT GCA CCC CTG GGC G -3'
35 CGG ACG TCG TAG AGA CGT GGG GAC -5'

Apal



2 auman GMm-Lor. 1Tnere LOoLiOW Ccogons speciiying an alanine

GCTTACT CGAGCGAT ¥ &xTdued A\ TSI r édidue and a leucine residue. The

%;mwwA%§LTJ£EL%ELgAqJ.e&l._rl;%ldt_lpliéate the amino Fﬁi‘gs
purification prereskrte Forpa@it iansSer2 and ahdl ofjshpGcO8Bi nyhid et tdhepr esent
i nvention, aboy)anine ey f i WaSo E eSHePEREedahNahi@nd of 1 nM
5 DIT and passed a3nﬂ%res t %o%g%{?%gﬁﬁigf%sosﬁrgH%eFP gta a 18, 000 psi.

The broken 1| Iteqmingki Ot Waesddie igf Ja-CSF rathepobhans BPG36SHnut es.

The pellet was Regsiusaidd of thHibdPddOby Saldh i Avad abkDghedS@omdelr i s,
pH 9 and al(g owg&i, to.mx 30 m nut eﬁlﬂat room tenperatuge. TE%,,lo m, xt ure
was centrifuged3fliFaf0y Yy FoPIRPSE MATS, cell TREQSPRAYRE PAEA0Of the

Herr]O and rm&sﬂfl@bm&:ylﬁ;é]ﬂﬁu@t me dvan Béngri ovd saribe pelicdivewhs
0 ool ved 10 1l ey SO Ylnedf U OTT S0 TV 1o, pHE ALt
20,000 g fa’ 30 minutes, PladntidepSainh-ldd was a BPosted witls Epndokndn
equilibrated apqdJ Wy ¢h¥% SAVHS Wnaed vﬁ;”\é Kled lé’expf#'rﬁe. Franbr@¥ter
cont ai ni ng the anal og were pO(‘)"I ed an a!TIovve to alt_oxidi ze by
standing with &Bso wag cut aith @indIJbastThmerenyltingalarge frag-
concentrat i ons metdGAs?@onbiMed: And 1 iFHtEd with the HindIII/Pvull
Exanpl e 9 . . X
fragment shown in Table VII (isclated from plasmid Ppo2
20 as the second largest fragment resulting from HindIII
digestion and partial digestion with PvuII) to fora
plasmid pSV-Ppol. The manufactured GM-CSF leader
sequencé fragment of Table VIII was then ligated into
pSV-Ppol (following its cleavage with HindIII and Apal)
25 to yield plasmid pSVGM-Ppol.
Calcium phosphate precipitates (1-5ug) of
plasmid pSVGM-Ppol DNA was transformed into duplicate 60
mm plates of COS-1 cells essentially as described in
Wigler, et al., Cell, 14, 725-731 (1978). As a control,
30 plasmid pSVDM-19 was also transformed into COS-1
cells. Tissue culture supernatants were harvested 5

days post-transfection and assayed for hpG-CSF acti-
vity. Yields of [Alal]hpG—CSF from the culture super-
natant were on the order of 1 to 2.5 ug/ml.

35 Following successful expression of the
(alal]npG-csF product encoded plasmid pSVGM-Ppol in



<2 4at that position. Drierlly, an oligonucieotide was syn-
In this exanpleth;sﬁnnﬂﬂ(%ﬁCAQﬂATquﬂnﬁkﬂamciﬁcGysf@n1MESeddyteedeHo

sscer el n el gy A AUALE B0, mndSEIEE PrOY gl DBG-ESE BAocoul o

1650). This sysfm&ntyaen @%VG;MTERPQJO mmm&eﬁ gty M12mpl i forothe

pol ypept | de analsay Of FHEGRE14 % AN A%k SEERE! BN RIAERISANG OF -
er

a partially synthetlc par - tially cDNA- I ved tonstruction efncodi ng
[Ala[err]] RAG &r codept ddb RS ifiop I@@d&a%d%&;éﬁ?@leblﬁaﬂﬁg"@ﬁé ¥igbence
of resi dues gaind T TtALH tga_:gftuman-xfa& @slagmbdtbrtgas efhéth - cloned Sghesce,
42112320 2%248%598é9—§%fr}$ Ii)ereéparedaby clire%%age Wi Aca%?nsctlzwo(yesé 1:1.?:g
The expressi on tédonorerdgiunledasfem. pMblei mesarlyting vsdmmiepSWGMeRpoeSBron

“ncorporat i ng baR Lranshari tnsos RS BRxlh, MY ad Widlde JETBRG Ger

allow for 18 ameesorsds memhecmlcmrmsb@ermate@omam nbnoml 1 ako 5

cells, with nanug iman cell expression of inserted exog- enous DNA under
control of a vir ( pronot er/ regqul at or DNA sequence. This vector,
desi gnat ed pSVDM 19, Firgdriya theEgessmic sequengd wWhathiisrlabiast

23, 10 1985, Mbhdtel&%r&mrd %nshmgl@btu@% @Q\ﬂl@i‘ytéd)rbolé’é’ﬂﬂan Parkl awn
Drive, ROCkVI||e yl.and, and r%celved Bl eﬁ&o ssion . g
53241, Expreshipn, Yettar: EREn AT as oo SRF 157 13 ©
20 hpG-CSF. More specifically, pSVDM-19 was digested with
KpnI and HindIII and the large fragment used in a four-
way ligation with a synthetic linker with HindIII and
NcoI sticky ends, as shown in Table XXI. An gsgI~§§gHI
fragment containing exon 1 isolated from pBR322 (8500
25 hpG-CSF), a genomic subclone, and a BamHI-KpnI fragment
containing exons 2-5 isolated from the plasmid pBR322
(8500 hpG-CSF genomic subclone). The resulting
mammalian expression vector, pSV/ghG-CSF produced 1 to
2.5 ug/ml of hpG-CSF from transformed COS cells.

30
TABLE XXI
HindIIZ
5'AGCTTCCAACAC
35 AGGTTGTGGTACY '

Ncol



2 <Cne invention.
expression vector construction were as follows. A 15 | eader-encodi ng DNA

sequence was synt hesi zed as bl e XX bel ow. 20
TABLE XX 7 S’tfélé’c’!ﬁlar Wé.{]gl:[@
Hi ndl I | Met Trp Recombinant hp‘A-GEIT 'p?t)@dAACsAGc EIGCBad 25

3 - AGGTTIG T G n Ser

Leu Leu Leu Le&ﬁg ﬁa;v' gs in Bxample A&a%TaGnC?'%p‘a‘ﬁ'En%T °3§5§'°2 GTG 30

GAC GTC TC& @WW ARG oD pyercdetermined in reducing SDS-PAGE A g
Cys Ser Ile Ser(a¥ avduid sl predeJQQ&@&HQJEJc@@Aa%CI&@GGnGM

iga|CGG ACG TCG-?§30 Téggg(gg%,, wherea%gnatural isolates purified as
described in Example 1 had an apparent molecular weight
of 19.6 kD. The presence of N-glycans associated with

15 the natural isolates could effectively be ruled out on
the basis of the lack of asparagine residues in the
primary sequence of hpG-CSF in Table VII and therefore a
procedure was devised to determine if O-glycans were
responsible for molecular weight differences between

20 natural isolates and the non-glycosylated recombinant
products. Approximately 5 ug of the natural isolate
material was treated with neuraminidase (Calbiochem,
LaJolla, California), a 0.5 ug sample was removed, and
the remaining material was incubated with 4 mU O-

25 Glycanase (endo-x-n-acetylgalactoseaminidase, Genzyme,
Boston, Massachusetts) at 37°C. Aliquots were removed
after 1/2, 2 and 4 hours of incubation. These samples
were subjected tc SDS-PAGE side by side with the E. coli
derived recombinant material. After neuraminidase

30 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

35 E. coli derived material. The sensitivity of the car-
bohydrate structure to neuraminidase and O-glycanase
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As indicated in Table XX2.thdHsenumbdéne Upitakleudes Hindl Il and Apal sticky

ends and codons for the ﬂ’%ﬁ%g?s??bq i g%@léqgnarotfr imaqpng&r he

"| eader” of 5 human GW CSF. ere ow codons specifying a aéani ne
resi due, a prohaneoveselils was assapednenr gbedbasishef ingresdser and

| eucine resi dupscdpplicaignt B HLEAyASHTRe .  HRRERCBONY nASIdY OfFort2 and

+3 of hpG CSF, al ani ne"residue is duplicative of the initial
ami no 10 t¥} nikealthy)deeargueasf seRiectedatred ARASIKYGSESE with

Repl acenent ofp{BsEonlIpgadie a( BD0NPg)ME, dopagnadih) And low Jeddiwyive of
proper host cell

*processing off" ol _the LGV CSE | e cel lular_
nmechani sns or(ﬁﬁé}glve}'ﬁvﬁ’i’ggﬁ“ée‘i th ERFe¥e §e5‘%§‘ﬁ'8wa}%&r@5€ésﬁ%qtﬁ’5n
Pl asmi d pSVDM ilQgWass df geal cbowihé Epnimaadd gluthminet pamstdepdt ended
with Kl enow e ne. Thereafter..4 th wa W i e
resulting lar g‘r%y??%%':‘en{fyhe%’l‘l(\)/vash'é%%ﬁ%aeaﬁagﬁ’gatctg lv%l ?&"I'.’Jt%em
Hi ndl |1/ PAA | batedrwibieneithenncont fabl sedium( pgokheedeicogipimahikl Ppo2
20 as the secug; | r ubtk Rogfkr | Bellelels 14 e d o8 and
partial di gest%w ﬁg%%{lﬁ?%%%é?ﬁ? 7 i§| 3Em931agsv- Ppolm. w'I(::he
manuf act ured G CGXF°Featler5% COzelmente fPagReARYSF TABEe SHALSHIYHReN
ligated into 55550 PPRIaghPléve nandt €nel eavagatvatior Raldiledrshvepad) 25
to yield plasm d 6) VG\/#}I?q;l)ol i Cal ci gﬁ] Bho?@hat gy .ecj pi tates
(1-5[err]g) ofi0,000) £Qld or argen Pl tBRAS\WHE LB SREPOPHET SN @ Wubl i cate 60
mm pl ates 20 GFuds oLt EsSentd vyl RsofledgsThedidbne (NewgBagland al . |
Cell, 14, 725-731 (1978). a contral . 3 | asgi d . o]
t ransf or med i rﬂ‘b‘:](éﬁ:'l gosea%éf I'gésﬁ‘?@éﬂ%egﬁf{))ﬁre Suggﬁ%‘%n%s ra?é
harvested 5 waslaysaposédtasndésctibedain Wesayed etr alpG B3Pt 61,
vity. Yields 11 f h t ~S4pelisclatdlHY were
on the order 8%“1%%5 5}:__) ugfﬁ@g%£9&§ ﬁuﬁgthFlgo%nglssl?cgessfuI
expressi on of imduce ~“HsTkyridisepnrcsrppragien &REBdBEMBNa HANE FAKER ol
In 25 cells at levels approximately 4-10 times higher than
control supernatants. The E. coli-derived hpG-CSF mate-
rial of Example 6 had similar properties.
A second human bone marrow cell proliferation
study was carried out using culture medium of trans-
30 fected COS-1 cells as prepared in Example 9 and yielded
similar results, indicating that encoded polypeptide

products were indeed secreted into culture medium as

active materials.

35



5 monocytic leukemic cell lilne Widl=Jb L Wds assSdy== =%

- 54 - -k H8ld %, AN glddduny & deswasi eshsitn Mt eda Wby chnt. J.
i ncl uded the hunman GMCSF que dish -} dea t
t hr eoni ne reS| atlﬁ'alqé 3?@ SI ngr'i‘i}e(e b}gc poslfatr}tonhpl@ ?9 ¥

repl aci ng t he ss@aediary cdnmvriols wers imeubated twidh 909 HEFI- gﬁ D

ol i onucleotlde e derri CTewe) for
Si tg- di rected ©¢ r’ﬁﬁig'g@nes%-’soté(g%z%me 4 n%ﬁﬁ@ff?%?m—g ?- ESF 12 g-
ment in p$‘GG\Aslanqilemydnegaumﬂlh NPBAA §¥ay Raftom we bl\,g hE 8\5\%

synt hesi zed g ColoAaNA GG Vel &8 BrerN ZUBDEGYE poshageon one vas
i sol ated by cI eavage W t

cloned into ColomiEg Wer® @dﬁﬁl‘-shégdl : and\}ﬁ%?‘nent %‘?réne{;%\é%?ést i c-

ti o endonucl eAEFe - et Aoy Ano1ay @i AERM@M FmIEnd cobasyt c&Adf or ned
into COS cells and the yields of ur th -
supernat es rafgyRES d"rﬁ‘y pupted “Flé:rrrﬁsg‘?%mm %hé "l Ngotl tr;Ll;;%mhe
genoni ¢ sggueldhaMosatedall ivas fournd tiesiordursl drﬁ@mtea@w&s enpl oyed
to forman expression vector for mammalian cell expression of 20

hpG CSF. More specifically, pSvDM 19 was digested with Kpnl and Hindl 1|
and the large fragnent used QRU-EM0BEU-E ¢EU.;GEMM1 %iiﬁlg synt heti c

linker with Hndlll and Jeal lsstdlq%@ygs 1t MhidinaheGXESF An
Ncol - BanH f ragnent contt aining exagn 1 iso ate from R322 éSE%Q. 25

hpG CSF), a gdm-@ss&obcarxﬂqéhem@c&mn pﬁﬁuﬂ%‘h‘é‘h“r umag ¥t ani ng
exons 2-55lgs fogry tha & fsitidl qBRAA%e huridibUfomp GraBEogenedils

subcl one). Theé'pégfiégrate and differentiate. These activities were
measured in CFU-GM [Broxmeyer, et al., Exp.Hematol., 5,
87, (1971)] BFU-E and CFU-GEMM assays [Lu, et al.,
Blood, 61, 250 (1983)] using low density, non-adherent
25 bone marrow cells from healthy human volunteers. A
comparison of CFU-GM, BFU-E and CFU-GEmm biological
activities using either 500 units of hpG-CSF or rhpG-CSF
are shown in Table XXII below.
All the colony assays were performed with low
30 density non-adherent bone marrow cells. Human bone
marrow cells were subject to a density cut with Ficoll-
Hypaque (density, 1.077 g/cm3: Pharmacia). The low
density cells were then resuspended in Iscove's modified
Dulbecco's medium containing fetal calf serum and placed
35 for adherence on Falcon tissue culture dishes (No. 3003,
Becton Dickenson, Cockeysville, MD.) for 1-1/2 hours at
37°C.




5

manmal i an expreggs@eamvector, RYY ghG CSF proggcgd 1 to 9.9 [err]g/m of
hpG CSF fromtransfornped COS cells. 30 TABLE XX
Hi ndl || natural [ er r] AGCTTCCAACAC 35

AGEgTGTGGTACS hpG-CSF 83:5.4 e I 83:6.7 Ncol  4:0 Thi I

- - _ ' anpl e I s exanpl e
relates to physfegﬁ Sﬁg biologﬁfs cal proégfprés or recoﬁﬁ?nant '
pol ypepti del®roducts of 5 the invention. 1. Mol ecul ar

Wi ght Reconbi nant hpG CSF products of E. col

expression as in Exanple 7 had an apparent nolecular 10 weight of 18.8 kD
when determined in reduci Mga$Bs- pagtrol cpasiwdeidd dfe Isosmetedned bfiiede

deduced am no a@ﬁﬂbé@éb‘mediuﬁs'giugf 1080FesY! b, 2k eamitRENP!1 | 0] et &
purified as described in Exanple 1 had an apparent nol ecul ar wei ght
of 19.6 kD. ThefpFeRRhrankfekyghyerRdiesdociated with 15 the natural

isolates cagd effectivel pobethel c#UoBM @Bsay target cells were plated
at 1 x 10% in 1 ml of 0.3% agar culture medium that
included supplemented McCoy's 5A medium and 10% heat
inactivated fetal calf serum., Cultures were scored for
colonies (greater than 40 cells per aggregate) and mor-
20 phology assessed on day 7 of culture. The number of
| colonies is shown as the mean :SEM as determined from
quadruplicate plates.
For the BFU-E and CFU-GEMM assays, cells
(1 x 105) were added to a 1 ml mixture of Iscove's modi-
25 fied Dulbecco medium (Gibco), 0.8% methylcellulose, 30%
fetal calf serum 0.05 nM 2-mercaptoethanol, 0.2 mM hemin
and 1 unit of recombinant erythrcoioietin. Dishes were
incubated in a humidified atmosphere of 5% CO, and 5%
O,. Low oxygen tension was obtained using an oxyreducer
300 from Reming Bioinstruments (Syracuse, N.Y.). Colonies
were scored after 14 days of incubation. The number of
colonies is shown as the mean :SEM, as determined from
duplicate plates.
Colonies formed in the CFU-GM assay were all
35 found to be chloracetate esterase positive and non-
specific esterase (alpha-naphthyl acetate esterase)
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the basis of tAse Feprssentpding 0 tdwictuseparate expepinenty arduence of
hpG CSF i n Tablsgmfhlarargh Whe @@ raportd QI #B5 Aowi 5ecu b1 determ ne

if O-glycans were responsi bl e for nol ecul ar melqﬂt differences between

20 natural isoPRCsESEhd e ifodmPOFtanf fedatecshathdifte rhpGrERlicis.
Approxi mat el y extg eflfe lynuitat dndl firee! afe othe rMyctiend i AW mdnieel £ Wi t h

neur am ni dage (Cal bi ochem LaJol | a, [.i forni , a 0.5 [err sanpl e
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30 treatnent, the apparent nolecul ar weight of the isolate ~shifted from
19.6 kD to_19.2 kD, suggestive_of renoval of a sailic acid residue.
After 2 holPs of treatneft Cely BindingyAs8a¥s the nol ecul ar wei ght

shifted to 18.8 kD - 1ti dg8t peabib@stiberapeakent thalkewtr-3mighy of the
35 E. coli der|v$g natgréal. TTe en$ItIVé&¥ gf the car- .. onxPrate
structure to nBhrari APGa8R™AAd EFSF tSnSs rom newly diagnos

- 56 - slggkeinsatheiipl bondnd28rruabeledf aurihe GaOSEhwhdtthat

COTOnSN oo ERERYDIRHIAG, 005 B dohBELE7RE B dsbpIheEd | (19
2. [err] H20hymglabelpdaBeCSF or human CSF-8. The ability of natural
hpG-CSF and rhpG-CSF to compete for binding of
12SI—hpG-CSF to human and murine leukemic cells was
tested. Highly purified natural hpG-CSF (>95% pure;
lug) was iodinated [Tejedor, et al., Anal.Biochem., 127,
25 143 (1982)] was separated from reactants by gel filtra-
tion and ion exchange chromatography. The specific
activity of the natural 125I—hpG--CSF was approximately
uCi/ug protein. Murine WEHI-3B(D') and two human peri-
pheral blood myeloid leukemic cell preparations (ANLL,
30 one classified as M4, the other as M5B) were tested for
their ability to bind 12SI-hpG-CSF.

The murine and freshly obtained human peri-
pheral blood myeloid leukemic cells were washed three
times with PBS/1% BSA. WEHI-3B(D') cells (5 x 105) or

35 fresh leukemic cells (3 x 106) were incubated in dupli-
cate in PBS/1% BSA (100 ul) in the absence or presence
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- 57 - 2 3. WEHI-3B D[err] Differentiation Induction
Capacity of reconbi nént,, E.hpoli-dgrived Jmaterials to induce
differentiation of thenurime nyele- 5 nonocytic |eukemc cell line
WEH -3B Dl err] was assatyed Semi -solid agar medium as described in
Metcal f, Int. J. Cancer, 25, 225 (1980). The reconbi nant hpG CSF
product and ‘nedi a gontrols were incubated with -60 WEHI -3B D
cells/well at 37[err]C3 in 5% CJerr] in air for 7 days. The 10 sanpl es
were incubated in 24 fflat bdttomwe | pl at esgand t he concentration
varied over a 2000-fgMy range. Col onies were classified as
undi fferenti ated, patteial |y differentiated or wholly differentiated and
col ony cell counts were counted microscopically. The E. coli recom 15
bi nant material was *found to induce differentiation. 4.
CFU- GV BFU-E and GEMM Assays Nat ural i sol ates of
pl uri potent human G EﬁhpG-ng) and thg reconbi nant pl uri potent human
G CSF 20 (rhp F) e fodhd to cause humats bone marrow cells to
proliferate ands ifferentialP. These activities were nmeasured in CFU- GM
[ Broxnmeyer, et "al ., Exp.Hematol., 5, 87, (1971)] BFU-E and CFU GEWM
assays. [Lu, et = ., -} Bl ood, 61, 250 (1983)] using | ow density,
non- adherent 24%8lbone rrow cel s fromheal thy human vol unteers. A
conpari son of U G HFU- E 'and FE @&mm @ogdﬂcal ©act®Rviti S using
ei ther 500 units of + CSF or thpGCSF ~ are shown in Table XXl bel ow.
Al'l the col ony assa%% re performed with | ow 30 density non-adherent bone

marrow cel |l s. Human &one marrow cells were subject to a density cut
with Ficoll- Hypjque (density, 1.077 g/cnferr]; Pharmacia). The |ow
density cells were taen resuspended in |Iscove's nodified
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S GM-CSF. 1In addxtlon, binding of natural hpG CSF to

Dul becco' s nedlun1conta|n| f et al If serun1a pl for adherence
on Fal con tissd™Maf éhﬂﬁy ggﬁ Sgﬁggc gﬂ%oﬁ
Cockeysvi l | e, MDQeﬁuﬁdLLZWﬁbfbin¢1ﬁg to tR§$erc§I15 is paralleled in

-CJ:l5J-8G|-VI r§'_sg_or:nse to nattﬁﬂ}_ MJSA}ELFnXi(}.@a?U?nultures 88

261 djfferentiatiomtinte mature mpcr egirages es[éudpscmby
83[err]6.710 morphdidgy %t{s%c £ 8 Pn £ nabdidy o
10 p B Um g:)dr%?ro onsi si ed ?m%c%ven% ITD%I fied

Dul becco nedlun1pFuQPﬁT%ﬁﬂ§§°(FQPQHWWﬂﬁn¥F%#ﬁFHPuﬁ?%lﬁf rom ape§hSITnant
erytr opoi et npatient (ANLL, M¥H) td1gddut SMiesave e et 16akbaider aay at od
cu

at 1 x 10[err] qf 3% agar re medi um t hat
Suppl erent ed MAABFeSas] ﬁé&yurﬁ"é’%c?sﬁ)%% oK e TRLOTS fon hBCRFSES
serum Cul t ur eTheeabiddayedf athpG-CSP| i comget e af er ttlnanbﬂﬂdd:ngl efper

aggr egat e) y and 0 1 2R0l s e The nunber

of col%ﬁlesg?érgéown gshgﬁg nedhiégﬁl gﬂié;#ﬁ%% CSF'
suggests that the receptors recognxze both forms equally
well.

These studies demonstrating the binding of

natural 1251-1labeled hpG-CSF to leukemic cells are

20 paralleled in culture by the ability of natural hpG-CSF
to induce granulocytic and monocytic differentiation of
light density bond marrow cells obtained from one
patient with an acute promyelocytic leukemia (M3) and a
second patient with an acute myeloblastic leukemia

25 (M2). Cells from each patient were cultured for four
days in medium alone or in the presence of 1 x 103 units
of rhpG-CSF. Cells from the M3 control cultures incu-
bated in medium alone were still promyelocyte in type;
while cells cultured in the presence of rhpG-CSF showed

30 mature cells of the myeloid typé including a metamyelo-
cyte, giant band form and segmented meutrophilis and
monocyte. The actual differentials for this patient, on
100 cells evaluated for the control, 100% promyelocytes,
and for the rhpG-CSF treated cells, 22% blasts plus

35 promyelocytes, 7% myelocytes, 35% metamyelocytes, 20%
band forms plus segmented neutrophils, 14% monocytes and



clone. Cells from the second atient with a myelo-
quadrupllcate p

t E d U- GE
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were scored after 14 days of’ i ncubation nres I1's
shown as the nedR SARures seanentededeutdaphils) diisplaking fesidual auver
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est erase pOSI tive and q&CIb I.C esterase %ha na acet ate
est er ase) occurrmg in a ce elonging tog;ghe leuke Jh% PRe.

consi st ent wi t hThiee acthuall &4 fifeireptdadidnoaf 400 cellls terrflua fed hmogatur al
hpG CSF and

appr oxi mat e S’hgiaﬁérrﬁf}o%gvsf&ﬁd &?‘@ ave 5 e\%gg}cagééé%#%?gg‘ési al

dilution in a IQO%CBUJaGMsassa‘yxe rﬁps-BBlE Er&ta(te@:léecml‘d\/lmbnsalstred'abfe XX |
ar e represent at j4g Bfla%l% lie Eibﬁyﬂéger'l%‘@ﬁ%rﬂ&elocyt%én lf’é? ?ﬁ@e

data reported previous ura i's % nportan 0 note
that the rhpG cEprms plus éﬁgm@nﬁp;l psﬂéfmlﬂlseei’éf promenqeytes i and

mamal i an 10 gr P!\’%hmBQSE?EEsby Thit Q!EuQEm'ﬂ:S Brlci‘éu%te'r@‘ d1sd é%&iduned Thus
rhpG CSF is ble_o orti ngﬁm xed col on formation ( U—GEI\/M and

p
BFU- E when %@de °Fndﬁﬁéere tpﬁss ctof ouEc AtBeRasenEaRtTASIaNS | 9f
rhpG-CSF (5 x 103, 1 x 10%, 2.5 x 10% and 5 x 104 u/mi,

data not shown). Even at the lowest concentration of

rhpG-CSF tested (5 x 103 U/ml), there was significant

differentiation (cells differentiated beyond myelocytes)
25 of the M3 (50%) and M2 (37%) leukemic cells.

6. Immunoassay
To prepare polyclonal antibodies for immuno-

assay use the antigen employed was pluripotent G-CSF

30 purified 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

35 antigen. The antigen was resuspended in PBS and emulsi-
fied with equal volumes of Freund's complete adjuvant.



5 later mouse serum was taken to test for the antiboady

15 V\éﬁ%ﬁ%bﬁl pdi §9m£ﬁsﬂiﬁr1potent G- CSF. It was previously

reported that | s.and_hu c cells fromnewy

di agnosed | eukem as wi PY“%F%H“[ ERPPOR b g‘émﬁﬁﬁwﬁg GSESE B hat

thhu S bucggu [ng c?m@%gpggtgyﬁaéeékbu?nddltnen omaeandmlxabem&gﬁrrﬁs:)lz ; owere
urman err e.a r

conpete for bi ndfRLEST Withi %P&T‘Fgﬁ %@ﬁ“} ol?uu ﬁgpgﬁhg%g-lggu er% c
cells was 10tets:brmltel—bgﬂfgrpupﬂf9e2l navel b hpGeCSEa@::e@S%J.mhé) 25 ug
Ilerrlg) was iodinaf \g?i\lm b EGPT 0 bl b %nBéQSPEH‘ pl&%gs éel‘k?hcu-

(1982)] was separated reac on and 1o0n
exchange chr onmatbtatredh? . hanes s@bcmqm tempaeetvreyaaﬁ Pﬁéfﬂéﬁhtalat

[err]|-hpG CSF vpse appiRi §84 &t Yon wa&eaé&&éésraha Bhet 91t ddinidte

VEHI -3B(D{err]) and two human peri - pheral bl ood i.d_| eukem c
preparations (ANnCubtedno cmh%‘é'f-ﬁe‘dl'é% RRES Fﬂﬁtéfﬂé gag%Nl?@A\ﬁé?eblf%g ed
for theiys alind tyed Ot h&10sd £E4de : NPEh{SFsolution was decHmtedirame and

wshed three | tHS BoiFeh PEainRiBRCT \EERE SBFER PP BERRS (2 0l err])
or 35 frSggske?m%?xi;zﬁd51déhbaﬂ£dgfm&)2vhmer?n:ugaoem tengeriature. cate
(ngpesi 190 BsA (0L Sl ol 1A PRRTERSE o S50 8 Bneaning, 18 BS) o
hpG CSF, rhpG CSherseaMCIo ki om wae Cﬂﬁ@%@h%@ and platpsr P’FI’-’%p@S’GQﬂ
(approx. 10Q400QGRIB N ideddli @l WA '$&2ufPon (KPL, Gaithersburg,
Maryland). Approximately 200,000 cpm of iodinated
rabbit anti-mouse IgG (NEN, Boston, Massachusetts) in 50
ul PBS, pH 7.0 containing 1% BSA was added to each
well. After incubating 1-1/2 hours a: room temperature,
25 the solution was decanted and plates were washed S5 times
with Wash Solution. Wells were removed from holder and
counted in a Beckman 5500 gamma counter. High-titered
mouse sera showed greater than 12-fold higher reactivity
than the corresponding preimmune sera at a dilution of
30 1:100.

The immunological properties of E. coli-
derived hpG-CSF were determined by reactivity to high-
titered mouse serum specific to mammalian-cell derived
hpG-CSF. 0.25 ug of 90% pure E. coli-derived protein

35 was coated to Immulon II Removawells in a volume of 50
ul and mouse serum was assayed as described above.



S
90 mn. (total volune: 120, er k : Cﬁ%%ﬁo '] o ;Sresuspended and
| ayered over 200 [err]l icé’co r]l plastic
centrifuge tube and centri{&ged’(hpGOCSF, [Ser? MhpG=CSMe pel l et was

collected by cutiépg4® 1] 64 h b 14 é@db
super nat ant coungggg ﬁﬁpgeggfétéﬁgginqg?gagﬁggcgﬁﬁ?gsﬁﬁéacbé d).sio
Speci fi ¢ bi ndi nPYePWFtfaBr BBRELH AEGOES NGt P Examplyihdvere t3eSahsEREe

of a conpetiter Kpeaosefadebbity in Eﬁée§k-'&hgﬂa§dfiidédidiﬂ:a(@m(;ﬁ'tﬁ-éﬁ'? and
ATy NGRS B e M R T ST W
g). The spec rndrhg |1 pm f
VEEHI - 3B(Dl err]) axetivityOddmparabde LblthibMprcelelcomdithalit? molecwlws for
using the same JAGR A 4gc 008 BEPULISLET Cape, rp ) AF S S HE
consi stency in tdre the eedeenofi ho0bfoldnlessed actiXiAyY um tthef HpG CSF.
20 Data obt gigned iy s EROT§56ak8 d80LF, XF6bLeBEhOYesser ackivity ir%he
CFU~-GM assay, and 500-fold lesser activity in the
WEHI-3B DV assay. This data is supportive of the propo-
sition that'cysteines at positions 36, 42, 64 and 74 may
be needed for full biological activity.
20 .
8. In vivo Bioassay
Alzet® osmotic pumps (Alzet Corp., Palo Alto,
CA; Model 2001) were connected to indwelling right
jugular vein catheters and implanted subcutaneously in
25 seven male Syrian golden hamster. Four of the pumps
contained a buffer [20 mM sodium acetate (pH 5.4) and
37 mM sodium chloride] and 1.5 mg/ml E.coli-derived
hpG-CSF while 3 contained buffer alone. The claimed
pumping rate for the osmotic pumps was 1 microliter/hr.
30 for up to seven days. At the third day after
implantation of the pumps, the mean granulocyte count of
the four treated hamsters was six-fold higher than that
of the three (buffer) controls and the increased granu-
locyte count was reflected in a four-fold increase in
35 total lymphocytes. Erythrocyte count was unchanged by
treatment. These results indicate that the recombinant




5 other hpG-CSF products such as polypeptide analogs of

35 _
As shown in TableﬁéxffF aggfff%gﬂe&fésﬁf hﬁg CSE. FOII (YQthfrﬁf?ggth
VEHI - 3B(D{ err]) %Euﬂén?é Be| abovRgnoted ephel.lﬁgeﬂa@npqumwm A LR,

dependent mannerepyal. (wgpka}aehséswabueahayp%%'i19r dre@a%rﬁ%%d Bt n i c by

5 GHWCSF. In addjtion, bin at ur al
myel onbnocytic | %k%n@ﬁ“éél%g %ﬂLEornﬁ}cﬁBBla eéB§§F§é@“'ﬂd§Hﬁ%ﬁﬂ?ﬁrto

these cells 16 patdésechading pr1ma29p06ﬁ60tmanabusabhhﬁﬁ-Gﬂfﬁét|ﬂibmd
o e e ChAECHEPRIALERRC BL 8ROV 15 TRERR"AER 0 Sl Pod©
monocyti ¢ | eukemecaeids 6f com@not hmore residues (e g., substitutions,
terminal and intermediate additions and deletions).
Alternately, modifications of ¢DNA and genomic genes may
15 be readily accomplished by well-known site-directed
mutagenesis techniques and employed to generate analogs
and derivatives of. Such products would share at least
one of the biological properties of hpG-CSF but may
differ in others. As examples, projected products of
20 the invention include those which are foreshortened by
e.g., deletions; or those which are more stable to
hydrolysis (and, therefore, may have more pronounced or
longer lasting effects than naturally-occurring); or
which have been altered to delete one or more a poten-—
25 tial sites for o—-glycosylation (which may result in
higher activities for yeast-produced products); or which
have one or more cysteine residues deleted or replaced
by, e.g., alanine or serine residues and are potentially
more easily isolated in active form from micrbial
30 systems; or which have one or more tyrosine residues
replaced by phenylalanine and may bind more or less
readily to hpG-CSF receptors on target cells. Also
comprehended are polypeptide fragments duplicating only
a part of the continuous amino ac'd séquence or
35 secondary conformations within hpG-CSF, which fragments
may possess one activity of (e.g., receptor binding) and



5 173-175 (1982)] or utility in other contexts, such as in
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type including a netanyel o- orm and ségment ed
meut rophilis an@equemﬁ)@yte alm@ mmicmmsby'emlaablﬁoaﬂ pirodustisent

on 100 cel | yumivai@def Péct {¥eg OHE 'Parg éOQd&PéomeEBBXhissynthe%&% for
the rhpG CSF treated cells, 22% blasts plus™ 35 ﬁ;nﬁpe ocyt es 9

myel ocyt es, 35%HehBRHIL B2 vaviety %n!ae%m GstSEBﬁéﬁf@& Put

neutrophils 14%ﬁﬂnﬂﬂﬁyt A'DNA sequences prov1ded by the lnventlonﬁﬁre
2% macr opha nnrphoqyclear

gr anul ocyt egﬁst |ulﬁefrc‘1‘@h?’sd Srﬁa?tfp%?f)%cd%ﬁ ‘iew &nd Sfeblf vira1P2nd"RiReR

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

25 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 suit-
able materials for use as labelled probes in isolating
hpG-CSF and related protein encoding human genomic DNA

30 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.,
in insect cells) or in genetic therapy in humans and
other mammals. DNA sequences of the invention are

35 expected to be useful in developing transgenic mammalian
species which may serve as eucaryotic "hosts" for pro- '



5 polypeptide analogs of the invention are reports of the
I nent auer rod, ﬁf‘*ﬁgﬁ a 8
differentiated ce é#’ﬂgcyf %c@%vli@ rg#ﬁtﬁgg @Qgt:.eeﬁs' wq?’:“"rome%thtgjL
second pati ent 1 oduplicappa canénRearid( RREURRCS re
d vetantd @ri,'bY d licape Shﬁ nepRedt d( 21 axtAantul kur ed

for four days natwaibf—@&@ﬁ??&ﬂﬁ%:aééfﬂseg EBB%@SEnsVa%@Inmaéafs's
of M2 cells cultured jn Tredium al o veae blast-l1k

cells, some of EQYLIRS- nu¥PESI FPeSbFrﬁC'B% Yo rgﬂ, tMZe&é‘I ROV MR PIHEE ed

with rhpG C3h méi@i@r@wygdpt 1de§0néraé Uﬁéeﬁegﬂﬁﬁhedonﬁu&&qmlda&e in
di spl ayi ng.resi dual center.neutro

1
i e ant Lat on Hugs cteachioRa wheh| SrEr SHEt AGE: by U tPERR AR ane.
The actual diffecéntattontbé ififlunel teaevibnatefl physidiogilaldy cdlgni- -

e
met anyel ocyt es, kgmanesl, andftbheslpkes sboyntuded amongophe dmmme reac-
prononocyt eslsanq: ions ]Jf/"t ?Hﬁg&fffp_leg@%é@“ﬁmlﬁe EL‘6§?%E§O@!| TE em1 ned

20 for differentiation a concentrati o rhpG. CSF (5 x
10[err], 1 x 1ofarmatiom qf 1specifignantikodbesrin bpmunologigald whot

igf’wn)] E}lﬁ{\) at tdd!ﬁdé’%im&PQQ(?nSé?I | @1g Of If,erné?pG?QSElié.eSt@d.l(ﬁ 23,
err ere Wwas, Si fican erentiati c
differentiated V) esioss, & ?di]e I\BE-ESEMJ gﬁﬂ I\/ES(“%G | eukeni ¢
cells. (1981), malmﬂnoassaw., Proc. Natl. Koaﬂnegene qasygl .onal
anti bodi es f,ar i - Say t.he aniig wa lyur 1,nQtent
& CF 30" pdB £ 1RO THROP Lo e Pt CEhoRh: 6 obFoRy o Natly, A
(1A6) as prepar tii.n_(BSHDI €78, (PJ0313407 nblﬂe&lh# Watter, ptdgdd t @LeE .85%
pure based on s r—we-r-et——r:ﬂ:ﬂmﬁé of I e |
week-ol d Bal b/ Cllda\‘:el Acdd: S “wr 4%11]2 ?é’ ??gg 8 (k:%t gse)c%t}s
i njections of 3%lantiRrac. Math 2t \§ nd}ﬂrl?\“bﬂsﬁiﬁé drhItdy)-;
fied with equal G%@éﬂmsepfaf!,e%@lf CﬁW'ﬁf-m Uypes2); Nigg, et al.,
25 Proc. Natl. Acad. Sci. (USA), 79, 5322-5326 (1982);
Baron, et al., Cell, 28, 395-404 (1982): Dreesman, et
al., Nature , 295, 185-160 (1982); and Lerner,
Scientific American, 248, No. 2, 66-74 (1983). See,
also, Kaiser, et al., Science, 223, 249-255 (1984)
30 relating to biological and immunological activities of

synthetic peptides which approximately share secondary
structures of peptide'hormones but may not share their
primary structural conformation.
While the present invention has been described
35 in terms of preferred embodiments, it is understood that
variations and modifications will occur to those skilled
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- 64 - The dose was 5 to 7 [err]g of antigen per nouse per injec-
tion. A booster inmunization was adm nistered 18 days later with the
sanme amount of antigen ermulsified with an equal vol une of Freund's

i nconpl ete adjuvant. 4 days 5 later nouse serumwas taken to test for the
ant i body specific to human pluripotent G CSF. Dynat ech

I mmul on Il Renovawel | strips in hol ders (Dynateck Lab., Inc.,

Al exandri a,1®%irginia) were coated with hpGCSF 5 [err]g/m in 50mV

car bonat e-bi car- 10 bonate buffer, pH 9.2. Wlls were coated with 0.25 ug
in a volunme of 50 ul. Antigen coated plates were incu- bated 2 hours at
room tenperature and overni ght at 4[err] C. The sol ution was decanted
and the plates were i ncubated 30 mnutes with PBS containing 5% BSA to
bl ock 15 the reactive surface. This solution was decanted and t he
diluted preimune or test sera were added to the wel I s and i ncubat ed
for 2 hourgst room tenperature. Sera were diluted with PBS, pH 7.0
cont ai ni ng 1% BSA. The serum sol ution was decanted and pl ates were
washed 20 three tinmes with Wash Sol ution (KPL, Gaithersburg, Maryl and) .
Appr oxi mat el y 200, 000 cpm of i odi nat ed - rabbit anti-nouse 1gG (NEN, s
Bost on, Massachusetts) in 50 [err]l PBS, pH 7.0 containing 1% BSA was -~__
added to each wel |l . After incubating 1-1/2 hours at roomtenperature, 2
25 the solution was decanted and pl ates were washed 5 tines w th Wash
Solution. W4 ls were renoved from hol der and counted in a Beckman 5500
gamma counter. High-titered nouse sera showed greater than 12-fold

hi gher reactivity than the correspondi ng prei mune sera at a dilution
of

25

30

35
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30 1:100. Plurtpotefte | GRARMISGYER prheRYestbpugatigg; . factor
derived hpG CSF(weGe 0dgtier BEnethdy sepodnoet ysév hgnth in tiTadrled Vdude
sure E ool i - dePived pr dt of P abEr ebEY caoes Firkon PrTERREE LS T &
vol ume of 50  c¢)ul satide rsiicteofmpras aaysayied oas edesclyiolldd alxpression

- 65 - Hi%h-tibﬁred nouse sera showed a 24-fold

hi gher reactivi?§ 88 eXQBENoRS| PNAS8iEE Nfieri al t han did the
correspondi ng prei mune sera at a dilution of 1:100. 5

7. Serine Analo Bioasia

[Ser[err]] hpG , %lpibelry[peerq't]i]%ep@&gﬁr[j[?%g F%é]r ]E?%S&Ciﬁ’h%ﬁﬁ”‘ the

[ Ser[err]] hpG Cskogenoupr ONACseqpearar dé ac cxINB ngequeizanpl e 9 were assay
for 10 hpG CSF activity in the 3Hthym di ne uptake, CFU-GV and V\EHI 3B
Derr] assays. In each assay, the [Ser[err]] anal og had activity
conparabl e to tBat of Mmequilyipepttidwl ecubeding btaviCigimhel neberein the

S 130" RIS, e 4n B0 ALy oo

activity in the CFU- GM assay, and 500-fold | esser activity in the

WEHI - 3B Dl err] @assay. This ,data.,i.s,su rti,ye of_fh I, Iy o hat
cystei nes at pogl' ti onsx3@°14¥£ep6%%\%d35§°ﬁgéng t%e%r}gelglggffglflergl* the
bi ol ogi cal actiexbgend@s DNA sequence is carried on an autonomously

replicating DNA plasmid or viral vector.

5. A polypeptide according to Claim 1 further
characterized by being covalently associated with a
detectable label substance.

6. A polypeptide according to Claim S 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
naturally-occurring pluripotent granulocyte colony-

stimulating factor, s3aid DNA sequence teing selected

This Sheet Has Been Repla
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sequences dellneg 1n (aj) or {ragments ctnhereoci; and

8. In vivo Bioassay Al zet[err] osnotic punps (Al zet Corp.
Palo Alto, CA, Model, 20 wer e connect o indwekling,right

jugul ar vein catheters éﬁﬁ &#&aﬂﬁ%ﬂF%ﬁ%ﬁquﬁabumRﬁﬁr&%ﬁ gggvggsﬁﬂ%facy
Syri an gol den hamft ethe Fgenheafict hegadeyps wouldotipbnédiaebuftfoer tH20 rINA

2 col i+ dori ved Soopsitedrbasingds Bokad REa Bds Ao BhaRl shab it gpee

punpi ng rate forfeheaoppdypeppuines haadng iher ddnerdmino3acidoseagqueameeseven

days. At the third day after i npl antation of the punps, the nean
granul ocyte count of the four treated hansters was six-fold higher than
t hat of the &hree (Buffesdacpottol ssmneudaryoticadensyr aril trdmeyte

count was refle i fQur-f incr ejn t ot
Eryt hrocyte cou%%aéguﬁghgxﬁgéqjﬁgte% "fef%étéreﬂﬁi ﬁ%e@ee¢ée(€ﬁgggxlsﬁ3in at"’e°
that the reconbiGiaamim 7 in a manner allowing the host &Sll to express

mat eri al producess‘“ad s%%kgt?ggaggg%@t .of producti on and/ or rel ease
a ;

of granul ocytes 1n In addition to
natural |l y-occurring allelic fornms of hpG CSF, the present invention

al so enbraces ot her hp F d uch lLyvpept i de _
hpG CSF and fragnents O‘P ﬁ%g(%gi?pgi?fg%ﬁ?hégt ﬁé S?&%@’@ wqiecfﬁér‘%{sqgfet oeSt
above- not ed publlisstfed @@biication by Alton, et al. (WO 83/04053) one
may readily design and manuf ac- ture genes coding for mcrobial

expression of polypep- 10 tides having primary confornations which differ
from that hdlsi n spkchdésbdeédbl aoccoedimgotot BRaiided whermin 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 procar-
yotic 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.

15.A DNA sequence accordi&g to Claim 7 and coding for

This Sheet Has Been Re;
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| ocation of one oF.nore & @NAdyeguence ,a@ddlﬁiﬂdytdd)rtslam 12 ed i ﬂ?hcﬁﬂd’xg

t di at ddj d del et t f
CDNA and genon of S5 PR Sn 15 RUAiAT P LAk bDF £ She B AP kA o AL oTY -

site-directed stmmuagﬁnm@:rththlques and enpl oyed to generate anal ogs
and derivatives of. Such products would share at | east one of the

bi ol ogi cal properties of hpG CSF but may differ in others. As exanples,
proj ected product8.of 2@ DNW Eéqeéhbenddﬁbmmmnghmsecﬂdnh areovalently
foreshortened by, e, qore stable to

t t
hydrol ysis (and, ?ﬁngPgFS IO or Oseb%ﬂﬁgdSB Stan ¢Conger | asting

effects than naturally- occurrlng) or mhlch have been altered to delete
one or nore a pojgn- | sites for cosy n. iocch.may re

"n° O Rrgner alfoicied PO sRabBhseoaradr IR S G sh" ek oered

one or nore cystdé¢bectediléudabddl eised aradiapl sisel. by, e.g., alanine or
serine residues and are potentially nore easily isolated in active form

frommcrbial 30 systens; or which have one or nore tyrosine residues
repl aced by pherdd al ani Ae andgleyshirachded e TNA | eséquenceeadicloy ridi Ay G 12SF
receptors on targef, 5e|§ . Al'so conprehended are pol ypeptide fragnents
duplicating only art of the continuous am no acid sequence or 35
secondary conformations w thin hpG CSF, which fragnents may possess one
activity of (e.g., receptor binding) and

- 67 - not others (e.g., colony growth stinulating act|V|ty)

It is noteworthy that activity is not necessary for any

21. A biologically functional plasmid or viral DNA
vector including a' DNA sequence according to Claim 7.

22. A procaryotic or eucaryotic host cell stably
transformed or transfected with a DNA vector according
to Claim 21.

23. 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 occurring
pluripotent granulocyte colony-stimulating factor,
which process is characterized by culturing under
suitadble nutrient conditions, procaryotic or eucaryotic
host cells transformed or transfected with a DNA
sequence according to Claim 7 in a manner allowing the

* c L M s *



granulocyte colony-stimulating factor, which process 1S
one or nore of the produc f e Laveq apeifriient
utility [see, aép t%qu?c? %P éu%ﬁ “Rg 19%8%5 (Sfégza;%l%(r)r utility
ot her cont exts, cnnﬁn&&nmm, prasaaystdblum¥CSBU§mf ¥foni S m ReSipetS %M%
ant agoni st s e f.ul Iy C@écﬁ&rpée set forth
overproductlon %hﬁé%é&gé °AE¥%£$SEéEtJdD lﬁﬁggﬁg t o anot her asp?it f the
present 10 |nvelnrtlmablEhevn\Aise@JenaenGES@rllm%rél"‘r? wrPeh ce ngtb
hpG CSF pol ypepti des . ya in nd@@u@bdlt oly-
provi des concerﬁﬁh{?#ﬁ é%}goﬂgiiﬁgpéfﬁé EH&ea%oléEﬁhQ r%tel
whi ch has her et geprteide pheduc U v taglexaegﬁﬁf-énaﬁaﬂ Mecaﬁ%r “s‘?%eg of
15 isolates of naturally-occurring products. The DNA sequences are
al so conspi cuously val uabl e as products useful in effectin hhe Ia;ge
scal e microbial €Pntheshs phargacepticsr bycampasiétprof FBE‘B OEGE
t echni ques. Put 2S V4 dedrhY nghe o rodaitm oh
are 20 useful %{§ﬁ§¥§i§.nggﬁ§&/§%§ u?%??$§ﬁﬁﬁ?pa%g cir Far 4@sg1d
DNA vectors, nearawbmispfaducednbdyortived pReess @f ahipaB: r%ﬁn§
procaryotic and (¥H§@%ﬁ€ ngi a@@%ﬁ@ glgclugipgehaqteranuaadtyeaer
cell's and mamalf } S g¥ In ¢ ?ture and new and useful nethods
for 25 cuIturedqynmt@rof such nlcroblal host ceIIs capabl e of
expression of hpG CSF and its related products. DNA sequences of the
invention are al so conspi cuously suit- able materials for use

a
| abel | ed probes 26: |solhtphgrmacenp@cagzQQRP¢%&%&%G BSOS Qﬁu%%lﬁbaﬁunan
genom ¢ DNA 30 e{g}jn uppees off @skeciation

i i g% %ﬁkﬁh@? %mu% %W% SO ge use?ﬁ? pre

manmal i an speci eS: sequences nay a vari ous
al ternative net wddsh cdnyprbuman pyotfési.s (e.g., |n insect cells) or in
genetic therapy in humans and ot her mammal s. DNA sequences of the

invention are 35 expected to be useful in developlng trans e |c1n%nqakh%n
speci es which mag7servelse eficargotypephbdesacegrding b

manufacture of a medicament for providing hematopoietic

therapy to a mammal.

28. Use of a polypeptide according to Claim 1 for the

manufacture of a medicament for arresting proliferation

of leukemic cells.
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- 68 - duction of hpG CSF and hpG CSF products in quantity. See,

generally, Palmter, et al., Science, 222(4625), 809-814 (1983).

O applicability to hpG CSF fragments and 5 pol ypeptide anal ogs of the
invention are reports of the i mmunol ogi cal activity of synthetic

pepti des whi ch sub- stantially duplicate the ami no acid sequence extant
in nat ur al | )E-‘J)CC]ICJI’ ra lnplgopjp)é;ﬂinse f}d:cyfmpnngfatnslcaladmnuclpecehceded by a
proteins. More ically atively low nol ecul ar 10 wei ght

pol ypept i des ha\??gq%éie%ngh%vﬁ sIjt)‘l“bea'rtl ci pate in i mune reactions which

are simlar in duration and extent to the i mune reactions of
physi ol ogi cally signi - ican rotei ns su as, vir ant |

pol ypept i de i%‘r m)ne‘% pgi&pgng Eerha‘fi% ugg'g a%‘ﬂ%g?ﬂglfhgﬁ Stj‘lr%Jel%g'lS
tions of such pébyadeptpmtasentsidsqe qff ovmztwrablyf oheurringor meniripatent
specific antibo nol.ogi.cal | n| mal_s.. See

Lerner, et al. gt%ﬁdlw byr?"lb%&? gRggg oLt 3|aid lﬁzﬂjl}'rpgptzjﬁ

654- 656 (1983)Viﬂyil amr amehoalacldPrmquéhbé shdzttefci frémSAhe 2)30377‘

3405, 3407 (10812 Pla e ediede 'sqf Forth'Lp, f1BT5 viu §%If‘. g 1dkLe

4882- 4886 ( 1981)’ar‘Wanggs et der‘1vat1 veBrocdeNationAamaldags, Gudstitagtion

A 55 Proc \BPRLoRS FSadtiiey 4 rv%i%%?&hé’%%g?SIe@%g%@ar%at?%wfé

al., Cell, 28, B95- b@dn(glgﬂﬁ)a-né)taeafm.m eiccurrding I\&ndjreby, Zﬁﬂ,ngBStllﬁo

(15ba), sna Lo gRtpauor SSLEDFLEMNTS A, e o BIEDE anee

bi ol ogi cal and exvgeaicas CNA asiquendes of

31. A pharmaceutical composition comprising an
effective amount of the polypeptide according to Claim
29 - and a pharmaceutically acceptable diluent,

adjuvant or carrier.



synthetit pepti des which approxi mately share
pepti de hornones but may not share their p
Wil e the present

conf ormati on.
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Y

secondary
I mary structural
nventi on has been descri bed

structures of

35 in ternms of preferred enbodi ments E? Uhder st ood t hat vari ations
B sm

and nodifications will occur to thos
- 69 - in the art. Therefore,
clainms cover all such equival ent var atlons whi ch c$

of the invention as clai ned.
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30 Disthlosed are novel polypeptides possessing
part or all of the primary structural conformation and
one or more of the biological properties of a mammalian
(e.g., human) pluripotent granulocyte colony-stimulating
factor ("hpG-CSF") which are characterized in preferred
forms by being the product of procaryotic or eucaryotic
host expression of an exogenous DNA sequence. Sequeaces
coding for part or all of the sequence of amino acid
residues of hpG-CSF or for analogs thereof may be incor-
porated into autonomously replicating plasmid or viral
vectors employed to transform or transfect suitable
procaryotic or eucaryotic host cells such as bacteria,
yeast or vertebrate cells in culture. Products of
expression of the DNA sequences display, e.g., the
physical and immunological properties and in vitro bio-
logical activities of isolates of hpG-CSF derived from
natural sources. Disclosed also are chemically synthe-
sized polypeptides sharing the biochemical and immuno-~

logical properties of hpG-CSF.
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CLAI M5 1. A process Ddscillosedr adec niowe lofpcd ypeptni des QR6s e ssling
having the in v gRanuhqCcWleo et I | p

occurring humanbg?t ég gclgrr%)strfl Elﬂrlfgbr%mg &IQQ&?N{F& eé&&’gﬂm%ﬁ%%#%
under suitable @Iﬁ?r pPEnmogen@ift tbes blﬁémlcladn nmnegtmmﬁ A aRdhbaer

DNA, ot her thang é(g@r,‘ Rimanfy ﬁgﬁ‘?bé'i:eQNAgrQ%ﬁ@dy\t@ kéléﬂ‘}edséﬂnmtmg

encoding t sequence of Table"VII Figure 7; and

(b) isol aﬁ%g g)%ﬁﬂoﬁur‘rﬁhpﬁ(‘:céglg)eX’BR€§séJeth§e¥|ad=t(%H7sed i preferpgdcess
according to Cgorms, by/ﬂbéeh@ the pteauber o@N@»rb'i:a\tlyrofdldDF&TEEtﬁfaWnc 3.
A process accordin in _said b@[ are prinmate cel
A process accordh Fﬁpffﬁﬁ’ﬁ’g éPeFﬁogﬁf’&uﬁr ey e %%‘%é???
coding for part or all of the sequence of amino acid
residues of hpG-CSF or for analogs thereof may be incor-
15 porated into autonomously replicating plasmid or viral
vectors employed to transform or transfect suitable
procaryotic or eucaryotic host cells such as bacteria,
yeast or vertebrate cells in culture. Products of
expression of the DNA'sequences display, e.g., the
20 physical and immunological properties and in vitro bio-
logical activities of isolates of hpG-CSF derived from
natural sources. Disclosed also are chemically synthe-
sized polypeptides sharing the biochemical and immuno-
logical properties of hpG-CSF.

25
(Figure 1)
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and isolating the desired polypedtide proquct of the ex
A

DNA sequence. - 8.

produced by the process according tfjo C ap

accept abl e dil uent,

according to Caiml, 2 or 3 and/o
Claim 7 as a culture nmedi um conpongnt for the gro
invitro;, said use optionally incl

-4

phar macquti cal cgnposition
effective amunt of a pol ypeptide agcording o Caiml,

adj uvant or carri er.> 9 Usg of

hemat opoi etic factor.

or 3 and/or produced by the procegs
manuf acture of a nedi cament for erfhg

10.

granul ocytes in a mamal .
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- |
17. A DNA sequ?nce accgrg{)%%éxtﬂ@dﬂi&,or 13 COHLEQ for expressi 4n of
€

human pl uri pot ent*gr anul oc ony- stinul ati ng eeees 13 A jDNA
sequence according to Caim?7 covalently .associated-with a detectable
| abel subst ance. 19. (a) Acbh¥istsuaie oF cehieli Pen14 dfimionakiidvparimary he

detectabl e | abel is a radjol | . A SRl esskrapggd DNA
sequence according to sb‘&éﬁ\?’i%.s“ 2"%“‘?1."‘“ ’E*’b&?oﬁés#ca\gﬂé functi onal
plasmd or viral DNA vector including a DNA sequence according to Caim?7.

22. A procaryotic or (gyCALYQiHL phOfict C8F! probabistit! disiaidesydtic
transfected with a DNA vector accorap C.aim

ing to 21, 23. A _process
for the production of a PBFypEpts &> ‘F%ﬁ‘rﬂj’ 4 P%anﬁF“BPstﬂgkagﬁ’dfvce
structure and one or noeacodiihdetlve cdamp.cal properties of naturally
occurring pluripotent granul ocyte col ony-stinul ati ng factor, which
process is characterized by culturing under suitable nutrient conditions,
procaryotic or edearyoti® Bedypeptide: ASRSYSiREJtSr Cladls e AEEFERHh XY A

methionyl residue.

3. A glycosylated polypeptide according te Claim 1
which is a Chinese Hamster Ovary host cell expression
product of an exagenous DNA seguence.

4. A DNA sequence. which codes upon expression in a
procaryotic or eucaryetic host cell for a polypeptide
according to Claim 1 or 2.

s. A biologically functional plasmid or wviral DNA
vector including a DN2 sequence according to Claim 4.

6. A procaryotic or eucaryotic host cell stably
transformed or tranafected with a DNA according to Claim 4.

7. & process for the producticn of a polypeptide
according to Clainm 1, 2 or 3 which process is characterized
by culturing under suitable nutrient conditioms,
procaryotic or eucaryotic host cells transformed or
transfacted with DNA sequence agcording to Claim 4 in a
manner allowing the host cell to .express said polypeptide,
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sequence accord| ng to Jaimy7 in mann
-4-  host cell8to exprl®ss 21&?’6"‘?)‘6??% de °°&W&“&§6P8t| ngoueEising  an
pol ypepti de pr odﬁtéetbﬁet“oen‘preSsaopom?p%decamunﬂmq Zgl.Claim\ Jy oZess

for the product N4 o:!?g%%:! s n
pl uri pot ent graJrJ\gI ocyE‘ (‘:%I ny- st nmul fl ng fac ﬁ%ﬁingggsgse?gnpm
characteri zed b§ndula uPMﬁmﬂﬁEBF1§EHl§blaé’qWPéﬁt olupnt onédJ“HPBGar?ﬁt ic
or eucaryotic e@psiercells transforned or transfected with a DNA sequence
set forth in Table VIIl in a manner allowing the host cells to express
sai d pol ypeptide, and isolating desired poly- peptide products of the
expressi on of t®e DNA ségeecnfed poRgpeptrde megonding itonlClajonpbsizion 3

conpri sing &%&F&% YLodHREA! b ?f tﬁep )6%95' ﬁeeasg%s' P tha%l-més a

and/ or pr oduced progess o phar maceutlcgii/
accept abl e dl‘F'ﬁ re m&ﬂj‘-ﬁ%‘aﬁt""‘l’ﬁf‘e&&r Ifi°é'r ‘the Zrowtha ofy hemakepotatric

conposi tion acceém@gui ori8r Medid uskhept Ldwd BD} cinicad iby kaengsérof ot

associ ation wt n te of ~a pol ypeptide according
to Claim1 for ?‘F\%sg gggaot,pgp wﬂtﬂp‘%‘eﬁc porre)

10. Use of a polypeptide according to Claim 1, 2 or 3
and/or produced by the process according to Claim 7 for the
manufacture of a medicament for enhancing production and/or
release of granulocytes in a mammzl. '
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manuf acture of a medi canent for providing hematopoietic therapy to a

mammal . 28.  ]1Use g procesd farathe ipteductiver off & uhmanGhG+OSE produdtitaving the in
manuf acture of a nedicanent for arresting proliferation of |eukenic cells.
29. A pol ypepvivdegranulocytopgietis Giodogical properyteaf naturally:oecwmingchunsan g
30. A pol ypeptj de havi,ng the hemafopoietic biolog- ical properties of
natural |y occurds%gc%}‘mﬁbgtﬂé"nﬁtcﬁ ﬁfiul ocyte colony-stinulating factor, said

pol ypeptide having apyam agyaqhs Gy SAiELRCHEHET LORMiSNS Alinalian cells,
comprising promoter DNA, other than human pG-CSF promoter DNA,
operatively linked to DNA encoding the hpG-CSF amino acid sequence of
Figure 7; and
(b)  isolating said human pG-CSF expressed by said cells.

2. A process according to Claim 1, wherein the promoter DNA is viral
promoter DNA.
3. A process according to Claim 1, wherein said cells are primate cells.

4, A process according to Claim 3, wherein said primate cells are COS

cells.
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L )

pepti de sequence set forth in Table VIII or any alljelic variants,
derivatives, deletion anal ogs, substitution anal odS; =t 0gs

thereof, and chalact epA pdessyfobehe produstioniof adhiyaw pC+CSEnprodadt hyvihgithe in
the product of procaryotic or eucaryotic expressign of an exogenous DNA

sequence. vivg jgranulacytepaietis diiological preparpb of masrally nesriTing fuman pG-
effective am)untcgg therg‘glé epti de according to Claim29 and a
phar maceut i cal | y~ & SORREHT SRS RE  adj uvant or carrier.

o (@)  culturing under suitable nutrient conditions, mammalian cells,
comprising promoter DNA, other than human pG-CSF promoter DNA,
?peratively linked to DNA encoding the hpG-CSF amino acid sequence of
able VI
. and
A

(b)  isolating said human pG-CSF expressed by said cells.

2. A process according to Claim 1, wherein the promoter DNA is viral

promoter DNA.
3. A process according to Claim 1, wherein said cells are primate cells.

4, A process according to Claim 3, wherein said primate cells are COS

cells.
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