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Description 5 CYTOKI NE RECEPTOR ZALPHA11 BACKGROUND
OF THE | NVENTL.ON B9 i feration and differentiation of cells of

mul ticel lul'ar organisms are controlled by hormones and pol yBEpUS®Z2ownt h
factors. These diffusable nolecules 10 allow cells to conmunicate with
each other and act in concert to formcells and organs, and to repair
damaged tissue. Exanpl es of hornmones and growh factors include the steroid
hor mones (e.g. estrogen, testosterone), parathyroid hornone, follicle
stinmulating hornone, the interleukins, platelet derived growth factor
(PDGF), epidermal growth factor (EGF), granul ocyte-mnmacrophage col ony
stinmulating factor (GWCSF), 15 erythropoietin (EPO and cal citonin.
Hormones and growth factors influence cqylukal,metabolismby binding to
receptors. Receptors may be integral nme roteins that are linked to
signal i ng patthways within t he cE€¥TOKINERECEPTORDALPHASENger systens. O her
cl asses of receptors are sol uble nol ecul es, such as the transcription
factors. O particular interest are 20 receptors for cytokines, nolecul es

t hat pronote t hATKRGROUND OB THEINVENTION erenti ation of cells. Exanpl es of
cyt oki nes include eryt hrg&%i_eti n (EPQ, which stinulates the devel opnent of

red bl ood cells; thronbo feratiop ppdydiffepgntigtions of eplls f awltirellelamonganisme fire

cells of the me 112 ekl : - C NYq:at gl atin
Factor (G CSP) SRR &Y IPanbilf 368 pofptbale Mg ke " TnaRqibealit Eetiies
cyt oki nes ar¥ uséwicellsto 2ommueicste with@achosther and berdnl carebit td fovin lcalls dndRAgansNt S

suffering fromanem a, thronbqcytopenia, and _neutropenia qor recejving
chenot her apy fofn‘i%@?‘?g‘l‘ﬂﬁgeg sthxamplesiof hormapes, and growthofacters inplade the

cytokines il usiteaii€hdrtifoney\Rig Rudgd, teBloStBlondOpdtthirdld H&mo&nﬁxllfbﬁﬂilﬁlﬁéﬁn
ot her cytokines, cytokine agonists, and cytokine antagoni sts. e presént
i nvention addr e?@@@h@%&@&éﬂsbyiﬂﬁ%\ﬁeﬂv@mw fac®r (PPGFh tepideina! i growth
G 413 "2 ! s A" 5 50138
The present Jiﬁwsrmlirolmiq:tixdﬁl’ﬁ&an@awitpﬁnl ypeptides for these and other uses
Lgﬁtei ﬁ-houl d be apparent tﬁo}npo%gse an%kglrl)wlvt?\dfaclztgrstirrxlf?uegcrzé ctﬁlgl%rmrr}eg%oﬁsglag)b Ib1r1]1 i g
to receptors. Receptors may be integral membrane proteins that are linked to signaling
pathways within the cell, such as second messenger systems. Other classes of receptors
are soluble molecules, such as the transcription factors. Of particular interest are
20 receptors for cytokines, molecules that promote the proliferation and/or differentiation
of cells. Examples of cytokines include erythropoietin (EPO), which stimulates the
development of red blood cells; thrombopoietin (TPO), which stimulates development
of cells of the megakaryocyte lineage; and granulocyte-colony stimulating factor (G-
CSF), which stimulates development of neutrophils. These cytokines are useful in
25 restoring normal blood cell levels in patients suffering from anemia, thrombocytopenia,
and neutropenia or receiving chemotherapy for cancer.
The demonstrated in vivo activities of these cytokines illustrate the
enormous clinical potential of, and need for, other cytokines, cytokine agonists, and
cytokine antagonists. The present invention addresses these needs by providing new a

30 hematopoietic cytokine receptor, as well as related compositions and methods.



SUMVARY OF THE | NVENTI ON 5 _ Wthin one aspect, the present
i nvention provides an isol ated pol ynucl eoti de that encodes a zal phall
pol ypepti de con&ri sing a sequence of amno acid residues that is at |east
90% i dent i caVOOUYZIF ami no aci d sequence sel ected from the BFHBYE3Msi sting
of: (a) the am no acid sequence as shown iy SEQ ID NO 2- from am no acid-
nunmber 20 (Cys), to amno acid nunber 237 (His); (b) the amno acid 10
sequence as shown in SEQ ID NO 2 from am ng, aci d nynber,k 20. (Cys), .to, am no
aci d number 255 (Leu); (aﬁemeﬁ@mt‘%P@V?Sﬁéﬁgc@Tmém ﬁés")sﬁé PBFING, 2
fromam no aci dyqauihesh Ghphseht to'tRose SKiN&1 1B Fhehrt WoHR e 123RingsiRkdin. (d) the
am no aci d sequence aso‘sgl g\‘?m I'n SEQ I'D NO 2 fromam no aci dénunber 20
(Cys), to amno acid nunber 538 (Ser); and (e) the am no acid sequence as
shown in SEQ I O ' ' 5 nunber 1 (Met) to amino acid
nunber 538 (Ser§ﬁ%égﬁ??%wrii d percent identity is determ ned
using a FASTA program w tWithih Uprel ,aspeef) @Re presgntp énehtion= fovidsp arx iselatidon
penal ty=1, and substjtution matrix:BngNBé, wi.t h ot her paramaterg set as
default. Wt hi m@ywc@ﬁwfhweﬁﬁeml } Lapoiypeptide, SATANISIDE| A3 APRICE O} 8B, hov e
conprises a se l; b fiRAtidal ' dlan! aniRCARE edflerlct Seltdiddefrdth @ieP
q%gﬂ%?g?és thit 1%’ &q&kfﬂl% an i\

consi sting of: a pol ynucl eoti de sequence as shown in SEg I D NO 4

f rom nucl eot i degrbup consistihg of:i (de thé amino(dsjd seqpesicy s shevn i SEQJRUNR%: fram
shown in SEQ ID NO 1 from.nu tihde 126 ta.n ' LN : :

pol ynucl eot i de B0 fidmumber %émyﬁl)’nt%%n? 58&6%%?%%%& ?bgo%aeﬁfgéw i,

nucl eoti de 8383; se(;ﬁlencarmiowguﬁ Ifg,ggm?o)mmlmmimr DOV(CSsRtd Bntxﬂa;ig from
nucl eoti de 834 to nucl eoti de .. (e)..a pol ynuc] eot | S ce as

shown in SEQ | Drywber 253 dsh); () cthe aming acid %éyer?a %P%EQL%,S%‘EP@P}%

pol ynucl eoti de et 296 (Eﬁﬁ%‘axhﬁm%’é@duﬂb@p,ﬁ (Se9:(ay Uke Afinb @6id R8quefice

nucl eoti de 1682. thin anot’her enbodi ment, the isolated pol ynucl eotide
di scl osed aboveascshopniins SEQIDNO:R:from apfincadich oumbdr 01 (€35)d tpcamine peid inapmber om

t he group consi s}gJ of .. (\a) .the ] N L d e | Q'E@E D
NG 2 from am no§%#cq§gr)h@%§r&l56m{"&?§ d,s ce a[sgﬁ‘gibrh ﬁgﬁgﬁ;i}lﬁﬁ%\g%ﬂrl Q(cﬂ S);
(b) the anmi ng amimbesdq@viety @o amimhavid nimbSEEI8| (SeHOwherkinotine samin® aeidi pprasunber
20 (Cys), to am no, ac¢id nunber 255 ; (c) the, MO 00/17235 _
PCT/ USQ9/ 22149 ety i detespin BRI P’ﬁé”@ﬁ“@@%& E7R OPBOE R BAG Iy
above further cppphieision penalty=1, and substitution matrix=BLOSUM62, with other parameters

set as default. Within one embodiment, the isolated polynucleotide disclosed above

comprises a sequence of polynucleotides that is selected from the group consisting of:

20 (a) a polynucleotide sequence as shown in SEQ ID NO:4 from nucleotide 1 to
nucleotide 1614; (b) a polynucleotide sequence as shown in SEQ ID NO:1 from
nucleotide 126 to nucleotide 779; (c) a: polynucleotide sequence as shown in SEQ ID
'NO:1 from nucleotide 126 to nucleotide 833;(d) a polynucleotide sequence as shown in
SEQ ID NO:1 from nucleotide 834 to nucleotide 1682; (€) a polynucleotide sequence as

25 shown in SEQ ID NO:1 from nucleotide 126 to nucleotide 1682; and (f) a
polynucleotide sequence as shown in SEQ ID NO:1 from nucleotide 69 to nucleotide
1682. Within another embodiment, the isolated polynucleotide disclosed above
comprises a sequence of amino acid residues selected from the group consisting of: (a)

the amino acid sequence as shown in SEQ ID NO:2 from amino acid number 20 (Cys),

30 to amino acid number 237 (His); (b) the amino acid sequence as shown in SEQ ID
NO:2 from-amino acid number 20 (Cys), to amino acid number 255 (Leu); (c) the



secretory signal sequence operably linked to the DNA segnent. Wthin a
third aspect, the present invention provides a cultured cell conprising an
expression vector as disclosed above, wherein the'cell expresses a 5

pol ypepti de eNtOYWE®EBy the DNA segnent. Wthin a fourth aspREIUSENRI esent
i nventi on provides an expression vector conprising: a transcription
pronoter; a DNA segnent encoding a zal phall ﬁol ypepti de having an am no

aci d sequence as shown in SE%‘;D NO 2 fromamno acid nunber 20 (Cys), to
am no aci d nunber Within ong¢ embodimentthe rexpressionyvectn disslasedyahaye furflgr comprisiena

the pronoter, DNA ﬁﬁgﬂ;g r?g ﬂl:%f DSk dnked. Wthin one
enbodi nent, the expres ?%ﬁd\?g@f%cr% |s§¢'gse tggﬂ(;ve g%éﬁ%nlrt conprises a
secretory signal sequence JWithiald thidd aspedt, the présenDiiAerstiognpravides\Vd tcltured cell
anot her enbodi ment, the expressipn vector disclpsed abgve,furth conpri ses
a transmenbrane dMﬁF%@‘f&WﬁSWnﬁ@H’W %FF@”ERIREQ‘QQW&W.“‘%FFI Fef
enbodi ment, theg eyayppidoehcs@d Y the DNANeg@btsed above further conprises a
transmenbrane domai n consisting of residues 238(Leu) to 255 (Leu) of SEQ ID

NO 2. Wthin another enbodiWithin a fawethcaspectsthe qresontcimyentign provadas chnaexpression

further conprises '  yl ' | Ynglad t
segnent. Wthin ax%??lljew&?:!gﬁgi %e%??c%ﬂgﬂ &Qo%gogésrggo%m\%%@gmd?%%&gggg%w%
Iurthgr((éong)r izgesp?lypeéﬁﬂfmmgaglmiv\ryxdwmt i 'eqwﬁ?ﬂsd &bﬁﬂ@?ﬁQgBthuﬁ%n%ﬁnt ¢ hoid)
) er 0 2. i.n an [, aspect, e present
i nvention provi d'eg‘“&'?eégq @Ygftemm? ﬁ‘t"g W%Ehs?\%zﬁ’é)ééﬁdi%m& tgpminator,
expressi on vealoor wheeR @k Bﬁmidierpbﬂwﬁe?xem‘ﬁlﬁfd fhiinhiof ar inked SWitfin one
y the DNA seg

sol ubl e receptor pol ypeptide encoded ] ment. W{hin one
embodi ment, the cembedimentcthe pxpaession yeetor disslosed abovel Bptharieomprisgscrseanetory signal

exogenously 25 s ' lyef i h factog-fFor proliferation.
Wt hin anot her aspe ﬁéwgﬂ%’%n@éﬁ?’?&“w& d{e’vs'{h%fl M "o%elf"?ﬂ%e[m’ the
encodi ng a f usi onexpression vectormdiscididd atarvs furthet cantprises Siragmembiané démaBperably
segnent encodi ng pQl t] havi n .sequence of ajino acid resjdues
sel ected from the?‘ﬂl*egu%’pﬁg’nbgg S "6‘? af‘i‘)"taﬁ %’nf‘ﬁbf’%f‘ﬂ’ Enesslopf veston
ID NO 2 from am ngisateéed afdve m?rmllaagﬁ@'%az trafsthefibrdde difath BOHERBRg L3P rESle;

(b) the am no acid sequence of SEQ fromamno acid nunber 20 (Cys)

to amino aci d nunB&Lagro 26p {heu) of SEQHD NO:2\Witlgh angtBe embodiment, the expression
PCT/ US99/ 22149 vector disclosed above further comprises an intracellular domain operably linked to the

DNA segment. Within another embodiment, the expression vector disclosed above
further comprises an intracellular domain consisting of residues 256 (Lys) to 538 (Ser)
20 of SEQIDNO:2.

Within another aspect, the present invention provides a cultured cell into
which has been introduced an expression vector according to claim 15, wherein the cell
expresses a soluble receptor polypeptide encoded by the DNA segment. Within one
embodiment, the cultured cell disclosed above is dependent upon an exogenously

25 supplied hematopoietic growth factor for proliferation.

Within another aspect, the present invention provides a DNA construct
encoding a fusion protein, the DNA construct comprising: a first DNA segment
encoding a polypeptide having a sequence of amino acid residues selected from the
group consisting of: (a) the amino acid sequence of SEQ ID NO:2 from amino acid

30 number 1 (Met), to amino acid number 19 (Gly); (b) the amino acid sequence of SEQ
ID NO:2 from amino acid number 20 (Cys) to amino acid number 237 (His); (c) the



5 am no acid sequence of SEQ ID NO 2 fromam no acid nunber 20 (Cys) to
am no aci d nunber 255 (Leu); (d) the am no acid sequence of SEQ ID NO 2
fromam no acid nunber 238 (Leu) to am no acid number 255 (Leu ;Ié}eg t he
anmino aci d sYQYMEBES of SEQ ID NG 2 from ani no acid nunber é‘é’%"%ﬂ ¥t 0
am no acid nunber 538 (Ser); (f) 5 the anmino acid sequence of SEQ ID NG 2
fromamno acid nunber 256 (Lys) to am no ati d number 538 (Ser); and (9)
the am no acid sequence of SEQ ID NO.2 from ami no acid nunber 20 (Cys), to
am no aci d nunbexmisaarid sapgnce gFiJEQ 1D NQ;3 fropyrmine pcid mppber 28 (qys)to @piEBafiAg an
addi ti onal pol ypeptid el AN PR SanRhE aci
connected in-fr -,beléggis m"g‘ﬁ’g‘:‘lﬂ“{e@ J|’ra§i%i %ﬂ%ﬂ%ﬁ%@% Igggments engggg t he
10 fusion prot aiumbey23$ (Ruprodthine aakipemiber 256 ([en) (e)the iamimnadid sequencei ofe s
an expression vector rising the,fol] ow oper ahl y Linke nt.Sa a
transcription pr%ﬁ{%lléﬁ‘foqgﬂmﬁ%gw B‘é‘?‘{’eé#éggﬁ?sg’aa‘?‘ﬂéF%?"n%?‘%%ﬁ@%éiﬂ

di scl osed aboye; haRtlind abilABgqihieRfISE IENOIY R kmin¢faciddumber B56[{LPs) 06 &hinoS
operably linked to the DNA construct, and the 15 DNA construct 1 s operably

linked to the trasidsomaber 53%(Sed; and{8) the amigo agidyseguepcn af SEQ KR NO:2from amweent
I nvention provide

LtHr CA! Jmif ISR r ' V&l INA
di scl osed above,“ﬁ@%bpﬁgg%’eﬁ ex%rgéfslsngisng% %I@%@pﬁ?ﬁ%ﬁco e %y t he
DNA construct. Viepinkmt eacvdingen additiowal polypeptipe, sdherein thefisshandoothen DINA segmeats
met hod of 20 producin fusion projei.n conprising: uring,a cell .as
di scl osed above;”%r‘?ﬂm?‘eg a*'?'ﬁ'ge?t ﬂ%‘f‘ff‘ﬁéﬁ? ggséaﬁ‘b 8&%3%“‘%%%62’“03"?@ Wt hin
anot her aspegp, ﬁggnamgnt 1nvention provides an isolated pol ypeptide
conprising a sequence-of am no acid residues that_is at |east 90% i depti cal

to an amino acid sequence Wiliwanetherr 2speats e RIPSHHIVENONRIPYIdesoRn SXBIFSSIoRe
amno acid 2 5 . N : WeTaRF-Yoll fhy, 20
(Cys), to amno ‘}gﬁg%ﬁ%@% %gmﬂ{'% t “)b)hﬂlﬁgd?hﬁh{?g@agiﬁg&g%%?g ce gégﬁéhovm
in SEQ I D NO 2 fDNA edtistiact cebicatling | aifasior (pratéiy sds, dischosedrishoveaand an tratiseriptiths
(Leu); (c) the am no acid sequence as shown.in,.SEQ | fro m.n cid
number 256 ( Lys)termugatgh; % DAmAET 59Reab e}’%eg(ta;%’%\l%ﬁ?ﬁugbﬁ‘?m%
sequence as §BHOVWNiANconitct i oplrably fifledté the ianiptibnteriiesior30 20 (Cys), to

am no acid nunber 538 (Ser); and (e) the ami no acid sequencge as @hown 'iln
SEQ I D NO 2 from anino aciWithiu er1aspagh the (rsessi IHYPOHER P & cuiEed &y ) |

comprising an expression vector as disclosed above, wherein the cell expresses a
polypeptide encoded by the DNA: construct.

Within a;nother aspect, the present invention provides a method of

20 producing a fusion protein compfising: éuluuing a cell as disclosed above; and isolating
the polypeptide produced by the cell.

Within another aspect, the present invention provides an isolated
polypeptide comprising a sequence of amino acid residues that is at least 90% identical
to an amino acid sequence selected from the group consisting of: (2) the amino acid

25 sequence as shown in SEQ ID NO:2 from amino acid number 20 (Cys), to amino acid
number 237 (His); (b) the amino acid sequence as shown in SEQ ID NO:2 from amino
acid number 20 (Cys), to amino acid number 255 (Leu); (¢) the amino acid sequence as
shown in SEQ ID NO:2 from amino acid number 256 (Lys), to amino acid number 538
(Ser); (d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid number

30 20 (Cys), to amino acid number 538 (Ser); and (¢) the amino acid sequence as shown
in SEQ ID NO:2 from amino acid number 1 (Met) to amino acid number 538 (Ser),
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wherein the anino acid percent identity.is determi ned usi ng a FASTA program

with ktup=1, i ng penal ty=10, gap extension penalty=1, and
substitution "ﬂgﬁ?’}%sBLOSUI\/BZ with other paraneters set as MWPZMW'[W n

one enbodi nent, the -isolated pol ypeptide disgl osed above conprises a
sequence of anino acid residues 5 selected fromthe group consisting of:

a) the amno acid se nce as own in. SE acid nu r
00 (Oye) "t 0 arm Ny HErEI AR G SH DT SR i SEREAR HONG: S FAS AR
shown in SEQ ID NQuB:{ r%&baﬁb&&gacﬂeﬁalﬁ&@@ergaﬁoe{t@éﬁm @mlncmamsa,sﬁuﬁbﬁr
255 (Leu); (c) .theamno acid sequence as shown in SEQ 1D NO 2 from am no

aci d number 256 (WMW@?@%l@%M?@S@%Q&W Vithinione emhedimentothe
aci d sequence as r : .

am no agi d nunber§%%¥a(§ﬁ¥‘§§%n§ Wfﬁ %e am N Aci dg gequgtrzl’gemﬁlgo Q%\%n&l?‘%g
SEQ I D NO 2 fr@m a¢lecal faorh chepusipaionsistinhiof:)(a) theaminvmcittsequencedsashowis th SERII .
consi ste of & 3233&’-%?“ oo Biaber 201 (e <k BmER, R P O (GG ) the
consi sting of: (ahmidiCachiliedfendE heHORHURBED BONO2 frsih Alind dridERBP200T 75, oM

am no acid nunber 20 (Cys), to amno acid nunber 237 (Hs), (b) the am no

acid sequence as swinoracidhousiter 235 (lenr (9 r beramirioracid:sequenen astsbewi (1 PEQ 4P NQ:3
d nb 5
NG 2t Fom ani no. aBOR mainB abia uioet o8 A6 % Bk BECHEHGS 538 AL, o sl ©

the anino aci diesegidneguenc ashhown msmmmmm;nmmmmmﬂcwmme

20 t 538 d th
L Shoun i ' o) Bmmber SIR Brnead (el dhh amid, acid deguine absam o SEQ 5 Nkger
538 (Ser). Wt hin sRaphhifio &iﬂoa%ﬁs?ﬁtcmé\}yfo atﬁab%ﬁ%mey@ms&ﬁ Wnﬁﬁﬂ ARéiher

above further contal ns a WSXWs t hi n anot her enbodi nent,
i sol at ed pol ypept iesbodiment, thedsplatesbpalypeptidehdisclosodpbdvesonsists o%mmm aﬁemmo

dormin. W thi n anger. RGO ENber e o adl BhAug%e A9 HESHLLSE LaRLREH

above further conprises transne r ansimenbr ane
dormai n consi stxs ofshdmhiﬂEQlﬁm Rﬁb)n 4mind atid puumber 20f (CHEN Aol dthiti6Iacid nilihbéx 237

anot her enbodi ment i sol at ed . po e dis ve further

conprises an i ntrz@b’*ﬁﬂ ﬁ#ﬁg sg’ﬂ &@iﬁ&f?%%&%a@%
pol ypepti de di scl Q@Q@yﬁbﬁvﬁmﬁb“&éxh%unﬁms' &ed; (b? ﬂn@taﬁﬁfcﬁickdléegﬁerﬁ@%?bl{bwn in
wherein the intracellul'ar domain consi sts of residues 25 Lys) to 538

(Ser) of SEQ | D NSERQ IDNOR ﬁomnmveqcxd number 256 (Lys), to amino acid number 53 (Ser); (@)
the amino acid sequence as shown in SEQ ID NO:2 from amino acid namber 20 (Cys),

20 to amino acid number 538 (Ser); and (e) the amino acid sequence as shown in SEQ ID
NO:2 from amino acid number 1 (Met) to amino acid number 538 (Ser). Within
another embodiment, the isolated polypeptide disclosed above further contains a
WSXWS motif, Within another embodiment, the isolated polypeptide disclosed above
further comprises a transmembrane domain; Within another embodiment, the isolated

25 polypeptide disclosed above further comprises a transmembrane domain, wherein the
transmembrane domain consists of residues 238(Leu) to 255 (Leu) of SEQ ID NO:2.
Within another embodiment, the isolated polypeptide disclosed above further comprises
an intracellular domain. Within another embodiment, the isolated polypeptide disclosed
above further comprises an intracellular domain, wherein the ‘intracellular domain

30 consists of residues 256 (Lys) to 538 (Ser) of SEQ ID NO:2. Within another
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enbodi nent, the isol ated pol ypepti de di scl osed above further conprises an

i ntracel | ul ar gonaln wherein the intracellular domain further conprises
Box | and BoxX*? M es. Wt hi n anot her aspect, the present RCRSPHI20A2

provi des a nethod of producing a zal phall pql ypeptide conprising: culturing
a cell as disclosed above; and 5 isolating‘’the zal phall pol ypeptide
produced by the cell. Wthin another aspect, the present invention provides

an isol ated pol yﬁ@b@dtrg@tc@wpla@ﬁmglymhéﬁdlﬁ@ossé ipboveduthen eemprispeamintgaceligan t he
group consistingygf ‘ﬁ%Ffé'? %Hﬂﬂp NO 2
fromamno acid nu @y E ?l&@ag%grﬁ%ﬁam nu eégg%% gﬁsz!iit%d
wherein the pol ypeptide i sthhnhsamthbr aspevt, 1 pfeser 1n6enhbmrmamd$rsamﬂmddof
intracel | ul ar donmi,ns ordi C|ated wi t herrat ti.C eetors.
Wi anot her oHIOGHRIH PR PEBRAAG SIS SHATIBE 4ioai pb Lo agee o

conpri ses an a&f f jshlatinig the Galph¥t hgblwgéﬁgau@agyg{ewn he present invention
provi des a met hod of produ0|ng a zal phall pol ypeptide conprising: culturing

a cell as disclosed above;Withia amthes gispect niet presestilipieation penvjdss pan dnolated

roduced by the t des
g me'ltjhod 01}/ prodga#]eg g}é@#@g&ﬁ%@%ﬁ?ﬁg&?@% %eg%e e%ﬁ%rclioggl}sr%g{g%w

i nocul ating an aa) e aminb lacid quxie;tq:mtshdwnsmSEQtIMN&bfmmkmgr acid nambexi 26t | ng
of: (a) a polype e con t of tQ. 519 ani no gcids, wherein the

pol yg)e|)ot i dg c)c/)gs&é'tsg t?)?ménsl:s Wﬁgggéﬁﬁgﬁe@ “a“eé'h\%’ﬁlcp P i’ﬁll§ ubsiantiglly | o
NG 2 from amipo fed domtﬂmaﬁen?&aﬁe%%h iritRcdlilan O damhitls NordRMfilyd I8sociaRtl) wifhd) a

pol ypeptide consisting of the amng acid sequence of SEQ ID NO 2 from am no

aci d nurmber 20 (lspafopoieticammeppionici Withinnprathep 3embodiment, (thy  igolped

consisting of th ?@n% EQ ID NG 2 fromam no acid nunber
101 (Leu) to am ﬁgégggﬁ ;g:n?ﬁ&ggﬂ" taé( d) a pol ypeptide consisting of

the am no acid 25 sequen(,Wlthh bthel Bsped; Zhef- pmam&nnmnan:lpmkmdmhemeﬂhﬁﬂ ¢fAsn)

to am no acid nunber .174 consi sting,of .the am 4no
aci d sequence of“@%{j é?ﬁl?ﬁ Pﬁéﬂ’%’ﬂ?ﬁg‘“ﬁ%? nur “““g'il %‘f(‘t‘},‘gs‘ daci d
number 261 (Yal )1sokﬁﬂgmeﬁﬂbhﬁl9?61bﬁ®hﬁeﬂsﬂﬁdeﬂ tRfcell.he am no aci d sequence
of SEQ ID NO 2 from am no acid nunber 51 to am no acid_nunber 61

(Gu); (g) a polypeptide COREPAPHET awetty %W"d&?’"&“g@ provides 7 Frethods ofSEQ
I'D NG 2 from am paaagidanlaiibbdy 6)zalphal1d PoBPertide SophiRsy: inbbalakingd db)animal with

a polypeptide selected from the group consisting of: (a) a polypeptide consisting of 9 to

519 amino acids, wherein the polypeptide consists of a contiguous sequence of amino

20 acids in SEQ ID NO:2 from amino acid number 20 (Cys), to amino acid number 538
(Ser); (b) a polypeptide consisting of the amino acid sequence of SEQ ID NO:2 from
.amino acid number 20 (Cys), to amino acid number 237 (His); (c) a polypeptide

- consisting of the amino acid sequence of SEQ ID NO:2 from amino acid number 101
(Leu) to amino acid number 122 (Gly); (d) a polypeptide consisting of the amino acid

25 sequence of SEQ ID NO:2 from amino acid number 141 (Asn) to amino acid number
174 (Ala); (e) a polypeptide consisting of the amino acid sequence of SEQ ID NO:2

from amino acid number 193 (Cys) to amino acid number 261 (Val); (f) a polypeptide
consisting of the amino acid sequence of SEQ ID NO:2 from amino acid number 51
-(Trp) to amino acid number 61 (Glu); (g) a polypeptide consisting of the amino acid

30 sequence of SEQ ID NO:2 from amino acid 136 (Ile) to amino acid number 143 (Glu);
(h) a polypeptide consisting of the amino acid sequence of SEQ ID NO:2 from amino



(h) a polypeptide consisting of the am no acid sequence of SEQ ID NO 2 from
am no WO 00/ 17235 L

PCT/ US99/ 22149 3 ami no aci d"'sequence as shown in"SEQ ID NO 2 from ani no
acid nunber MBOWIPS)  to anino acid number 538 (Ser); (d) RHLENHY acid
sequence as shown in SEQ ID NO 2 from am no_acid nunber 20 (Cys), to-am no
acid nunber 538 (Ser); and (e) the am no acfd sequence as shown in SEQ ID
NO 2 fromam no acid number 1 (Met) to amino 5 acid nunber 538a§8er).

Wt hin anot her eaminepsid sequengsas shoymiin SEQ ) YRk frem amino asidaymper 256 H 35k to
consists of a se ) h. S . .
consi sting of: ,(%&ﬁg &gdgﬁn%nﬁgp %‘gi(g&g’gg):g%ce asacg(ﬁ%af]én ?ﬂésil%%gﬂ%%wgn%
am no aci d nunbefrord Gmidyacid numbea 20 (Cys)ad dminerdeit m@aber 638 Sep); disd (€) the aminao

aci d sequence as shown in S | D I N0_aci d. .nunher s). to
i o ac . nunbobEEbaRse =3 A in SHG I AREA A S CulRENEE | TRheDisd ving,
SEQ I D NO 2 f 50nacidiiniMbacC53R (SEFREIWHERA dnbthe) embBdifidht) Ahed fdothtedUpdlPiuchedtide

(Ser); (d) the amino acid sequence as shown in SEQ ID NO 2 from ami no acid
number 20 (Cys) , disclossdiabyefondsthohmhinquenss of apinp.aci Tesiques seleried:fiom sheagrpep

sequence as sho Ly X T ] b o34 \ . :
ac?g nunber 538%&3‘?’)’@5‘%{ i%@ﬁggs%i%t, t[}gﬁlsﬂo?]g%??é

pol ynucl eot i de dimsmbep 20dCq¥)o teearhino tabidr nunep 23 @isk (W)E\iXaminowicid. seddnoe as
anot her enbodi nent, the_isQ d. pol ynucl epti de disgl osed above, furth
conprises a tran R 2EQ Bt q&rﬁ&’\r‘%\‘ﬂ%"&ﬁ@’t‘%ﬁ%i@ﬁ i framino %r%nﬁ%‘zfrgﬁ%d

pol ynucl eot i dg dgf@j;@@eﬁe AAHODCIAXBRIh &S sRovil ABBEITPNOILE-618 Eind R infet NJ
e

of residues 238 u) to 255 (Leu) of SEQ ID NO 2. Wthin another i
enbodi ment, the 2¥ollatkip poing acid number38ASendd} the amigo 2pid\seayense cshown in
conprises an int I ? A A WAl ﬁ@{e [: hSpl.ak ed
pol ynucl eot i de dlﬁg@ﬁgsl\zdéﬁa ovgﬁi@gr?cpl}@i/ng@g&an | %)f g’c%%ﬁ?%ﬁ%?%}s?gé%%&aﬁs
of residues 256 (e)ythp amindbaid sé&menceas shesth DSEQ ID. NOi2 from amind heid number 1

enbodi nment, the j.s0lated.pol ynucl eotide di sc ed ahpve conprises an
i ntracel | ul ar do@?tk%\?\mﬂﬁo &%‘Ha‘}‘ﬂle‘?ﬁﬁgﬁég“io% aeo xenilcb"gﬁﬁe“go e igolated o
conpri ses aniknt plgMicledlidé dideloR Abeve futhé@! Rinpritdics WSWSIE Rbmale. Withir&iother

conprises an affinity tag. Wthin a second aspect, the present invention

provides an expr ebedimente the riselateshr palymigleotide fdirclased bowsp urthary comppissy a

el ements: a tranggidRidhAine PEGHEM, SWithth Zhbinci® GBSHimERC WY Mlafed” BbiRitiebtide
pol ypepti de having an am no acid sequence as
disclosed above comprises a transmembrane domain consisting of residues 238 (Leu) to
255 (Leu) of SEQ ID NO:2. Within another embodiment, the isolated polynucleotide
20 disclosed above further comprises an intracellular domain. Within another embodiment,
the isolated polynucleotide disclosed above comprises an intracellular domain consists
of residues 256 (Lys) to 538 (Ser) of SEQ ID NO:2. Within another embodiment, the
isolated polynucleotide disclosed above comprises an intraéellular’ domain which
domain further comprises Box I and Box II sites. comprises an intracellular domain
25 wherein the polypeptide further comprises an affinity tag.
Within a second aspect, the present invention provides an expression
vector comprising the following operably linked elements: a transcription promoter; a
DNA segment encoding a zalphall polypeptide having an amino acid sequence as
shown in SEQ ID NO:2 from amino acid number 20 (Cys), to amino acid number 538
30 (Ser); and a transcription terminator, wherein the promoter is operably linked to the
DNA segment, and the DNA segment is operably linked to the transcription terminator.



shown in SEQ ID NGO 2 fromam no acid nunber 20 (Cys), to am no acid nunber
538 30 (Ser); and a transcription term nator, wherein the pronbter i’s
operably linked to the DNA segment, and the DNA segnent is_operably |inked
to the trans™A4M73% terninator. WO 00/ 17235 PCT/US99/22149

PCT/ US99/ 22149 acid 187 (Pro) to am no acid_ nunber 195 (Ser); (i) a

pol ypepti de consisting of the amno acid sequence of SEQ ID NG 2 from am no

d nb 223 (Ph t d nb 232 d tid
Bonei St e of -t HASTER 6rah fsion AEH BB 326 (530 10 Sbelremidd borgisties U ABnbor
360 (Au) to am go,aGkd & o560 MIMO:2 PeAl amino BRI Ricibek 223 Pilley S Rrtninde

elicits an i mune response In the animal to produce the antibody, and
i sol ating the anadidbouiyber 232Gl and (v polymiptife consisingefi theyamise acidspeueppecafent

i nvention provid |bod rod <]
whi ch speci fi cal ?@Qiﬁa@& . (T "f% d@?)’{gmﬂ&f?ﬁ%%gﬁgﬁg%%éa&g t,
the antibody di Sﬁh&&iﬁdhatiﬁly@eptﬁe&haﬁlmlmmhe iﬂpometmhm;mmw tdiprodaceotheer

aspect, the present invention provi, nti pbogy whi ch specifically binds
to a pol ypept i deansibody; 3ud iseladnethe ! W&’E‘Pﬂ‘ﬁ‘ er aspect, the present

i nvention provides a met hagugh ABMEC higas, thé‘ Pﬁesg,gsﬁw&ﬁ,gﬁlﬁowa&empragﬁwe of

a nodul ator of zal phall proteln activity npri si r;ﬁ culturing a cell

into which has bpquedtbyoﬁuaeeth@dmlpﬁdsdw@m Wh’&hdpe%ﬁc y dindssteda galphal 1
wh th |1 t.h | t t
e pr esence BRPeRILS pwif oné SnBlfimbat b dhifody iR Move 16 » RbGEHAE"

activity of zal padibddy.n the presence and absence of a test sanple, by a

bi ol ogi cal or biochem cal _assay; and determ ning fromthe corrparl he
presence of nodul ator of 2%ItHR a‘1°1h°2631’° @’F Q‘Pﬁmﬁ?é’r? %hh

anot her aspect, ﬁﬁﬁﬁﬁst&ﬁ? 8 ﬁﬂb&r&ééldﬂé‘cﬁab% ¢ret hod for det ectl ng a
zal phall receptmﬂéﬁﬁgg d V\Athlg gﬁ est sanpl e, cgnprl sing: contactin

test sanple wth a pol ypeWithie angthpr ameﬁgthmp@mﬁdnwnw 95&%@%0&%\/;1
nSEQIDNOZf mamno d
I(H| s); and 25 d wgf’?ng at%& sgmﬁigi ng "o '%glfc%e po y%tg%g%ﬁp%gg F)agangél n the

sanmpl e. Wthis omnpmhrgdbﬂamhg at dell intt vlsich ﬂashdensmmmtaﬁvm éxprdshem vedomas ses
8O DD e OO Borcs iy e cal enprusheb Ble A1 riibin 1385 By i DRA"
segment in the presence and absence of a test sample; and comparing levels of activity
of zalphall in the presence and absence of a test sample, by a biological or biochemical
assay; and determining. from the comparison, the presence of modulator of zalphall
20 activity in the test sample. |
Within another aspect, the present invention provides a method for
detecting a zalphal 1 receptor ligand within a test sample, comprising: contacting a test
sample with a polypeptide comprising an amino acid sequence as shown in SEQ ID
NO:2 from amino acid number 20 (Cys), to amino acid number 237 (His); and
25 detecting the binding of the polypeptide to a ligand in the sample. Within one
embodiment, the method disclosed above further comprises a polypeptide comprising
transmembrane and intracellular domains. Within another embodiment, the method
disclosed above further comprises a polypeptide wherein the polypeptide is membrane
bound within a cultured cell, and the detecting step comprises measuring a biological
30 response in the cultured cell. Within another embodiment, the method disclosed above
further comprises a polypeptide wherein the polypeptide is membrane bound within a



di scl osed above further conprises a pol ypepti de wherein the pol ypeptide is

menbr ane ‘bound ‘'wi thin a cultured cell, and the detecting step conprises
measuring a biological 30 * ‘response in the cul tured cell. Wthin another
enbodi nent; tW@O d di scl oséd above further conprises a PeFyiepti4de

wherei-n the pol ypeptide is nmenbrane bound wifhin a WO 00/ 17235
PCT/ US99/ 22149 9 cultured cell, and the detecting step conprises neasuring

a biological response in the cultured cell, wherein, the onLo i cal response
s col | "prol i f or quued eall, ged b defeaing R rashisises PessERing.p biplogisghrespanse, i e

W t hi n anot her eqﬁgﬂéﬂgaj, | 2R SorblieialiSE of QRRVALDE Sofd
pol ypepti de wherein-the 50?@%2%%2%%%%?%32% O;‘prg 5 soloi d support

These and ot her #&ensedptionodf a reportens gentei HWiithin [ahothercembodimentcthe matbod dis¢lesednce
to the follow ng detailed descriptign of..the |nventi l.EE
OF THE DRAW NGS F ve further comprises %P@HP?BE"' Vgﬁﬂﬁ‘ﬁﬁw%@gﬁgwg’ﬁﬁ%{% ?N

pl ot of human galsglithsupporti gure 2 is an alignnent of human zal phall (zal pha)
(SEQ ID NO 2) and nouse zal phall ghrmzal p) (SEQ.ID NG 8&). DETAI LED

DESCRI PTI ON OF THE | NVENT] &gsq gnd other aspects of the;igyentign salliherome gyident; ypon
invention in det gid enddio MRV ﬁm-g bkt Sfemstaidl ng thereof to
define the foIIO\?méng ‘%efat?rrs:oﬁ e ?erm"z;’;e | IH'E&;/ tag"tﬁ%s used herein to
denote a pol ypeptide segnent that can be attached to a second pol ypeptide

to provide for pyd.ti ' | W second pol ypepti de or
provi de sites foﬁ@?iﬁ#ﬁ?@@ﬁ%@ peptide to a 20 substrate.
I'n principal,i@ny peptide Biguirids & Hopp/Woodkhdiophilicits pld ofiuntn Zalpherl.

specific binding agent is avail able can be used as an_affi nité ta%g
QA .

Affinity tags include a poFigures isan aligament of buman zalphal }, (zalpbp) BEQIP
EMBO J. 4:1075, ] - NI @h]za ; w nzynol . 198:3, 1991),
glutathione S tr;aﬁggl&%se 15 %% ah)d(sf'o nso?,’ssﬁéne 67:31, 1988), Au-Gu

affinity tag (G ussenneyer et al., Proc. Natl. Acad. Sci. USA 82:7952- 25

4, 1985), substa | al ., Biotechnol ogy
6: 1204- 10, 1988) %&&E@@?ﬁ@‘ﬁ@%ﬁ%ﬁmk’ ot her antigenic epitope
or bi ndi ng dopmi n. See, i nPgenR stttingHorthl thd invention Rh Weil)itif BS helpful a6 the

Purification 2: 95-107, 1991. DNAs : .
understanding thereof to define the following terms:

- The term “affinity tag™ is used herein to denote a polypeptide segment

that can be attached to a second polypeptide to provide for purification or detection of

the second polypeptide or provide sites for attachment of the second polypeptide to a

20 substrate. In principal, any peptide or protein for which an antibody or other specific

binding agent is available can be used as an affinity tag. Affinity tags include a poly-

histidine tract, protein A (Nilsson et al., EMBO J: 4:1075, 1985; Nilsson et al., Methods

Enzymol. 198:3, 1991), glutathione S transferase (Smith and Johnson, Gene 67:31,

1988), Glu-Glu affinity tag (Grussenmeyer et al., Proc. Natl. Acad. Sci. USA 82:7952-

25 4, 1985), substance P, Flag™ peptide (Hopp et al., Biotechnology 6:1204-10, 1988),

streptavidin binding peptide, or other antigenic epitope or binding domain. See, in

general, Ford et al., Protein Expression and Purification 2: 95-107, 1991. DNAs

.encoding affinity tags are available from commercial suppliers (e.g., Pharmacia
Biotech, Piscataway, NJ).

30 : The term "allelic variant" is used herein to denote any of two or more

alternative forms of a gene occupying the same chromosomal locus. Allelic variation



encoding affinity tags are available fromcomercial suppliers (e.g.,

Phar maci a Bi otech, Piscataway, NJ). 30 The term™allelic
variant" is used herein to denote any of two or nore alternative fornms of a
gene occupyi W% ane chronvsomal [ocus. Allelic variatidUsRfos 17235
PCT/ US99/ 22149 10 arises naturally throughlgut ation, and may result in
phenot ypi ¢ pol ynor phi sm wi t hi n popul ati ons.” " Gene nutations can be silent

(no change in the encoded pol ypeptide) or may encode pol ti des hayin
al tered anino a@ngpsg)eqepébrégmugih@u@&%aaﬂF@I&'FE%“&&PPEWP}{P@/&?‘E‘B“?@E‘B H ign
to denote a pr Og,ﬁ,ﬂatﬁ,ﬂgo%a%mﬁa%?ébah%'sﬁeﬂﬂd @iahgtn tfe ERI38ed Polypeptide) or

The ternms "am no-term nal carboxyl-termnal™ are used herein to
denot e posi ti onsnagientide polypspiisies having alivied aminorasidssavenge. Bhel terrallelip ¥agiant o s

are used with reference, ta articular se . '

pol ypeptide to dRHHE W% ?’S’m{?ra'%tf'"gﬁ“\:/ogg%gfsiﬁ}ﬁ%ﬁ?Qi&%’Pp‘g?g%%e, a
certain sequefice positi Ongik eidaiho-fefmhifal’ahd tarboxyletmminalt ereamefereir to
within a polypeptide is_ |ocated proximal to the carbgﬁ r m nus of

|t 1
the reference sclgute pesitionswithin pelypeptidess Jherg the gontext gﬂf" ??ﬁlter’lnéra?ﬁ%ﬁ‘g of
t he conpl ete pol fel'ﬂc%e Ti‘éarﬁ' @se"@gﬁgglog bh 8P h bolyPEpRLE tPdkhote Prdximi
denot es non-i den ?'?g m)ltgtl S "?‘F}at orm qgﬁgn-covg?.qnt | y associ at ed, Y
stabl e pair under relative ppsition. cF ar enatiple,creertaif sequencs: positienedisathoxyl-terminal §o &i n
(or streptavidin), are prototypi.cal [ IS :
conpl ement / ant i -%%Wﬁ@e%@?ﬁ‘%%a&ﬁg%gﬁgﬂg{%ﬁ conp %%ﬂ%@gﬂlitﬁ%énnuglogmnt
pai rs i ncl udgp r ReeRFéncE s@Biste Pt isnot asdesdarityyat airt cagmmy termifvaspafethe complete

epi tope) pairs, sense/antisense polynucleotide pairs, and the |ike. Wuere
subsequent di ssOIYRERUSS- of t he conpl enent/anti-conpl enent pair is

desirabl e, the conpl enent i -OEH%ﬁé}ﬁ‘éﬁ/axRﬁéJ fidn® Al Vdeoes aohideaticd
affinity of <10[err] M er?_?é..lttéz‘gp ] T#(laﬂ% er m‘ﬁ?corrpl ements of a
pol ynucl eot i de rméieties thet farm amopebyalently assotiated, siablemairandes gpprgprigte conditions.

conpl ementary base .sequence_ .and rewverse o] . 'Wr Bof
ref erence sequeﬁ'f?é.' e’e%%?r%l'%n,d fh 'sgoau%‘lﬁg%@ﬂ ,ﬁ;?gﬁ)&s 2
conpl ement ar ys t Gobplefica¥akdplment Ipairt eOthet esertplory clenpi¢raent/anti-complement
pol ynucl eoti de that has,a contiguous stretch, 25 . of ,identical .
conpl ement ary- smém%%?w&mga%m"@%ﬁ%w &n p&?oﬂ% epitope) pairs,

sense/antisense polynucleotide pairs; and the like. Where subsequent dissociation of

the. complement/anti-complement pair is desirable, the complement/anti-complement
pair preferably has a binding affinity of <109 M-1.

20 The term “complements of a polynucleotide molecule” is a
polynucleotide molecule having a complementary base sequence and reverse
orientation as compared to a reference sequence. For example, the sequence 5'
ATGCACGGG 3' is complementary to 5' CCCGTGCAT 3'.

The term “contig” denotes a polynucleotide that has a contiguous stretch

25 of identical or complementary sequence to another polynucleotide. Contiguous
sequences are said to “overlap” a given stretch of polynucleotide sequence either in
their entirety or along a partial stretch of the polynucleotide. For example,
representative contigs to the polynucleotide sequence 5’-ATGGCTTAGCTT-3’ are 5°-
TAGCTTgagtct-3" and 3’-gtcgacTACCGA-5’.

30 .The term “degenerate nucleotide sequence” denotes a sequence of

nucleotides-that includes one or more degenerate codons (as compared to a reference



sequences are said to "overlap” a given stretch of polynucleotide sequence
either in their entirety or along a partial stretch of the pol ynucleoti de.
For exanpl e, tativeicontigs to the pol ynucl eotide sequence

5' - ATGGCTTA are 5 - TAGCTTgagtct-3' and 3'-gtcgacTA TU§99/2234p

The tern1"degenerate nucl eoti de sequence” e_{]Jgtes a sequence of

nucl eoti des-t hat includes one or nore degen te codons (as conpared to a
reference WO 00/ 17235

PCT/ US99/ 22149 pdtfymyeientie melerye cbat) encedesta palypertidels Reggneesie icadons contain

Degener at e codonsy;faiah &ﬁdest W he
sane am no acid rei;f‘i&gutzeﬂ‘1 e{.; offhﬁééA Bh%&%;trl agi[éga!ugxg% ncogyélXép %‘h&
term "expressi on GA€ttupletsieschiencalletAspYienot e a DNA m)l ecuI e, |li near 5 or
circular, that conprises a Nt encodl n | S
operably linked to additi onlifg‘?é‘g H’ﬁ&"f)rg ?T@E‘H E"E‘\%F

Such additionab se@ieilhs tHahédmisiResd @gﬁbﬁrenmgwwoﬁﬁaem?&%bly%ﬂemy
al so include one or nore origins of replication, one or nore selectab

markers, an enharf@eaddi t’&“ﬂoﬂ%@ﬁ%tﬂ?ﬁﬂ%f@nﬁl moaﬁwbgd@nwécssmmtw e

general ly derive ﬁ:&hﬂd {%{‘m%}a{ t of
both. The term™ ﬁgg at 'giﬂ% en app |egeqto a po a]ilsgé?‘ﬁ'gﬁ &éengo‘?é’@?é%%

t he pol ynucl eot i def replicatias one ennmr;dseiacmblelmakem,tanraha@matpotyamdylaﬁm sigflalj s
thus free of other _extraneous or unwanted cpodin enq in a
form sui tabl e for*is& RITHPH YRR &% Bfe §rfgpﬁfé€ glq’i ﬁﬂ@h@t,,qmnay
syst ens. Suchmsodoﬁt@ﬁe]aﬁhﬁgw@&l are those 15 that are separated from

their natural environnent and i ncl ude (':'DNA and genom ¢ clones. Isol ated DNA
nol ecul es of the pr esent i e fRrmg isojgted sfwb@@t’h&weqrpﬂmbom rlelwltnSGhatttMy

are ordlnarllya t ggﬂgp

untr ansl at ed regl ons suc a%gpbregﬁnoﬁnled}gbﬁ’&l P’gr m nat %nregg el den | Fﬁgeaf)fon
of associ at ed reqrthﬂsxmebummwauted]eoding sequencds, axdds meufpmkﬁltableifarﬁdeeviaﬁﬂ
(see for exanpl e, nan a ure 316: 774-78 An

‘i sol ated" pol ype%?g%gﬁﬁ@%?ﬁ %ﬁ‘ S5t Seh fe. 51?%%&5 3re; thogg ng
in a conditi omsotﬂiﬂrarbhaﬁhratbﬁﬂ%ﬂithé& ﬂﬁﬁﬂr&ﬂ%ﬂhmt%ahnﬁﬁd@mh drldOgerBhROd
and ani nal tlssue Ina referred form the isolated polygepude I's

substantial ly fred B peleeulescof thapresentinvention ars fiee ofinshey mencsi withs
of animal ori g' n-wlluEh 'tl'fe;rpirgf Flihdrfly 2RoBibRY! B may include naturally occurring 5' and 3'

untranslated regions such as promoters and terminators. The identification of

associated regions will be evident to one of ordinary skill in the art (see for example,
20 Dynan and Tijan, Nature 316:774-78, 1985).

An “isolated” polypeptide or protein is a polypeptide or protein that is
found in a condition other than its native environment, such as apart from blood and
animal tissue. In a preferred form, the isolated polypeptide is substantially free of other
polypeptides, particularly other polypeptides of animal origin. It is preferred to provide

25  the polypeptides in a highly purified form, i.e. greater than 95% pure, more preferably
greater than 99% pufe. When used in this context, the term “isolated” does not exclude
the presence of the same polypeptide in alternative physical forms, such as dimers or
alternatively glycosylated or derivatized forms.

The term “operably linked", when referring to DNA segments, indicates

30 that the segments are arranged so that they function in concert for their intended



25 the polypeptides in a highly purified form i.e. greater than 95%
pure, nore preferably greater than 99% pure. Wien used in this context, the
term"isol ated" does not exclude the presence of the sanme pol tide in
alternative W33 forms, such as dimers or alter nativel'&r&ﬁ/;%%éﬁ ated or
derivatized forns. -The term "operably |inkgd", when referring to DNA
segnents, indicates 30 that the segnents are arranged so that they
function in concert for their. i.ntended. VWO 00/ 17235 .

PCT/ USQ9/ 22149 RBPYSES: G dmnscrippjon fHAIES dn fhe REprRtef ﬁ‘f‘f Progegds fhrough e coding,
and proceeds t hggmert th {2 térftfiMabid. Segment to the termnator. The term

“orthol og” denoteés- a polypeptide or protein obtained from one. seg%gl es that
is the functional count eﬁ%&@nopﬁ@l‘iﬂ)lmﬁﬁ@wn%?ft@?tﬁm BHRES 9P 908 ent

5 speci es. Sequsﬁ,%g faf ﬁ%g&@g@ At ey yBpfiad Sprb@ihUrdm @ different

speci ation. "Paralogs" are ut” structu l'y related proteins nmade
by an or gani sm speeesal Sequense difforehies amdng orthwlags ereithe wwenjtofgpesiationpl i cat i on.

For exanple, a- globin, [egrr]-globip.. 0 in 0, 0 ch
other. A "pol ynucl eoti de" s?'gl]"ﬁsq’s‘i‘rﬁg‘ﬁ%'—ngfggutd #@ﬁi!t ?egﬁ%egr%%o y%g?e of %o
deoxyr i bonucl eog gsifieRr P&iah%@ldfel REkvedao Reisetrduh Gehe Auplicition. For exaniple;

end. Polynucl eotides include RNA and DNA, and may be isolated from natural
sour ces, synt heglpbincB-glebip, andgnyaglobjy aze paralags ofsashPBeSnbi nat i on of nat ur al

and synthetic nol ecul es. ,Si W UCh €9l h18e Sr AiSubXdtiafdeaC SoRtel ASE
pairs (abbreviated "bp") ,A_?nﬁ)?ﬁ'gg{l?%gé ?yn% "?f,@%r% [ Iatgul])’ases (" kg'??. Wher e
t he cont ext 1al | devxyritidnacleatidecor tribondclsotide rhmyesdeendr fiom 1B SHdpythecPednildes

that are single-strapded ar .dou -Stfr ed. . \When t e SaraPLd to
doubl e- s-trandedp‘ﬁﬁ?"é’gﬂ'f‘g@ ‘P?l“‘?%ﬁﬁg‘eﬂ‘dt@ﬁgem énag\%eer%ﬁ%?é&eng ﬁ andLéM * be
under stood to b?nﬁﬂb&é@z‘n@&ﬁo, bfpréfaed fvniTh chiibifatioiof Adtural dnd\sirtheticenoleniegni zed
by those skilled in the art that the two strands, of a d,ouglﬂﬁé, trande

e

pol ynucl eot i de Hiags of palppucleptidesars, expressedan base pairs (Abbreyite » PYRLSOBGES may

be st d ’ | I ' '
i thi noa. doubi oC 2 bERHLOpaRte (RN Wit &%“ﬁ%@ﬁ?ﬁ*ﬁi‘:ﬁ%ﬁ%@“ﬁ%ﬂ@“ﬁ“

"ol ypept i das | polpmuplsbidesiiha brecsiptostoied orcionblestuyiodn Sthen jioermt fcipplighs,
nhet e orocicef bl Sl BBl 14 kARl oL Yo b o
o be equivalent to the term “base pairs”. It will be recognized by those skilled in the
art that the two strands of a double-stranded polynucleotide may differ slightly in length
and that the ends thereof may be staggered as a result of enzymatic cleavage; thus all
20 nucleotides within a double-stranded polynucleotide molecule may not be paired.
A "polypeptide” is a polymer of amino acid residues joined by peptide
bonds, whether produced naturally or synthetically. Polypeptides of less than about 10
amino acid residues are commonly referred to as "peptides”.
- The term "promoter” is used herein for its art-recognized meaning to
25 denote a pottion of a gene containing DNA sequences that provide for the binding of
RNA polymerase and initiation of transcription. Promoter sequences are commonly,
but not always, found in the 5' non-coding regions of genes.
A "protein" is a macromolgcu_le. comprising one or more polypeptide
chains. A protein may also comprise non-peptidic components, such as carbohydrate
30 groups. Carbohydrates and other non-peptidic substituents may be added to a protein
by the cell in which the protein is produced, and will vary with the type of cell.



The term "pronoter” is used herein for its art-recogni zed neaning to 25
denote a portion of a gene containing DNA sequences that provide for the
bi ndi ng of RNGdfhy3Erase and initiation of transcri ption. g%gg:{% er _
sequences are commonly, but not always, found in the 5 non- P21 4%i ons

of genes. A "protein" is a macronol ecul e cogprising one or nore pol ypeptide-
chains. A protein may al so conprise non-peptidi c conponents, such as

car bohydrate 30 A 0 at.e d pther non-peptidig substituents
may be added to g“p“rﬁo?% %? % ﬂgiyﬂe{ahggrgel Fn i%ﬁ%\r/;\h?ﬁ Thé&H% 'lﬁn'{”fcgg?ﬁcoa%'éc&f,es’and
will vary with t bsbstitypsts aichasgtdrbohydraié@rélip's hrelitherally not specified, but may be present

PCT/ US99/ 22149 13 Proeiqgi ns are defined herein in ternms of their amno acid

backbone structuf‘%‘é"',‘h Bstituents such as carbohydrate groups are general ly

not specified, but may be THeR8R(MreddBidP!il tbddTRrein 3Gich6it Nceli-84BG 50 "Bdtén ed
herein to denote a cell -assc?ci at ed protlei n, orm5 ae pol %egfslsﬁe gﬁ unl’tb?of

such a protei® 8nelypentide subupit of svich a pratein, thasbindsitos Biodetive molpenlel (the Higand")

nedi ates the eff . | kgan t he | | . @i ng..of Jigand to .
receptor resul tsgﬁ?&rlmg‘i%%{ﬁgrdnai&?f’gtrlfgpgacnﬁé’ﬁg e el ?ﬁfé‘g}ge‘%é‘ﬁ?@rm gtor Fefults e
cases, receptor aebiformationdlichanpe ih the.receps (ikdfini some @hseh,d8ctbios Mul@herization,
different receptor subunits) teg;q"ﬁfauses i nteracti ons between the effector

domai n(s) and ot her aFBFIEUR af : {oR shifferent reqepnr subynits) thet icavsss jinferagtions ur n
lead to al terati gasebdtht RfedtBit dRMAI( %@Bﬂﬁﬁoﬁe@uh%(i? Jg‘?ﬁ@%ﬁ! hefVifilRka b3k

are linked to receptor-ligand interactions 1nc ene transcription,
phosphor yl at i3én, ture jsed tpaltsrajions in the metabalisyrof Hiefcell.aMetaholic avente thmeare linkezto| i ¢

AMP producti on, L) jon. el lular, cal cium nobil.i zati on of. memyrane
lipids, cell adhg%g%'lr’n‘f‘ﬁﬁ%rol“&%sr?"g“°8# | ingtude’ | Be &?“sgﬂaé‘ﬁ‘ydr grRharylgion,
phosphol i pi ds. Cdéphosphofylationcocligioliferation; aitieasds iRER T AMP podadta! @obikedioRy a

mul ti-domain strugt as. discussed in npre detai]  bel ow. These receptors

are anchored in Phé&® I%%%%%W%'?fr@ﬁ%‘h@ﬁbﬂiﬂﬁ’@ eeihadhesiona hydrelysis afd
by a sequence of jiags1 QMM Rydrdlfsid 6f ' S ﬁjrﬁgé -
residues), which is coyrrlronl y tl qn%é%sggh%sgg‘?l%el§él% argeh%?gg‘?g%cgé&{{ég or
Arg). |n gendbal charectesized by acnvitislomaimirustuee asdisciissedyin osat idetaid belonc | These
nononeric (e.g., [ j i n Qrnpne, recept or, .bet.a-adrenergic
receptor) or nul i té‘?(?%égléo , %&?fe%%ﬂ%{gyg? mﬁ?ﬂsﬂméﬁ?ﬁ“wh 3
receptor, GV CSFby ecseuente ofShidrbphiobives2ihib acid residues (typically about 21-25 residues),
which is commonly flanked by positively charged residues (Lys or Arg). In general,

receptors can be membrane bound, cytosolic or nuclear; monomeric (e.g., thyroid

20 stimulating hormone receptor, beta-adrenergic receptor) or multimeric (e.g., PDGF
receptor, growth hormone receptor, IL-3 receptor, GM-CSF receptor, G-CSF receptor,
erythropoietin receptor and IL-6 receptor). The term "receptor polypeptide” is used to
denote complete receptor polypeptide chains and portions thereof, including isolated
functional domains (e.g., ligand-binding domains).

25 A '"secretory signal sequence” is a DNA sequence that encodes a
polypeptide (a "secretory peptide") that, as a component of a larger polypeptide, directs
the larger polypeptide through a secretory pathway of a cell in which it is synthesized.
The larger peptide is commonly cleaved to remove the secretory peptide during transit
through the secretory pathway.

30 A "soluble receptor" is a receptor polypeptide that is not bound to a cell
membrane. _Soluble receptors are most commonly ligand-binding receptor polypeptides



erythropoietin receptor and IL-6 receptor). The term "receptor polypeptide"
is used to denote conpl ete receptor pol ypeptide chains and portions
thereof, including isolated functional domains (e.g., |igand-hindi

domai ns) . .25woon/19235 A "secretory signal sequence" i Egﬁ%%&@gquence
that encodes-a polypeptide (a "secretory pgptide”) that, as a conponent of
a |l arger polypeptide, directs the | arger polypeptide through a secretory

pat hway of a cel] in which it is synth sizea. The r_pepti ' .
comonl y cl eavedhﬂtéackme’ﬂt’f@“%éﬁ@%‘ﬁvnﬂ% ?’Pﬂﬂs-dg?’f“ﬁg ’f%gﬁ’ésl ?%#??“c?ﬁlgsﬁ t he
secretory pat hWgyditigifhl amino acid residues/Sucis & 4ffhi€y taCBRl RR6Vidé for purifivatinnd of the
pol ypeptide that is not bound to a cell nenbrane. Soluble receptors are

most commonl y | ipglypeptide rati prgvide sitps & stackpensiqf e polypeptidsoto1 # Substrate, or
PCT/ US99/ 22149 14 th n REs eﬁf?ﬁ@a bl e
receptors can Cawg*&y@%@&?ﬁ%%ﬁfe@%ng a%"lgl'dplrai(?s/|e ues, srsu% as g;‘éﬁtﬁﬂ%
tags that proyi decdrshig, oluble cauniegpartsfthatfape prodyeedpby groteplysisr oSéldele geeeptor f or
attachnment of the, polypeptide,to a sybstrate, or_.imunogl obulin.con t
regi on sequencedolyReRtides @rq -s%‘ﬁrtf’al?fes‘;{ﬁ@@é%rge%ggémﬁ%{? ey m&‘é‘ﬁé"ﬁ?ng,
sol ubl e counter gﬁfyb_épﬂd@%&%ﬁéxﬂs WhAOHEE fck Yuffitiaktqoktitnk 9f thesd sehments ecprovide

pol ypeptides are said to be substantially free of transnmenbrane and

i ntracel | ul ar pohemwaneiagehozing orsignal wpnsdudtion.respgetivelyuf f i ci ent portions of
these segnents to provide an8y. ) %Lig I SSGVE Bims of
respectively. The term"” sﬁ?@hvﬁ}cg& | sgglssg%h ergﬁr‘lieliti%@genot e °

al ternative {@r RNAftrabScribSilfrdm an gere. b Spliter vaniation cavises nSptally ghrough asé ©f

arises naturally_through use of aljernative. Gl ites within
transcri bed RNA 3#gmatys splichie pites sWithing, rﬁ*‘g}s"ﬂﬁéjm{’{]g’%%s‘?‘gﬁ eqryle{Lr 3°r@3?l|ﬂ%ed
RNA nol ecul es,  afagvddR epddstblly L tranSorfb8d RNA nioRARs,t srdnmay irdsal if rseverdl hARNAse
gene. Splice variants may encode pol ypeg}ii des _havi ng al tereﬁ am',%g acj d
sequence. The t dransceibed deomy thei same gene.q| Splice yaganis: may Fagesde fides hgving
prot ei n encoded ' Laat | deRie
At oifild 663 Y@fubat! 186 vith SPIRDY\vArlaR o6 hérdil13 a

Mol ecul ar wei ght's an eng polynmers determned by inprecise
anal yti cal meshguisteinencpded by h splice vanianp bfangsRNA tiahscrib a&ene ood to be

sppriox e val ues. Wen, UGl g bl Ly G 4t Bty et Yy opesie

to [err] 10% analytical methods (e.g., gel electrophoresis) will be understood to be approximate

values. When such a value is expressed as “about” X or “approximately” X, the stated
value of X will be understood to be accurate to £10%.
20 All references cited herein are incorporated by reference in their entirety.
The present invention is based in part upon the discovery of a novel
DNA sequence that encodes a protein baving the structure of a class I cytokine receptor.
The deduced amino acid sequence indicated that the encoded receptor belongs to the
receptor subfamily that includes the IL-2 receptor p-subunit and the f-common receptor
25 (i.e., IL3, IL-5, and GM-CSF receptor B-subunits). Analysis of the tissue distribution
of the mRNA corresponding to this novel DNA showed expression in lymph node,
peripheral blood leukocytes (PBLs), spleen, and thymus. Moreover, the mRNA was
abundant in the Raji cell line (ATCC No. CCL-86) derived from a Burkitt’s lymphoma.
The polypeptide has been designated zalphall.
30 ;I‘he novel zalphall polypeptides of the present invention were initially
identified by querying an EST database. An EST was found and its corresponding



20 Al'l references cited herein are incorporated by reference
in their ‘'entirety. The present invention is based in part upon the

di scovery of a novel DNA sequence that encodes a protein having the
structure of cytokine receptor. The deduced am ng uence
I ndi cated t ha oﬁhe encoded receptor bel ongs to the receptorc‘gﬁ%%azr%n??y that
|ncI udes the IL-2 receptor [err]-subuni¥® and the [err] common receptor 25°
(i.e., IL3, IL-5 and GWCSF receptor [err]- subunlts Anal SIS of the
tissue di st rdDNAiwss eéquennsdrRThe aovele polypeitide) 7 Wesy SDNBNAhewesie

ex ression i.n_| h er o] , and

t hSsz. ‘%@ h’qu%qvﬂg&gbun %I??‘%rg dn{ &KI%%J | %Egﬁﬁgﬁ%ﬁ% SF&FE% No.

gCL 86) dgr |enesu| hefs rtnet‘emrBLmaingtse@ehwphﬂmapredibtled m?tyineplilplﬂllhas ahssel -
esignated zal phall. 30 nove al p 1 pQ ept s of the

present i nvedtaking treentor that P‘&YI‘&‘F inyelved F} &y "891"&%99? Lt?"’j ase. An

EST was fgu idofechile! o Qﬁ; eptor O QrdcéBdar matrix assoclated protein
PCT/ US99/ 221 15" cDNA vvas sequence TRe novel pol ypeptide encoded by the

cDNA showed witingrowthyfaglior hormonsartivity, pr tieilike. recept ors. The zal phall

pol ynucl eoti de sequen S the predicted
protein. Zalphall is ﬁﬁ%ﬁ@'ﬁg ﬂ‘ﬁE‘f @W&i@ﬁﬁ% ‘% w?as g‘f"ﬁb%l in an
apoptoti c cedléri¢l that naﬁthmed/,:tscaidespmahgfpolﬁnﬂleaﬁdm&qmatoecuime cineWvis f act or
receptor, or extracellul.ar triX assomated Eroteln wi.th growm h factor

hor none act i Rptaiged fypm a ppinglicprd libyary, atmght alsp b ﬁa?Fhﬁ‘éf%FﬁB‘ﬂtlde was

deduced o] ﬁggl{&?ﬂgﬂgﬂ( | eoti de
sequenceiéT%&eﬁg%ghﬁamg )E'gﬁ fﬁrom’ pf‘%%éhcord rar QﬂxaF}QLXBEQ
libraries tHag., rfﬂf;ﬂa), &mscelbe aguie mdnecyticoleukamia cel) lme,qgfbncbmphnnil e PBL,

t hynus, spl gen rythrol eukem a-cell lines (e.g., TF-1),
Raji cells, %aeg{?fogxxr%hca e(%’”f’éﬁ%@’f‘hga cell lines, other |ynphoid and

hemat opoi eti ¢ ceI I I i rlhsnudwdﬁdé ba;ubndee;fa;&ﬁemhg@ﬁmﬁmwmm@mﬂa
representatlv ncodi ng DNA i s described in | D 1 rom
nucl eot i de 6?3 S%Q ROr ) @rom: prrleotide; 68 to, 16829, and ﬂsat?#ttpeééaﬁem is

doscr bets | bRl it s SEOTDINOLY. 1niSndhp YRlcohl RApc: (SEQ 10

NO 2) represents a fill-Tength ypept | de segnent
resi due 538 (SE&IP NO: msgmmylengﬂhpolmmm%mm (eesidue 1 (Met) tof residuer es  of

the zal phallssg (ser) of SEQ ID NO:2). The domains and structural featares of the zalphall
polypeptide are further described below.

Analysis of the zalphall polypeptide encoded by the DNA sequence of

20 SEQ ID NO:1 revealed an open reading frame encoding 538 amino acids (SEQ ID

NO:2) comprising a predicted secretory signal peptide of 19 amino acid residues

(residue 1 (Met) to residue 19 (Gly) of SEQ ID NO:2), and a mature polypeptide of 519

amino acids (residue 20 (Cys) to residue 538 (Ser) of SEQ ID NO:2). In Addiﬁon to the

WSXWS motif (SEQ ID NO:3) corresponding to residues 214 to 218 of SEQ ID NO:2,

25 the receptor comprises a cytokine-binding domain of approximately 200 amino acid

residues (residues 20 (Cys) to 237 (His) of SEQ ID NO:2); a domain linker (residues

120 (Pro) to 123 (Pro) of SEQ ID NO:2); a penultimate strand region (residues 192

(Lys) to 202 (Ala) of SEQ ID NO:2); a transmembrane domain (residues 238 (Len) to

255 (Leu) of SEQ ID NO:2); complete intracellular signaling domain (residues 256

30 (Lys) to 538 (Ser) of SEQ ID NO:2) which contains a “Box I” signaling site (residues

267 (Ile) to 273 (Pro) of SEQ ID NO:2), and a “Box II” signaling site (residues 301



pol ypeptide are further described bel ow. Analysis of the zal phall

pol ypepti de encoded by the DNA sequence of 20 SEQ ID NO | reveal ed ‘an open
readi ng frane encodi ng 538 am no acids (SEQ ID NO 2) conprising a predicted
secretory-si ¥OM1B3Pti de of 19 anmino acid residues (resid %R/E&’)"to
residue 19 (Ay) of SEQID NO 2), and a matlEL re pol ypeptide of 519 am no
acids (residue 20 (Cys) to residue 538 (Se l)é of SEQID NGO 2). In addition

to the WoXW5 notif (SEQ I D NO 3) corresponding_tq.residues 214 to 218 of
SEQ I D NO 2, 25 (Lewdo 384 (@lybef NO=2. éhevtigﬂleﬁelﬁmﬂi"ﬂ reqaRife thajrthese

appr oxi mat el y Zoqg,ngm %%g F{ﬁg@g@@é sq‘gigg ?&ﬁ&d o1 afifnitfients! Witte Brovin frdtkins

SEQ I D NG 2); a dofmal Pro) to 123 (Pro) of SEQ ID
NO 2): a penul t i amdtpeedidtions of prtgimfolding s InjadditionoR thesg dpmains, @psefyed:apceptor SEQ

ID NO 2); a transnenbtapne domain (resi 238 (L f QID

NO 2) ; zzorrpl ete ‘?'ﬂ“i-eégbﬁhr'ﬂﬁ%?ﬁ%’?‘h@%ﬁ%%‘ﬁ“ﬁ%%&%%il% ifyeg)ﬁFo

538 (Ser) of §E%§i@d\&)p3ﬁﬁm3ﬁfhnﬁ@.%ﬁdemd Arg Reidué 4t pebig w2010 Thesédresiondimgdues
r

267 (lle) to 273 o) of SEQID NG 2), and a "Box ]I" sigpaling. sit,
(r esi( due)s 301 p ug}gm'ldpg gg:%ding the zalghall polypeptlge regions, domg{x]:s, motifs, residues

PCT/ US99/ 22149 10 (Lihock ecififedabidardhs siElh AR NO:TOSE skilled in the
a ese

art will recognize omal n _boundaries are approxi mate, and are
based on alignnents with Hhevpresenast of rieansmembraned iregionsn andfcopsepyed and dpWi ng.

In addition to these donmgins nserved recept e, | : d
receptor incl udev3ia%eMEs gefer Qc?rﬁ% %qﬁé’gc%ﬁ%%’rvé’gﬁp%%gl (ghga
position éSSloarllqoﬁing.f)mégbggsflew@ag@ﬁé @(J% E;tdrclfphgi)ilb Iclji-l&eﬂlpﬂre g&':t@llaly present in
correspondi ng pol ynucl eoti des encodin e zal pha ol ypepti de regi.ons,
domai ns, notifs,Tegiens of stucha 1@@%@2@‘?&%‘ir3-béﬂa}at§§£¥3aﬁ%§°%%\ﬂ$ IPY seq
ID NO. 1. The pr s : g
GEEAEGHR) obiyl I B AR AR Sidsd Hen ST PO, TE regiths

variance notifs gener y corre or defines inportant struc
regions in 10 pilankingrend beveen sechabndenved and flow varianice potifsmayrbenersivariable,

clusters) are generall esent..in r.eqi ons of |

(Sheppard, P. eteb‘gl-afe, °§?§‘Bﬁ’§‘.’t}°.m'§h§’ﬁm§ |'§ﬁ°s?gsoef§+%y\}%%gél?‘!§r}{’:gp§%en goﬁtﬁi n
rare or infreguedtuchrsiindactidties sl s dindihgydohmpisabiologivel andoénaymmatid aotivityg
and between such conserved, and_| ow vari.ance noti %&gﬁé be nagglghe\t/ riabl e,

but are often fuvignal Bapsdnsion; ssilcell intpractipn, tisspe do ®or define

i nportant 15 structures akg rafbisVift doRSrRddiias abidnelids GORRpRA1, Bisolivl Cal
and enzymatic activity, o o ) .
above, can be used as tools to. identify new family members. For instance, reverse

transcription-polymerase chain reaction (RT-PCR) can be used to amplify sequences
20 encoding thé conserved regions from RNA obtained from a variety of tissue sources or
cell lines. In particular, highly degenerate primers designed from the zalphall
sequences are useful for this purpose. Designing and using such degenerate primers

may be readily performed by one of skill in the art.
The préent invention provides polynucleotide molecules, including
25 DNA and RNA molecules, that encode the zalphall polypeptides disclosed herein.
Those skilled in the art will recognize that, in view of the degeneracy of the genetic
code, considerable sequence variation is possible among these polynucleotide
molecules. SEQ ID NO:4 is a degenerate DNA sequence that encompasses all DNAs
that encode the zalphall polypeptide of SEQ ID NO:2. Those skilled in the art will
30 recognize that the degen&ate_ sequence of SEQ ID NO:4 also provides all RNA
sequences -encoding SEQ ID NO:2 by substituting U for T. Thus, zalphall



signal transduction, cell-cell interaction, tissue |ocalization domai ns and
the like. The regions of conserved am no_ acid residues in zal phall,

descri bed abo‘ﬁ éﬁﬂﬁ be useét-as tools to'identify new fam |y nmenbers. For

i nstance, reverey Bnscri ption:pol ynerase chain reaction (FPCHAS®2H4h be
used to anplify sequences 20 encodi ng t he fynserved regi ons from RNA -
obtained froma variety of tissue sources or~cell lines. In particular,

hi ghly degenerate Brine&;ﬁgg_igned fromthe zal phall sequences are useful

for this purpose.P PayPyRleotides compyising mucleotifle; hig suglepfidpd614 of
readily perfornedsig IDNROA andkthdit RNA afdnts ar%h@nt%i@lﬁ@&yi V. InP fhvention.
an mo

provi des pol ynucl eoti de nol ecul es, including 2 ecul es,
that encode the zEablhhsets fsththe pae-lgtter codesaised withindSEQ H) NO seedeniotel degeherate

the art will recaogpi e 1N Wl f t,he ener f e genetj c. code,

consi der abl e seq u%%!:eé%%%??dgh ilg&é\lggg?sol ge gﬁ%ﬂ&%‘?ﬁé‘eaﬂﬁﬁ%&nhﬁ%ﬁ‘f‘#d‘&t‘“

nol ecul es. SEQS| D'Cémplerhenthindictes the abde m&&&gﬂé}ﬁé\ Alicl&tideE) 2B srEkamble,

DNAs t hat encode ?2@@8&3&5;1 po) ypeptide of SEQ ID NGO 2. Those skilled in
[

| SEQ
the art will 30 otep, gtther ({o of d¢ @pd its camplemgetnR dlepgtessBcen 6, Wbeing
al so provides al | copljfentcitd j g%ﬂﬁ? by substituting U for
T. Thus, zal phall MOO/%%&G%%%“%E&L c
PCT/ US99/ 22149 17 pol ypepti de- encodi ng pol ynucl eoti des conpri si ng
nucl eotide 1 to nucleotide 1614 of SEQ ID NO 4 and their RNA equival ents
are contenpl ated by the present invention. Table 1 sets forth the
one-letter codes used within SEQ ID NO 4 to denote degenerate nucl eotide
positions. "Resolutions" are the nucl eotides denoted by a code letter. 5
"Conpl ement” indicates the code for the conplenentary nucl eotide(s). For
exanpl e, the code Y denotes either Cor T, and its conplenent R denotes A
or G A being conplenentary to T, and G being conplenentary to C WO
00/ 17235 - PCT/ US99/ 22149 18
TABLE 1



Nucl eoti de Resol ution Conpl enent Resol ution A A

T TC C G GG

G C CT . T A

A R WO 0017236 oy aT v PCT/USI9122149 (y T

R AlGM Al C 18 K . gT K
gT M AlCS C G S

CGWwW AT W ATH ACT
D FABLE 1R dgT Vo Al Cl GV
Al C G B . CgTDbhD AAGT H
AICTN -~ AQQgT N Al C QT The degenerate

codons used in SEQ I D NO 4, enconpassing all possible 5 codons for a given

am no acid, are set for i R, Tabl e . \AD 00 :
Lglé&ﬁ'de lésolv_tg)tnt or &&@éﬁ@m Resolution

PCT/ US99/ 22149 19 TABL € Am no
Degenerate Acid Code A . A - T Codon CGys T C TGC TGT
TGY Ser S AGC AGT TCA TCC TCG TCT WBN Thr T ACA ACC ACG
ACT ACN Pro K " ocA ofc oo ocT coN AS A GCA
GCC GCG GCT GCN &y G g GGA GCC GG GGr c GGN Asn N
AAC AAT AAY '

T T A A

R AlG Y C|IT

Y CiT R AlG

M AlC K GIT

K G|T M AlC

S C|G S ClG

W AT w AT

H AlICIT- D AlGIT

B CIGIT \' AlICIG

Vv “AlCIG B CIG|T

D A|GIT H A|ICIT

N AlCIGIT N A|ICIG|T

The degenerate codons used in SEQ ID NO:4, encompassing all possible

5 codons for a given amino acid, are set forth in Table 2.



Asp D GAC GAT GAY Gu E GAA GAG

GARGAn Q CAA CAG CAR Hs H CAC CAT

CAY A'g R wooonAGA AGG OGA CGC CGG CGT  MaN Lys K AAA AAG

AAR Met M ATG Il e | RENUEPCINT
ATHLeu” L - CTA CTC CTG CTT TTA TTG , YTN Val Vv GTA GIC GTG..
GTT GTN Phe TTC TTT TTY Tyr Y TAC
TAT Trp TGG TGG Ter

TAA TAG TGA TAﬂ-ﬁ:‘YZTRR Asn| Asp B RAY G u| G n
z OneSAR Any X NNN

WO 00/ 17235 - PCT/ US99/ 22149

20 One of ordi narml || Letterhe ofedoms | | appreciate that sDegeneradsi guity is

introduced in detgggi ni ngcgd‘ﬂegener ate codon, representatiye,of all
possi bl e codons encodl ng each amino acid. For exanple, theéﬁg‘ﬁlener ate codon

for serine (WBN) €wn, in €one ciroG@AGINCEeS, encode ar gi ni Tgy AGR), and the
in_some _circunstances, encode

degenerate codon for arginine 5 S&%can

serine (AGY). A sSt%ilar r8l ationshPh AT IC4 ek NEGTChdons Wi odi ng

phenyl al ani ne andryeuci neg Thus, RQK@&(E@AX‘,‘@JRU?O“ des encoxpﬁﬁsed by the
S

degenerate sequence may encode variant amno acid sequence ut one of
ordinary skill irPrehe artPcan eaSGC&GQIéGCGfG}C'Euch vari ant C€dNguences by
be. 10 readi Iy tediBd for funct i ot RGPASCREEN bed her ei noChe ‘of or di nary
skill in the art Giyll al sG appr ecGEGAGEOBGG GGTEr ent speci ggnean exhi bit
"preferenti al cod&“r}l usageN" In geﬂﬁrc%l‘ATsee, G ant ham et ilAY Nuc. Acids

Asp D ‘GAC GAT GAY

Glu E GAA GAG GAR

Gln Q ‘CAA CAG CAR

His H CAC CAT CAY

Arg R AGA AGG CGA CGC CGG CGT MGN

Lys K AAA AAG AAR

Met M ATG ATG

Ile I ATA ATC ATT ATH

Leu L CTACTCCTGCITTTATTG YIN

Val v GTA GTC GTG GTT GTN

Phe F TTCTIT TTY

Tyr Y TAC TAT TAY

Trp w TGG TGG

Ter . TAA TAG TGA TRR

AsnAsp B RAY

Glu|GIn Z SAR

>
2
S



Res. 8:1893-912, 1980; Haas, et al. Curr. Biol. 6:315-24, 1996;

Wai n- Hobson, et al., Gene 13:355-64, 1981; G osjean and Fiers, ‘Gene °’

18: 199- 209, %%;Bé);%gglm Nuc. Acids 15 Res. 14:3075-87, 1986; |kenura, J.
Mol . Biol. 158 =97, 1982. As used herein, the term "prePEFERB314%codon
usage" or "preferential codons" is atermof, art referring to protein
transl ati on codons that are nost frequentlyichsed in cells of a certain
species, thus favoring one _or a few representatives of the possible codons
encodi ng each amino acid (Ggseef ﬁ’ﬁ‘l’(ﬂ’e ark avilb |appregisfe thehsome ambiguity is
Threoni ne (Thr) [ATAT=Ta W o) exfé;ﬁe ) |

mammal i an cel | s %dliﬁgd?ﬁeq nost %gzﬁ%lgn y ugétgﬁéo c%%n%eﬁ%lrws%g‘gi%gg?mfor
exanpl e, insect ewbdiog eachagiino agid: Foeexampld) thetdeganaratectiofdncforsering (WSN)ckmpin nay

be preferential. Pref.erential codons for rticular species, c be. .

i ntroduced into YHE Bo% ?egb?qcacgesarg\nln[er@(ﬁﬁegtgﬁﬂ)ei%ggﬁﬁ&oﬁo%% o RS
of met hods kngwn(NGN) &6, iiv Some lcltérinibehneds] @icodd seAhE{AATENTA sinilaneRAoBRPURRESS
into reconbi nant. DNA 25 can, for exanple, enhance production of the

protein by maki neFtiecd: eqdany engedingnhenylaianive and dqucingt Thusnsomes polxnyclcotides,
[t =X} : gl di
ce ype or Spe@dceﬁga%&fféyﬁph{égtﬁge:{g%fe %‘gﬂéﬁé mk%m%ﬁrﬁ%ﬁﬁtg feifllsSfeleRREd 1N

SEQ ID NGO 4 serves a t1mzihg expression o
pol ynucl eot i des but ongrdéfoerdingnyl $kill yipdise antdbas wesilyeklentiffsnel yarimnt dequandel dbyar t

and di scl osed herein. Sequences cgntainin f 1 al,, codons can be
tested and opti n’iegeéﬁmgg" %%‘?‘ngfﬁ@e%g‘fegﬁe ﬁ%%@rﬁog@ pé’@?@'g,se&mcﬁse@e@ f or
functi onal i t ¥oasregdiBabaedidr imttionality as dedQited/ héréih3 5

PCT/ US99/ 22149 21 Wthin referred enpodiments of the invention the

i sol at ed pol ynucl eot i des #neiof pifinarsgsiolbm the art will also apprecipts hat ditferemirspegies | D

NG 1, or a SeqUeRCEhibRpladreitiaPtotoh hSdgRtOIn ga.ggﬁ, seb,[CirRifath, & ANONhd H3ds | N

general, stringent condifions are selected t about 5[err] C7 ower an
the thermal el t Resy 838PHO12, 1P80;rHaps,fep al. tQuer. Biglc6:81%24 1986uWnindIobsom etiek.i ned

ionic strength a agkl [ ] 3 s er . figed jonic
strength and pH) epll'v%h?’lsgh%Sgéﬁj b&(}sﬁén ﬁ%@%’%@éﬁ?@ﬁ%ﬁ%ﬁg@%ﬁ%
Eer fectly Hausheﬁiso 1%15@75-8«; 13:1.75] ;lmxﬁ?agat Moh $iéloli§3ﬂ§€97|, 29820 GAsh ﬁsgd fh];reﬁi; thg
nown in the art, and are specific for RNA and DNA- RNA hybri ds an

pol ynucl eot i de p@%ep@gﬁﬂ‘@ﬁﬁ@%f‘s"#ﬁr %'%@Wﬁ%e}s?m Affeterrng to
Sambr ook et al . ,%-gﬂhﬁﬁiﬂsﬁﬁoﬂ%hﬂﬂiat bre 1RGO FRG Ny %gegsmu@bfamgpeﬁﬂg} Ion

(Col d Spring Harbor Press 1989); Ausubel et al., .), Current Protocols

in Mol ecul ar Bi othsyfavermerene\ar p dow represanaiiyes offbe passibie) codensregeqdingrach amino
acid (See Table 2). For example, the amino acid Threonine (Thr) may be encoded by
20 ACA, ACC, ACG, or ACT, but in mammalian cells ACC is the most commonly used

codon; in other species, for example, insect cells, yeast, viruses or bacteria, different

7

Thr codons may be p_réferential. Preferential codons for a particular species can be
introduced into the polynucleotides of the present invention by a variety of methods
known in the art. Introduction of preferential codon sequences into recombinant DNA
25 can, for example, enhance production of the protein by making protein translation more
efficient within a particular cell type or species. Therefore, the degenerate codon
sequence disclosed in SEQ ID NO:4 serves as a template for optimizing expression of
polynucleotides in various cell types and species commonly used in the art and
disclosed herein. Sequences containing preferential codons can be tested and optimized

30 for expression in various species, and tested for functionality as disclosed herein.



Kinmmel (eds.), Quide to Mol ecular Coning Techniques, (Academ c Press, Inc.
1987); and Wetnur, Crit. Rev. Biochem Mbdl. Biol. 26:227 (1990)). Sequence

anal ysi s softyar h as OLIG 6.0 (LSR; Long Lake, MN) an ' rem er
4.0 (Premer %0& |osgoft International; Palo Alto, CA), as gﬁﬁ"g’g@%“st es on
the Internet, are available tools for analyzing a given sequence and :
calculating T[err] based orn user defined criteriasSuch prograns can al so

anal yze a given sequence I defjined conditions ng‘l'ii dent i f itab
probe sequences. Typi cal I'W‘_ﬁ%r?’_&#@ﬁgi S’ng‘b‘*'mf"&ﬁgé’? Iy‘ﬁ‘d"d‘lug%ti e Blafed
sequences (e. 9., psRRudiéutideddRIN Fybrillize REGMAATEA MgidrR 6 SEQIID NO: 10br @ B&juknce
20-25[err] C bel.ow the 20 calculated T[err]. For smaller probes (e,g., <50

base pairs) hybr iconplementaryi theretpundst styingent eandigions t In.genqral estringent gongjtions are
5-10 C bel ow__Thij ' t (i 7t

ONA DA g Diva. (SRR 157 bé 8860 52 1088 B i ctBhe BURM (Erf B " spefic
tenperatures aang eﬁé‘emtﬁwsﬁheaﬂi&rbcm%mcmbm%efr 1R RPEInPEratoh (uhddr Qelfiseds

the T[err] of the hybrid about 1[err]C for each 1% formam de in the buffer
sol ution. Suit ablieni@ Strength andosH)t at Rehiichi $0%% af ittertagenstiqhdnos hytaidizes toiia \patfectly t o
about a 5 h to overnight incubation at, angUt %ﬁ ,err!Ci a sol ytion

conpri si ng: aboutmaiehed gogbe Numetous equgtionsfor, gl e knpwh dn 81 95, 3Ad A <

sol ution, zero ug @EPENP% ,@gﬁmﬁﬁ_m}[\)}‘@m‘d&e aﬂ&'ﬁg]?ilﬂgjﬁogﬁ%%xgge SeRérlcss of

3 Qﬂﬁ
denat ured commer cPa‘ﬁiy-aval able carrier nera stringent

condi tions incl uMmrbeﬂht(meengme,quk@thdmmragmm&b&gm
t ai ni 0 - 50% . ) — ) X
Fol | owod by v Vel 8kend FAFREE PR Sl DRBRCBrest 305 IRheP U o, 1Y,

wash stringency i tProfcels in MolddularBiohigy ((Tohn Wil £08/Sbrs) hie. 1987); Berger and
PCT/ US99/ 22149 22 2X SSC, 0. 1% SDS, . at 55[e,rr1rC to 65[err]C, Different
degrees of strindsfEge gedds )1 uids to Mpaleeular Cloning  Technigues, ( Rig88, dncy $987);

achi eve maxi mum spgOowkinfurDCRE! RE). tModhfh. MSI BiolS 969871 ¢F990))Y PsEdqilehde addhfis
washes follow ng hybridizatTon are perforned at increasi ng degrees of

stri Ingency t o r ersoftwaresnchasPLIGO 68 (b¥R:ylang| Lake, M) pﬂo’b@serfﬂrgvﬁehyflf';]@mtlzield E
. Stri [ di (o LLj 3 t
of The pr obe, 1¥ ortgrbRR PR ARDICAY S P tid e SRR orf il fS

and are routi nel yoflsiabyzngregivensequencedridycaleulating T,pbasedkont liset defined critetia. Sach
previously noted, the isolafed pol ynucl eotides of the_present. invention
i ncl ude DNA and mwamm&tswaa&mé@fepr@qw Spder defitcg: ops and identify

suitable probe sequences. Typically, hybridization of longer polynucleotide sequences
(e.g., >50 base pairs) is performed at temperatures of about 20-25°C below the
20 calculated T,. For smaller probes (e.g., <50 base pairs) hybridization is typically
carried out at the T, or 5-10°C below. This allows for the maximum rate of
hybridization for DNA-DNA and DNA-RNA hybrids. Higher degrees of stringency at
lower temperatures can be achieved with the addition of formamide which reduces the
T,. of the hybrid about 1°C for each 1% formamide in the buffer solution. Suitable
25 stringent hybridization conditions are equivalent to about a S h to overnight incubation

at about 42°C in a solution comprising: about 40-50% formamide, up to about 6X
SSC, about 5X Denhardt’s solution, zero up to about 10% dextran sulfate, and about
10-20 pg/ml denatured commercially-available carrier DNA. Generally, such stringent
conditions include temperatures of 20-70°C and a hybridization buffer containing up to
30 6x SSC and 0-50% formamide; hybridization is then followed by washing filters in up
to about 2X SSC. For examplé, a suitable wash stringency is equivalent to 0.1X SSC to



10 known in the art. In general, RNAis isolated froma tissue or cell

t hat produces | arge anmounts of zal phall RNA. Such tissues and cells are
identified by Northern blotting (Thomas, Proc. Nat. Acad. Sci. USA 77:5201,
1980), and i NYQW4ESPBLs, spleen, thynus, and |ynph tissuesPCREPIRMP| s,
human erythrol eukem a cell lines (e.g., TF- ?2 acut e nonocytic | eukem-a
cell lines, other |ynphoid and hematopoietic™“cell lines, and 15 the |iKke.
Total RNA can be *%%ar ed usij ng]atgjuani di ni um i sot hi ocyanat e extracti on

fol l owed by i sol Gy - 122 50S; £tig21G n63°F- Different dopises ehstringonry g0 be used

| ., Biocheni st - 4979) . BNA_ i : t al
RNA ust g ¢ e ot foeite i bif et i el g, ke el iy opeclcRANAE o R T ©
69: 1408- 12, 1972)seq@oae| Enpically; theDhish¢scolipwing dypridization dref pesformes] at (igreasiaigA

i ng known nethogs. 20. . ..In the alternatiye,. genoni can be ispl at ed.
hol yaucl eoti des. CHBiEEt REFtRTAS TR ARy e R iechde Py Foin  Gidibes
i solated by, fer ewiexee, Stinpért ByEidiztion ahd Wastycondanas dépahd ol GRALALN of BeR)
(Mullis, US. Patent No. 4,683,202). A full-length clone encodi ng zal phall
can be obt ai ned RrokssAeflssted dnshe Tmohybridization: and Wash solutions, nsedeandArg roytinely

cDNA) cl ones ar : onme applications (e.g.,
( ) CaeirlrRl e 1119@%13}8 W*&rfrgﬂn E)x?t’ﬁeaﬁ ppl i cati (e.g

expression in transgeni c ahi'na y be preferable to use a genomc
clone, or to nodify a cDNAAs| pregiougly i méd, dére aisolated spolymslegtides nofc thentpresent

Met hods for preparing c engmgd.G, cl S e well k i t hin. the
| evel of ordinar ym_g%gf’? %\éﬁ“‘@ﬁg" r 8% ilﬁ%ﬁ%ﬂfzf%f REPNE @ﬁ%ﬂgr@gﬁﬁ@?‘l

di scl osed her ebn, krwn[ia theSart. Niargandral, RMA 9 isoRitdddfromi a [issudion gelPthhi grbdicys large
Expression |ibraries can be, probed wt ant i bodi.es to zal phal 1

h .30
receptor fragment&nougis ofzalphald ANA¢ iSuchfissuesand sslls #ye dentified Ry Noytherry bigtiing

PCT/ US99/ 22149 23 ThBiRad) Priyd) Ueke U dall € 8eiOTUsiA) 97:85 615 €19R0), W& thdftR B ,asgfégn,be
synt hesi zed using DNA syninesis machines. currenfly the nethod of ¢hoicé is

t he phosphor ani di thimusstahd dymplf tisshesnRajicells, bymarherythralenkewiahdell lines fagleTF-DNA

is required for an Lication such.,as the synthesi f a gene or en
fragnent, then egagﬁt%ggor%’? r‘r’eﬁﬁkac?"f/a %?l flznr?é °|%§er ?E{.ymé‘r}’g’bdegnsdgbeglraa glle@? %%eg’ and
producti on of 1shahé likel yrotsll RIWAi chasbe( f@pdred Géingd ghanidiniimcRothiveydnyte extraction
straightforward ang c be.acconpl i shed_by,synt hesj zjng the | enent ary
stands and then aﬁﬂ%‘ﬁﬁqr"é i1 nl—‘??(/vé‘&'étf’f“gf‘%q“ ﬁoﬂ#ﬁg%ﬁ'&efwﬂn et al,
fggyggﬁ :Ole;’;'gdgfs . i(&%&%nﬁ 183856, g?@;%fy‘?&)ﬁm fs plSpaRd font IR0 RXEL usiRS BRUS E
method of Aviv and Leder (Proc.. Natl. Acad. Sci. USA 69:1408-12, 1972).

Complementary DNA (cDNA) is prepared from poly(A)* RNA using known methods.
20 In the alternative, genomic DNA can be isolated. Polynucleotides encoding zalphall

polypeptides are then identified and isolated by, for example, hybridization or
polymerase chain reaction (PCR) (Mullis, U.S. Patent No. 4,683,202).
A full-length clone encoding zalphall can be obtained by conventional
cloning procedures. . Complementary DNA (cDNA) clones are preferred, although for
25 some applications (e.g., expression in transgenic animals) it may be preferable to use a
genomic clone, or to modify a cDNA clone to include at least one genomic intron.
Methods for preparing cDNA and genomic clones are well known and within the level
of ordinary skill in the art, and include the use of the sequence disclosed herein, or parts
thereof, for probing or priming a library. Expression libraries can be probed with
30 antibodies to zalphal1l, receptor fragments, or other specific binding partners.



during chem cal DNA synthesis is seldom 100% To overcone this problem
synthetic 10 g¢enes (doubl e-stranded) are assenbled in nodular formfrom
singl e-stranded fragnents that are from 20 to 100+ nucl eotides in |ength.
One net hod f3YOME™HRi ng a synthetic gene requires the initiBITPYHRI | on of
a set of overlapping, conplenentary oli gonug{aeotides; each of which is
between 20 to 60 nucl eotides |ong. Each inté&rnal section of the gene has
conplementary 3' and 5 15 t erm pal extensions designed 'to base pair,
precisely with an adj acentTl?eE‘il}’fBﬁl.COW?ﬁs",fth?P@P"Q‘H@’e@gﬂb%a‘é%%m gpized

process is conpl gﬁﬁg i gﬁig@ﬁ{eﬁﬁ%ﬁesﬂbﬁﬁ&t@ltﬁéﬂeﬁlﬁ@opﬁﬁm%pﬁésph&ﬁmidi@

strands with T4 Ition to"the protelin coding seguence,
synt heti ¢ genes amthddelfchemiyaltyisynthesizadedomblesstramded B dsrequiced fonan anplication

insertion into a restrjctign .endonucl ease site of cl opi ng ,vect.or . .
Mor eover, ot her %%ﬁt%y“&?%f’gagﬁﬁ %a&mﬁm%alﬁ?h%?ﬁﬂfﬁlﬂﬂﬁﬁnﬁmﬁy&ﬁﬂ%lsf or
proper initi atg. OfnaAB depalitély. TPel duRfiort 6RSHBA foBinuElBotides! (40 18Dl BY) 1o fechrénlly
alternative way to prepare a full-length gene is to synthesize a specif]ed

set of overl appi Faightforyardcand ren be aceamplished posynihesiging; the sqmplementary srands:
and 5 short over, | I ' '

anneal ed, | ar g\é %%%%ﬁ?lﬂﬁ%ﬁ%%ﬁg @E@cg%o%?g%%gwgglgﬁfgggﬁ%ﬂﬁg
are both | ong encpeial atrategicsint @suatly emplayed, fbetaise the couplingtefficiency @f etdhr cyclehe
aps are filled and the DNA |l ex is.conple la _enz dC S £si s
By E ool i DA pordpes atmirel DA sithes i i | (0% St iEeing this BBl SYROEHS;
nicks are seajgd M&Wd%l%ﬂddﬂ&%@sseﬁ%lbﬁ'iﬁm‘é&ﬁl&'ﬁﬁﬂ oM ¥iglé atmdéd Bagments

sequentially linked to one another to formthe entire gene sequence which

is verified by 3¢hatapfrom 29 inci08avelpatidpgindengticee @ i ck and Past er nak,

Mol ecul ar Bi ot echnol ogy, F’bb%ﬁ]gg.})ﬁ %gﬁﬂﬂgia%%&.aﬂsgeﬂérﬁﬁﬁ&rﬁ}émp%ﬁ&ASM
Press, Washington, D.C ‘33 '

PCT/ US99/ 22149 24f238vif ovetlagpingacanplethentarpoligonublestideR) eacth ofwhiSh is B:8ech20

1984 and Cime et .al.,. Proc, Natl. Acad, Sqi. A 87:633-7,1990. The ,
orosent i vent s o SlstestdRs lnpke Bach iBRAEL s of e g S sadbismgRiary S Bud 5
pol ynucl eot i des fermithdd ekiisicug Qedigifed ¢Obsh phip fietisely Withan AHAdne Sectibr) Aihti€) @fterb Ut

are not 5 limted to mamualian, avi an, anphibian, reptile, fish, insect

and ot her ver t ebrthe geng ikpssombled; Bropess is copplateddy seling the pieks alongithg backhonesof
z‘al phall polypepthd@so st Wilf T4 DNA ligase. In addition to the protein coding sequence,

-synthetic genes can be designed with terminal sequences that facilitate insertion into a
restriction endonuclease site of a cloning vector. Moreover, other sequences should can

20 be added that contain signals for proper initiation and termination of transcription and
translation. _

' An alternative way to prepare a full-length gene is to synthesize a
- specified set of overlapping oligonucleotides (40 to 100 nucleotides). After the 3' and 5'

. short overlapping complementary regions (6 to 10 nucleotides) are annealed, large gaps

25  still remain, but the short base-paired regions are both long enough and stable enough.
to hold the structure together. The gaps are filled and the DNA duplex is completed via
enzymatic DNA synthesis by E. coli DNA polymerase I. After the enzymatic synthesis

iS completed, the nicks are scaled with T4 DNA ligase. Double-stranded constructs are

- sequentially linked to one another to form the entire gene sequence which is verified by

30 DNA sequence analysis. See Glick and Pasternak, Molecular Biotechnology,
Principles & Applications of Recombinant DNA, (ASM Press, Washington, D.C.



manmal i an species, including nurine, porcine, ovine, bovine, canine,
feline, equine, and other prinmate pol ypeptides. Othol ogs of human zal phal
| can be cloned using information and conpositions provided by the present
i nvention inWOMAE%tion with 10 conventional cloning tecRETASoR214P0r
exarmple, a cDNA can be cloned using nRNA obtained froma tissue or cell
type that expresses zal phall as discl osed hef®in. Suitable sources of mRNA
can be identified by probing Northern blots with probes designed fromthe

sequences di scl oste94kdiakurs etal.] Ahow Rgv. Biochema 53y Gd9%4 and GARnis epfal.aProc.
positive tissue Oﬁﬁ:%% %Ié g\_qjs‘@s% 3P}3ddg encodi ng cDNA can then be isol ated

by a 15 variety as’by probing with a conplete or parti al
human cDNA or with one- or riiheepresehts invéntidaofartheraprovideso bamtebpastepolppeptiths and
di scl osed sequences. C an al so be cl gned usi PCR.(MulJis, .supra.),
usi ng primers desp‘aﬂ@@@% ‘H@%FE&P%’?MP‘E‘H?%'h PP _‘é‘fifd%elﬂ‘ﬁéﬁg@m
di scl osed hereb“ﬁmﬂ&ﬁiﬂaﬁﬁmﬁ&ﬁhﬁhﬂ%ﬂlphi%h%ﬁle} Hih, GBI ahdl BIWEF Verfebitdfhd

used to transformor transfect host cells, and 20 expression of the cDNA of

i nterest can be disvestebeate \ipeciesanOf artisulay interestaarp Hopelppeptidescfromi othetar

t echni ques can al .applied . . ' Lan Qf: 1.C n I ne

recept or subuni tsﬁg?%ggﬁggggggrl#‘g%?hgﬁ%ﬁ&% %ﬁ%doi'rr'ggﬁ&s m%aﬁjd‘g’eﬁ(@%ﬁp%l si’ng

an extracel lul ar sieingther, primdté polypapritiesa nOrthislogs of Hunsah zalphhllr cantBeecloned using

pol ypeptide in the_cell mnenprane, .and an,intracellular domajin. The . )

ot 1 acel | ul ar 25 BEGHENIR A, compositom prtce] e rosgHarYeaG P Sombitation wit

intracel I ul ar 160n@3n0eﬂmalhﬂoxgﬁgb@mﬁ@ie§zr FOOSRinple, B\DINAS Eanl Bt Sbritdalsing mRNA
gand-

transduction, although [i inding and effector functions may reside on

separ at e subuni t solssined fiem aitisseior celliypqthetrexpresses zalphahbiassliselsedheine Svitabley

itself be a nmultig i . til Wogl - LRgl .
honodi ners (e.g. ,5%0?3?:%% %%%F%T%%P&i@%@%ﬁ%&s%t%&eg |er‘1i
receptor, MPL, 30fromnte Geduithces eliselobed Dereitie e tibrhryriy thenViprepared dionn RNA af
have | i gand- bi ndi ng..and, ef f ect qr..domai n . 0., P eceptor [err

i soforn), and mul WF?%?‘n?ﬁc%ggﬁfﬁfl%W%J&m bb Shoideed by a
PCT/ US99/ 2214952 hetholll,{ ickasHyprebis With & toripléte 0P phitial hivnaw cDNA-c? with| 4,

IL-5, IL-6, IL-7, and G\ CSF receptors). Sone receptor subunits are common
to a plurality of onegsanare seis ofdsgensraigprobes based ontrodisclopsd sgquencesy A 6D mers -
bind ligand on it ' d apviaRL r uhﬁﬁgm : d I
domain, is a corrp%?fgm% g%hﬁ%&gngémg’ M’ &glé{}a Hom' &b
. : - representative human zalphall sequence disclosed herein. Within an additional
-method, the cDNA library can be used to transform or transfect host cells, and

20 expression of the cDNA of interest can be detected with an antibody to zalphall

polypeptide. Similar techniques can also be applied to the isolation of genomic clones.
Cytokiﬁe teceptor subunits are characterized by a multi-domain structure
. comprising an extracellular domain, a transmembrane domain that anchors the
. polypeptide in the cell membrane, and an-intracellular domain. The extracellular
25 -domain may be a ligand-binding domain, and the intracellular domain may be an
effector domain involved in signal transduction, although ligand-binding and effector
functions may reSide on separate subunits of a multimeric receptor. The ligand-binding
domain may itself be a multi-domain structure. Multimeric receptors include
homodimers (e.g., PDGF receptor cia and :BB isoforms, erythropoietin receptor, MPL,
30 and G-CSF receptor), heterodimers whose subunits each have ligand-binding and
effector domains (e.g., PDGF receptor a.p isoform), and multimers having component



5 receptors. Many cytokine receptors can be placed into one of four
related famlies on the basis of the structure and function. Hematopoietic
receptors, _fogmgzm e, are characterized by the presence of a domain

cont ai ni ng conservea cysteine residues and the WeXWs not i f  (FSEASPIR2WS 3) .
Cyt oki ne receptor structure has been revi ewegsby Urdal, Ann. Reports Med.
Chem 26:221-228, 1991 and Cosman, Cytokine 5795-106, 10 1993. Under

sel ective pressure for organisns to accr}ui re new bi ol ogical functions, new

receptor fanily nifyaitswits dispasate finctions (e g, dkrgt Ichtlvhn b, 1s8, dbi7nand GMGSE
L eadi ng 1 . _ i) / i
Gontain vest ges SPEEE).C SSHE etk dubluiCAE cofiich f% ol e TRIIREE | KB
can be exploited exanpls the AIG2B subunitd whithdanfidt drind higand fonaiticl b drus linchuades ay
menbers. Thus, the c Kine recepjor 1 erfam |y i ivided ]
sever aIS f ami :J;Ses', ’q?@?éi@%ﬁlrfsﬂﬂg‘[ %"ﬂg‘f %8@%16]‘21}? i%h Wﬁ‘?‘i"?’t ?’?ﬁgﬂl'%:ﬁ gG@;é-gﬁ,
MG, |'L-1, and sPDideepit6rs© Mz cytokink ReddfioR Ak Ve Placid nbdTbreYof(fomCrelattid Tamilies én

receptor [err]-subunit, GW CSF receptor [err]-subunit, GW CSF receptor
[err]- subunit; athe wesisyf thestyctyre_and fnction. | Hematopaietis, repqptors, fop ¢xample, are

t ; TNF i LGl di -
oz Cosb, Coao, Cheitidled B roapil of o el Eoptit odubl e Bilesd ety e
sequence suggest s thelWEXWS metif(SEQIDNO®). Cytokineneceptor stnictite kastieamnieviewad by he
L2 rocentor Lo o tRu oot Satas b ol ST G (SRR L5106,
receptors in this : - S i ' a
Uransduce a_SixgnallooDlinmer EREEI0S fredbve (BForglolasodi® b bidtbeifa fhdrid,

LIF 25 receptors) conmbine with a second subunit (fermed a [err]-subunit)
to bind |igand anfeceptan fumilyc membergnlikely arise: fipme dpplicatjons of) gxisting zesepter genss -

withapluralityg%d% koG I NG, S ' Eqr, A
[err]-subunit gpl %?‘gfhfeg% s%?{éeoéﬁeglafl gg‘gg%&@geslwy gzghs‘g)égﬁging%es{\}#? h
receptor subuni t softheanéestralfgone, lahd thesd ¢hafiabteristivcfeatiules ¢dictrer éxplpited irthe isoltcH)
J. 10:2839-2848, 1991; aring et .al., US. Patent No.,5, 284, 755)..
Oncostatin 30 M Bﬁ"ﬁd@eﬁcﬁwﬁef'ﬁﬁpﬂ@l Bmily, g pt dhuSntheg ne (Rpqetor
binds to trimarg CsiRERRIPS sGBIHVIALE intd sedetll fa8RIRR! G examble] Y6 RhRkmogéHilin

gpl30 subunits. WO 00/ 17235
PCT/ US99/ 22149 26 familyofigchding-68F-1cMSF; dlerl ¢ and PIPGF meceptors) cthe hemasopaietis familyran

zal phall has been g, d6ahb iy S I | C . 1 }
zor responding ani So ggi.lh%il'.. 9GePfdr BSubURYSNHESFT R epdr N uBihni tM ke receptor f
: subunit; and G-CSF, EPO, IL-3, IL-4, IL-5, IL-6, IL-7, and IL-9 receptors); TNF
"i‘eceptqr family (including TNF (p80) TNF (p60) receptors, CD27, CD30, CD40, Fas,
‘20  and NGF receptor). '

Analysis of the zalphall sequence suggests that it is a member of the
same receptor subfamily as the IL-2 receptor p-subunit, IL-3, IL-4, and IL-6 receptors.
Certain receptors in this subfamily (e.g., G-CSF) associate to form homodimers that

~ transduce a signal. - Other members of the subfamily (e.g., IL-6, IL-11, and LIF

25 receptors) combine with a second subunit (termed a B-subunit) to bind ligand and
transduce a signal. Specific B-subunits associate with a plurality of specific cytokine
receptor subunits. For example, the B-subunit gp130 (Hibi et al., Cell 63:1149-1157,

1990) associates with receptor subunits specific for IL-6, [L-11, and LIF (Gearing et al.,
EMBO J. 10:2839-2848, 1991; Gearing et al., U.S. Patent No. 5,284,755). Oncostatin

30 M binds to a hetérodimer of LIF receptor and gp130. CNTF binds to trimeric receptors

comprising CNTF receptor, LIF receptor, and gp130 subunits.



sequence shown in SEQ ID NO 85. Analysis of the nouse zal phall pol ypeptide
encoded by the DNA sequence of SEQ ID NGO 84 reveal ed an open reéading frane
5 encoding 529 amino acids (SEQ I D NO 85) conprising a predicted secretory
signal pepti (W88 anino acid residues (residue 1 (Met) PETVES2ZME 19
(Ser)- of- SEQ'tD NO 85), and a mature pol yggptide of 510 am no aci ds. - .
(residue 20 (Cys) to residue 529 (Ser) of "SEQID NGO 2). In addition to the
WEXWS notif (SEQ ID NGO 3) corresponding to _residues 214 to 218 of SEQ | D
NO 85, the receptor conpfRalxugleqiide sequenes for thy manseprigglog;of bhyman zalphall

appr oxi mat el y 209 padh idéhtified dnd BShOWE n SEGID NS84 ¢hl m%ﬁesben&ga&ih% $2id Of
SEQ I D NO 85);. a donmain |inker é}r}em dues 120 (Pr(ZJ&Qto 123" (Pro) of SEQ ID

NO 85); a penul seqvenesshovmamoSEQ dPoNO{ 8&sAnalysisiofth¢ moyse zalptmdP polypeptidef SEQ
ID N0 85); a t danni ' | 4 (1 f SE
1D No 68 | corpreyin oy BETNA Rl b Sl °NOER sVt ol o ol
(529 (Ser) ofs 1(5e|n|cﬁ§§t .SE.??nl?ghiMS?Q SIEON?&&SDQOmpSﬁdB@(a gredmgmbnlalog,r sigtat
resi aues . r 0 ) , angd. a 0 X Sl alln
site (residues Pse@e(?ﬁo !5 wwﬁwgw@fgo@&@ esidug, 1908 SER P ¢ he
human and 1mouseNes)) ands HitEE OGRS 6316 o dofids (Reke 20 ida%29

-ort hol ogous poleel'pept I des contain correspondi ng structural " features

descri bed abovdS¢dedf, SEQgIP NO2). The addition do Shey WBXWS mnotif (SEQDIReN@:B) phall

Gsrert) "Tas i Sbhlag i Y 3|4 5, bR ho L 0 S0P AR 0,

S3p dent| L beymane Wbty aptutiay s ndoeciiatith edhl 20 G0

850 Gt 17 a ts@iéﬁﬁ?gf@ﬁﬁ%ﬁgig%a ﬂrﬁga%w @%%ﬁaﬂ?;;_g 2 Bbe %iﬁrq)w;
extrace ul ar . n tﬂﬁm@ &P(‘i'ésﬁﬁgé)

~(Cys) to 237 (Hi SE o?@éE ) | B&ﬁlﬂoz aﬁf:lhg_rgesgllc.jues. 20 ( 'Q?S)Etg %%g“)%ﬁg;iﬁ%f SEQ-
.1'D NO 85.. Ther dD NO:#5¥1a trewsmembeasedojnain GesidnerA38 (etite 284 flep) ID

o fegi duss 250 ORgh Shplei R Fr debitle R Tl 267D EOSISEAR O
to 529 ( Ser 15 ofsm ND:8%pwhich oIiiemabCSBex Peignelirg mtd@eSIdMSQGG (@) & 23t(Bra)i ned
st g FASTA GG Ko b £ SR SR BRI  aphe or
N rF))aC[I_ ;’:1 Um;gg/rz 2:SL 2 E) % HENE_JJ.Q)I Acaiﬂﬁri%ﬂ’ 6ﬁ§@EtﬂﬂdnrﬁdmouM% uﬁ?séquences reveals
; C : . that both the human and orthologous polypeptides contain corresponding structural -
_ | features described above (Seg,_ Flgure 2)..‘ The xﬁa_turg sequence for the mouse zalphall
20  begins at Cys,, (as shown in SEQ ID NO:85), which corresponds to Cysy, (as shown in
| SEQ ID NO:2) in the human sequence. There is about 63% identity between the mouse
and human sequences over the entire amino acid sequence corresponding to SEQ ID
NO:2 and SEQ ID NO:85. There is about 69% identity a between the mouse and
human zalphall sequences over the extr,acellulér cytokine binding domain
25  corresponding to residues 20 (Cys) to 237 (His) of SEQ ID NO:2 and residues 20 (Cys)
~ to 237 (His) of SEQ ID NO:85. There is about 60% _identity_ a between the mouse and
human zalphall sequences over the intracellular mgnallmgdomam corresponding to
residues 256 (Lys) to 538 (Ser) of SEQ ID NO:2, and residues 255 (Lys) to 529 (Ser) of
SEQ ID NO:85. The above percent identities were.dete_mlined using a FASTA program

30 with ktup=1, gﬁp opening penalty=12, gap extension penalty=2, and substitution
matrix-BLOSUMG62, with other parameters set as. default. The corresponding



pol ynucl eoti des encodi ng the nouse zal phall pol ypeptide regi ons, donains,
motifs, residues and sequences descri bed above are as shown in SEQ ID

NO: 84. Those skilled in the:art will rectognize that the sequence discl osed
in SEQ IDNQ 1 represents a single allele of human zal phal

allelic vari yﬂ“%%éﬂd 5 alternative splicing afe expect ed#@%%ﬁg
Allelic variants of this sequence can B2 cl oned by probing cDNA or genomc
libraries fromdifferent individuals according to standard procedures.
Allelic varpapheicatidés énchlifly BRUMGES CZalRalVNpolsipeptide téRioh) dolnains) elotiti, ng t hose
containing silent nutations and those in which nutations result in amno
aci d sequentesidupscangsequenges deferibrd pbevrarg aihewp in SER BNt | nvention, as
are 10 proteins whi : ' p%ggngetﬁﬁqh e‘h@, - disdoRé\Sn
generated fromalter ﬁ@‘??‘f@f‘g“sﬁ {lhgeg MRNAS, ~ whi ¢ rgEal n tt?ch%ls%r operties of
t he zal phalSEQdDy@;lireptesents @ singlelallcle of imdn zalphhHl and dhat alilictvariatipnandnt

I nventi on, are pol.ypepti des encoded by, ch ¢ nd__MRNAs. AIBI elic
vari ant s angl%m"ﬁegp@i& _ t EXPEGted ﬁ’egcé’u%e(%% © gn%ﬁﬁg%@xscﬁgﬁeéﬁe 58 8% obi ng
CDNA or gengighéd by proBing@PNA erpaibmichlafiesi fidhh diffbetit individualsSabating S0

according to standard procedures known in the art. The present invention

al so provi deandashprapeiuresq| Allelicvarams pbibeiliA seqpgnceshawn uh SEQHD NOtly s i | ar
to the pol yflﬁgﬁisn%;&fx%‘;gmgs kbt HRE 'théde B &?mu&!ﬁxexi?{?

"substantia I's uSe erein to denote polypepti avinrllg at
| east 70% amine gwid sapeive\changes, cas widinsbe sscopecofcte ipresenti inyention,t 4seare equences

shown in SEQ I D 20..NC 2 their ort ¢h palypeptides,wll nore
prefer aa1°y S’é"%’fsw“’e"é“gto a@o&éﬁh_ﬁemtﬁl ?fhghggi%sﬁbajef‘g#%& feﬁ‘g%’%\r%%r e
i dentical t gitcpiaigvely spited MRNAL,SWHIEH Pepdin tise ﬁmﬁ&ﬁ&mﬂmémﬁmp olypéptidety i s
determ ned by .conventional nethads. See, for, exanpl e, tschul et al.,

Bul | . Mat h. aijigeluded. wigldrth seope pfghs nrpsgnt iBKEgR.fas ZFrpolimspRdss encaded by Nat |
Acad. SCi. Liah HNADHITRRERLO rau&ﬁ@?mﬁ&lasﬁl ice vARar{Tb BeR Go Wahces are

25 aligned to optimze the alignnent scoreS using a gap opéening penalty of
10, a gap ekt clopé¢doby probink tcPN# orlgenomit librariesifrops diffegdt indivadualscprtissues x - of -

i cat &8 by P adad ek R Bublel 6T Cent | dentity is then
cal cul ated as: 30 THe faésentinvéntion also provides isolated zalphall polypeptides that
PCT/ US99/ 22149 28 .. ) ) _
are substantially similar to the polypeptides of SEQ ID NO:2 and their orthologs. The
term "substantially similar" is used herein to denote polypeptides having at least 70%,
more preferably at least 80%, sequence identity to the sequences shown in SEQ ID
20 NO:2 or their orthologs. Such polypeptides will more preferably be at least 90%
identical, and most preferably 95% or more identical to SEQ ID NO:2 or its orthologs.)
Percent sequence identity is determined by conventional methods. See, for example,
Altschul et al., Bull. Math. Bio. 48: 603-616, 1986 and Henikoff and Henikoff, Proc.
Natl. Acad. Sci. USA 89:10915-10919, 1992. Briefly, two amino acid sequences are
25 aligned to optimize the alignment scores using a gap opening penalty of 10, a gap-
extension penalty of 1, and the "blosum 62" scoring matrix of Henikoff and Henikoff
(ibid.) as shown in Table 3 (amino acids are indicated by the standard one-letter codes).

The percent identity is then calculated as:

30



Total nunber of identical matches x 100 [l ength of the | onger sequence plus

the 5 nunber of gaps introduced into the |onger ‘sequence in
order to aliggo§gp t W sequences] WO 00/ 17235
PCT/ US99/ 221 8] WO 00/ 17235 PCT/US99/22149

PCT/ US99/ 22149 30 Sequence identity of polynucleotide nolecules is
determ ned by simlar nethods using a ratio 48 discl osed above. Those
skilled in the art appreciate that there are many established al gorithns
avail able to align two am no acid sequences. The "FASTA" simlarity 5

search al gorithm of Pearson-Ig@pI1 I I %Hﬁ bl e protein alignnment

nmet hod for exam nirng the | eve -6#h?ggﬁgéf$£s aré% by an am no acid sequence
di scl osed herein and the amnAc—aet+e—seguenree—of—a—put-adidde vari ant zsi g57.
The FASTA algorithmis desch@@?@%%ﬁg%i man, Proc. Nat'l Acad.
Sci . USA 85:2444 (1988), an&: S ST - | . 183:63 (1990). 10
Briefly, FASTAdirst charach@hbet8Bgaps intdBacRd Mtétledérgey Dy identifying

regi ons shared by the query sequence (e.g., SEQ ID NO 2) and a test
sequence ‘that ‘have either t Prauefice incorderdeplignithe oo sequeneasl i es (i f t he ktup
variable is 1) or pairs of identities (if ktup=2), w thout considering

© conservative amno acid substitutions, insertions, or deletions. The ten
regions with the highest density of identities are then 15 rescored by

conparing the sinilarity of all paired anmino acids using an amno acid
substitution matri'’x, and.the ends of the regions are "trimed" to include

- only those residues that contribute to the highest score. If there are

several regions with scores greater than the "cutoff" value (cal cul ated by
a predeterm ned fornul a based upon the - -



| engt h of .the sequence and the ktup value), then the trinmed initial
regions are 20  examined to determi ne whether the regions can be joi ned
to forman a i e alignment with gaps. Finally, the highest scoring
regi ons of'tﬁ@b@@gg%%ino aci d sequences %ée al i gned usi ng aPAHHFI2RHPi on of
t he Needl eman- Winsch-Sel | ers al gorithm (Reedl eman and Winsch, .J. Mol. Biol.
48: 444 (1970); Sellers, SIAMJ. Appl. Math 26:787 (1974)), which allows for
am no acid insertions and del etions. 25 Preferred paraneters for FASTA
anal ysis are: ktup=1, gap opening penalty=10, gap extension penalty=1, and
substitution matri x=BLOSUM62, wi th other paraneters set as default. These
paraneters can be introduced into a FASTA program by nodi fying the scoring
matrix file ("SMATRI X"), as expl ained in Appendi x 2 of Pearson, Meth.

Enzynol . 183:63 (1990). 30 FASTA can al so be used to
determ ne the sequence identity of nucleic acid nolecules using a ratio as.
di scl osed above. For nucl eoti de sequence conpari sons, WO 00/ 17235

PCT/ US99/ 22149 31 the ktup val ue can range between one to six, preferably
fromthree to six, nogt preferably three, with other paraneters set as
default. The BLOSUM52 table (Table 3) is an am no acid substitution Natrix
derived fromabout 2,800 |ocal nmultiple alignnments of protein sequenece
segnents, 5 represgnting highly conserved regions of nore than 500
groups of related profeins (Heni koff and Heni koff, Proc. Nat'l Atad. 7Sci.
USA 89:10915 (1992)).e=Accordingly, the BLOSUMG2 substitution fyregugng es
can be used to define conservative am no acid substitutions that'* may be
introduced into the aftino acid sequences of the present i nventi en. AN hough
it is possible to despgn am no acid substitutions based gphglx upon %p
chem cal properties (as discussed below), the |anguage "consenvativeiam no
acid substitution" prieferably refers to a substitutionerepreesantedmby a
BLOSUMB2 val ue of gregter than -1. For exanple, an amino 'acl d'substit'ution
is conservative if the substitution is characterized by § BlCgUNbZ}val ue of
0, 1, 2, or 3. Accorakng to this system preferreg conseryvati ye angng acid
substitutions are characterized by a 15 BLOSUMG2 Vval ué of at 'l east' 1
(e.g., 1, 2 or 3), whifle nore preferred conser vt fve afi o actid oy 4

substitutions are chagacterized by a BLOSUMGZ, vgl ye ‘_pfoa;q I(ga‘gt ;2 Lehg., 2
. ] 1 ) ]
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or 3). Variant zal phall pol ypeptides or substantially honol ogous zal phall
pol ypepti des are characterized as having one or nore am no acid '
substitutions %O del etions or additions. These changes are preferably
of a minor ndYQIE™Hat i's conservative ami no acid substit 8CFY IR¥8e Tabl e
4) and ot her substitutions that do not si ggioficantly affect the folding or.
activity of the polypeptide; snmall deletiofs, typically of one to about 30
am no acids; and snmall anjno- or, carbo -t ernj,nal .ext ensjons, ch, gs an
ami no-terninal et hi oni neP§IYERg jdentity %txr"éhyf"“\gi?‘mg&m {eﬂf emiggs% t
20-25 25 I esinhbiRsis uSlhg 2 fatidfab BiRéibsedaB&e. The present invention thus

i ncl udes pol ypeptides of from about 489 to about 568 amino acid residues
“that conprise a sequence Thnse skilledtin| theart appyecigle diag these are mapg sestablihed  and
nore preferably 9 | e .1 he. N 0 Gerola @A Q1. QID
NG 2. "pal ypept | AUt SRl SE i Ro bitido)6eid U BREE 10 SEASTAD \yRtect
_proteol yticscl eseadealgotithmbefl Peacson taheé Ligrhgehia Jal suitably (peqiéin ciigiamiht toiethodOfor

a fe_'ac;;g 180 Sk e feve) o Mently Shired By 2 Amifo 550 38uente Gisioiod hirdh abd "2

- PCT/ Us99/ 22149 3§ #altlocacki GRUBRIVAL b \Futali0E RAridk i 4ig8 71D StHe! PASTA Salgbrithm is

Basi c: argi nine lysine histidine Acidic: | utamc acid
_aspartic acid 1@escribed by PemQHMdMiML_M:@&&ﬁw&g&ﬂsgbmbWabl e
¢ cont . Hydr obNYRhgon Ml BIEIARS B.e3 10003
i sol euci ne valine Ard , '—'-pt#enyp al ani ne tryptophan
. .10 Briefly, FASTA first characterizes sequence similarity by identifying

regions shared by the query sequence (e.g., SEQ ID NO:2) and a test sequence that

have either the highest density of identities (if the ktup variable is 1) or pairs of

- identities (if ktup=2), without considering, conservative amino acid substitutions,

. .insertions, or deletions. The ten regions with the highest density of identities are then
.15 . rescored by compé_ﬁng the similarity of all paired amino acids using an amino acid
_-substitution maﬁix, and the ends of the regions are “trimmed™ to include only those
residueé’ that contribute to the highest score. If there are several regions with scores

greater than the “cutoff” value (calculated by a predetermined formula based upon the

1ength of the sequence and the ktup value), then the trimmed initial regions are

20 examined to determine whether the regions can be joined to form an approximate
alignment with gaps. Fiha]ly, the highest scoring regions of the two amino acid
sequences are aligned' usixig a4 modification of the Needleman-Wunsch-Sellers
algorithm (Needléman and Wunsch, J. Mol. Biol. 48:444 (1970); Sellers, SIAM J.

. Appl. Math. 26:787 (1974)), which allows for amino acid insertions and deletions.

25 Preferred parametérs for FASTA analysis are: ktup=1, gap opening penalty=10, gap
extension penalty=1, and substitution matrix=BLOSlM62, with other parameters set as
default. These parémeters can be introduced into a FASTA program by modifying the
scoring matrix file (“SMATRIX”), as explained in Appendix 2 of Pearson, Meth.
Enzymol. 183:63 (1990).

30 _ FASTA can also be used to determine the sequence idéntity of nucleic

acid molecules using a ratio as disclosed above. For nucleotide sequence comparisons,



tyrosine 20 Smal | : gl yci ne al ani ne serine

t hreoni ne net hionine 25 The present invention further provides a variety of
ot her polypeg%égg fusions and related-myl timeric proteins conprising one or
nor e pol ypeptT V&S ons. Por exanpl e, a' zal phalX ol ypepti- d
prepared as a fusion to a dinerizing proteig,as disclosed in U S.- Patents
Nos. 5,155,027 and 5,567,584. Preferred 30 dinmerizing proteins in this
regard include i mmunogl obulin conséant rgﬁ%on donmai_n

| mrunogl obul i n- z e valyis| SABARge RtVERD tQ. 5% Béef"e"ﬁsﬂ?’efgg’éc}h'ieﬁ o S Pes) |y

engi neered cel | sg%glg%&gwﬁhgﬁgﬁh@émwh“mic zal phall anal ogs.
Auxi |l iary domai.nS tan be fused to zal phall pol ;/peptides to target themto

specific cells, tissues, TheBLOYUMS23sble (Table 3) is an amino acid substitution matrix
PCT/ US99/ 22149 33 or cro > e, he. 1 C Eﬁgﬁ ) f I

pol ypepti de can é@"‘fe&s %fntagg \kt%%orefoﬁélr féiglr?gllee@% S, 1gu"cf hﬁgéﬁlagéag%#f nsFWerftség
for purificaki onrépneestinigaliighly | cofiseti@daregions of yoeed thian 500 ugroups sofcalated| roteins
conprise one or nore cleavage si.tes, papticularly, bet i ns. e

Compr 8¢ e O Mokt Sl BLGTREas a7 Yeid 1 DGR (IR RecoEy
proteins of the pKASIHSUMSY SHstiRiof AEquRhEEs GABE ibedlo BERHetBhdtrvAlivY a6 WEili NY
am no acid residues. Non-naturally occurring am no acids include, wthout

limtation, transulstitgiohs that olayrhe, infroduced inta rtbe aminonacid sequences of the. present
Ci s-4- hydr oxypr ol.i

ne. 1 rans-4-. rolj ) ina.
al | o-t hr eoni ne, mvﬁﬁ?‘ﬁ‘y I@ﬁ?‘(‘é‘ﬁf %ﬁ:ﬁggsr%é?oo%#gg %jﬁ'%oygé&;ﬁ?gq&%’%%& solely upon
hyd (rj oxyﬁt hy I1|bo (rjm@hahiehlgﬁmpfrﬁésf [1:c] Mk@g@eﬁebel&@ml@ mﬂa'gae‘,‘cog&wativ@ Ik?nfhm Iaf:id
acid, thiazolidine carboxylic acid, de roproline, 3- and_4- ol i ne,
S B ot iyl pr ol (SHRSUREORT PReBABY S1EeH 6 4 SACF O AeRE it ) P A HGE Yalue o

3-azaphenyl al ani Reentef -that? 3PN ExoF! SlamBiel @n @ifo 4icfd SRREGH NS JbRRivave HEURT 2l
nmet hods are known i n the art for 1 ncorporating non-naturally occurring

am no aci d resi disubstitution igshetacterized by sy BIeQSIAMI62 valueiof R, Li2, on3.shetoeding tathise
enpl oyed wher ei n PoN3eN2Ge Ml 85dsONEiE" GmbidPRLSS SRSt %are characterized by a
15 BLOSUMSG62 value of at least 1 (e.g, 1, 2 or 3), while more preferred conservative
amino acid substitutions are characterized by a BLOSUMS62 value of at least 2 (e.g., 2
or 3).

Variant zalphall polypeptides or substantially homologous zalphall

polypeptides are characterized as having one or more amino acid substitutions,

20 deletions or additions. These changes are preferably of a minor nature, that is

conservative amino acid substitutions (see Table 4) and other substitutions that do not
significantly affect the folding or activity of the polypeptide; small deletions, typically

~of one to about 30 amino acids; and small amino- or carboxyl-terminal extensions, such

as an amino-terminal methionine residue, a small linker peptide of up to about 20-25

25 residues, or an affinity tag. The present invention thus includes polypeptides of from

..about 489 to about 568 amino acid residues that comprise a sequence that is at least

80%, preferably at least 90%, and more preferably 95% or more identical to the

corresponding region of SEQ ID NO:2. Polypeptides comprising affinity tags can

further comprise a proteolytic cleavage site between the zalphall polypeptide and the

30 affinity tag. Suitable sites include thrombin cleavage sites and factor Xa cleavage sites.

—



- occurring species by in vitro chem cal

~can be conbifed with site-RAka&dt ed nut agéitgimine Wo 00/ 17235 .

- PCT/ US99/ 22149 34 to further expand the dsP3g@hesubsti tutions (Wnn and
Ri chards, Protein Sci. 2:395- 403, 1993). A linited nunber of

15 chem cal |y am noacyl ated suppressor tRNAs. Methods for synthesizing
am no acids and ami noacyl ating tRNA are known in the art. Transcri ption and
transl ati on of plasm ds containing nonsense nmutations is carried out in a
cel | -free syWOdAB¥hprising an E. coli S30 extract and corfEYEPYEN$
avai |l abl e enzynes and ot her reagents. Prot ﬁi%s are pur|f| ed by -
chromat ography. See, for exanple, Robertso t al. . Am Chem Soc. 20
113: 2722, 1991; Ellman et al., Methods Enzynol. 202: 301, 1991; Chung et
al ., Science 259:806-9; 1993; and Chung et al., Proc. Natl. Acad. Sci. USA
90: 10145-9, 1993%abi£-' £ second nethod, translation is carried out in
Xenopus oocytes oi nj ectl on of nut at ed rrRNA and chenically
ani noacyl at ed sufpreeEvativeNARing aeig tions pgjg|l. Chem
271:19991-8, 1996). Wthin a third rrethod E coli cells are cultured in 25
the absence of a natural anmino acid that i's to be replaced (e.g.,
phenyl al ani me) and in.the ﬁj‘rsé'§ence of tl?ergd'élé'f‘?ed non-naturally occurring
amno acid(s) (e.g., 2-azaphenylal ani ne,1y&ia@aphenyl al ani ne,
4- azaphenyl al ani ne, or 4-fluorophenyl al ani q,_e) lhe non-natural |y occurring
amno acid is mcorporated into the proteln |n pI ace .of its natural
counterpart. See, Koide etAdldic:Bi ochemgl3Gamig0aziid6, 1994. Natural | y
occurring amno acid 30 = residues can ;ggjaq:qq\gegggg to non-naturally
Ification. . Chem cal nodification

non- conservative ani no .aci ds, am no acids that are not encoded by the

'genetl c code, non-natural |'1yab]£bCl4r EbAY. am no aci ds, and unnatural 5 am no

aci-ds. may be ‘substituted f all ani‘g]o (él d residues. Essential amno
acids in-the pol ypepti des Jﬁ?e résent Tventi on can be identified

~accordi ng t o5 procedur es knovvn in the artisclemeias site-di rected nutagenesis :

or -al ani.ne- scanni'ng futagenesi s (Cunni nghagand Wl I's, Sciénce 244: 1081-5,
1989; Bass et al.. ., Proc. Natl. Acad. Sci. USA 88:4498-502, 1991). In the
| atter technique, 10 sﬂﬁ”gﬂn@talcam e rRROR¥1GHEDAPE | nt roduced at every

. residue-in the nolecul e, ‘and the resul t aptyp8sphan ol ecul es are tested for

~ biological activity (e.g. ligand bindin and 5|gnal transduction) as
. di-scl osed below to identify am.no-acid r € that are critical '
- 20 o . Small: = . glycine
" alanine
serine .
. threonine_
~methionine
25 |

_ The present mvenhon ﬁlrther provrdes a vanety of other polypeptide

ﬂ fusrons and related multimeric proteins eompnsmg one or more polypeptrde fusions.
| For example, a zalphall polypepude can be prepared as a fusmn to a dimerizing
protem as dlselosed in US. Patents Nos. 5,155, 027 and 5, 567 584. Preferred

30 | dlmenzmg protelns in this regard include nnmunoglobulm constant region domains.
| Immunoglobulm—zalphall polypeptlde ﬁmons can be expressed in genetically
engmeered cells to produce a vanety of multrmenc zalphall analogs. Auxiliary
~ domains can be fused to zalphall polypepudes to target them to speclﬁc cells, tissues,



to the activity of the nolecule. See also, Hlton et al., J. Biol. Chem
271: 4699-4708, "1996. Sites of |igand-receptor, protein-protein or other
bi ol ogi cal interaction can also 15 be determ ned by physical anal ysis of
structure,  asW@OERHM ned by such techni ques as nucl.ear magnBETESPEEHRance,
crystal l ography, electron diffraction or phg%oaffi nity labeling, in
conjunction with nutation of putative conta site am no acids. See, for
exanpl e, de Vos et al, Science 255;306-312, 1992; Smth et al., J. Mdl.
Bi ol . 224:899- o@ymagigmplecylps,(e:gmcrollagen)y A alphed i mm&e@%edfem °Fhe
identities of esypmd indlietil, such®l 3R AfiflS tip2 fordpuiritichfor! BAE M W%eftihg_rﬂomain._

0

anal ysis of honol ogies wth related receptors. term nation of am no acid
resi dues that ar Eolypertida fusiaps carsalsy cogprise ane ortmaere gleavage sitescpartiquiarly between

mai ntai ni ng strugtur.al 4ntegri @n b§ d;t er g nggg [t i hese regi ons
one can determ néog‘ﬁ'ﬁ%i $?tf‘%8§§u & 3\A':lloér]’ 1Iggés's tol erant of
change and mgi ntain the ovEieaproteingldfithe presént ivehitich cin dlsvecomiprise mon-natdallpods
for analyzing 25 sequence struycture inclgal‘%qe, but, are_not ] i m,t dwt&g,

al i gnnent of nul CFPIdIEEBNG deidJesigues; Mograatimlly pegurring giing, acids duclyde, watbomt; ¢ -

and comput er analtiiafiodi St sahéii15life, “2A iRiafofeSlink, ggﬁﬁycir&@bﬂiﬁhe,' brifit4-]

vi ewer and honol ogy nodeling too San Diego, ), secondary .
structure propendydioxyproliienary pemetbylglycineonpl eadmthseopingacki ngpethylihieonined

polar interactions,(Barton. Current | Struct.  Biol . 372-.376, . 1995 and
Cor des. ot 30 Spaoriimeind i loxyRilpombyeies Bifogpuaynge tokidyiaiae.
when desi gniung npifiebalizadcid) ibiazolidid® dafbokylis3aeid, dehydroproline, 3- and 4-methylproline,

PCT/ US99/ 22149 35 t o | ecul es or, identifying specific fragments .
det er mi nati on of 3&&@@&3}9@0‘% ‘F"ﬁ@‘%@c%?’?&ﬁ#&d%?l‘e@}f‘élaﬂ'&ﬁ apaphenylalapipe -

modi fied ol ecul QSaphAIAIRS bl ARAMEHIAYRIRHES SeRA rbEs hd KBoWR hPthd art for

pol ypeptides so as to ‘nmninze disruption of higher order structure
essential to bi olingrmesdting awn-patusally Bocurting aming acid|residugh into proteinsa| Fon agample,

pol ypepti de conprises.one_or e _helices, changes in I no_aci d residues.
Will be made so A8k i Al bF cpiplovRE Mo dinsins Suglib e eprinedltemEs
of the nol easl e whehicalyhanigoscylabdCsuppressor tRIVAs, 2 Mt ds Girtsyfithedizifig lamino&didson,
for exanple, binding of the nolecule to its bindi ngrpart_ners. The effects
of anino aci d sedfeoEnRRAtng TN B known; oy ke By, Trpeserigtion, gnds trapslation of -
nodel i ng as 10 h%'c‘aﬁﬁ?ﬂxi@%ynﬁ‘enﬁ’é mQEiiﬁﬁsr‘ikEﬁﬁeri’MthH@cb!lﬁhﬁe-%fstéﬂm ing -
structure (see, €. % Lapthorn et al., Nat. Struct. Biol. 2:266-268," 1995).
Q her t echni ques anfacoltBH) exgnst ardicommencially available enzymes and other reagents. Proteins . - .
are purified by chromatography. See, for example, Robertson et al., . Am. Chem. Soc.
20  113:2722 1991; Ellman et al., Methods Enzymol. 202:301, 1991; Chung et al., Science -
-259:806-9, 1993; and Chung et al., Proc. Natl. Acad. Sci. USA 90:10145-9, 1993). Ina
second method, translation is carried out in Xenopus oocytes by microinjection of
"mutated mRNA and chemically aminoacylated suppressor tRNAs (Turcatti et al., J,
Biol. Chem. 271:19991-8, 1996). Within a third method, E. coli cells are cultured in -
25.  the absence of a natural amino acid that is to be replaced (e.g., phenylalanine) and in the
- presence of the desired non-naturally occurring amino acid(s) (e.g., 2-azaphenylalanine,
3-azaphenylalanine, 4-azaphenylalanine, or 4-fluorophenylalanine). The non-naturally
- occurring amino acid is incorporated into the protein in place of its natural counterpart.
See, Koide et al., Biochem. 33:7470-7476, 1994. Naturally occurring amino acid
30 - residues can be converted to non-naturally occurring species by in vitro chemical

modification. Chemical modification can be combined with site-directed mutagenesis



conpare folding of a variant protein to a standard nolecule (e.g., the
native protein). For exanple, conparison of the cysteine pattern in a
variant and standard nol ecul es can be nade. Mass spectronetry and chem cal

nodi fi cat i onW@IME3® educti on and 15 al kyl ati on .provi de ol
det-erm ni ng cystei ne residues which are as§gci ated with disul fide bonds or
are free of such associations (Bean et al.; Anal. Biochem 201:216- 226,

1992; Gray, Protein Sci. 2;1732-1748, 1993; and Patterson et al. én@
Chem 66: 3727- 31 furthenexpand the raugeqf substifytions, EWynn, and Richards, Protein. Sei.2:393-
nol ecul e does NQh3 hl@?% the sanme disulfide bonding pattern as the standard
nmol ecul e fol ding Woul'd be affected. 20 Anot her wel |l known and accept ed
met hod for measuring f ol dArfinited nuinberof apn-gonstrvative amigeGwids, amine ariflndatare

conparing the CD spectr ner at ed a _nopdi f.i e
nol ecul e i s rout“Pﬁg“"(’-é?fﬁ??g Y ,geﬁqgtcg%snm}?ngglgﬁl%f%@ﬁwgé%&gt% ogr ap%y i s
anot her wel Is knGyfind@idi@shy be sutstiftedZbr@lphe] Iiniigo adidlresiduesct ur e.  Nucl ear

magnetic resonance (NVR), digestive pepfide napping d epitope pappi are
al so known 25 - . nethods Essentighgmine asids indhepalypeptides o &G@Eea?%lm%gﬁ‘#ﬂnl‘%lggi es

bet ween protein ) 4 g,g&eglﬁg?@. A I ¥ | SR Afrectatl mifageraié
1992) .- A Hopp/ V‘z%%gﬂﬁd;gér%%t{o Ity pro |qu31%%ﬁ%sgc§18%hall protltxali n sequence
as shown in SEQ ok Blahife-Bcanning mentagenesisa(Covhinghompoandt Wells, Scignce 244:\H81-5, .

Sci . 78: 3824- 382 1981; Hopp., .J, | n ] ~d- 198 Lauer et
al., 30  Protéeta Eﬁ?év#é“&&?ﬁ—%&@%%éw@é’g%&s‘é%‘) .g@‘?‘gﬁ%’ Téf‘%@&ﬁe’
profile isjpasedimf Masihé dinitaions are Rftdodured it edlaw. refidue #lthe, mGlecule) candl the

resi dues and exposed H, Y, and W WO 00/ 17235, . . e

PCT/ US99/ 22149 Fesultant;rptens melecules gre fegiad forhiologigalactivity (f-g Jigpnd, hipding and
hydrophilic regi | ' i d’\»?ﬁ»i'géhﬁ?y ; 8 tHat arefefitiédP NO-
2, amno acid re u%és?’g@%qt ?’?ﬁ%ﬁmg&f%% SEé I D N%ﬁmtz)%ig% aci d residues

139 through 144 tofheSiegvitDofBe nleculei Ses also, Hiltansst alick Bioly Chem o2idi69347¢%, SEQ
D10 2 B0 a0 Sk b NSl A S5 el B i
hydr ophobi it y Vel detehiined lbg iphiysiiab amutysin of! strobtere, dedstermineg byouich techmifaasssi n
over al St T uct rBFIoH @agRec o EMboep Y RTIE B iR b of abplabERy '
repl acement ar e jhyih o RR UBhjanétion! vitiCutation of putative contact site amino acids. See, for
o | example, de Vos et al., Science 255:306-312, 1 992; Smith et al., J. Mol. Biol. 224:899-
_ .. 904, 1992; Wiodaver et al., FEBS Lett. 309:59-64, 1992. - The identities of essential
20. amino acids can also be inferred from analysis of homologies with related receptors.
Determination of amino acid residues that are within regions or domains
that are critical to maintaining structural integrity can be determined. Within these

regions one can determine specific residues that will be more or less tolerant of change

| and maintain the overall tertiary structure of the molecule. Methods for analyzing
. 25 sequence structure include, but are not limited to, alignment of multiple sequences with
high amino acid or nucleotide identity and computer analysis using available software

(e.g., the Insight II® viewer and homology modeling tools; MSI, San Diego, CA),
secondary structure propensities, binary patterns, complementary. paéking and buried

polar interactions (Barton, Current Opin. Struct. Biol. 5:372-376, 1995 and Cordes et

30 al, Current Opin. Struct, Biol. 6:3-10, 1996). In general, when designing modifications



10 sel ected fromthe group consisting of Val, Leu and Ile or the group
consisting of Met, Ay, Ser, Ala, Tyr and Trp. For exanpl e, residues

tol erant of substitution coul d include such residues as shown in SEQ | D NO
2. However; CYQOMITR r esi dues coul d be rel atively intol er anPCHPS99/22149
substitution.- The identities of essential amino acids can also be inferred

fromanal ysis 15 of sequence simlarity St ween cl ass | cyt oki ne
receptor famly nmenbers with zalphal 1. Using nethods such as "FASTA"
anal ysi s descri bdel melesulesuer yd PEFC’@P fﬁ?@wﬂ&‘ Astermrination afcstiugwrr Will e

within a famly 9’5!%& aci d sequence for
conserved regi ongwc n aId%Zr natlv app oaﬂﬁ to Fg) ?ﬁfyl ng a vari ant
zal phall pol ynucl eoti de -on Aniimo had;sequaices:hanges areanade in ealplel &polypeptideesdas a

nucl ei ¢ aci d 20., no] ecul e encod tential vari.ant | phqll,. .

pch)I yn:JcI eolt i de cdft W%F*fﬁl%na Higb‘f ‘?g ﬁ“m%/sﬁ@h%emhhs@f’ﬁﬁgtaﬁ’émy For

nucl eoti de segue &,%E&hﬁﬂ?ﬁu ﬁ? 84/ 56Rptised BN or foftChelio®y, kRdhgedin
in

i denti fying essent ial am no ac pol ypepti des of the present
i nvention are pr cueine aed rsidngs wilk H@ad&rsp asdigt ftp disrupt the_helix geermefryyapd other

e 081 ( 1099, - Eitibliads 3F thd holbbROSHER) Chafed W OSHARRaGN Gl | spihs GHfleal O
goo nbs apdAColr ey;ﬁm?:gem:fmqmm;%f?emmmdo E%sgisxﬂizng lﬁrtgémeggg effects ofh
o ose. e 60, Aminh el SeITEae BATRES A b ATEER P T SyaRien SORIS FRORERE P,
i ntroduced afg evediycidstd hBHVE ot detérhbned Dy @natyds offdfital Structurk e,reegsm I‘néf‘él ant

nol ecul es are tested for biol ogical act|V|ty as disclosed below fo
00/ 17235 - ‘Nat. Struct. Biol. 2:266-268, 1995). Other techniques that are weltknowm i Ql;gla;g

w0l coul e, Seo al Soutpyh PRHEYEE il ordich 14 bpfifta bOPHE GF7 sl

present inventi ornfal exmnplbpéamtmﬂsdmmﬁ:ﬂw ecysitiné patpmein & variant abdostarddard molecules

polypeptldes and nucleic_ aci e engo uc unctlonal ragnengs.
A5 "funct i onaf*® o3 . Mass SPF"E'&HF%V ﬁ“ﬁ &‘E@%’aﬁ ofoh and

characteri zegs by dlkylatithGirovids mbthyds foF de@érfnixﬁiig?é}fsteﬂie'té‘ﬂih&@ﬁrhiéh% asEéiatddSwith. -

ability to |nduce or inhibit specialized cell functions, or by its ablllty

to bind specifi cafifyfidebonds anere fiegof echiassnciatipasiPean ctal
(e'”“‘v‘r sol-ubl-e oga] Y8R drag, Stbein§cilPS:TYIR1 Y 16935 Ghd Batbrlds' & 'all; 1-.

-66:3727-3732, 1994). Itis generally believed that if a modified molecule does not have
‘the same disulfide bonding pattern as the standard molecule folding would be affected.
20 Another well known and accepted method for measuring folding is circular dichrosism-

{(CD). Measuring and comparing the CD spectra generated by a modified molecule and
standard molecule is routine (Johnson, Proteins 7:205-214, 1990). Crystallography is
- another well known method for analyzing folding and structure. Nuclear magnetic

resonance (NMR), digestive peptide mapping and epitope rhapping are also known
25 - methods for analyzing folding and structural similarities between proteins and
' ~ polypeptides (Schaanan et al., Science 257:961-964, 1992).

A Hopp/Woods hydrophilicity profile of the zalphall protein sequence
as shown in SEQ ID NO:2 can be generated (Hopp et al., Proc. Nafl. Acad.
Sci.78:3824-3828, 1981; Hopp, J. Immun. Meth. 88:1-18, 1986 and Triquier et al.,

30 Protein_Engineering 11:153-169, 1998). See, Figure 1. The profile is based on a
sliding six-residue window. Buried G, S, and T residues and exposed H, Y, and W



characterized by a class | cytokine receptor structure. Thus, the present

I nvention 10 further provides fusion proteins enconpassing: *(a)

pol ypepti de nDIecuIes conprising an extracellular or intracellular donain
descri bed her¥P3973y (b) functional fragnments conprising €IS 2204% of

t hese domains. The other pol ypeptide portion of the fusion protein nmay be
contributed by another class | cytokine reéﬁbtor for exapnple, I L-2
receptor [err]-subunit and the [err]-comron receptor (i.e., IL3, IL-5 and

GM CSF recept or fesidnds wexg, ignoredy Fomeéxamiple, i Zﬂphaalmmlncweglamdmdndammo

unrel ated secret | Kt f usi on
protein. Routi ne& efeeltdlg%ﬁgsana %gg °i5$ ﬁ? galchb’a%’lﬁﬁg aaﬁ%sﬁ egg?:g]ﬁo%g‘%l ot
performed to obtSEQ IDUNO! 2,cantiho heid geskines 139 theough dH4iof SEQI D NOt 2 athino tabidt
encodes a zal phall, pol B QS‘ %\% | l.ustration, Db Ie | es havjng

t he nucl eoti de s’?ﬂﬂg‘ﬁ@é GIEF)" 232 é%allb é @3@3@ é‘ai@be
di gested w th BapfKEqQuisNeagse to obtain a series of nested del etions. These

"DNA fragments are then inserted i nto expression vectors in proper reading
frame, and 'the expr essed Jopsepshilledicin ghee drt ovill aerogniae tbatt dudrophiliity rall

At Vi, 0 1 Oy Gut) bt bbbl hd Qb Al RS0 2bRIAL

| i gand. One al ter o exonGerens
“oligonucl eotide- ihdﬁqﬁaxdeaﬁazalphmlll polepeptitls sb as hott to diknge thdqiverall stidetmral /idop

par Ui cul ar | agridAPEeg PSR, OF SRR JHRTER dot FRCEne ( BpRbe BadS ny
the pol ynergse cifdcid HRaf e up%bﬁ’dih@ﬂé@fw lﬂ,@ﬁiﬁmf RE ot 48 3hdub XbiMktihg BOF Mepna

dormains are well-known to those of skill he art. For exanple, studies

"oh the truncati ofﬁlYaSGTeMah'EYl‘ and Thz;tffvrtemlmresmes tolepint phsubstitetionesuld ancludseen
summar | zed by Hoéu' § 39@9“@0;9’?&%"'3 Rfi‘f‘rfa‘i-l whi&! Cg?@pr ga(] idutd 23414 be

Nbr eover , st andar d nlques onal anal ys 'S erns are
descri bed by ;. fonelaaxelyrmtderaiﬁme‘umhsﬁtuaon al .;» Molec.. Gen. Cenet:  240:113

. (1993); Content et al. fession,and | eI.irrin ry del etiaqn | ysi s of
“the 42 kDa 2-5A ‘synt het asg)ﬁg‘ﬁw amino actds dan aiso be interred fond analysis

PCT/ US99/ 2241849 - 3§F - bedilekice Usifilz aniwédiit 81&§s€!l Oéymkxﬂen rédeftbi0 Farkify}  nhenibRfs’ QRN
Syst ens, Proceedi n%?l of | SIR-TNO Meetin J nt erferon %st ens, Cantell

" (ed.),” pages’ 65:zalphak}.| Heing methgds suchias & prepiously, Tegipns of
(251185 ChompornlsbBbd i o 0
: sequence for conserved regions.: An alternative approach to identifying a variant
* - zalphall polynucleotide on the basis of'structure is to determine whether a nucleic acid
- . 20  molecule encoding a potential variant -zalphall polynucleotide can hybridize to a
- nucleic acid molecule having the nucleotide sequence of SEQ ID NO:1, as discussed

. above. _ _ o
- Other methods of identifying essential amino acids in the polypeptides
of the present invention are procedures known in the art, such as site-directed
‘25 - mutagenesis or alanine-scanning mutagenesis (Cunningham and Wells, Science
244:1081 (1989), Bass et al., Proc. Natl Acad. Sci. USA 88:4498 (1991), Coombs and
Corey, “Site-Directed Mutagenesis and Protein Engineering,” in Proteins: Analysis and
Design, Angeletti (ed.), pages 259-311 (Academic Press, Inc. 1998)). In the latter
technique, single alanine mutations are introduced at every residue in the molecule, and

30 the resultant mutant molecules are tested for biological activity as disclosed below to



5 270: 29270 (1995); Fukunaga et al., J. Biol. Chem 270: 25291 (1995);
Yamaguchi® et al., Biochem Pharmacol. 50:1295 (1995); and Meisel et al.,
Plant Molec. Biol. 30:1 (1996). Miltiple am no acid substitutions can be
made and test¥RWYYy known nethods of nutagenesis.and scr eBRIHI?284Rh as
t hose di scl osed by Rei dhaar-d son and 10 uer (Science 241:53-57, 1988)
or Bowi e and Sauer (Proc. Natl. Acad. Sci. USA 86:2152-2156, 1989).

Briefly, these authars disc]ose nmethods for sinultangou randonm_zi ng two
or nore positi o'ﬁ@@-'%l?ﬁéﬁ?‘%',@%ﬁqwgﬂ? W%Pfhﬁé?‘&ﬁ‘aﬁ?? 85[“&8@,

and then’ sequenciiign kA4, U Bis0ER% 2¢1:A699/@99¥) des to deternmine the spectrum
of allowabl e substitutions at each position. OQher nethods that can be used

15 i ncl ude phage di spl dhe present inveptipm alse tinclpdes fmctonnd Fagments o Falphald37
1991; Lad t ak. R . 409: .. jcatjon WO
921 052045) and rRPERESE, PrEle, B saolEdes "Rk ey Rkl Hodfithla”" 4

46: 145, 19865 Neffurtiond]” ,zalphifl 17 orl ZréigméiSthpreof/definedt Bereih & hehaticteribal byl its
zal phall DNA and pg

ept | . 20 .. D d thr,
Shul 111 ng he o PSR vSr GummHaE Reviy oAbl Pondbes go B D0 g
Nat | Acad. SCi . gubdSfndr B9 T iy o DR abal BPIABLAAE 0N A A

Briefly, variant DNAs are generated by in viiro honol ogous reconbi nati on by

random f r agnent digand (eithen sqluble or immobilized).o\dsipreyionsiy: deseribgd hageinnzalphahl is
resulting in randomd y .intyoduced poi | on [ eghn] 25
modi fied by usi n%‘“?‘*%‘ﬁ%r §P’08f°qaﬁgr‘e°3(¥°%%’§°dc r?ag%‘&gl Tojss %@é@%ﬁlﬁ?@ﬂaﬁgm
fromdiff er:lgmt sfusthérgstovitles fusiba p?miﬁs ﬁﬁﬂglpmingid(ay polypdptide h%ole:c'laleﬁ. cﬁxlﬂgrising'
process. Sel ection or screening for the desir, ctivity ol o

addi tional iteral erveedfla ot &&éﬁ‘—é@{ﬂé dawané‘gﬁe‘b%wa@@ %F‘*%‘pi}\ggga@xems-
"evol ution” of SEAMRIHEME DL Yr MBleWTiledd dbiRking Chiel ﬂkﬂr%oﬁﬂ%ﬁ'ﬂé PORICHAE tHR fusion -

si mul t aneousl y sel ecting agai nst detrinental changes. 30

Mit agenesi s net hprgtsiamaylibs couscibeted by anptherelassd inerieerpigrs for [exapmple, IL-2
t hroughput,, aut %@%&4@@@&%&%@%@%& [ ReftSt EE! mACHY) shd ARI-CSFIB& S tor p-

nmut ageni zed
PCT/ _%9 9/ 221480 39subanip ol by b aos-pitve apdoy @emirelaied scretdr Signsleptide thtitdhotlitares -
assays in this regard ipclyde cell, proliferation assays and bi osensor-based
| i gand- bi ndi'ng a%e§’§§'9‘,‘°€$§F oRPRRIRscri bed : o
' o Routine deletion analyses of nucleic acid molecules can be performed to
- obtain functional fragments of a nucleic acid molecule that encodes a zalphall.
. polypeptide. As an illustration, DNA molecules having the nucleotide sequence of
20 SEQ ID NO:1 or fragments thereof, can be digested with Ba/31 nuclease to obtain a
~ series of nested deletions. These DNA fragments are then inserted into expression
vectors in proper reading frame, and the expressed polypeptides are isolated and tested
' for zalphall activity, or for the ability to bind anti-zalphall antibodies or zalphall
ligand. One alternative to exonuclease digestion is to use oligonucleotide-directed .
25 mutagenesis to introduce deletions or stop codons to specify production of a desired
zalphall fragment. Alternatively, particular fragments of a zalphall polynucleotide
can be synthesized using the polymerase chain reaction. |
Standard methods for identifying functional domains are well-known to

those of skill in the art. For example, studies on the truncation at either or both termini

30 of interferons have been summarized by Horisberger and Di Marco, Pharmac. Ther,
66:507 (1995). Moreover, standard techniques for functional analysis of proteins are
described by, for example, Treuter et al., Molec. Gen. Genet. 240:113 (1993); Content

" et al., “Expression and preliminary deletion analysis of the 42 kDa 2-5A synthetase



~secretion | evels

bel ow. Mut ageni zed DNA nol ecul es that encode active receptors or portions
thereof (e.g., ligand-binding fragnents, signaling domains, and the 1ike)
can be recovered from5 the host cells and rapidly sequenced usi ng nodem
equi prent :  TM@8WTASt hods al | ow the rapid deternination of RA&SPHBIt ance of
I ndi vidual am no acid residues in a polypeptide of interest, and can be
applied to polypeptides of unknown struct ure. In additi on, the proteins of

the present invention (or polypeptide fragnent S thereof oi ned to
ot her bioactive mﬂceéwyebumpamtp&wmrlly Biolagicaly dnterferen, ¢ ‘ epdings. of o
mul ti-functional : _ &c frfya L,ggﬁzn ij}{pﬂng all
can be joined toﬁm ' l b?oﬁ&gl cal pro ertlggis1 or
efficiency of erMﬂaﬁﬂ“’I‘h’Eme)Recepmt” im Centtdl of Antmel el Pyoliferation LBayatonof

novel , hybrid nol ecul s in se nen o} e
hel i ces of zal ph#®ks (eds-} PREEY) 9-&? {3351 B%F‘fﬁ&ﬁ‘&ﬂ‘ o ol
preferably dso”e i%z%@#@(?w@ Fﬁmﬁ:&@@%ﬂsmlcm &MB@WQSYWmetal
chinmeric nolecul €5 In recor’rf)l nant productlon systens. The r | t ant

mol ecul es are- t hBiochens ABharnacol 50:1295 199y and Meisel |%0§@B——§§!Y$b§—91t9—1

| mproved st abi | |h}5?i@prol onged cl earance half-life, inproved expression and

d phar macodynam cs. Such hybrid nol ecul es may further
conprise additional am no Msltiple aﬁnﬁnodackembshimmnsealgbe magonddesied wring knopear )

bet ween t he conponent proteins | | ssed
" herein, one of mc))mﬂ‘ihﬁ%"?f ‘E‘P@?gepeql %Q é‘é‘%‘ g5 Jhose dF'§ %eﬁgaly ri&&%?%;g@%f%ﬂ
- vari ety of . pol yPpgQlet &lén&:él@@@ﬁswmswor Bowie ald Sk M_CN&M t he

si gnal transduction or figand binding activity. For exagple, one can 2

 meke a zal phall 86215263166, é%&?ﬁrt anefb’y Wéﬁ&ﬂpﬁgd’é"lﬁri"@? Sofor FmpARERYse s
' . that are subst an%ﬁal I&mgo% t oglﬁ&‘scﬁa geﬁfg&lﬂa@ BlediAPPioR fuh&fdndlues

20 (Cys) to 237 or al rrants or species
ort hol ogs t her eopglypepdds, edndi theillsgqmdemg)lthajm@gammdlpowdﬁsh@ mrmn%/pke

al phall protein. Such tides ma dd
: '-"fzrolron for Ioexarri)l épe“%“a'Fp?ijlX‘% %’?’Stfstﬂté "¥rag hé’ F%’nebglﬁggg%‘ ntrace ul ar
. domai ps.. Sugh - poh&ﬁﬁg},bggg,sgﬁy G apow;ﬂﬂd ¢tae, Bidcheir. GOﬂOS}ielOQbEﬂB?HéaémgnEnt S

- as’ eneraII di scl osed herein such as Iabels finit the Jlke
WO 80/ 17235y ~ " gl, U.S. Patent No. 5,223,409; Huse, WIPO Fablidaflot Y 990624 gioh= ) o
40 . » -+« directed mutagenesis (Derbyshn‘e et al., Gene 46:145, 1986; Ner et al.,, DNA 7: 127,
1988). - ' ' '

R “Variants of the disclosed zalphall DNA and polypeptide sequences can
20 . be generated through DNA shuffling as dlsclosed by Stemmer, Nature 370:389-91,
| 1994 Stemmer, Proc. Natl Acad Sci. USA 91:10747-51, 1994 and WIPO Publication
WO 97/20078. Bneﬂy, variant DNAs are generated by in vitro homologous
recombination by random fragmentation of a parent DNA followed by reassembly

using PCR, resulting in randomly introduced point mutations. 'I‘his technique can be
25 | modified by usmg a family of parent DNAs, such as allelic vanants or DNAs from
different species, to introduce additional vanablhty into the process. Selection or
screening for the desired activity, followed by additional iterations of mutagenesis and
essay_ provides for rapid “evolution” of sequences. by selecting for desirable mutations

while simultaneously selecting against detrimental changes.
300 - .- _ ' Mutagenesis methods as disclosed herein can be combined with high-
-throughput, aﬁtomafed screening methods to detect activity of cloned, mutagenized



For any.zal phall pol ypeptide, including variants, soluble receptors, and
fusion pol ypeptides or proteins, one of ordinary skill in the art can
readily generate a fully degenerate pol yhiucl eoti de-:sequence encodi ng t hat
vari ant using Y4 BPormation set forth in Tables 1 and 2 atR§TAISIR2149

The zal phall pol ypeptides of the present invention, including full-Iength.
pol ypeptides, biologically active fragnents,33nd fusion pol ypeptides, can
be produced in genetically engineered host cells according to conventional
t echni ques. Sui t al7riphaldseceptor pelypaptides ip bestcells. Prefaseed assays inghis regerd include cell

el ude. bact or i o, Tongaor atfds el GOSN Seicl AR MR betds Wbl adiibed

cel I s. Eukaryoti c below. sMutagertized DNA | myoleaules that dneoalk lastivef receptors 6:epdrtidrrthereof

organi sns, are preferred., . Techniques fqr panipul.ating cloned DNA nol ecul es
and i ntroduci ng eiﬁ‘&e %@'ﬂ‘ﬁ?ﬁ#&?ﬁ%ﬂ@@?‘%d ap Q\QIH?@ %Péea?@wsi y
Sanbrook et als., i RBestlélls 4ad ARG sedueh@dQlsRioGhodeld e NEhed- methschil
Spring Harbor Laboratory Pr es.g;ﬁ?gl ddhsepri ngﬂﬁar bor,g%@mi%& ann& Aussub(e“I”

et al., eds., Cur onnofiie dmporiance f indigidyklo gmino Jasith residuey immnd
1

thh £
Sons, Inc., NY, , ' zal phall
pol ypeptide is ongz@g%e?’mﬁ%@tt’gngf#ﬁ%ﬁ%@%}@&gﬁ@r@%%ﬁ%& P its
expression, general |y inclulh iaddition, r thesprolejusi of ther presént r indéitioh efori poliipeptide
wi thin an expressigon VeCttﬁr'gﬂhe vector will alsp conmon|y contain one or
nore sel ectabl e rréfaﬁ S thereeR 2 rbenigingdyte other, blogetiye molepuley, jRagiculsrly other

al though tho3e skicylokihes, o tphsvide muMilfuhctioRAOENeAfest s ekbrhple ool Abfe helices
systens sel ectabl e markers nmay be provided on separate vectors, an

replication of thdrasxzaiehedl samqioined tonthes cytokitestolsphange thgir bidlagical propertibsor -
host cell genone. : %Bpﬁog‘jcﬁgﬁormters, term nators, selectable markers,
vectors and other elenehts IS a natter of routine design within the |evel

of ordinary skill in the arThe piasept mwetion tamsgnoddearacsedss ofnodé!§ﬁfﬁrfd&dolhéhléshé
literature and are a\i&i | abl e throu&?.com‘rerci al %u&gl iers. To direct a
f

zal phall pol ypept iVt  Seafent somprsing one. ommate heliess of alphall isefuped; tor y
signal sequenee (ahferptiypephide. FusidA IS prefeRMBULIGR by RpRGHY atsﬁgw&vg{ toldilow
sequence) is provided in the expression vector. The secretory signha
sequence fay be t IfPregsfon;ef ghimaric melecyles;inyecafehinans grdductionasysteimer Reoraitent
L%t ol KA S o 0, B
sequences are j oi rstabilityy prélenged rcleamnce hadfilifeginipreved exprssion and secretion levels, ‘and
S - pharmacodynamics. Such hybrid molecules may further comprise additional amino
20 acid residues (e.g. a polypeptide linker) between the component proteins or
polypeptides.
Using the methods discussed herein, one of ordinary skill in the art can
~ ~ identify and/or prepare a variety of polypeptide fragments or variants of SEQ ID NO:2
that retain the signal transduction or ligand binding activity. For example, one can
25 make a zalphall “soluble receptor” by preparing a variety of polypeptides that are
‘substantially homologous to the cytokine-binding domain (residues 20 (Cys) to 237
(His) of SEQ ID NO:2 or allelic variants or species orthologs thereof) and retain ligand-
binding activity of the wild-type zalphall protein. Such polypeptides may inclu&e
additional- amino acids from, for example, part or all of the transmembrane and
' 30  intracellular domains. - Such polypeptides may also include additional polypeptide
segments-as generally disclosed herein such as labels, affinity tags, and the like.



WO 00/ 17235 PCT/ US99/ 22149
41 positioned to direct the newy synthesized pol ypeptide into'the
secretory pathway of the host cell. Secretory signal sequences are conmonly
posi ti oned S’W‘?W}/‘Fﬁé DNA sequence encodi ng the pol ypepti dePET/US22M48 ¢t |

al t hough certain secretory signal sequencsé may be positioned el sewhere in.
t he DNA sequence of interest (see, e.g., Pch et al ., US 5 Pat ent No.
5,037,743; Holland et al., U S. Patent No. 5,143,830). Aternatively, the
secretory signal sequencdFaeny ziphadil polypeptide; inojysiing vasiants, splubls aesptorse and

invention is used:1tc ng;e ﬁ& _ -'_B@&ei,go ) Mﬂgﬁ_' L.ed y.
The present in.\/g%%&rng)r? r v(lieég’;s. or h%ﬁafusm %ﬁ@p%%%gégﬁéi%gﬁ%%w
f usi on' pol ypept fully degeneate palymucldotides saquencs encodingrthatsiagjant [using dhecinfemetion ved
10 fromaninogc'd.lli?g\;/b' amino acid 19 (Ay) of SEQIDNO2 is
operably |inked® mQHB‘t -s%ﬁ‘%@fﬁvf'de usi'ng net hods known.in the art and
di scl osed hgrein. The secriRiAlpHallipdpeptiesisfhc edatibainionl indudidpcfull deigth

pol ypeptides of the present invention is preferably fused am no-termnal ly
to an addi ti onapolypeptidess biolpginaliy aetive {agments.tand fasion,polyneptides,nap beipsoduced

secretory pathv %mr‘éﬁ@ﬁéﬁeﬂ v, vaiehd s

in the art. Fo'\rlvﬁ%&egrrp e, these %@ggﬁsecretgﬁ‘g&?i gng*ﬂg%%@?]%ég weron,
constructs can celiserd thobecellatypesithad cambe transforined or tansfeoted mithafxogenous BNIA v
non-secreted protgin. Such fusions e used.in vivo or in.vitro to,
Grrect pepti dos A EiE i eyl 3o BEuS baciern, ipeat s, niCipat Risbre e, o o
suitabl e hegts wdllshi B i QS barkicllBt EyidfiredVEdII QsfSmbltieeliult ' SPEUAEIIRY are
exogenous DNA into mammal i an host cells include 20 cal ci um

phosphat e- nedi aP&fredandeemiquen, ferngripylating gloned BNA mojecpjes andoingrodwsings ar o

i ol ogy 52 asoopgay DN BT dlipe i by muaBEoR A, Whcklle ¢

1982) , DEAE- . def&laning: @ntiedsn CokliuSpring| Harbor dlaboratotyi Preys, Caldd

| i posone-nedi at ed.transf ectd,o Ha - Nel son et, ak. cys 15.7 1993;
G boar e et ol St BRbos Ak OTbebiEid Ryabel S0, Sy Gl Mooty Polstulay

' Rosman, .Bi 2§ echBidiesJohnWfleydad Séakd Bic., WA 398md - Fi ner, Nature. Med.

2:714-716, 1996). The production of reconbi nant pol ypeptides in cult Ur_ed
manmeli an cel I's“i's ‘di scl J8egenetabra HMfysequenss eneqding gnzalphall polypeptidepiy ent
No. 4,713,339; QUrkd to dtics: gRRhE Vel qlindl. R50its RabetiisioR!] geherdlly
U's. Patent No. iy Aokl _gn(ghRi%élol G emits it o SRl ety ol e
cul t ur.ed mamral.inghwding| 4 gargcriptionprerhetercandrterndmior] WithinG expresgpn ve®@0) TheCos- 7

(ATCC No. CRL-_ é%?c%gr’wiﬁH&( c%%on'}p bon%‘ o%ir? %12 }noreBQﬁcazﬁ rgxéigg: anl\E) 'onecoal‘ m%%?’ld') ’

293 (ATCC No. _
20 . origins of replication, although those skilled in the art will recognize that within certain

systems selectable markers may be provided on separate vectors, and replication of the

exogenous DNA may be provided by integration into the host cell genome. Selection

of promoters, terminators, selectable markers, vectors and other elements is a matter of

routine design within the level of ordinary-skill in the art. Many such elements are
25.  described in the literature and are available through commercial suppliers.

To direct a zalphall polypeptide into the secretory pathway of a host
cell, a secretory signal sequence (also known as a leader sequence, prepro sequence or
pre sequence) is provided in the expression vector. The secretory signal sequence may

“be that of zalphall, or may be derived from another secreted protein (e.g., t-PA) or
30 synthesized de novo. The secretory signal sequence is operably linked to the zalphall
DNA sequence, i.c., the two sequences are joined in the cotrect reading frame and
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42 1573; 'Grahamet al., J. Gen. Virol. 36:59-72, 1977) and Chi nese hanster
ovary (e.g. CHO K1; ATCC No. CCL 61) cefl lines. “Additional suitable cell
lines are knoWR®H3¥he art and availabl e from public deposi PEFVE2EMRh as

t he Aneri-can Type Culture Collection, Rockville, Maryland. In general,
strong transcription pronoters are 5 pre"f:'erred, such as pronoters from
SV-40 or cytonegal ovirus. See, e.g., U S Patent No. 4,6 956,288. O her

sui tabl e pronot epasitioned odiireetithasnewly aymthesized polyneptidednte theyeasstory pathwaseefthe
Nos. 4,579, 821 d, 4.,6Q1L, . | L1 t Wt uenkl U0
selection is geﬁ%?%?ﬁ“y%g‘g‘ﬁ%%%‘%ﬁ%ﬁﬁ’?‘@%&g%ﬁ‘gr’%ﬂ%e s§'| nt o

whi ch forei gn' DN\éncbding ltiecpolypeptidet afdntefssis hltiomigh sertain secoatory signak sefjuencesdmay as
10 "transfectants’, | ] s that been cul tured in the enc e the
sel ective agent s&P@%ﬁ‘F’é’"‘ﬁ? 'ﬂafgéﬁﬁﬁese@g?%’e 8% 'qt?ffséﬁs@g’te"f'ba{eﬁgieﬁ 2’g?rlg'&ény
are referredsto PgentNo25087,14% Bpflame AL, U5, Putddt Nbes, 1438305 ect abl e marker is
a gene encodi ng resistance to the antibiotic neonycin. Selection js carried

out in the presence of a rdismptively.t ythe aecoeiorys signalssequene eontaipgd | iny cthe
Sel ection syste .al S LnGr . i Qn. . |
of the gene of Fﬁ?‘i&%& ! (Sa}‘?)lr(e?c]%‘:{?:sgél #g?dgage%qﬁgdgg arrp%tl?e?isﬂg%le%ﬁ?eﬁ mtheﬂ‘g
Ampl i fication i Ssetfetory @dthomy. The préséntrinvegtion arosvides farrsheh fusionhmlypeptidesc A of
a low level of the se] ective agent apd then .increasing the anmount of .

sel ective agent ?‘S“”Zé:}‘%?,‘t Polypen, g? F gﬁg{ﬂgﬁmmamﬁt Ve%‘%'f’z sﬁ‘iuef"??eam""d
products of 44 he--ﬁ%rﬁﬂb@ﬁﬁ'dQ%M@ért]o'ﬁnﬂb%iﬁrw?élﬁ%P‘SE@IP‘N@:ZSEB biPlifkeds ker

i s di hydrofol ate reductase, whicCh confers resiStance to nethotrexate. O her

20 drug resi sennihes pedypsptidecusing methodsknownriasthetashend disglosed bergig. The

resi stance, pur.o ' Wi : ): : '

mar kers that int %@ﬁgﬁ%ﬁ%@%&%@%ﬁﬁd gﬁ%ﬁﬂﬁﬁﬁ%&% on

plr(lztlei n, OL c'eIh=I %ssptefeﬁbly gsatahilgle-:[tanﬁ:m lysto@Déhddﬁahlf' géi)tmlaﬁtoldaf'ﬂvbﬂh' e [akditionmdl al

al Kal 1 ne pnosphat asg, g e use SOor ranstrected cells rqm .

(Nt r ansf ebt od o PRSI He oo PaEwap ASIHAGRATIF haYe TSR ApPsatiops known

separation 2§ . M%%@'F&)@xa&}l@,%e&%‘xﬁﬁﬁse@fé&ﬁi!%ﬁﬂ%e@ﬁh&éﬁﬁfbﬁ cBhstfuchecatised
a

as hosts, including plant cells, insect cells an vian cells. The use of

Agr obact eri um r hidireny dhecsecrgtiomof ascactive cempangpt AfAsnamgalijepenssecieted| pipieing cSuch |
e 11 oV it el toonh o) ¥ AR bl B
therein is disclosed by GGultured atanmhalianUcélls Ret euitabldo hodts 1withifi 2 thea present
" invention. Methods for introducing exogenous DNA. into mammalian host cells include
20 calcium phosphate-mediated transfection (Wigler et al., Cell 14:725, 1978; Corsaro and
Pearson, Somatic Cell Genetics 7:603, 1981: Graham and Van der Eb, Virology
" 52:456, 1973), electroporation (Neumann et al., EMBO J. 1:841-845, 1982), DEAE-
“dextran mediated transfection (Ausubel et al., jbid.), and liposome-mediated
‘transfection (Hawley-Nelson et al., Focus 15:73, 1993; Ciccarone et al., Focus 15:80,
25 1993, and viral vectors (Miller and Rosman, BioTechniques 7:980-90, 1989; Wang and
Finer, Nature Med. 2:714-716, 1996). The production of recombinant polypeptides in
- cultured mammalian cells is disclosed, for example, by Levinson et al., U.S. Patent No.
4,713,339; Hagen et al., U.S. Patent No. 4,784,950; Palmiter et al., U.S. Patent No.
* 4,579,821; and Ringold, U.S. Patent No. 4,656,134. Suitable cultured mammalian cells
30 include the COS-1 (ATCC No. CRL 1650), COS-7 (ATCC No. CRL 1651), BHK
(ATCC No-CRL 1632), BHK 570 (ATCC No. CRL 10314), 293 (ATCC No. CRL




W PO publication WO 94/ 06463. | nsect cells can be infected with reconbi nant
WO 00/ 17235 PCT/ US99/ 22149
43 bacul ovirus, commonly derived from Aut ographa californica nucl ear

pol yhedr osi sWAWAEF AcNPY) . See, King, LA and Possee, R DPCT/Y$RI/22149

Bacul ovi rus Expression System A Laborator%( Qui de, London, Chapman & Hal.l ;.
OReilly, DR et al., Bacul ovirus Express Bn Vectors: A Laborat ory Manual
New Yor k, Oxford_University 5 Press., 1994; and, Richardson, C. D., Ed.,
Bacul ovi r us- Expré5iGaham '@@&Mc&sﬁ'ﬁ’ NBY B e Lrhinsse hasasfer myary{5-2- NJ,
Humana Press, 1 KA A€o, EED [ sks ' :
bacul ovi rus uti ?lﬁg%gehéﬁt rans%os0n-g@a‘%gc}ﬁg%s?gdéﬁﬁgggg%%%gaﬁkﬁ%ﬁ(ﬁvow&kow,
V.A et al., J ‘ier ot a6d angilble7Rom pably dephsitosies ysuckens thehAmbricani TypeeCulture

transfer vector is. soldjn t Bac-t 0; Bac kit (Life Technol ogie
Rockville, MD). %fH“%“’nfrk‘P&‘_‘-"@%t 1 i P genergh 5&%?‘%@‘6‘?‘ promotérs are
pFast Bacl [ ebr] pldférfed, aeh a8 ppdhdtérs HRANSVI40 diGytbmbBdlotif@NJResep, US. Mawat t he
DNA encodi ng the zal phall pol ypeptide into a bacul ovirus genone naintai ned
in E. coli as aNOaAg?§6,a$%sr9thFrcstp@m%mcmde thpse fram myetgtisthiq

N EPPsS,
and Possee, RD. g7 ok S0 dedvirus nia; Gen
Virol 75:1551- 6',(U%Qgﬁgngr?ég’a?gggéﬁ%?’ﬁ?lj@g?ﬁgan%apopgrﬁ o,r%e.?ljogmgi‘]'ol Chem
270: 1543-9,..15 - ..1995. |Prugcedettionns generally fused toselectrfor culturddrmodmmialianivells
in-frame fusion,wth. encdi n_epitope the C- oy Niterm nus of
t he expressed"zé’it?)'l‘f&‘l- Eﬁ‘%@ﬁﬁ%%‘b%hﬁ‘%ﬁ °§ﬁsdlﬁ-° - OE%IIF%BB&E%@S
(G ussenneyer, Fgamsfecmhts'. C¥1B¢hat hiviel beer’iiMilred 36 the prodentcd o2 the selé@ife lagentahd1g a

- technique known in the art, a transfer vector containing zal phall | S
‘transforned i nt 8Eabledpipassie B cRinWiFTesh to hRiFPERE e atch redusred alfonasa ristakle

~ _interrupted. | acmgn{sndigggéfﬁ?ed)&l&%mfs D3EhH ol -reststncP @5 he! DNA

cont ai ni ng the reconbi nant cul ovi rus ‘'genone 1s isolated, "usling conmon
't echni ques, - and autihietictngomyeins Selectionin chonedooud, inf the prasencd af 8 abdmyciretype dSigd

el o gt S & BEESREAHELE M SRR oS
The reconbupant level ofthé Seneoff thtirest) Miprocdss Refidtiedaelas tamplifipatival”l Anfplifiedtionlis ne
G 1 ci and Past oFRERS ONOPERYTERE SPBREITCIS PrVwIon of Bilow IsVRd oAgH FsFons
3 "(C:n:al : Feflogg' I”?”: h%it Slﬁﬁﬁ{kffn‘%&ismm RINGAAQR selbitive ageh? Bf'selett ok BAls tBatiphcihibe
' S -~ high-levels of the products of the introduced genes. A preferred amplifiable selectable
. marker is dihydrofolate reductase, which confers resistance to methotrexate. Other
20 '_ drug resistancé_génes (e.g h’yg'roms'cin ,résiétahpe, multifd;'ug resistance, puromycin
 acetyltransferase) can also be used. Altemative markers that introduce an altered
phenotype, such as green fluorescent protein, or cell surface profeins such as CD4,
CD8, Class I MHC, placental alkaline phosphatase may be used to sort transfected celis
from untransfected cells by such means as FACS sorting or magnetic bead separation
25  technology. _ . _ o
Other higher euk_hryotic- cells can also be used as hosts, including plant
cells, insect cells and avian cells. The use of Agrobacterium rhizagenes as a vector for
expressing genes in plant cells has been reﬁewed by Sinkar et al, J. Biosci.
_ .(Bangalore) 11:47-58, 1987. Transformation of insect cells and production of foreign
30 . polypeptides therem is disclosed by Guarino et al., U.S. Patent No. 5,162,222 and
_WIPO publication WO 94/06463. Insect cells can be infected with recombinant



Five(err] cell line (Invitrogen) derived from Trichoplusia ni (U S. Patent
No. 30 5, 300 435) . COTTTTEI’CI ally available serumfree nedia are used to
grow and nai i) @g cel | si“:Suitabl e nmedia are Sf900 Il[err] (Life

Technol ogi es) or 921[err] (Expression WO 00/ 17235  PCT/US99/22149
PCT/'U899/22149 44 Systens) for the Sf9 cellg, and Ex-cel | 0405[err] (JRH

Bi osci ences, Lenexa, KS) or Express Fi veq erif] (Life Technol ogies) for the

T. ni cells. Progr:) res used are ener |1y described in avail able
| aborat ory manua ?“FW‘H@ cqmmoply Redulpgraphq Galifornica ryslsar ypolyhegrosist

al ., ibid.; R chypgseneNisy. DSee' Ridg, IAS%%WtRWrﬁ%%}{%@
zal phall poI ypepti de fromthe supernatant can bé achi eved usfn
descri bed her ei n&&mga&wmgm_ﬁuj@dln@ﬂmﬁmpmm & HallaO'Réilly, DR.ustesl.,

Wi thin the presen SPeGi es A Ia ere nthls

regard include Sat moneegctms & LaBor s & MM”&

met hanol i ca. sMet Pogs, 199:4 aﬂ@mﬁfasmg: 9., Ed), Bacumwm;mogmcmwrmods

exogenous DNA and 0 uchn r econbi nant pol ygwgtldes therefromare

di scl osed by, fo Loty A@95. sA sepondmethod ofmaking et

al., US. Patent ﬂmﬁs bﬁ&ﬂ&&:s uﬁzesP g et
réﬂ@mb éalé]ﬁ:f Lﬁ aﬁﬁ[ﬁp %91 bagﬁg,;%he?lpagsc%&& %y

al., US. Patent . 037,743; and Murray
4,845, 075. Tr ansl@dm(lcrekm \éAee@Lé.MMS%HIW%eWEtmtmnwﬂmbmhﬁs

he absence.of - R, vectof? WRAY tn e ke oo FIEE 48 rechioy e Rotiril MBF
system for mee |ﬂ‘hﬁasys|hmnnﬂhesas taRsfa v vestonepFastBabie IECiFd T¥@ablegied Y&bﬁﬁﬂmga
di scl osed by Ka}/vg.s? et al. 35 Pat ent No. 4,931,373), whi ch al | ows

t ransf or med cel 8“’!3“’8°§°é‘|“é€1°§?1 PN sngerding thezalphadpolypeptiderinta g baewlovirus

Sui t abl e pronot eggnoittmhiRtalfes I Slif 4 ;ae&g P 1
gl ycolytic 20 € enzyne gene?{ Es'g’g&a.m%gp}g%\?vasa Edéwﬂp tgég’tsﬁ'NOlgéPlgﬂls
4,599, 311; Ki ngsMhf. and Rgssee, mns LMup_n:ml‘ﬁ,am,%ﬂmanBetﬂeﬂ Gebl \Grol -

Pat ent No. 4, 977 dehydrogena enes S |
Pat ents Nos. g‘gﬁ%@“@g&%ﬁi@%é? @36“@3&3 i mz&iﬁ@ﬁ’on
systenms for 1Bt heﬂ9%dﬁtﬁd1ﬁbﬂdﬁﬁkﬂ@cﬁ@é@ﬂh&l@de%':ﬂmﬁé%mn with DNA encoding
Schi zosaccharorryces onbe, Kl uyveronyces, lactis, Kl uyveronyces fragilis,

Ustil ago 25 @piopeiag at the,Gx o N-terminps \of Aheexrrrssedl zalphal Pipelypeptide, for
gui I | er mondi i dxaﬁgéi Q@lﬁl@lﬁ%ﬁoﬁﬁgk@mﬁxﬁky@@r Ll al, Fibe. N, KREATRE:

G eeson et aI., M cr obi ol .
- 82:7952-4, 1985). Using a technique known in the art, a transfer vector containing

zalphall is transformed into E. Coli, and screened for bacmids which contain an
20 interrupted lacZ gene indicative of recombinant baculovirus. The bacmid DNA
containing the recombinant baculovirus genome is isolated, using common techniques,
and used to transfect Spodoptera frugiperda cells, e.g. Sf9 cells. Recombinant virus
 that expresses zalphal1 is subsequently produced. Recombinant viral stocks are made

- by methods commonly used in the art.
25 * The recombinant virus is used to infect host cells, typically a cell line
- derived from the fall armyworm, Spodoptera fiugiperda. See, in general, Glick and
Pasternak, Molecular Biotechnologx: Principles and Applications of Recombinant
DNA, ASM Press, Washington, D.C., 1994. Another suitable cell line is the High
‘FiveO™ cell line (Invitrogen) derived from Trichoplusia ni (U.S. Patent No.
30 5,300,435). Commercially available serum-free media are used to grow and maintain
the cells. Suitable media are Sf900 II™ (Life Technologies) or ESF 921™ (Expression



132: 3459- 3465, 1986 and Cregg, U.S. Patent No. 4,882,279. Aspergillus cells
may be utilized according to the nethods of MKnight et al., U'S. Patent
No. 4,935,349. Mt hods for transform ng Acrenoni um chrysogenum are

di scl osed by SOMHE%t al ., 30 U S. Patent No. 5,162, 22PCTMSOHBMS f or
transform ng Neurospora are disclosed by ng‘oowitz, U. S. Patent No.

4, 486, 533. WO 00/ 17235

PCT/ US99/ 2149 45 The use of Pichia nethanolica as host for the production

of reconbi nant PY¥eBIHOr fthe §f% eqllss and Ex-cpi 95D, PIRIE Riessieacepd.arra #Spor W

97/ 1745 1, WO 9%%@%% 1 g+ ' IQ?AT ul '
transformng P. t g‘ﬁ‘é‘?ﬁﬁ"ﬁ%@ﬁ%ﬁf? e prgr? Igggsf e}g cgsﬁgsoﬁggge&e?egﬁéyed,
circul ar plasmi describgdi uh availebler lebaratatyl wabuals (Kinged: i X.eandpPossee, tRD., jbid.;

br of or red t hat_ ETGUSE ST 8t et BRAARtr0 €. 1, ihide) pobePEpt SR EFon 3f te p
met hanol i cas gengalpkal ¢ poBpeptide.- frofe thd whpérhatant 3t 66 @bhisveld usi tnheRlibdS ABRribA GL

or A UR). Oher useful pronoters include those of the di hydroxyacetone
synt hase (DHAS) betei8r nat e dehydrogenase (FMD), and catal ase (CAT) genes. To

. facilitate integration of ‘{“Eﬂ A inkfhding ) n@@g@i LL el
~preferred to have the entITr expr’(lalgcm 0 %%%k%%ig?ggﬁgg%sm eaé{ﬁsg at
bot h ends by hogtveidids. s¥epstspeecies of\pptiaflerinteckstsinl thist migdréd invhude Sacdharomyges | n
Pichia nethanolica.i.s a P,. nmethanoli.ca ADE2 gen i.ch encodes .
phosphori bosyl - Sqrﬁ‘ﬁ‘f'ﬂ%iaprfflﬁﬁz.agf}é’_' "&a?“ﬂo&ﬁ@ﬁs’@“?%f’é@‘%‘ﬂ@i}% aysforping.
al | ows adezohosterghitias dells GHith eképehdils DIEE M@ fv&d@dﬁﬁgﬁ!r&@mbﬁ@ﬁt Flﬁ’

i ndustrial processes 15 where It is desirable to mnimze the use of

-~ methanol , it i sthsrediory aeqdisglosedcbyofor cxampls, Kawasakis WUiSo tater Nearfe199,311;
tilizati t _ t . d
utilization genﬁrfﬁ?&gﬂé ?{aﬁﬁsﬁéﬁ& N&! £9516478! Bflke, 1RS. FAATNG. 4(@219?5’8{‘2’%‘5&%5%

proteins, host ce cient 1 n vaduofar’ protease genes
are preferred. &etts oPatendit Nen5,037, 13 chnd oMugray | et t aly €U.ShPatent Nod £84500750f a

pl asm d contai nip DNA en di ng_,a pepti de . I nter.est intag P

" net hanol'i ca cel F%ags P{meldgcegﬁfe ge}ﬁc}%fogipg °fy€et&&ﬁ‘§lpﬁ$thyﬁi’e ﬁ@?ﬁé‘ﬂ%ﬂ?ﬂé’éﬂta l's

. by el ectropsr at catimonsly dgngaesistugee O theiability todow i the, abfinks 60k plrculdr inatriene! d
having a field Eégren th_of fr m$.5 to 4.5 kV/icm preferably about 3.75

KV em and a-t i et _ ﬂtAF‘fe?"’G VPHRR YRR fon Bsenin Sarcfigramges ceryisiae is the
~preferably aboupp?® vidibd dysREdistosed b Kaiaki & AN QBLS. PalehENo. 4)03 1438 Y) Gurddy ai ns
of the bacteria Escherichia coli,

- ... .~ ... allows transformed cells to .be sclected: by growth in glucose-containing media.

| e,

. Suitable promoters and terminators for use in yeast include those from glycolytic -

20 . . enzyme genes (see, e.g:, Kawasaki, U.S. Patent No. 4,599,311; Kingsman et al., U.S.

Patent No. 4,615,974; and Bitter, U.S. Patent No. 4,977,092) and alcohol

dehydrogenase genes. See also U.S. Patents Nos. 4,990,446; 5,063,154; 5,139,936 and

4,661,454. Transformation systems for other yeasts, including Hansenula polymorpha,

Schizosaccharomyces pombe, Kluyveromyces lactis, Khzyveromyces fragilis, Ustilago

. .25 maydis, . Pichia pastoris, Pichia methanolica, Pichia guillermondii and Candida

maltosa are knowﬁ, in the art. See, for example, Gleeson et al., J. Gen. Microbiol.

132:3459-3465, 1986 and Cregg, U.S. Patent No. 4,882,279. Aspergillus cells may be

utilized according to the methods of McKnight et al., U.S. Patent No. 4,935,349.

Methods for transforming Acremonium chzysogendm are disclosed by Sumino et al.,

30 . U.S. Patent No. 5,.162,228. - Methods for transforming Newrospora are disclosed by
Lambowitz,U.S. Patent No. 4,486,533. -



25 Bacillus and other genera are also useful host cells within the
present invention. Techniques for transform ng these hosts and expressing
forei gn DNA s%u&ﬂgﬁg cloned.therein are*wel |l known in the art (see, e.g.,
Sanbr ook et al Wien expressing a zal phal 1 pol ypeBCrigoya3149
bacteria such as E. coI |, t he pol ypepti de ngg be retained in the cytopl asm
typically as insoluble granules, or may be Ofrected to the periplasmc
space 30 by a bacterial__secretion sequen In the former case, the

cells are lysed, and the (HsMss eiPighiame @Feah%@rmm@mfm@lbxm

exanpl e, guani di B diROid GRENAIAIE WIPO PulifealiGis1 $75 D7 717450, WO 97/17451, W
PCT/ US99/ 22149 4g‘%urea The denat ured pol ypeptsl de can én be r7ef7o %:Ied %nd

di meri zed by di | B8/0236; anst WORR/QR5651 DNs&Jmhleeldeﬂpr dmhymdomgng Rsmethanolica

solution of urea inatio ce | Z. at hi

fol  owed by dial @P?@B%‘ﬁﬂgf %‘E‘i]?se‘ﬁ%‘hﬁ%’ﬁﬁ%& gﬁ Hﬂ%‘%e”‘? fefepbly
case, the pokypefhéatigedsivrie tratstaiatic lferiﬂSlytpbp’adé ¢dabmqv IRHRolich, & is
soluble 5 and f nct ional form by disrupting the cells (by for exarrpl e,

soni cation or osRistered dhag dhe progoter pnd,tepmingtar @dﬁ?@ﬁﬁ@ldobeﬂlﬂeﬂﬁe?l’m‘é@'ml
space and recovepif sdcﬂﬁs QP%EMMM uﬂ%@& QFﬁE}Gf?frOther useful

denaturation and refolding. Transtornmed or trans ect ed ost ce
cul tured accor di prpmoters oinclude i thosel ofr thee dilydmxyavetane usynthinse (BHAS); formate

containing nutrients and o 10 co ents . i.r.ed .for the
t he chosen host erhy °g"‘}£s?/m1 W%?a%ﬁ??%m : ]z’aiua?‘h@%dﬂtfﬂﬁn@e‘?fgﬁ?@mm a
and conpl ex10edi ito thiethokt ¢hiéndsomb, i€ istpirkfeREdtodRNE Hitl dn¥ird épheddibh SeghRhDO the
source, a nltrogeﬁ sou ce essential am no acids, vitam ns and m nerals.

Media may al so ¢ agked at ot ends by ogtDNA spRyenees. 1A prsfasred seleciahle marker

required. The ngr gl
thgw15 exogeggda\é\?éa i;iggédﬁmmrﬁ%ﬂal;o o‘r% gx}g%wﬁq?ﬁg se{?e{les %gé L

defici ency i n anpkespkoribosyl-Sramineimvidazoln i Qatboxslasﬂo(ml&ﬁreECeﬁl by21), hehisle | atlotvabl e

ol 1" P et hanoP 2 gt RE 5o dn HE b 8ier be it R B AR Mt i
sources of  L&r bowhemmt;samlam@hﬁm tliBJciséloﬁﬂi‘eﬁmﬂil iRlistpReTRREdRth WEChdM cARGAT
25[err]Cto 35[er§“ g‘qwd cultures are provided with sufficient 20
aeration by conv®hichbeth methanel utilization %‘e%ﬁ&Wh@MUQMP delptgd i Eorprodystioni ng

of fermentors: Aopidfepiafbtems Hod GNSRkdR: :P{vacﬁolra{‘gruéﬁ%e%ehg@gﬁ Eﬁﬁ’ '?’féﬁf

D-gl ucose, 2% Bacto[err] Pe t’one (D fco Laborato r
Bact o[ er r] yeast agxprefgoed.( lf:@mporatlon is used to facilitate the introduction of a plasmid

containing DNA encoding a polypeptide of interest into P. methanolica cells. It is

20 preferred to transform P. methanolica cells by electroporation using an exponentially

decaying, pulsed electric field having a field strength of from 2.5 to 4.5 kV/cm,

preferably about 3.75 kV/cm, and a time constant (t) of from 1 to 40 milliseconds, most
preferably about 20 milliseconds.

Prokaryotic host cells, including strains of the bacteria Escherichia coli,

25 Bacillus and other genera are also useful host cells within the present invention.

Techniques for fransforming these hosts and expressing foreign DNA sequences cloned.

therein are well known in the art (see, e.g., Sambrook et al., ibid.). When expressing a

~ zalphall polypeptide in bacteria such as E. coli, the polypeptide may be retained in the

cytoplasm, typically as insoluble granules, or may be directed to the periplasmic space

30 by a bacterial secretion sequence. In the former case, the cells are Iysed, and the

granules are recovered and denatured using, for example, guanidine isothiocyanate or



Laboratories), 0.004% adenine and 0.006% L-1eucine). Wthin one aspect of
the present invention, a zal phall cytokine receptor 25 (i ncl udi ng
transnmenbrane and intracellul ar donains) is produced by a cultured cell,
and the cel ' WOSMZRY (o screen for ligands for the recept ot YHEUM ng the
natural |igand, as well as agonists and anaggoni sts of the natural |igand.
To sunmari ze this approach, a cDNA or gene éencoding the receptor is

conbined with other genetic elements required f \ts, expr.ession.,(e. a

transcription pmmﬂxeﬂen%md@nb'pﬁm@a|cmﬂﬁn§fﬁ?¢§@§ﬁ5m# W*’%%"g%‘é

nserted iNtO a gbobldiChin o) dilybid AkaifBXBu6itonl dTardd i ATmBInRGYICSE reduced
ected an

functional receptor are se used within a variety of screening
syst ens. WO @fid 65dig&d glutathione, followed by dialysis against a buffered saline solution. In the
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t hat co-express gpl 30 and LIF receptor (Cearing et al., ENBO.J. .

10: 2839- 2848, 198%,1() € Zel¢ase the copfents of the %P‘é??%"rﬁ&?“s‘,“és‘ﬁ%%&g. the protging 5

regard it is ge%l%%ﬁ&,g%ﬁﬁemﬁyn&d%iﬁgat i s responsive to

ot her cyt oki nes o0 receptors In the sanme subfam |y, such as IL-6

_or LIF,  because such cel | Eransfotmedont cAransfetted rhoguicsily earesj qyitutied ¢ aceprdingc 9 on

th . Pref d cells of this.t i ngl . - Lol
DoY) PSSt e of Yt AR, EBBB p, ) kt 1

69: 1782, .19%7;. RBopyehénBirequired 6 0@ hrbth1dFARe thiiden had@ells. Anvariety of suitable
‘altérnative, 10 _suitable host cells can be engineered,t roduce a
[err]-subunit ormesisincluding defingd mediaadeomplex 15 ?‘ﬂ’émotgg%t&?#%%lf"iaﬂ?' ar
.response. For e a. dolifon Wl aCfitrbednl StrdBethohlia| @siho SaoiviSinghg)Had 2,

Cel | 41:727-734, 5: Mat hey- Pr evot of al ., Mol. 1. Biol. 6: 41334135,
1986)., .a baby haniperels. KMedis ynayitic) coptsin suchromperentsas grqwih. facters| qr SEfURe 38 ATCC

| TIB-214) can be trangfected to .expre _ Og5u i i e 15
- gpl"30° a-hd"-LI'F"‘r'é‘S‘&’ﬂ)'teg'r’,' i "'5'88’.‘*%1‘@%‘& 0 %ﬁ%ﬁ#@s '%@sfge%géh%red
.to use a.hagt ;.ceﬁxb%@aﬁbly addep DNA by, for exaniphe; demgreslestioncoraleficipnoydn @n essential -~ .

ch all L to b i d .t Ltipl
Ut e f1 om arfpiiest D, is CRBPIEBEAGY B bt seleruiis BRiE caffied of e EREGROR. -

from speci es. speghibol of c¥-trahdfedidiBin®) HR" Kudt CHE, PSpashdnslidocells ags caifurédin human

‘receptor cDNA can be cloned and used within cell lines from20 . the sane

speci es, : such asmedivm eGSR adequeisesoBEES of carbop, HEoEEend RIS LIRENS ahp o
: . temperature. of about 25°C to 35°C. Liquid cultures are provided with sufficient
20 - aeration by -conventional means, such as shaking of small flasks or sparging of

- fermentors. A preferred culture medium for P. methanolica is YEPD (2% D-glucose,

2% Bacto™ Peptone (Difco Laboratories, Detroit, MI), 1% Bacto™ yeast extract (Difeo
Laboratories), 0.004% adenine and 0.006% L-leucine). |

_ Witlﬁn one aspect of the present invention, a zalphal 1 cytokine receptor

. 25 (including transmembrane and intracellular domains) i_s produced by a cultured cell, and

 the cell is used to screen for ligands for the receptor, including the natural ligand, as

" well as agonists and antagonists of the natural ligand. To suml_narize. this approach, a

cDNA or gene encoding the receptor is cqmbined__wiﬂl other genetic elements required

. for its expression (e.g., a transcription promoter), and the resulting expression vector is

30  inserted into a host cell. Cells that express the DNA and produce functional receptor

are selected-and used within a variety of screening systems. .



dependent upon one henatopoietic growh factor, such as IL-3, can thus be
engi neered to becone dependent upon a zal phall ligand. Cells expressing
functional z %{lre used:w thin screeéning assays. A vari etl}/J of suitable
assays are knovvn he art. These assays are based on t he PETUSIGEMRct | on
of a biological response in the target cell One such assay i-s a cell
proliferation assay. Cells are cultured in ﬂﬁe presence or absence of a
test compound, and cell proliferation is detected by, for exanple,
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gene is a5 thebinhar TE4 cglt live (ARCO\Gumber GRL-ZO(M)hnd the DA-1 Belblme (Br&ﬁﬁct :
1900 S o, B8 08, R ) SRR

269: 19094- 200:01, suit@81é hosbeéIRRAP beeribitibere td produce Brﬁosasaﬁt e céina}%omﬁa%ﬁé

Luci ferase assay kits are comercjally available from for exanple, Pronega

Corp., Madison, W °dT§¥dB‘E desitref gellylax responser For wpamplennths gnwringceelloline0BaF3
screen I|brar|es
broths, soil sanpl es vvat er %4P9W7§$?w%a%e§%2§ﬁ%r%f
cell- or tissue- Q:cﬁia3-l413ﬁ;d686)13dbabyslmmteekldna)n(mﬁi)aﬁhl}mdoﬂthemmeéll i |
to identify cell uce ,l i gan S|t|ve ells are used to
produce a cDNA ﬂfé%"???@ %“ ‘i?e’gi{f?? & moHse, 8R3 brs“ Wit OF moyse
di vi ded intxs poog;ﬂsohﬁcann-fleeépﬁﬂ in/alditibe & zafishh1 1S, Itiisggé ! b pfeidd 1Bl Phold
ed, w subse

sanpl es fromthe Eransf ected cells are then assay %uent

di vi si on of pool €l apd receptan( Sé&%ﬁhesmwwh@mermpp@amws o¢ll linesita be/ e

cells to.isolateg lﬁ&g&lt’ﬂw@f‘é . es

condi ti oned by k| ney, liver s"l"mlut@en, osﬁﬁéﬂsuﬂgs #ﬁ&gr #yﬁ%ﬂ%w}&‘%ﬁcg

T-cel | s are prefpotential limitatiens a_xisuig' damd spesies Uspecificitys c riaethie nalternative, species
homologs of the human receptor cDNA can be cloned and used within cell lines from

20  the same species, such as a mouse cDNA in the BaF3 cell line. Cell lines that are
dependent upon one hematopoietic growth factor, such as IL-3, can thus be engineered
to become dependent upon a zalphall ligand.

Cells expressing functional zalphall are used within screening assays.
A variety of suitable assays are known in the art. These assays are based on the

25 detection of a biological response in the target cell. One such assay is a cell
proliferation assay. ' Cells are cultured in the presence or absence of a test compound,
and cell proliferation is detected by, for example, measuring incorporation of tritiated

‘thymidine or by colorimetric assay based on the metabolic breakdown of Alymar
‘Blue™ (AccuMed, Chicago, IL) or 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
30 tetrazolium bromide (MTT) (Mosman, J. Immunol. Meth. 65: 55-63, 1983). An
alternative assay format uses cells that are further engineered to express a reporter gene.



are screened fofThe: momrcgﬁueus hnkedfto a mwlmtéw%ﬁ@m’é’ﬁ&mﬁ

procedures. 20 A natural ligand for zal phall can also be

i dentified by mutagenizing a cytoki ne-dependent cell |ine expressing

zal phall and culturing it under conditions that select for_autocrine

growth. See WPPITED| i cati on WD 95/21930. Wthin a typi cal POVEO¥IE, cells

expressi ng zal phall are nutageni zed, such ?% with EMS. The cells are then-
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visualize bese gables o tbirklbeodd ollRG@ethookssbyed, with bubbejoent rishaf oo,

sol ubl e receptor has bound. The HRP cata yzes depo tlon t
reagent;, for -exastpmefection; sehculturing;rand 1548 PE?‘E{') lsi%ma a‘?/‘é]l"@tffniﬁ%t

can be used for f Ellece&Dr og@éitq‘p fv%gg ﬁgﬁﬁgpl mlwmﬁ ihvet)-spiees, Cthgihig,

Kit;: NEN Life Sci ton, | s"whi ch express zal phall

r ecept or: .- other lymphoid tissues, or T-cells are preferred -sources of ligand for use in screening

. procedures. - _ _ . . o _

20 , A natural ligand for zalphall can also be identified by mutagenizing a

cytokine-dependent cell line expressing zalphal 1 and culturing it under conditions that

select for autocrine growth. See WIPO publication WO 95/21930. Within a typical

~ - procedure, cells expressing zalphall are mutagenized, such as with EMS. The cells are

. then allowed to recover in the présence of the required cytokine, then transferred to a

_ .. 25 . culture medium lacking the cytokine. Surviving cells are screened for the production of

" a ligand for zalphall, such as by adding soluble (ligand-binding) receptor polypeptide

to the culture medium or by assaying conditioned media on wild-type cells and

. transfected cells expressing the zalphall. Preferred cell lines for. use within this

. method include. cells that are transfected to express gpl130 or gp130 in combination

.30 with LIF receptor. Preferred such host cell lines include transfected CTLL-2 cells
- (Gillis and Smith, Nature 268:154-156, 1977) and transfected BaF3 cells.



ligand will be identified under fluorescence m croscopy as green cells and
pi cked for subs‘equent cloning of the Iigand usi ng procedures for plasmd
rescue as outlined in Aldrich, et al, stupra., fol: Tiowed by subsequent rounds
of secretion WOMIEEEay until single 20 clones are i dent PERWEIZAL9,
receptor, the.activity of zal phall pol ypeptide can be neasured by a . .
silicon-based bi osensor m crophysi oneter wh’ch neasures the extracel | ul ar
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for example, %(g liﬁ?ns '@c&@ﬂﬁ 3%%’ %@‘40 ongin

Pitchford, § etfoﬂhmk/léﬁ&hbn xﬁmsmlmne?ﬁd%cm E’r&%gzr foﬁfm% bitpressidf. TheS.
I e e

et al., J. | nmmunol , 212:49-59, 1998 Van al ., Eur. J.
Phar macol . 346: dvansfected 6OS-7 ceflscare,eromgn acmonalayer ard then Sxedsand pesmeabilized ng
eukaryoti c, i
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extracel | ul ar aouodtaf:u witl tlmrcellﬂayegmﬂ allowed|td binddtieHs dvthe mqnnhyertthm express an
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B3 1 or ences. redSRPENID T B YFRBHE Sty e crimes WTieTiTC, A FoDercialy-

aci di ficatign, 'iiraililﬁe h?&&%ﬁﬁed%r%'de&cﬁdﬂf&%&hxﬁﬁl Zdnaisshhde TS A DifelMeKitO 2
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i dentifying agoni ts and ant agoni sts
subsequent cloning of the ligand using procedures for plasmid rescue as outlined in

- Aldrich, et al, supra., followed by subsequent rounds of secretion trap assay until single
20 clones are identified.

As a receptor, the activity of zalphall polypeptide can be measured by a
silicon-based biosensor microphysiometer “which measures the extracellular
-acidification rate or proton excretion associated with receptor binding and subsequent
physiologic cellular responses. An exemplary device is the Cytosensor™

25 Microphysiometer manufactured by Molecular Devices, Sunnyvale, CA. A variety of
* cellular responses, such as cell proliferation, jon transport, energy production,
inflammatory response, regulatory and receptor activation, and the like, can be
measured by this method. See, for example, McConnell, HM. et al., Science

© 257:1906-1912, 1992; Pitchford, S. et al., Meth. Enzymol. 228:84-108, 1997; Arimilli,

30 S, etal, J. Immunol. Meth. 212:49-59, 1998; Van Liefde, I. Et al., Eur. J. Pharmacol.
 346:87-95, 1998. The microphysiometer can be used for assaying eukaryotic,



15 ~zal phall pol ypeptide, conprising providing cells expressing a

zal phall pol ypeptide, culturing a first portion of the cells in the absence
of a test conpound, culturing a second portion of the cells in the presence
of a test coWP@WHES and detecting an increase or a decr eadCHUPIN2RE | y| ar
response of the second portion of the C6|%$ as conpared to the first
portion of the cells. Antagonists and agonr st I ncl udi ng the natural

|l igand for 20 zal phall polypeptide can be rapldly |dent|f|e i,ng this
met hod. Addi ti grekarystic adberent o inge-adhsgent gellsy By, msasuring exiraceiinl d&(g‘é Bothe use

of hybrid rece%gt{gf{)ﬁd wf éd% rs?mé%gmﬁ“&ﬁﬁwwmdms' &qlgla}v\o

general cl asses ass e I'ntracellul ar donain of
zal phall, conplréspbusgs @ivatious stintli) mch&sgmﬁwﬁwsmmprbeﬂ SEQ

: tD :\Ig ;2)re:‘ errglfg Yg%ét‘%t’hzl?rgéﬁagﬁ'd%% %If’@ﬁ' sigipcter hseH% |80| Ciams %%%sa‘gcgpt o

receptor, guch &h&&i&b&ﬂlcoﬁipaﬂhmaé‘@hbl&ﬁa@&ﬁc?eeﬂﬂ&dods%ﬂ)
The hybrid recep or WI further conpri se a transnenbra,nd»ﬂonal n, ch may
be derived: fromﬁhmlp bl polypaptide, habireprassing epasyntis hé‘“ﬂ?ﬂﬁel

ST L ) [ e iy s oy

receptor are c e presence o for The binding
donmai n and . ass&y@dnﬁwmaalphﬂpmmhlaﬁiglmWsn@m@ﬂ@nmymm aiphall,

A Yl D 3! ON % et b Ralpha1-exprossing calts Qerived Fork Wiphold)'spiteds Shliflud BEHL &Y |

J

~avai | abl e jlgi garp$y s, mtﬁéﬁkﬁ%bﬂhﬁmcibﬁsdkﬁ%cr&&e(iehﬂfmmﬂmahdmﬁomul ar-
cell lines are cawgabl e of respondl ng to si naI s transduced zal pg’gl 1. A

second -cl ass ofinitheresponsscelpealls parspng izalpbal l¢ selptiveste tah%‘m@’? e &
(1 d- bi nd f -
(11 gand-bin '”%a?\%%ﬁ? a@hﬁ%&&ulﬁt@f’%lﬁﬂ‘dr%ﬁh@ésreﬁbﬂ% Sieh Zafphsi tO

237 (His) of 'S cytoplasmc domain of a second
receptor, pref anedulagedarespinedsi cap bea&sp!edrundand variety oofs sl o fdsai gisingrthe The

t b d be, d d i
o TR o ond Tareplyseet s o] SR Gk RGNt B REGR! 07 ©

. responding g0 Skphalis eaﬂmwngmvﬁmmﬂmmwmmpdmepmse

| w\gecszl %Sfﬁlsnoi hébrl eceptor ggLﬁ %13 e of(&;\q broa?d%qs‘Pgue1 @m of (S:eLI
M aka T Y O ks Wit s i 11
ora decrease in a cellular response of the second portion of the cells as compared to the -
o first portion of the cells. 'Antagonists and agonists, including the natural ligand for
20 zalphall polypeptide, can be rapidly identified using this method.

o . Additional assays provided by the present invention include the use of
" hybrid receptor polypeptides. These hybrid polypeptides fall into two general classes.
Within the first class, the intracellular domain of zalphal 1, comprising approximately
. residues 256 (Lys) to 528 (Ser) of SEQ ID NO:2, is joined to the ligand-binding
25. domain of a second receptor. It is preferred that the second receptor be a hematopoietic
cytokine receptor, such as mpl receptor (Souyri et al., Cell 63:1 137-1147, 1990). The
hybrid receptor will further comprise a transmembrane domain, which may be derived
from either receptor. A DNA construct encoding the hybrid receptor is then inserted
into a host cell. Cells expressing the hybrid receptor are cultured in the presence of a
30 ligand for the bmdmg domain and assayed for a response. This system provides a
means for analyzing signal transduction mediated by zalphall while using readily



above. The present invention thus provides, in addition to novel receptor
pol ypepti'des, rnethods for cloning polypeptide |igands for the receptors. 15
The tissue specificity of zal phall expreSsion suggests a role in early

t hymocyt e deWEP Ot " and i rmune response regul ation. Thesé® &

i nvol ve stinulation of cell proliferation é{d differentiation in response
to the binding of one or nore cytokines to their cognate receptors. In view

of the tissue distributiaon observed for this receptoyr, .agoni sts (j.ncluding
the natural |i 2¥sisbleligands,: This system canalso ‘@dﬁ?‘{ﬁ&}?&?ﬁm ’F%G'E‘é\i?ﬁcﬁ‘“’*’ﬁ%t h

in vitro and i N ' ' %na@imﬁéﬁ;b@& ' A1l e B 0P hvbrid
agoni sts are use u\?l%o%?&t{g%%{? g proli erg??g%h%lr}d %es\?i?ngg‘?r%nt of target
cel I s in vitro weoebtorrpolypeptides compriserthe extrageibidrJ(ligandrhinding) slomain efszainkpl s

conponents of defined cell |t i d. al.ene or.in.
conbi nation wi tﬁ%ﬁ%@geafe&%uuﬁse%ﬁ Wﬁ"o%ﬁgg @%gﬂ)ﬁ@@r‘@rﬁ ?ﬂoﬂhsﬁlsw
comonly used i dorkdih lof GUsecordEre ipgdféralély @ éyiolkine? Feceptort 264 @ tranSmembrane
specifically pronoting the growth and/ qr devel opnent, of T-cells, B-cells,

and other cel | sdgpaipne W‘F’Eb%dwml?"i M&é??maﬂﬂ‘eﬁm%oﬁ@w _
cells in cul turgcwﬁgmﬁs dﬁe%;&ﬁrb‘fa%s Bx%hﬁéés@ﬁ‘ 11 O\Gﬁo‘b%%faﬁbld cﬁ'ré%) fh@t i ng

cell-nediated i y an or stinulating Iynphocyte prolTteration, such
as i'n the treat tresignals transédured ibyrthe sevend wiceptor. nFegeten these Swo elpsseis rof hytisid g

certain viral infectiaon ddi tiponal 30 uses, j.ncl u tunor _ suppressi on,
where nal i gnant“F?p;?fgfﬂaﬁ’#aﬁeélﬁe?gg%ﬁwgfeﬁkmsswﬁﬁfeﬁgtgrﬁﬁaﬁm C.
Agoni st | igandssysemisd be used to induce cytotoxicity, which may be WO

00/ 17235 . PCT/ US99/ 22149 52
medi at ed through acti vat i¢sHs §pundrte sxpress acligapd for zalphald ape thep used fQUPTERRER &r al

killer) cells, Y. | | Wb dndl q{,ahg ' C :
directly througﬁﬁggﬁﬁ&o i%%gt’ ?A]/g)@{se H%%@%?%@“?%%‘ﬁs ?/c al lsagdag% ‘ﬁ‘g‘é‘%”ﬁ‘? I n
treating | eukopebivas The piesent inxention thisréovides] in additiomte noivelaeteptdr pelypeptidess

and for enhancing,the.regeneration..of. the.T-cell repertoire after bone
marrow t ranspl aﬂ?ﬁ‘??%{??%‘ﬂg@g%ﬁ{“?i‘éﬁﬂ%“&”ﬁ Gunds may find utility in
the suppresgsion of the i nTHéEssse speeHficity € RalpBalil rexplRssidd gtk 6le in early '

aut oi mune di seases, including rheymatoid arthritis, nultiple sclerosis,
di abet es mel | i t thymopyle dswslepmaent apd jpmupe sepese resulptions Hhese pragesses WVolvgmyne

SUppr essi on Ccangihfigidifof'tef ProliferitiMUnd diffdr&itibtioinGespbhsa St the Hinding -?fd?xé opf 9an.
transplants and grafts and to treat T-cell specific | eukemas or |ynphonas
by - .~ more cytokines to their cognate receptors. In view of the tissue distribution observed -

for this receptor, agonists (including the natural ligand) and antagonists have enormous

20 potential in both in vitro and in vivo applications. Compounds identified as receptor
agonists are useful for stimulating proliferation and development of target cells in vitro
and in vivo. For example, agonist compounds are useful as components of defined cell
culture media, and may be used alone or in combination with other cytokines and

- hormones to replace serum that is commonly used in cell culture. Agonists are thus

25 - useful in specifically promoting the growth and/or development of T-cells, B-cells, and

other cells of the lymphoid and myeloid lineages, and hematopoietic cells in culture.
Agonist ligands for zalphall may be useful in stimulating cell-mediated
immunity and for stimulating lymphocyte proliferation, such as in the treatment of
* infections involving immunosuppression, including certain viral infections. Additional

'30 - uses include tumor suppression, where malignant transformation results in tumor cells
that are antigenic. Agonist ligands could be used to induce cytotoxicity, which may be



inhibiting proliferation of the affected cell type. Zalphall may al so be
used within diagnostic systens for the detection of circulating | evels of
ligand. W't h%@egﬁl ated enbodi nent, anti bodi es or other agents that
specifically 8 zal phall can be used to detect circul BEEFH$28M8pt or 15
pol ypepti des. El evated or depressed |evels g | i gand or receptor

pol ypepti des nay be indicative of patholog? condi tions, including

cancer. Sol uble r cept or poI ypeptl y contribute taq_pathol ogic
processes - and c&??ﬁ'&@ éﬁ%@‘f“"’o@%ﬁ“ﬂﬁé r@@%‘s’gﬂﬂ}:&?ﬂs’
exanpl e, el evat gd Lﬁﬁé'.’e(iy'in;ﬂhds%d%& Liller¥ defSCR! Hduédd. Hi‘r&ﬁ thfoughl na?@%ltﬁu@ee“

associated with a-w de vari ety of Inf ammtory and neopl astlc co I ons

such as 20 npathways aigohist ligands may, alsoshenseful i nmlmﬂ@pgnmhysncrpasmm oi d

arthritis, acut chr ¥{

| eukem a, col onFegglF\c?r&ebﬁggfg{n@éﬁ@er %‘g#ﬂy%ﬁ@% d& ﬁeéglr a&p@’g?

Bl ood .87: 845- SSEpeM%her%rbmﬁbWﬂﬁnMOnol ypept i. de of . a zal phall
receptor, or "soluble receptor, Ecag be prepared b re ng a truncated

DNA encodi ng the zal phal onist P OoHRAS FBAY ?M%‘%‘W
resi due 20 (Cysjpet Mrﬁéiﬁhs)fsﬁﬁi Ghigh gf’in(tﬁ‘: %)eatﬂ{entt be amdmﬂm{ceﬁi@é&&r if

NG 2)) or the correspondi'ng region a non- human receptor. s pre erred
_that the extractienmptaid m,rmﬁﬁplprsdmsl&cﬂmmm miellitis, mﬂbmtm hwlc) diseass, of

transnmenbrane a t I ide s eover
| i gand- bi ndi ng %@gé‘% rlgng?ﬂrr‘gl W%”ﬁn %”%a,_fsg%m'\ff%[ cyf%??hﬁleo{)tfsﬁ‘ée ng
domai n, 3010 . oﬂagm uheﬂlaﬁtb@u&graﬂm@rbmmesﬁafmaémhﬁias ér FRlphbhss by

receptors for us descrj bed herei @g rect the export of a receptor
pol.ypept i de frof S "@E?‘W{ "F@g iHPeDNA i's . WD 00/17235

PCT/ US99/ 22149 53 |i nked Za‘ib}ﬁlﬁﬁﬁﬁ’ﬂﬂo %e'ﬁe\gi'ﬁﬁﬂrdx ?g(?]sg Yitents fOF BleSeRiction

peptide, such as a t-PA secretory peptide or 11" secretory peptide.
To facilitate: p9f¢lt¢hb§ng levelsof ligand. Wl ﬂletmlated@e}bpﬂmepbhgqbe@m orothex agents

pept i oe. (Fopp ofik o) 3 PP Bl by o2l 85 SRine BB

. East man Konsk Cpolypdjdaﬂesl—lzﬂemed@)demssemwus iof. ngdnﬂpnpédeﬂer polypeptidesi mayf by

whi ch an anti body, or o ecj fi .bl ndl ent i | abl e,
-~ fused to the reBéﬁ‘ ?}ha@'ﬁzﬁl"i“t‘é’ ég’é%rrﬁ‘lfgwrpgly?%@ﬁ or
~extracel Lul ar dg@RicentfBdle REpathologic processes and can beanmdlrect marker of an underlying -

... disease, For example, elevated levels of soluble IL-2 receptor in human serum have

) . been associated with a wide variety of inflammatory and neoplastic conditions, such as

.20 _myocardial infarction, asthma, myasthenia gravis, rtheumatoid arthritis, acute T-cell

- leukemia, B-cell lymphomas, chronic. lymphocytic leukemia, colon cancer, breast
cancer, and ovarian cancer (Heaney et al., Blood 87:847-857, 1996). -

_ - A ligand-binding -polypeptide .of a zalphall receptor, or “soluble

_ receptor,” can ‘be prepared by expressing a truncated DNA -encoding the zalphall

25  cytokine binding domain (approximately residue 20 (Cys.) through residue 237 (His) of

the human receptor (SEQ ID NO:2)) or the corresponding region of a non-human

receptor. It is preferred that the -exfracellular domain be prepared in a form

. spbstantially free of transmembrane and intracellular polypeptide segments. Moreover,

ligand-binding polypeptide fragments within the zalphall cytokine binding domain,

30 described above, can also serve as zalphall soluble receptors for uses described herein.

. To direct the export of a receptor polypeptide from the host cell, the receptor DNA is



expressed_as a fusion w th i munogl obulin heavy chain constant regions,
typically an 10 Flerr] fragnment, which contains two constant region
domai ns and Imnyg? vari abl.e region. Such fusions.are typically secreted
as mul tineric nolecules wherein the F[err] portions are di sEFTU§®234ded to
each other and two receptor pol ypeptides argsarrayed in close proxinmty to
each other. Fusions of this type can be usettto affinity purify the cognate
l'i gand from sol u&‘ig(og, as an in vitro assay tool, to block signals in vitro
by specifical |y Hmkedtoasqcond DNA ssgmentiencading aseerelory paptidey swehas 8 tiPA seergtoryy
adm ni stering thgdhsRa s : . sk C | I |
fromthe ci rcul.aﬁpgge o‘?’(r)ht % |? g s%?atgﬁg?epghg.a%ﬁgdf???% pgﬁ?%g?g%lf?hggé%%?o a
sanpl e cont ai ni nigcepter golypeptitle( @ Ceterminad |ektension isbdhoasacpolyshistidine tag,ciubstarce P,

ti ssue extracts) [ ndifiong that. iljtatg. rec or-lj gan i ndi ng
(typically near-B %3@3@?0 °p?e‘?§fp ?M@,&m&hﬂaﬁ&é&éﬁqb’ é?#de 71’?"
chinera-1igand cBasah&xKadak Co.] New [Haker; @T)of hfisthd? polypeptitle ok Proteitl Tbr\Whibh @4 €1 N
A, which is imobilized on a solid support (e.g., _ insoluble resin beads).
The |igand is th@Hibedy,0r @thssisprsificobipding jagent is @vailableaican be Hised tosthe gerehtons
wth a salt or pﬁ,l%%qagnt. In the alternative, the chinera itself can be

bound to a solid stpport, with binding and elution carried out as above.
Col | ected fractions can bdnran faltemative rapprodch)nd iréceptor edteadellular domain 6fn be

purity is reached, 25 . . reover, zal phall sol yble receptors
can be used as a“*PregdAs afusien W“Pl‘é“““ﬂ&ﬁ?@@*ﬂﬁaﬂw ¢ ‘I?PﬁEPtIrF%%H‘thYP}?aﬁY % or
in vitro inie her RpRagrheht,Whick doataird Wb teiRiahOiegiodbiaink LA 1RKS ARRRBIE rdolith:.
ligand is not desired. For exanple, in cancers that are expressing |arge

amount of bi oact Such fasionsiasé typicallygsecmted asinitinerit nsodécules evhereinethé Pé portioik €
used as a direct ;ant ni st. of the.ligand in vivo, and may aid in_reducing
progressi on 30 d's@hggg’ JRecasdy other g?‘gawWWtPﬁ(?mngﬁ‘gg%?mm%éﬁFbse '
zal phal | sol ubl grokigiitb @achcotherd BusieRbritils B/pe ot bitused RUERAT ARifY the CRRRAL S
t hat over-express zal kphall receptors, by B WO 00/ 17235 Ty Bty

PCT/ US99/ 2149 54ligand fromysqlutipanes aninpiftasseiatoolyin black sibralsnnsitre by apeeifically
proliferatipd of r | ML) ac. 1N V. | lons. for a _

zal phall soﬁbl euéﬁgaugﬁgﬁh%%ﬂugg%@%gpni‘lrll‘;so[ %ngdei&ﬂasgﬁe{é ﬁ‘gegh{’?’\e/‘é“"any'm
sel ection to sel biod ciraildtingiligarsl and sleayjt fromithe ditvelatites ePwpurify ligaldphealphali it gand.

R ) AL e N R R e AN IR
tissue sanples. éotissoxaRipdots) unlér coAliibAs! thab Fcilithte rRERRLRINICRAMIRE (typically
conjugated to a radi o-1abel or ,

near-physiological temperature, pH, and ionic strength). The chimera-ligand complex

20 is then separated by the mixture using protein A, which is immobilized on a solid
support (e.g., insoluble resin beads). The ligand is then eluted using conventional
chemical techniques, such as with a salt or pH gradient. In the alternative, the chimera

~ itself can be bound to a solid support, with binding and elution carried out as above.
Collected fractions can be re-fractionated until the desired level of purity is reached.

25 . Moreover, zalphall soluble receptors can be used as a “ligaiid sink,”
ie., antagohist, to bind ligand iz vive or in vitro in therapeutic or other applications
where the presence of the ligand is not desired. For example, in cancers that are

- expressing large amount of bioactive zalphall ligand, zalphall soluble receptors can
| | be used as a direct antagonist of the ligand in vivo, and may aid in reducing progression

30 and symptoms associated with the disease. Moreover, zalphal1 soluble receptor can be
used to slow the progression -of cancers that over-expresS ‘zalkphall receptors, by |



fluorescent | abel as described herein, and used to detect the presence of
the ligand in a tissue sanple using an in vitro |ligand-receptor type-

bi ndi ng assawyg9fnshisior escent inaging assay. Mreover, a radio-|abel ed

zal phall sol ubl e Vaceptor coul d be 10 adni ni stered in vitFOUSEAMect

| i gand- expressing solid tunors through a rgQio-inaging met hod known in the
art. Analysis of the tissue distribution of the nRNA corresponding to this

novel DNA showed.expressi.on i.n | hai.d tissues, including thypus, spleen,
ool modes an b B v il ol Srbirvee SRinstd Sialicrsiibn ph ibe candlpy o
for the zal phal Sim#ifr in vitroppidafiéns for Pza0hial PéohibleYeceptr CArfbeaiRbd, Foriflanc@ asl/ OF

activation of imune_ cells, and suggest a role_ in devel opnent and

regul ati on of i rifgEwiveselpwion daselephee tha grow in the absenceiof ealphpd 1 ligandr act i on
of zalphall with its |iga ' ' | viel of
‘r]ryels_oi :g'ccélh Lss agﬁ'h rﬁéﬂn@ ?tlaggﬁctLngl;?lf:iGg&lﬁ@k&%ﬂf{rﬁeg&ﬁg&%f%uﬁgﬁﬁpg al .,
. Biol. m _ b- éct Zalpha) 1 liganderpresaing (cencelisais ivpravtise tissus &si s
in 20 hepato(c}ytes. It s preferr dbto uri fy the Dlemp tide.%f ﬁhe
present i nvent i difT (5APEIEy 18 ARlmBaTl pojuble Spenior s, e opivetitd &  aiocizh oFy,

- even more pref erffidredoenflabdl 35 HeseHbed Bereis Hld Bk lto Qbtedt the/ prideée s Rellidatid th a

pharmaceutically pure state, that is g{[ eater than 99.9% pure with respect
t o contam nat i ndisgcanply 8eg @8, inpuire iligandireceptor: tpe bindingepssay, i ofluemsred ¢ 25

aci ds, and free ;of .Lnf i o @W' r ' 11 P rified
pol ypeptide is 's'%%%‘t'%nﬂgl&gl'l ;ﬁ?ree ’8%‘ '%?ﬁg?ﬁ%%g%g%”d%ogﬁ%ﬁ%ﬂ%gr y‘%t her
pol ypepti da® of adminisi¢redin gvato detgot higadexpressingixolid iimors liptagghla yadicvimagihg des

(or zal phall chineric or fusion polypeptides) can be purified using
fractionation arﬂﬁt&dﬁ?‘BWé‘h'??Fﬁﬁal 30 - purification nethods and nedi a.

Anmoni um sul fate. pr e(_:i pi tAﬁﬂ% apgge._aﬁglﬁ cﬁé&i&ﬂiﬁﬂfof_w adﬁegmdﬁ%;to igs used
for fractionation of_sanples. Exenplary purification WO 00/ 17235
PCT/ US99/ 22149 - 59V iTANA %yeq FRPrageien _wéwaﬁam,épclm&wmﬁwl%, lypph C
ey el AShATINE Lk DAL A e e
pol yacryl am5de, reqeptor il protifeiation; alifferenticition, end/erlaetivaripn of iDiie Qi auhsiiggest
der I vat ' ves are a%ﬁfiﬁ aé\%?dpm%ﬁte g}&l rggr\Xatx%lq of %g&rr%%gesmi‘gé Jata also suggest that
the interaction of zalphall with its ligand nmjstimﬁlate proliferatibn, and development
of myeloid cells and may, like IL-2, IL-6, LIF, IL-11 and OSM (Baumann et al., J,
- Biol. Chem. 268:8414-8417, 1993), induce acute-phase protein synthesis in
20 hepatocytes. 3 : | _ . | .
_ It is pl_'eferfed-.to purifj the polypeptides of the present invention to
: 280% purity, more preferably to 290% purity, even more preferably 295% purity, and
particularly preferred is a pharmaceutically pure state, t_h_at is greater than 99.9% pure
© with respect to contaminating macromolecules, particularly other proteins and mucleic
25 acids, and free of infectious and pyrogenic agents. Preferably, a f:uriﬁed polypeptide is
substantially free of -other polypeptides, pérticularly other polypeptides of animal
origin. o _ o o
" Expressed recombinant zalphal1 polypeptides (or zalphal1 chimeric or
fusion polypeptides) can be purified | usmg ﬁacﬁénatio_n aﬁd/or conventional
30 imriﬁcation rﬁeﬂlbds and media. A_inmoniuin sulfate precipitatid_n and acid or
__chaotrope éxn'acti.on may be used for ﬁactibx_iation of gémples. Exemplary purification



5 i ncl ude those medi a derivatized with phenyl, butyl, or octyl groups,
such as Phenyl - Sepharose FF (Pharmacia), Toyopearl butyl 650 (Toso Haas,
Mont gomer yvi | (e, Cctyl -.Sephar ose (Pharnmaci a)»and the |ike:; or _
pol yacrylic rgvgiog’s?@%uch as Amber chrom CG 71 (Toso Haas) an8CTHE®148
Sui tabl e solid supports include glass beadgg silica- based resins, .
cel lul osic resins, agarose beads, cross-linEed agar ose beads, polystyrene

10 beads, cr - i nked, nol,yacryl anj de.resipns. an e ljke that are

i nsol ubl e under géﬁse @agn%{‘@sdﬁWm sfzﬁe?“’&s’ém’t %Pbg ﬁ%‘ied?ve‘isﬁ?&%sesﬁ'ﬁborts
may be nodifi ed pedférmaticadighide chfontafsgrdphpt  BuitaMle a&nraﬁhagﬁf,higf mediat ficide bY
am no groups, Cﬁgoxyl dqroups, sulfhédryl roups,,hydro_;ly groups and/ or
car bohydr at e noAgfyatized dextrans,agatosecelluldn polyaceylamids: speeialty siicascrnddhelilyen
brom de acti vat ipgp, | B0 o | ' .
activation, sul Fﬁgﬁ%ﬂgﬁﬁ?%ﬁ‘ﬂh‘?gggﬁ% act %%Pﬁc%@%ﬁ&mm
am no derivat i vinehidethosamiediti devivetized ovithl phegylc batyi, ot ety grolips sackamdPleile r
solid nedia are |l Kk and w dely used i ar.t d are avail abl e
from comerci al Sgﬁlﬁqsf 2‘? \é&hﬂ'{aﬂ\%ﬁy é‘?ea%ﬁ’ﬁﬂ':l 366 ?@?8J%W’a]98?$ﬁ@m &sﬁ‘&a
support medi a amty\hgshlbha{ﬁ%e‘_(!'hahﬂa&d)ﬁndmHk@?bﬁfdl'@fyli@fresh%ﬁi&iaﬁlﬂxﬁﬁerdm:ﬂw
is a matter of routine design and i s determned in part 20 by the
properties of 't l’!aﬂ-gr%‘ﬂtthe ke, Switpblecsplidhsurportainglydet glass beads, silica-

Chr omat ogr aphy: j g Rl HeRC bR sd- _i | Uppsal a,
Sweden, 1988. Tﬁ?ego yp’eg)atll gigq%%]&?%%wg{éesenf E@ﬁ%@%ﬁ@%@%ﬁ%%gfﬁﬁ by
expl oi tati @4 of bedde) erossilinkhd polyatrylagfideurssing ahd tlentikdtlnt agi msbdlulle pddrt thes.

For exanple, i LLized | io dsor,ption (1 MAC) chromafoqgraphy can be
used to puri fy%@qo&%%wﬁf’%ﬁ’%ge%%ﬁpﬁdehhﬁes PROFS e etqq&%%c"ﬂ fig -
pol yhi sti dine t gamps Bai dfowattashrfié@it of Srofeins Yy ablhiy Wedrbo gfalng@ RLAL
ions to forma chelpate Sul kowski , ngrgndss?n Bi o%ﬁ_gpm 3: 1)6-;'%, 1 8%31 o

Hi stidine-rich SrYPSi drosyl | grpups, andion, serbehydratn dnoieties; x Eaamplesi ¢ff coupligg
affinities, dep A o _ . A .el ute .
conpetitive eI--U'%ggf%%ﬁd%rg}? ?‘f{%hgl?lrd@?e Hgtgﬂg?&gg rhwgk%%g‘f@{dé\egg% \a}

Qt her met hdBs ofpqxide; activasioh,omlfhydryl adtivadion, hydmpeide hétivation and tarbbayt asl/intine d

(et hods. i Eng JRebatves, St SepSBioallE QiR Shasiier. Tosse\ gl e olsf mocia see
PCT/ US99/ 22149 Sl Ruitwi laidividely’ useflin BRUdrE @@ e dvaithble frdHaSmmidr@ASuppis.
D ego, 1990, pphf 9- 3?‘% % hi n addi tional enbodiments of the invention, a
fusion of the p "é}?@f) rdinding recapiar pelypeptideste support media are well known in. the art.

“Selection of a particular method is a matter of routine design and is determined in part

20 by the properties of the chosen support. See, for example, Affinity Chromatography:
- Principles & Methods, Pharmacia LKB Biotechnology, Uppsala, Sweden, 1988.

The polypeptides of the present invention can be isolated by exploitation
of their biochemical, structural, and biological properties. For example, immobilized
metal jon adsorption (IMAC) chromatography can be used to purify histidine-rich

25 = proteins, including those comprising polyhistidine tags. Briefly, a gel is first charged
with divalent metal ions to form a chelate (Sulkowski, Trends in Biochem. 3:1-7,

- 1985). Histidine-rich proteins will be adsorbed to this matrix with differing affinities,
depending upon the metal ion used, and will be eluted by competitive elution, lowering

- the pH, or use of strong chelating agents. Other methods of purification include

30 purification of glycosylated proteins by lectin affinity chromatography and ion
exchange chromatography (Methods in Enzymol., Vol. 182, "Guide to Pfotein



affinity tag (e.g., naltose-binding protein, an inmunogl obulin domain) may

be constructed to facilitate purification. 5 Moreover, using
nmet hods descr J{ the art, polypeptide fusions, or hybrid zal Fhall
pr ot ei ns, are constructed using regions or domains of the i¥RF¥¥

zal phall in combination with those of otherghuman cytokine receptor famly
proteins, or heterol ogous proteins (Sanbroo i et al., ibid.,. Atschul et

., ibi d. , Pi X d f )
Therei n) - Those- Rl Simshen (G5 Acad. v Sempise. JBSC i Se o

i nportance of | aﬁmﬁondpélﬁﬂdaﬁn&&s Jf e AVntioR, Hfubieh xpﬁe!pb? ﬁe bf infr&Bhnd anUCh
hybri ds may alter ‘reaction kinetics, binding, constrict or expand the

substrate specifafinity tagr(cs} t maltase-binding aprateinn | any immunogiebulin domsin) oay be
pol ypepti de, and, J?&it@%?:k itﬁgpﬁrfhcgg ypeptides. of unknown structure.

Fusi on polypept| es or protelns can be prepared by nethods known to 15
those skillesl in the art IMompswepnasinggnehals desoribed imthecit, pblgpdptidé disigasodrei n

and chem cally cpnjugati n them Alternatively, a ucl eo e .encodi ng
' one or nore corrp%;yéﬁt?3 FRoteings ARS FOStECter pising tpg) @p&o‘&&aqse‘gjdgﬁg“ﬂ‘ tige
. can be gener at edﬂ%ia@ﬂ:ﬂ‘&ﬁﬂn&t@ﬁ%%&?,oﬁaﬂe

descri bed herein or exanple, part or all of domai n('s) conferrlng

bi ol ogi cal f unct Ploheteralogens MWém%%ﬂzaLﬂh;ﬂtﬁc@bet al.,ibidy, HRicand,e Cunt

- _invention with t v I ne

. fanily menber. M&%%h e%% #ﬁgg?g&%tk&ﬁé%% tgﬁ@e%&@%ﬁ secrg{%ory

¢ signal seqmoe,dmmmmlaﬂ e - biplogicah dmportaicer pf dlarget rd,omarrfsn&fmegidsmnm a

. domai n, andintra el luylar_.s naI in ox | Bax sites,
* di scl osed her ei np def?fs‘P %’Fgll‘d@% cﬁtﬁb’emég?lﬁ Yos mﬂ%e"“&sm"“’r

bi ol ogi cal functe:@,aad tﬁéosfubénatet Bpdcificity | log ﬂﬁfmus&ie 4Rd cellﬁhxml&ﬁhz&&an of a
pol ypeptides of the present invention or other known fam |y proteins,

~ dependi ng on t hePdlypsptide, andeanb B&MmeﬂesongWMrotel ns may

exhi bit other properties ik $61 @éﬁm.gﬂ o i cal
and cl oni ng techni ques- caﬁ Esk@ﬁﬁ mﬁ@'ﬁse equi val ent “domal nsﬁ% ween

-+ the zal phalls polt}lpspsklﬂeﬂ amdha hlbshy pmpmpeacﬂe@nfp@nent afothefusion tphﬁgmaaxﬂ
- fused. Generally &‘,[a)hlA t hat nco msu n of interest, g a
~ zal phall domain &8 gﬁhen}.s '5@?‘& % 31? SPH e EEE Bnea?r g

wone WO 00/ 17 2gdmponents of the fusion protein in the proper reading frame can be generated using
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- known techniques and expressed by the methods described herein.- For example, part or

- all.of a domain(s) conferring a biological function may be swapped between zalphall

20- . of the present invention with the functionally. equivalent domain(s) from another

cytokine family member. Such domains include, but are not limited to, the secretory

signal sequence, extracellular cytokine binding domain, transmembrane domain, and

.. intracellular signaling domain, Box I and Box II sites, as disclosed herein. Such fusion

. proteins would be expected to have a biological functional profile that is the same or

25 similar to polypeptides of the present invention. or other known family proteins,

depending on the fusion constructed. Moreover, such fusion proteins may exhibit other
properties as disclosed herein.

Standard molecular biological and clomng techniques can be used to

swap the equivalent domains between the zalphall polypeptide and those polypeptides

30. to which they are fused. Generally, a DNA segment that encodes a domain of interest,

e.g., a zalphall domain described herein, is operably linked in frame to at least one



ot her DNA segnment encodi ng an additional polypeptide (for instance a donain
or region fromanot her cytokine receptor, such as the IL-2 receptor), and

inserted int ropriate expression?ivector, @&s describe LN
General ly Dl\&vgoa%fsygargucts are made such that the several DNA'dg'Q'g%g}ﬁpggthat

encode the corresponding regions of a 5 pgl;ypeptide are operably |inked
in franme to nake a single construct that encodes the entire fusion protein,

or a functional portion.thereof. For exanple, .a consiruct woul d encode
from N-terninus tehe PHAsegment,eqcq Srimp*;%{‘@?‘ﬂ E%ﬂ“gq ﬁlﬁr H‘séf“benﬁl oman or
pol ypepti de fol | oy BonParoriep kytBRin® keeelto stiArR it IL-Dldcapibty] dai imserted into an.

transnenbrane domain, followed by an intracellular signaling domain. Such
fusi on proteins capprdpeiate@xpressiopyector @gdesprbed herein. ¢y

33 e
as descri bed herej Ry @I Q%}?ﬁobme%g%gﬁa% r%% %rg%% @ﬁ%ﬁn@{gbfgymglaoa be

prepared through ehentca synt hesi s. e nononers
or mul timers;s gl ypelgpeptidlesrewperably-linkyd tsframé axmakeq pingleadnsiruchthat gegddsdhed;

and may or may not | nc¢lude an, initial ,nmethionine am acid.residye. 15
Pol ypept i des of tF ‘E‘W‘F&WB&?W  Prtiog yﬁ%ﬁ@%ﬂ%"ﬂ "gl;ﬂ&&“ét_ﬁc\t/e
solid phase synt hgaid: enBéde! fréth N-Brinthul 16 TeterBinl® @Sfusibh PEAER lcoMPASIES A0 FRAD

or classical solution synthesis. Mthods for synthesizing polypeptides are
wel | known in thepelypeptide &llowed byxa eptokine binding demain, fpllowed byigctansmembrane

85: 2149, 1963; Kai,ser. e nal.... Bj e 4: .1 Lre
synt hesis of the '8%@?%38“@%%‘% P@é‘?é“r?“ﬁé‘%“q SEE"%@W gggaﬂ%p%rz% ﬁ@&é%(’éﬂg cfifl bt
peptide-resipoi s wkpréssal, isehgddnd\adagdd fot stivity as describetl hereqnt | de from t he .
resin and renoves nost of t si de-chain protectin roups. Such .net hods
are wel | established in th 11 plyp i"tfyfe"t@11 , Hhereob anay; % Pep PERRrEd

| nvention can be. {RapH Gemital StidsiosdigtaY1 %lyﬁépiﬁussgﬁg%& xﬂ&l%lﬁiéfseorcﬁhitirners;

differentiation and proliferation. Such asSays are we known in the
art. Proteins of -glycosylateseen noneglycosylatad;apegylated ol nohepegydatadipand may, or mayt nafg

| ynphoi d, i nmune, .infd ARG .gﬁ):! eggi ? . or bone disorders, and can
be measured in vi fnrcglfdﬁm ng agu Ured ce ?‘%lr'eg@ﬂe'vi vo by adm nistering
mol ecul es of ashe cl ai med i rRoiyeptidest 6f tHeepreisant dpventive cani aisnl beosyathesik@al by
i nstance, host cellg expressjng 30, . a zal phall sol ybl.e receptor ]
pol ypepti de can bsxcim@g%rﬁaphfgaw%?s&rm@ seﬂ@v Rsfhods T p{sggRtion or
(implanted) into cfa8GdaPsSlBiorPdniiRdiS Methodd! f8f SRtHRSIPAL Yolypéptiied e well known in-
the art. See, for e_xample, Menifield, J. Am. Chem. Soc. 85:2149, 1963; Kaiser et al.,
Anal._Bj_@Lqm_. 34:595, 1970. After the entire synthesis of the desired peptide on a
- 20 solid support, the peptide-resin is with a reagent which cleaves the pblypeptide from the

resin and removes most of the side-chain protecting groups. Such methods are well
established in the art.

The_ act1v1ty of molecules of the present invention can be measured using
.a variety of assays that measure cell differentiation and proliferation. Such assays are

25  well known in the art. | |
| Proteins of the present invention are useful for.example, in treating
lymphoid, immune, inflammatory, spleenic, blood or bone disorders, and can be
measured in vitro using cultured cells or in vivo by administering molecules of the
claimed invention to the appropriate animal model. For instance, host cells expressing
30 a zalphall soluble receptor .polypeptide can be embedded in an alginate environment
and injected '(implénted). into recipient animals. Alginate-poly-L-lysine
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58 mi croencapsul ati on, pernsel ective nmenbrane encapsul ati on and diffusi on
chanbers are 559‘!?%§ to entrap transfected rram’rallan cells or prinmary
mammal i an cells ese types of non-imunogenic "encapsul afFB’Hg”’zf)'é?mt t he
di ffusion of proteins and other macronol ecyd es secreted or rel eased by the
captured cells to the recipi ent anl mal . Most 5 | rrportant ly, the capsul es

mask and shield t.he for d ceIIs from ent .ani nmal '
i mmune response™ Péﬁetg‘ﬁis © pigfrbrang F"f“gé‘ ‘?%MF‘@@Fed
cell's from a fewnhis fo mﬂwsﬁwﬁﬁnﬁﬁh&ﬁame@ﬂnﬁfﬁh@aﬁk& éemRDegdgd

cells). Alginate threads provide a sinple and qU| ck_neans for generating
" enbedded cells. typﬁ*eomemmamgsen@esemw%m therfliffusion ofcnreteing prciotherar e

known in the 104, a?tﬁfeq bt hfndl S
prepared in stertle ﬂ‘ eél?s]%,' ®and sterl [%giﬂ%e[l{ ere gél?s\]ugt{rgér or to Most
prepar.ati onsof hmprtastiye thdmcqzsules mhask. aidgshuid ehes doreigno embeided) aels - ffiot éreed.

- An approxi mately 50% cel | enS| on (co n| n bout about
5 x 10[err] cel?ewmnga’?‘?am %\eeg a‘é"é&ﬁﬁﬁ“&?f%&mleﬂ? f the

al gi nat e/ cel | Sﬂﬂd&féﬂ%bl!ﬁfrdrﬁa@éﬁhdiﬁ'@& dapd @alaedl:a&) t8\evéral Wieks {dnbedded Cells).

CaCl[err] solution over a tine period 15 of ~15 min, formn %a "t hr ead"

" The extruded th%ﬁ@%@ﬂ@%ﬁ%ﬁa@éqmﬁk@e@s&ﬂmﬂﬂp&%ﬂ% aC [err],

and then into a sol utionqqf "ﬁ}?'@??d[ W th
dei oni zed wat er ‘before coat| ng t e‘gé%?“‘?ﬁ‘?u”g%u ng 1 na 3&8 Yo sgﬁut I on
of poly-L-1§si nat. B amleksmplaryeprodedured3¥osalginats isdprepardd inasitrile ¢ipORiand stetile

Solution and drawn fromsolution into a syrl nge barrel (w thout needle). A
“large bore needfilerpd Just priopto prepgratignefjal rgtla,r@; the (pdginate, golitien isagaingd i s

*Lactared R ngor ered] &F oy S04 G e P S eipiig oy ¥ Bk ot
¢ the present i nvesK L ARATYOLYES Wil dle '41 sxtysaxt%&n?"bne%e%@raygvﬂa&&ﬁes

_for this purpose i VI rus, Svirus, retroviruses acclni a
" virus, and adensispensionisxtrdded intos l(OAMMM&ﬁltemﬂdhﬂ@soinmnmaumepemd

= doubl e-stranded -DNA virus, is currently the best studied gene transfer

 vector T orl%el |9%T1§®P’f"?§%“@gél" 'ﬁ%?’%ﬁ“ée"a?bﬁﬂd(sftb?n ered infeg sofution

. Becker ‘et”al’. 2659 The oM D. T.
. Curiel,  Sci ence & 1 Cl ng%ﬁ&en@o%@é{ﬁﬂno he a 3V|T:rﬁﬁs syg!tggrﬁhn%%grs
several advant agRA deibhrkedi%t&@%fbtéscoﬁﬁﬁg the maa:mssaireuwhgtm H.01% sdlaEnILA

inserts;: (i) can be grown to high- titer;-(iii) infect a broad range

of mamm| i an_ cePaly-Lylguse. %mlls'@ M)ﬂmwsa@%w Wtbkmgefs Solution and drawn

ﬁom solutlon xnto a synnge barrel (w1thout needle) A large bore needle 1s then
20 : atmhed to the synnge and the thread is mtrapentoneally m]ectcd mto a recipient in a
'. - mmlmal volume of the Lactated Ringer's Solutlon

An in vzvo approach for assaymg protems of the present invention

' mvolves viral dehvery systems Exemplary v1ruses for this purpose include adenovirus,

| herpesvrrus retrovxruses vaccinia virus, and adeno-assoclated virus (AAV).
25 Adenovn'us, a double-stranded DNA virus, is currently the best studred gene transfer

| vector for dehvery of heterologous nucleic acid (for review, see T.C. Becker et al,,

Meth Cell Biol. 43: 161- 89 1994 and JT. Douglas and D.T. Curiel, Science &

Medrcme 4 44-53 1997) The adenovxrus system offers several advantages: (i)
adenowrus can accommodate relatrve]y latge DNA mserts (n) can be grown to high-

30  . tlter_, (iif) infect a broad range of mammehan cell types,_ and (iv) can be used with a
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59 large nunber of different pronoters including ubiquitous, tissue
specific, anqyk t abl e pronoters. AYéo,'becau$€;adenovirﬂ§§ﬁ tabl e
in the bl oods ée n%%they can be adm nistered by intravenous i j%@%ﬁgﬁ

Usi ng adenovirus vectors where portions of gyhe adenovirus genone are 5

del eted, inserts are incorporated into the viral DNA by direct ligation or

by honol ogous reconbi nati o ifh a co-transfected plasmd..|ln an enpl.ary
sg;stem t%e essi‘ﬁg‘? é’r““%f’ d‘re}n' ‘i‘?%?g?t%%mma'ﬁl e r Eﬁ‘lﬁﬁ%‘ss\,ﬂsﬁi" %8?%‘? %gnd
the virus wll W?@ﬁb&r#m&eﬁh@e%&ﬁﬂﬁedﬁeﬁﬁmmﬂﬁ Biobditham) Gel

3 ce

cell (the human J line is exenplary). Wen intravenously
adni ni st ered t o cambeadminigiered|by inteayeney§ injiesdonr i mari |y targets the liver. If

10 t he adenoviral deli L geth \eABvirds Hendthd
cannot replicate in the htggygﬁs. I—%gv\t/é{/sg‘?l}e%lﬂ%ﬁﬂ%s sg I Ssue %S.g. ,H%
l'iver) will sexprdeletdainskrts sredacspdratediinto the siral N A by direst ligation os by hemaclogous
present, secrete) the heterol ogous profein., creted proteins . wll enter
the circul ati on ®5mPMEum Hﬁﬁf%‘é’?ﬁf";f‘ é@ﬂ"?’?&’eﬁ",e"gﬂaﬁgﬁyét@?‘smﬁﬁssf rE‘i

i nfected ani mal. geAdhAdebtEdQEBA BBA: thd Viral vector, and the virus Wi 8O SlicateaRidOer 2l
vectors containing various deletions of viral genes can be used in an

attenpt to redudd gemeds provided bitharhess celb Ghe human 293 eallelinecistesemplayydnh When
(Lusky. M ot " aptvsftigf difhiniBa 58 b, eRSVELD olially s e et B 4
Gene Therapy 9: Gheladefioiral d3iREy.system hadlant E logene delktixni, the virtis Eidinoti replicetedn thed t o
d [ es. 20 Anal fitano, A..et al., J. Virol. 72:926-933,
1668) © Nor cover ToBpels) BOMEYEt 8 ot s (e e Bl s and Spopsy gt =
inserts of het erglraAU sighllscqiéhod Gs FR&GATTREI0 the RASHREIRN pRleif O Sealctdad

"gutl ess" adenoviruses where all viral genes are deleted are particularly

advant ageous f orProtping will gptenthe| circylatiomincthe dighly yasewlarized dives; ffeqtyen the
review, see Yeh,: EE“@ [ gg%-” , FASEB J. 11:615-623, 1997. 2 5
The adenovi rus s";ilf; emggggﬁ% s'?gﬁ e us%dglﬂfor protein production in vitro. By

cul turing adenovi rus-i nf eMoeebver) adnbidrat ebdtars vonisining vadiousideletionstof viralt genes
cells are not rapidl i,viding, the.cells.can produce protej for extended
per i odo. of "t ARy Lae et rdeing i o S s EsRAE SosBo 0 esohn S
factories, then QuRAiftsar BINEIAdE BRYin additiNeEdnfiin 8816tk BEE2A 6r B&TIBE M.
protein of interest The cells are then grown under_serumfree

condi tions, whi ct abi {-dlitoli Br20222932,1998; Rape_sl;’g-i etcal § Human (Gene, (Thegaps 8:671-
‘i""mE ggfte ds 'Zgg' ‘::'el- S,t 159%)) 1 MaRioB derblidrCb' BoY Y koportaf & 0t S Rsponses
20 (Amalfitano, A. et al., J. Virol. 72:926-933, 1998). Moreover, by deleting the entire
adenovirus genome, very large inserts of heterologous DNA can be accommodated.
Generation of so called “gutless” adenoviruses where all viral genes are deleted are
particularly advantageous for insertion of large inserts of heterologous DNA. For
review, see Yeh, P. and Perricaudet, M., FASEB J. 11:615-623, 1997.
25 ' The adenovirus system can also be used for protein production in vitro.
By culturing adenovirus-infected non-293 cells under conditions where the cells are not
ra_pidly dividing, the cells can produce proteins for extended periods of time. For
instance, BHK cells are grown to confluence in cell factories, then exposed to the
adenoviral vector encoding the secreted protein of interest. The cells are then grown
30  under serum-free conditions, which allows infected cells to survive for several weeks

without significant cell division. Alternatively, adenovirus vector infected 293 cells



" I'i gand- r ecept or anh iyt FoRExamplg;

WO 00/ 17235 ' i

PCT/ US99/ 22149 60 can be grown as adherent cells or in suspension culture
at relatively high cell density to produce significant a otein
(See Gar ni"er‘X'Qt“”' 35 Cytotechnol. 15:145-55, 1994). Wth e}iq}hjeé?%zr'%{ocol,
an expressed, secreted heterol ogous proteig,can be repeatedly isolated from
the cell culture supernatant, |ysate, or nenbrane fractions 5 dependi ng

on the disposition of the expressed protein.in the cell. W!Hhi .
i nfected 293 cepﬂn?ﬁmﬁﬁQﬂh"'ﬁ?"d’?ﬁ’c‘?fﬁ?smﬂs?@magfm‘gwgﬁ%h%g%%e
effectivel y .obt 8jja6tk sikfifidin® ¥nBéntd BE photdif (SeelGarhiek lot!bl.,00vtoBMbY 15: 145455,

zal phall, agoni Sts- (i ncluding the natural I'iaqqand/ substrat e/ cof.actor

etc.) and ant agd®94)t s Withyeithen gratesel aveamessed, seereisd ihterqlogpus Wﬁ‘ﬁdcai“n{"?/i VO

~applications. Og%%ﬁgﬁ%@?e%yﬁg @_caﬁ.grngé Iys QR ritdnTorieCfrakiidhs |

for stinulating ne and hemat o s invitro and in

Vivo. For exanpldependiabhakieldisositiayofihstexpmsspd protein it the welbf Withinsthe dnfeiethnt s
of defined cell culture nmedia, and nmay be.used al on I ief) €O ijon with
ot her cyt oki nes za%ﬁlmm%quﬁné%@%g?ﬁﬁ‘ﬁfﬁ?yﬁ?'@o“ on| gtytl}seg in cell
culture. Agonists are thug vsef b e s cdiftibitionyopeasd ibn galph 1gngoists
and/ or ‘devel opnent. of T- 15° cells, B-cells, and other cells of the

I'ynphoi-d ‘and ny dincluding itheozagrel ligand/ subsirate/ cofpqter) §1s) angd gniagpnists hayp gpgrmous

receptor, agoni Stgﬂg%figgé@ggy@tmﬁ%nsa 4. \CodRudd i8S &Y zelhal

measure stimul a®’® ormation Tromisolated primary bone marrow
cultures.  $4ch ageiss arn@efukfor smuluting growtheofammungand hemdtenoictig cellingyiro
useful as research reagents for, charagterjzing sites 20.
oftiaf L Sl ot Gomppings e wspfl ps componerys
antagoni sts) i NqlridfndNtell- ditiRNAddla, 2l ih4ydbe fised o Wr Uih | combimatidradith other
| Ce

receptors, as we as ot her peptidic _and non-peptidic agents .(ingludin
" ribozynes).  Zal pitekines and diomeonse te geplaceoserye thatfiy °HB'6‘IPPg't B?eé ‘é‘e‘."’@, St
.. antagonists), of jts.actiy] Eﬁgﬁ SR dn@/of B&veRdpmantof T-
"~ di scl osed herei'ﬁ&?glsl%aa}aénﬁﬁll)#%se&%ﬁls&e%g%@ n SOtfﬁ gltl I nhi bi t ot_'hee?gt I vity of
.- zal-phall. lys addielis, OB-celts, tand suthen scelly of cithe clympleaid Head anyeloid knsages inaFultEe:
tested for inhihition of zalphal.1l activity. W {hi . ' f.
- desi gnéd t o meadPrEOL al11 ‘l??‘?‘?lﬁrﬁa“ﬁo&?gﬁ - P‘ltgﬂé%ogﬁé,ﬁé# G%Eseegmqusn
‘stimul ati.on/i nhiRQidi19meaburd sonaivh-ofepRag Eitinatied frohdsolatalprimarg done fgrrow

exanpl e, zal phall-éxpressing cell lines can be transfected with a reporter

|- gene construct tdwifurep.sSuch assays are well known in‘the art. -

. o Antagonists are also useful as research reagents. for characterizing sites
- 20 - of ligand-receptor interaction. Inhibitors of zalphall activity (zalphall antagonists)
‘include anti-zalphall antibodies and soluble zalphall receptors, as well as other

peptidic and non-peptidic age_ﬁts (including ribozymes). .
Zalphal1 can also be used to identify modulators (e.g, antagonists) of its
activity. Test compounds are added to the assays disclosed herein to identify
25 compounds that inhibit the activity of zalphall. In addition to those assays disclosed
herein, samples. can be tested for inhibition of. zalphall activity within a variety of
assays designed to measure zalphall binding, oligomerization, or the
stimulation/inhibition of zalphall-dependent cellular responses. For example,
zalphal 1-expressing cell lines can be transfected with a reporter gene construct that is
30  responsive to a zalphall-stimulated cellular pathway. Reporter gene constructs of this
type are known in the art, and will generally comprise a zalphal1-DNA response



30 responsi ve to a zal phall-stinul ated cellul ar pathway. Reporter gene
constructs of this type are known in the art, and will generally conprise a
zal phall-DNA response WQ 00/ 17235 R
PCT/ US99/ 221 X BV &enent Sperably Iinked to a gene encodi MF A %éA%
detectabl e protein, such as luciferase. DNgqresponse el enents can include,
but are not limted to, cyclic AW response el enents (CRE), hornone

response el enent HRE) insulin,response el enent (|RE rin.et al,,
Pr og. Nat | . Aca&ie‘é@f”.&ﬂg&yé’i"_k@%'}%- ?eanW&Qﬁ&“s%Fymhﬁ'%g%’iﬁwtgn’ such’ as
el ements (SRE) (jghfetase! DNA réspbise 2fomentdZan dnchideS Bt arb 6l ligitdVd, cPSiROAMP

el ements are reviewed in Roestler et al., J. Biol. Chem, 263 (19):9063-6;
1988 and Habenerresponsecalemants(SRE)hormons responsepriements (HRJE) dnsulip response elsgisat

s se
el ements are rev | t N i S,
sol utions, m xt mak%(??%t@mqﬂd'ﬁ‘ = %%g?é ?’?g?n@vagﬁi%%ﬁgl c P&d
types are t st ecldnents (SRE) I(Shavt ot al. Call§6:11562-72h1989) CyclicAMPiresponse clemenitsal |
receptor as evidenced by .a_ncrease, i | phal | ] i O [ Lter
gene expr essi on.'”%@’_éﬁ?@éo‘f‘ l%“?? test/ﬁb’ @i&—%ﬁ@eﬁé@%@%@%@“ﬁﬁ?@m‘y
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receptor or by otherwse stinulating part of the signal cascade. As such,

there is provi dddeate, Gell56:338441 1R8T: Candidate easeneundss slutions, mxhires GEPUARHOT de,
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the cells as confGROTsg &Be FRRISSIoNS ASsays ph HilD fypeill datsct compoundy Ehat dire

cel I, contai ni .nOstintiffaté SRMPhA1" sighAD Ctr3MSotion @ctivES fhkduR Chists)/ the &Hépltd}%r by

expressing zaptphall receptor, can be used as a 20 control cell to

assess non- specigtherwisgstimplgting:pastnf the signal caseade. As puehy theredvprovidedemethodof or .-

Agoni sts, incl ud-i?gﬁ.ﬁ,- 2 | _ A I ' ate
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e used for purificatiopn .| i gand. e po ept i. iS | iliz on

a solid support  commonndeulfurings sspond porboclot e eells ip fheatesenpe of sdest ogppadnd,

cel lul osic resingd gdtdctii@ alincedde i 2! RBulaP Rlsydilsd bf B8R, seBdr@SSortidnbLthe cells as -

pol yacrylam de, or like materials that are stable under the conditions of

use. Met hods f orcamnaredity theofissipgstionjefsthe cells. “Moreover third cell, containing the reporter -
gene construct described above, but not expressing zaplphall receptor, can be used as a

20 - control cell to assess non-specific, or non-zalphall-mediated, stimulation of the
reporter. Agonists, including the natural ligand, are therefore useful to stimulate or
increase zalphall polypeptide function.

- A zalphall ligand-binding polypeptide, such as the cytokine binding
domain disclosed herein, can also be used for purification of ligand. The polypeptide is

25 - immobilized on a solid support, such as beads of agarose, cross-linked agarose, glass,
cellulosic resins, silica-based resins, polystyrene, cross-linked polyacrylamide, or like

- materials that are stable under the conditions of use. Methods for linking polypeptides
to solid supports are known in the art, and include amine chemistry, cyanogen bromide
activation, N-hydroxysuccinimide activation, epoxide activation, sulfhydryl activation,

30 and hydrazide activation. The resulting medium will generally be configured in the

~ form of a column, and fluids containing ligand are passed through the column one or



to soli.d supports are known in the art, and include am ne chem stry,
cyanogen brom de activation, N hydroxysuccinimde activation, €poxide

activation, 39 ‘D yI activation, 30 and hydrazi de activation. The
resulting nmediumwill generally be configured in the form JCTAS¥AMN, and
fluids containing | |gand are passed through.the colum one or WO
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.. This system allows the determination of on- and off-rates, from which binding affinity
. can be calculated, and assessment of stoichiometry of _bmdmg._

.20 . :. Ligand-binding receptor polypeptades can also be used within other
assay systems known in the art.. Such systems include Scatchard amalysis for
determination of binding affinity (see Scatchard, Ann. NY Acad. Sci. 51: 660-672,
1949) and calorimetric assays (Cunningham et al., Science 253:545-48, 1991;
Cunningham et al., Science 245:821-25, 1991).

25 o Zalphall polypeptides can also be used to prepare antibodies that bind

_ to zalphall epitopes, peptides or polypeptides. The zalphall polypeptide or a fragment
thereof serves as an antigen (immunogen) to inoculate an animal and elicit an immune
response. One of skill in the art would recognize that antigens or immunogenic epitopes

-can consist of stretches of amino acids within a Ionger polypeptide, from about 10

30 amino acids aﬁd up to about the entire length of the polypeptide or longer depending on

- the polypeptide.. Suitable antigens include the zalphall polypeptide encoded by SEQ



to zal phal. 1 epitopes, peptides or polypeptides. The zal phal 1 pol ypeptide
or a fragment thereof serves as an antigen (immnogen) to inoculate an

ani mal and eli.cit an imune response. Oné& of skill«i.n the art woul d

recogni ze t hat"AM¥ E¥ns or i nmunogeni ¢ epitopes can consist RETEPHRAEhes of
am no acids within a | onger pol ypeptide, from about 10 30 am no acids
and up to about the entire length of the polﬂ?peptide or longer depending on

the pol ypepti-de. Suitable antigens include the zal phall pol ypeptide encoded
by SEQ WO 00/ JIDZHQ 2 from amino acid number 20 (Cys) to amino acid number 538 (Ser), or a
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monocl onal’ apgi bofygﬁﬁsaﬁeﬁw%l CorlsSIO¥ nidtifs ¢ ﬂlﬁlmllz%e sm%fe aﬁﬁ’éen@xmcﬁer

Current- Prot ocoI s in I munol ogy, Cooligan, et al. (ed Nat | onal
| nstitutes of Heakartespohding Wmowfahednmzalphaﬂbpolyn@yw( U&{siétcmabe used

e

Techni ques and  immune response can be isolated and purified as descnbed herein. Methods for

preparing and isolating polyclonal and monoclonal antibodies are well known in the art.

20 See, for example, Current Protocols in Immunology, Cooligan, et al. (eds.), National

~ Institutes of Health, John Wiley and Sons, Inc., 1995; Sambrook et al., Molecular

mm_g:'A'Laboratogz Manual, Second Edition, Cold Spring Harbor, NY, 1989; and

Hurrell, J.. G. R, Ed., Monoclonal Hybridoma Antibodies: Technigues and
Applications, CRC Press, Inc., Boca Raton, FL, 1982.

25 ~ As would be evident to one of ordinary skill in the art, polyclonal

antibodies can be generated from inoculating a variety of warm-blooded animals such

as horses, cows, goats, sheep, dogs, chickens, rabbits, mice, and rats with a zalphall
polypeptide or a fragment thereof. The immunogenicity of a zalphal1 polypeptide may

~ be increased through the use of an adjuvant, such as alum (aluminum hydroxide) or
30 Freund's complete or incomplete adjuvant. Polypeptides useful for immunization also
" include fitsion polypeptides; such as fusions of zalphall or a portion thereof with an



Applications CRC Press, Inc., Boca Raton, FL, 1982. 25 As
woul d be evident to one of ordinary skill in the art, polyclonal antibodies
can be generated frominocul ating a variety of warm bl ooded ani mal s such as
horses, cows, WRM13B5sheep, dogs, chickens, rabbits, mce, RoTUs®nsiawith a
zal phall pol ypeptide or a fragment thereof. The i munogenicity of a

zal phall pol ypeptide may be increased throud% the use of an adjuvant, such
as alum (alum num hydroxide) or 3 0 Freund' s conplete or inconplete
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~ pol ypeptides, are al'so included. Non- humap-.antj.bodi.es rmay .be h i zeq by
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themwith a human-|ike surface by repl acenment. of exposed residues, wherein
‘the result is a ' iy and qonstantegions, or by ingozpsating the

® Basd
anti bodi es may r%:?allaﬂ' Db WBR RS Py ' gaph » e BaBD 10%%1!—1%9' § égg' n
framewor k -domains to ﬂ%}%g pr ngﬁ‘%ﬁﬂﬁiﬁ% C grgﬂ&&erl stics. roug by
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protein-or peptide, -and sel:ection, of antibody display Iibraries in phage or
similar vectors (repnizngasbedies; biokegigel halfife may be increased, and the potential for

" adverse immune reactions upon administration to humans is reduced.

| " Alternative techniques for generating or selecting antibodies useful
) 20  herein include in vitro exposure of lymphocytes to zalphall protein or peptide, and
selection of ahﬁbody display libraries in phage or similar vectors (for instance, through
" use of immobilized or labeled zalphall protein or peptide). Genes encoding
polypeptides héving potential zalphall polypeptide binding domains can be obtained
by screening random peptide libraries displayed on phage (phage display) or on
| '25 bacteria, sﬁch as E. coli. Nucleotide sequences encoding the polypeptides can be
 obtained in a number of ways, such as through random mutagenesis and random
pbljmﬁcleotidé §ynthesis. These random peptide display libraries can be used to screen
for pept{des Wh_iéh interact with a known target which can be a protein or polypeptide,
such as a ligand or receptor, a biological or synthetic macromolecule, or organic or
30  inorganic substances. Techniques for creating and screening such random peptide
*display libraries are known in the art (Ladner et al., US Patent NO. 5,223,409; Ladner



use of immobilized or I'abel ed zal phall protein or peptide). Genes encoding
pol ypepti des having potential zal phall pol ypeptide binding donains can be
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di spl ay) or orwdbgenrssbacteria, such as E. coli. Nucleotide spEmesn6as49
encodi ng the pol ypepti des can be obtained in a nunber of ways, such as

t hrough random nut agenesi s and random pol yngsl eoti de synt hesis. These
random peptide display libraries can be used to screen for peptides which

interact with a @ﬂW§P§t&§NO’"Q'9Q@W§'L£ﬁ‘er%tW USPhlert N 31408 ABA hAIELadndfdt as
a ligand or receptor, a biol oglcal or synthetlc nacronDIecuIe or organlc

or S,O | no(rjgaglab, UShBatantcNO. 5,57860%) anderantiom paptide idisglay lébraries candi W erch
o PPt L 3 Rt bR BrarieS ol ah i rdlert iy, 36f ireRAL Yo Liorftbotr P

PCT/ US99/ 22149 6AIRY, CAl), Invitddgdndhe: IﬁSad\megdk CAYONEw Englandi Binlabs) Inal (Bevedy, MEX)ent

oDt de. o spPay. 1P pRTREaCE Biviecnoloek dpe dRerRc N | B, pepg dsply
avai | abl e comver Gipgirey car 86 sbx@éie&ﬂﬁﬁngﬁe Paipht &ﬁ&n@?@&@cﬁe& Qxereﬁ“\io 1dent1fy

Invitrogen Inc. (San Diego, CA), New England Biolabs, Inc. (Beverly, M\

Snd :Dhar lmag i a LKprédeios gdmlobmgwoljmh)hatlpl sa'ﬁem/élyndmz] peptidestdwhich dpterage Wlthd
ner6i n to i dent | PIORFHSIPEPGERP B W MalPipr g R hoRBf RIS, pgfectas”

peptides" which mytgﬁﬁ@tpmﬁcbua@uﬁyaaﬂbaaimnkudaﬁecnﬁem@ﬁgawaeddﬁfg@ toai)g,l ng |
cells; for |solat|ngh 0 pepti.des, by affl yp |cat|on
can be diredd y JpdiPRRg iiﬁc’ﬂ%y dike geheat) binding, prpti estf?)?l Yt‘cal

radi onucl i des angpdihsis! ukis as TJ;&E&?eeQinQCExB&sﬁéiphbﬂﬁés &?d“néﬂu%ﬂzlbg? a&ﬁﬂﬂv | NThe
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zal phall.  Anti bodies are determned to be specifically binding if: 1) they
exhibit a threshdhdaqt@nefabgmﬂlthaﬂbmgsmwpha}l and/or 2) they do not

si-gni ficant| y cross-react Wnilpodles are determined to be specifically binding if: 1) they exhibit a
B threshold level of binding activity, and/or 2) they do not significantly cross-react with
20 related polypeptide molecules. First, antibodies herein specifically bind if they bind if

they bind to a zalphall polypeptide, peptide or epitope with an affinity at least 10-fold
greater than the binding affinity 1o control (non-zalphal 1) polypeptide. It is preferred

that the antibodies exhibit a binding affinity (Ka) of 105M1 or greater, preferably 107

M or greater, more preferably 108 M1 or greater, and most preferably 10° M or
25 greater. The binding affinity of an antibody can be readily determined by one of
ordinary skill in the art, for example, by Scatchard analysis (Scatchard, G., Ann. NY

~ Acad, Sci. 51: 660-672, 1949). |
Second, antibodies are determined to specifically bind if they do not
significantly cross-react with related polypeptides. Antibodies do not significantly
30  cross-react with related polypeptide molecules, for example, if they detect zalphall but
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20 rel ated pol ypeptide nolecules. First, antibodies herein specifically
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Benj amin et- al . ingtal, 17 @167-005,4P84t y of assays

~known ‘to those Sk' led | EA%d?ﬁtyaéftas&i"é‘kﬂﬁvﬂo'thbsé%ﬂdlwn&'ﬁfe%tcaﬁ'%'ulﬂﬁﬁéd%
Wwhi ch speci fi cal ly bind to zal'phall”proteins orllpeptl es. Exenpl ary

detect antibodies wh1ch speclﬁcally bind to zalpha protems or peptldes Exemplary
' assays are descnbed in detail i in Antnbodles A Labo;atoz_g Manual, Harlow and Lane -

' 20 (Eds.), Cold Spnn_g,Ha_rbor L_aboratory Press, 1988. Representative examples of such
' . assays include: concurrent. immﬁnoelecu'dphdi'eSis, radioithmunoaésay, radioimmuno-
precipitation, enzyme-hnked nnmunosorbent assay (ELISA), dot blot or Western blot
assay, inhibition or compe’atlon assay, and sandwich assay. In addition, antibodies can

be screened for bmdmg to wﬂd—type vetsus mutant zalphal | protein or polypeptide.
25 s Antibodies to zalphall may be used for tagging cells that express
' zalphall; for isolating zalphall by affinity purification; for diagnostic assays for
détermining circulating levels of zalphall polypeptides; for detecting or quantitating
soluble zalphall as marker of underlying pathology or disease; in analytical methods
“employing FACS; for screening expression libraries; for gerating anti-idiotypic
'30 antibodies; and as neutralizing antibodies or as antagonists to block zalphal1 activity in
" vitro and in vivo. Suitable direct tags or labels include radionuclides, enzymes,



assays are described in detail in Antibodies: A Laboratory Minual, Harlow
and Lane 20 (Eds.), Cold Spring Harbor Laboratory Press, 1988.
Representative, exanpl es of such assays i‘hcl ude: cencurrent

i nunoel ect'r oMEN042A38, r adi oi nmunoassay, radi oi nmuno- preci FCTAISPUR3149
enzyme- | i nked i mmunosor bent assay (ELISA), dot blot or Western bl ot assay,
I nhi bition or conpetition assay, and sandvm'G(?h assay. In addition,

anti bodi es can be screened for binding to wild-type versus nutant zal phall
protein or pol ypaiates, céfactors, inhibitors, fluorescantt nm&rs;scl;egulzlmnm@ﬂ %yer&e

used for taggin ceILs t
affinity pu?lgf i g‘%ﬁ ‘3“0‘1‘“33%%@% adgg‘té}q% ofrgérﬂ’elé r%h%{%%gégfggﬁé??%g
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zal phall as- marker of under y|ng pa ol o i sease; a
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anti-idio c r S regber,
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ant agoni st s 0Ck activity rmvitro and in vivo. Suitable
direct tags or |aitibbdies tocialphiel I exifragments thersof may berased in vi
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| abel s nmay feat uhﬁ,w,ﬁgﬂﬁfmbl otin-avidin or other conplenent/anti-conpl enent
pairs as internediates. Antibodies herein nmay gl s?oabe dire

|
indirectly conjugated to ditigedies & palphaly e etgg%?ﬁj"?ﬁ#e%?ﬁpég’mﬁr{h‘%
these con u tes %1- L 3% Eﬁ%ﬂé?‘}lﬁhﬂgQ)gﬁ-&ésﬁnolévélé‘%ﬁ&miﬁﬂycpﬁm&ﬁdhatw:ﬂiﬁ

Mor eover, |bo to z nts thereof may be used in vitro
to detect denat udﬁghosﬁé pssayis] foo determigimg reirsulating kewdls iof SdB@ayWﬂbPOIEW

Western Blots or her a s _known jn the ar t] At Ritibh re
useful for taggi H‘{j’& ?fgﬁm&??’égs@ ?W%gaéuvafégceptor P?\ésslzlayl ng&leg

Zal phall expressjgg bEﬁééﬁ'éangﬁBistﬁfxﬁmﬁUﬂerbetheﬁiIPMI ligandhi n di agnostlc
assays for determ n| ng circulating levels of soluble, rec tor X&G@Hgd
anal ytical methods enpl oyiAwjibrflisshaeinsar alse b dipecilx gr indjre “Ebte

ant i bodi es IETEY bGox gdﬂ)ﬁu&ﬂﬁ@ the liiRe, H‘tﬁesf Q@nﬁﬁaﬁé%e@for%‘@w&%ﬁdﬁh@sh& or

| i gand. Antibodi es rern can also be rectly or indirectly conjugated to
drugs, 15 toxthempemmdappimcﬁondesFamhstah@ |antibodiesnor binding plyyeptidasewhighed

;g{ i Ibgd:/ ;\S/OO?I glg nggéfijgepgﬁﬁgpéggf’? ﬂ%&@tr%,g%ﬁl aﬁ?enhgr? E:én Sasel % nieﬂﬁijyaoﬁ"ﬁ%at tlssues or
organs that express a corresponding anti-complementary molecule (i.c., a zalphall |
~ receptor). More specifically, anti-zalphall antibodies, or bioactive fragments or
20 portions thereof, can be coupled to detectable or cytotoxic molecules and delivered toa
mammal having cells, tissues or organs that express the zalphall molecule.
B Suitable detectable molecules may be directly or indirectly attached to
| polypeptldes that bind zalphall (“binding polypeptides,” including binding peptides
disclosed above), antibodies, or bioactive fragments or portions thereof. Suitable
25 detectable molecules include radiomuclides, enzymes, substrates, cofactors, inhibitors,
fluorescent markers, chemiluminescent markers, magnetic particles and the like.
Suitable cytotoxic molecules may be directly or indirectly attached to the polypeptide
or antibody, and include bacterial or plant toxins (for instance, diphtheria toxin,
_ Pseudomonas exotoxin, ricin, abrin and the like), as well as therapeutic radionuclides,
30 such as iodine-131, rhenium-188 or yttrium-90 (either directly attached to the
~ polypeptide or antibody, or indirectly attached through means of a chelating moiety, for
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treat cancer cel on, profein i g oply; a.5inel lorpain inc
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erest. I'n 1 nstances ere

In another embodiment, zalphall bmdmg polypeptlde-cytokme or
20 antibody-cytokine fusion proteins can be used for enhancmg in wvo killing of target
' - tissues (for example, blood, lymphoid, colon, and bone marrow cancers), if the binding
- polypeptide-cytokine or anti-zalphall antibody targets the hyperproliferative cell (See,
generally, Homick et al., Blood 89:4437-47, 1997). They described fusion proteins
enable targeting of a cytokine to a desired site of action, thereby pmﬁdillg an elevated
25 local concentration of cytokine. Suitable anti-zalphall antibodies target an undesirable
- -cell or tissue (i.e., a tumor or a leukemia), and the fused cytokine mediates improved
target cell lysis by effector cells. Suitable cytokines for this purpose include interleukin

2 and granulocyte-macrophage colony-stimulating factor (GM-CSF), for instance.
- ‘Alternatively, zalphal1l binding polypeptide or antibody fusion proteins
30 described herein can be used for enhancing in vivo killing of target tissues by directly



15" ° ‘anti-conplenmentary nol ecul e can be conjugated to a detectable or
cytot oxi ¢ nol ecul e. Such domai n-conpl enentary nol ecul e fusion proteins thus
represent a generic targeting vehicle fof cell/tissue-specific delivery of
generic anti-woopizesent ary- detectabl e/ cytotoxic nolecul e POIPSAgRLHS. | n
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cyt oki nes that bind to cytokine receptor s well as.other t ei ns '
produced by act i‘%@HStPWW’e’é‘clﬁ&‘g? s&ﬁ’bférﬁm%m%i% Bﬁ?’ggﬁg?n&r—é"aiynbecel I
di fferentiation,inachhiah mmgmmwmmé@ HARGEfoRSWSl® be GSUFISN treating

t hroughout the body. Therapeutic utility includes treatnent of diseases

whi ch require i rshenmatgid arthritis psthme; wieeretive enlitisginflamwpteni bewvel jdissasse Croh g h
o rh toid metheiti 9 . . . .
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soluble receptors and the natural ligand, may be a potential therapeutic in suppressing

the immune system which would be important for reducing graft rejection. Zalphall

20 Ligand may have usefulness in prevention of graft vs. host disease.

- Alternatively, zalphall antagonists or agonists, including soluble
réceptors and the natural ligand may activate the immune system which would be
important in boosting immunity to infectious diseases, treating immunocompromised
j)aﬁents, such as HIV+ patient, or in improving vaccines. In particular, zalphall

25 | antagonists or agonists, including soluble receptors and the natural ligand can modulate,
stimulate or expand NK cells, or their progenitors, and would provide therapeutic value
in treatment of viral infection, and as an anti-neoplastic factor. NK cells are thought to
play a major role in elimination of metastatic tumor cells and patients with both

' metastases and solid tumors have decreased levels of NK cell activity (Whiteside et. al.,

30 Curr. Top. Microbiol. Immunol. 230:221-244, 1998).



rheumatoid arthritis, asthma, ulcerative colitis, inflamuatory bowel

di sease, Crohn's 15 di sease, and sepsis. There may be a rol e:-of zal phall
ant agoni st s og‘r(g\ ni.sts, including soluble receptors and the natural

I'i gand, in ne turmr genesi s, and therefore woul d be uBET/U$MR22I4? he
treatment of cancer. Zal phall antagoni sts or agonists, including soluble
receptors and the natural |igand, may be a7[90t ential therapeutic in
suppressing the immne system whi ch woul d be |H;)ortant for reducing graft
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zal phall activity. If a nmannmal has a nutated or absent zal phall gene; fthe

zal phall gene caﬁﬂl?t!t ¢oncern dhat e veatop camhiafegbother geils.t Emﬂm@parucnlaon@tors
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infective after |ntroduct|on into a cell. Use of 10 defective viral

vectors allows 9k Qahw*hﬂlabflﬂgﬁhﬁﬁm% 198Ypecific, localized area,

wi t hout concern that the e shthe Cahbddith %gg,; %&égﬁnﬂm

part i cular vectors inclu ut are not tlve er pes

~si npl ex virus 1r¢mital)vevbcw,asdescnbedmAndersonetal U.S. Patent No. 5,399,346; Mann

etal. Cell 33:153, 1983; Temin et al., U.S. Patent No. 4,650,764; Temin et al., U.S.
20 Patent No. 4,980,289; Markowitz et al, J. Virol. 62:1120, 1988; Temin et al, U.S.
Patent No. 5,124,263; Interational Patent Publication No. WO 95/07358, published
 March 16, 1995 by Dougherty et al.; and Kuo et al., Blood 82:845, 1993. Altematively,

the vector can be introduced by lipofection ir vivo using liposomes. -Synthetic cationic

lipids can be used.to prepare liposomes for in vivo transfection of a gene encoding a

25  matker (Felgner et al., Proc. Natl. Acad. Sci. USA 84:7413-7, 1987; Mackey et al.,
Proc. Natl. Acad. Sci. USA 85:8027-31, 1988). The use of lipofection to introduce

- exogenous - genes into specific organs in vivo. has . certain practical advantages.
Molecular targeting of liposomes to specific cells répresents__oné areh of benefit. More

* particularly, directing transfection to particular cells represents one _areﬁ of benefit. For

30  instance, directing transfection: to particular cell types would be particularly
advantageous in a tissue with cellular heterogeneity, such as the pancreas, liver, kidney,



(Kaplitt et al., Mlec. Cell. Neurosci. 2:320-30, 1991); an attenuated
adenovirus vector, such as the vector described by Stratord-Perricaudet et
al ., J. din. Wewhsss 90: 626-30, 15 1992; and a, defective

adeno- associ ated Vvirus vector (Sanulski et al., J.“Virol. e6FCIfE8Y2214
1987; Samul ski et al., J. Virol. 63:3822-8,711989). I n anot her enbodi nent, a
zal phall gene can be introduced in a retroviral vector e.g., as described
i n Anderson et al U. S P t ent 99, 3 n et al |l 33:153,
1983: Temin et &M b“‘fﬁ"SL R b?\lﬁhenﬂ%’gdm‘i‘é hme’femgﬁs or thespurpese of

Patent No. 4, 98arg Meargetd peptigés @lg. ,,hdmoﬁésrdi‘lneuﬁ&‘aﬂslxgﬁers)l? nsTﬁiEhrhset
ion No.

al., US. Patent 5 124, 26 | nt ernati onal Patent Publica

95/ 07358, publ i %@wdmrqtm&-aemﬂgwqsylemdxf@pvgledetolwpsomeanhbnﬂg@lyet al .,

Bl ood 82: 845, 1993. Alter m@ uced
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mar ker ( Fel gner Nat Aca Sci. USA, 84:7413-7, 1987; Mackey
et al., Proc. {l aﬁ!&%ﬁﬁ‘ ﬁﬁg M fog geng,therapy cam be; introdyged infe the,desired host
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certain practi cal ant ages. Mol ecul ar targeting of osomes to speci’fic
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particul ariig 'ad\lm Mheetiat, J Bmi Chens 263:046210-4;¢988.1 ar het er ogeneity, such as

t he pancreas, liver, Ki dn WO 00/ 7235 .
PCT/ US99/ 22149 71 and br p.ﬂeﬁh Ehecn i dléﬂf%mweomﬂnhabt hegne

mol ecul es for t @ndHpises Sud af & SRibG ﬂiaﬁﬂf‘ahsﬂ IIPQ/NOI dP&lxﬁ dﬁhﬁsﬁmes

or neurotransmtters prot ei ns such as ‘anti bodi es, pepti

mol ecul es can’ b&OBBIGHERAT( 40 | 2 pYEBERts Oﬁhemahﬂlhlkempdmgqudmmldohée t(e.g,emove

the target cell IQJHJU 0 ed DNA
pl asm d; and th?n to reaigarr%%gﬁ?thaﬁﬁgr awqfargge%%‘}ef‘§°¥lﬁﬁg ﬁ@"’bg ’Nﬁked
DNA vect or 85f or e abd ¢ ibibitctranslationi oft sucki RNA.i Such hhﬁeﬁ@%bfyﬁdcl&ﬁﬂ&s gel | s
m croi nj ect i on. S i spirssiatbtaalehil o pori <atadinessmeciarel oM dpRa: o
precipitation, wa@fecef a gene gun or use of a DNA vector transporter. See,

e.g., Wiet al., J. Biol. Chem 267:963-7, 10 1992; Wi et al., J. Biol.
Chem 263:14621-4, 1988. Inaddition, as a cell surface molecule, zalphal1 polypeptide can be used

~ as a target to introduce gene therapy into a cell. This application would be particularly

20 - appropriate for introducing therapeutic genes into cells in which zalphall is normally
-expressed, such as lymphoid tissue and PBLs, or cancer cells which express zalphall

- polypeptide. For example, viral gene therapy, such as described above, can be targeted
to specific cell types in which express a cellular receptor, such as zalphall polypeptide,
rather than the viral receptor. 'Antibodies, or other molecules that recognize zalphall
25 molecules on the target cell’s surface can be used to direct the virus to infect and
" administer gene therapeutic material to that target cell. See, Woo, S.L.C, Nature
Biotech. 14:1538, 1996; Wickham, T.J. et al, Nature Biotech, 14:1570-1573, 1996;

* Douglas, J.T et al, Nature Biotech. 14:1574-1578, 1996; Rihova, B., Crit. Rev.
Biotechnol. 17:149-169, 1997; and Vile, R.G. et al., Mol. Med. Today 4:84-92, 1998.

30 For example, a bispecific antibody containing a virus-neutralizing Fab fragment

coupled to a- zalphall-specific. antibody can be used to direct the virus to cells
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zal phall géne, asalysistchnigueskingwndn et §3amimpek ofr alilid rAusubel 5t oy iid

. thereof can be,ysed t he zal phall gene is present on
.~ chronpsaie 16 Qlﬁiﬂté’t%gﬁghas ccurred Zal phall is located at the
- 16p1l1.1 region of chronvﬂmﬁj&eéiﬁl(nsmedg&aﬁﬁmém sJPositile carbetseful firraormmberral
- of purposes, including: l) determmmg if a sequence is part of an existing contig and

. obtaining additional surrounding genetic sequences in various forms, such as YACs,

.20 BACs or ¢cDNA clones; 2) providing a possible candidate gene for an inheritable

diseaée which shows linkage to the _s_a_xhephromosom_al region; and 3) cross-referencing

model organisms, such .as mouse, which may aid in determining what function a
partlcular gene might have. . _ . o

, The zalphall gene is located at the 16p11 1 region of chromosome 16.

25 . Several genes of known function map to this region. . For example, the interleukin 4

((IL-4) cytokine receptor alpha-subunit, a member of the hematopoietin receptor family,

maps to 16p12.1-p11.2. This subunit may form a heterodimer with zalphall.

Moreover, zalphﬁll polynucleotide probps_ can be used to detect abnormalities or

~ genotypes associated with defects in I,L-4;receptor, such as those that are implicated in

- 30 some allergic inﬂammatory. disorders and asthma (Deichman, K.A. et al., Exp. Allergy

. 28:151-155; 1998; Mitsuyasu, H. et al., Nature Genef. 19:119-120, 1998). In addition,



aberrations at the zal phall gene | ocus include, but are not limted to,
aneupl oi dy, gene 10 copy nunber changes, insertions, deletions,
restriction site changes and:rearrangengnts. Such:aberrations can be
detect ed usi MPPYIRuc] eoti des of the present invention by 4

mol ecul ar genetic techniques, such as restgjction fragnent |ength

pol ymor phi sm (RFLP) anal ysis, fluorescence in situ hybridization nethods,

hort tand t (STR | PCR t ech d ot
Geneti ¢ 11 nkagemppatl pihpgemel imshen Hnds RV IS HEDCiALes T, BOEIPES
al ., ibid;, Ausufglcifita with- mﬂdnlﬂh&o ‘Bével ﬂfbeas@h%&e]aoﬁlsge'éﬁblﬁ@ 9&9&@ map$ €o

preci se knova edge -of a gene' p05|t|on can be useful for a number o

pur poses, i ncl utﬁmg‘qll)(che,t 6Hmeh|athm£J_hép§éa§& 125:7808-7505 18P8)e Hustherng
contig and obtajni.n | IO ene Mﬁht‘? S
forms, such as %91 %ﬂn&l% p?)'!r%eé d‘%ﬁ gsnegsﬂ g%fagg‘#g{aﬁgéabﬂg SSi B
Cﬁndl dat e Ig@ne dsescidred gﬁhgaembgi&mmt; meamm pﬂ&ﬁy\mdlparumgﬂymmmgbbmane
chr onbsoma reglon nd 3) ¢ross-r er [

mouse, whi ch ma$t P‘Bﬂ Q&é‘l“éﬂ“ﬁ’lmé E’tsin g\‘% g?"?z‘f’ é %“bht
have. The zal phaliwdQpe cri,! IR &l waykh@sl@@éoh iammoflmyromm& 16.
25 Several genes of known function map t0 this region. For exanmpl e, the

interl euki n 4 (#hongst othemgenetic mwmsngorawm tombn tyre, a(1 e Rabenstein-Faybi

her mat opoietin r to I 0 1 1

form a heterodi ﬂ@ﬁ"‘%ﬂ‘ﬁﬂ@%@hﬁ?%‘gog&?%ﬁc Sﬁé’l&‘%@)‘? égﬁﬁﬁ %bwgﬁﬁpr obes

::«'En4be usegigt o dﬁhﬁﬂﬁesahﬁmﬁﬁa&séamtw“@&fmwaoaﬁsmgiontoeme\hmian:gaims in
receptor, such as those are, i i C sone er

i nflammat ory di §%°ra’§ %‘ieﬂ l('%‘é} ﬁ i{"@?’saﬂe"e'@?p ‘ﬁﬁ@’F&?

28: 151-155; 199ﬁlerelmitﬁ&’¥ﬁ§%g15ﬁ o?tchﬁ:lmosoﬂétl%rﬁnqeﬁ%hclylgvaﬁﬂlﬁe WOwigeedt. In

addi tion, 00/ 17235

PCT/ US99/ 22149 Qstpaywiachi plo.yihigov/btbi-pest/Oniinigstmapichsemosomg=16pllid).ecAll -
abnormalities or S | | nf

where a SUSCEptIgﬁFI %%’/%gré?%%ﬁ S’g‘ﬁf"g ‘:’L%%si @%demﬁchg#&?gﬁ%ée
Nat . Acad. 1§ci . memgmmgbnamémmugaiephall pol ynucl eot i de
probes can be used to detegct, abno malltles associ at ed
wi'th henogl obin | oci | oo Q‘f@ﬁ'ﬁ 112??& éf"(fﬁslwf W&"h%ﬁ‘ﬁ@‘? Bi n-
al pha def ects. apgfip @isefe Watd) MoRldied BPW&%&&@:@N!MO%B asStHE Polypeptides, OPS

fetalis (for

antagonists, agonists, polynucleotides and antibodies of the present invention would aid
in the detection, diagnosis prevention, and treatment associated with a zalphall genetic
20 defect.
Mice engineered to express the zalphal 1-gene, referred to as “transgenic
mice,” and mice that exhibit a complete absence of zalphall gene function, referred to
as "knockout mice," may also be generated (Snouwaert et al., Science 257:1083, 1992;
* Lowell et al., Nature 366:740-42, 1993; Capecchi, M.R., Science 244: 1288-1292,
25 1989; Palmiter, R.D. et al. Annu Rev Genet. 20: 465-499, 1986). For example,
transgenic mice that over-express zalphall, either ubiquitously or under a tissue-

specific or tissue-restricted promoter can be used to ask whether over-expression causes
a phenotype. For example, over-expfession of a wild-type zalphall polypeptide,
polypeptide fragment or a mutant thereof may alter normal cellular processes, resulting
30 in a phenotype that identifies a tissue in which zalphall expression is functionally
relevant and_may indicate a therapeutic target for the zalphall, its agonists or



review, see Chui, MP., and Waye, J.S. Blood 91:2213-2222, 1998). Moreover,

anongst other genetic loci, those for Wlms tunmor, type Il (16q),
Rubenst ei n- T rone (16p13 3), severe infantile polycystic kidney
di sease (16p1§a§fﬁ*§ﬁd mani f est 10 t hensel ves in hunan cﬁl TRVt o5 as

well as map to this region of the human g me. See the Online Mendellian
I nheritance of Man (OM M gene map, 'and references therein, for this region
of chronpsone 16 . on a puEI i cl val I abl e WAV segver

(http: // wwid. ncBagIpisten %‘W‘ CIRUSEple Moy it SREILSHES oap ithaty ) |
ALl of these segpfesits @%&hﬁhﬁ-ﬁgﬁﬂ%’d%&wﬁ@e%&wﬁs de I thdtCovel-expréisedl BRASE

whi ch show I i nk e-15 to the same chronosonal region as the zal phall

" gene. Sinil arl yzalphel ke extraceliulan, sytoking Hinding demainj with| the (frapsmembrane idamain
the ;Z‘F'yﬁe?,t?ﬁzﬁt%ﬁf@é%ntﬁt&yagon. g 28 (yof P 285 b B8 880 BV NGHET O

t he presents i nvidoteower, samhloderaaxpressnortiney tbsﬁllmtaph:notipa@mbshmsmmmy wath, and
treat ment assoc] at ed W|th n fect ce .engineered
o e ot ¢ o e isgesen Suilel;, Bnekfi giohal 1 apies, rat, b e fp SetSenig . o

- that exhibit a mipkebmquemédmwaml phefitgheldf REbdkeie mice isredistive0 as

"knockout m ce, al so be generat ed Snouwaert et al., Science 257:1083,

1992; Lowel |- etofethemmqﬁeetss m@lmllmmsca%@eﬂwsemsmbedé?@t%@@sz
1289°1292 25 ol Ok B B e oA b B e ine 0585

1986). For exarrp ransgenic mce over-express z
- ubi qui t ousloy ormBNcAer:DHAtarﬂgmemmm;‘whcbaretsumﬂpasemitotgenmmkmucent can

. be used to ask whet over - ex re55| auses p For, exanpl e,

" over - expr essi o™ hﬁtﬁf H"f@ﬂ’é 3 p@l%}'ﬂf’é’pt"goﬁpgﬁﬁ ﬁi’@p‘t“fidtge Gftent
- or a nutant thegReded Th¥reBy Lift"an"H vﬁb Ulafd ch GeClise@Sas WESWb lédIsSfr 1N
a phenotype that identifies a tissue in which zal phall expression is

functional |y reﬂfoeamwdla&dmm dis¢anes atMorgovenciransgani micepgression, of zplphall
IZD?JI'I'}OBES%S%/ ZIZELZQ 74 ant ’%?ﬁ“ls"t"s‘ lggr %Zégééflm aﬁm?g?l?haéltdregcr{lst’gde%?rgm’rrpuse to
| .. engi-neer: ik onebetdsedamlqgodjsbsraasgemomwﬂadwcnbengMe phenotype such as one
 the transmenbrane. domai KOWRRRRRETRLBE s s i Rt pE e o

. 255 (Leu) of SHRvénkoMNGre )formulated _for_parenteral particularly intravenous or subcutaneous,

delivery ._accord_ing_'__t_o conventional methods. Intravenous administration will be by -

. bolus injection or infusion over a typical period of one to several hours. In general,

20 pharmaceutical formulations will include a zalphall soluble receptor polypeptide in

combination with_e- pharmaceutically acceptable vehicle, such as saline, buffered saline,

5% dextrose in weter or the like, - Formulations may further include one or more

excipients, preservatives, solubilizers, buffering agents, albumin to prevent protein loss

- on v1al surfaces, etc. Methods of -.formulatien are well known in the art and are

25 . disclosed, for example, in Remington: The Science and Practice of Pharmacy, Gennaro,

ed., Mack Publishing Co., Easton, PA, 19th ed., 1995. Therapeutic doses will generally

be in the range of 0.1 to 100 pg/kg of patient weight per day, preferably 0.5-20 mg/ke

per day, with the exact dose determined by the clinician according to accepted

) standards, taking into account the nature and severity of the condition to be treated,

30 patient traits, etc. Determination of dose is within the level of ordinary skill in the art.

. The proteins-may be administered for acute treatment, over one week or less, often over



5 Mor eover, such over-expression may result in a phenotype that shows
simlarity with human di seases. Simlarly, knockout zal phall mice can be
used to detegm %Qere zal'phall is absélutely reguired in y
phenotype'bf%g%gﬁﬁ t mceis predictive of the in vivo effé%%ﬁw%%ﬁﬁ%at a
zal phall antagoni st, such as those descril@d herein, may have. The nopuse or
t he human zal phall cDNA can be used to isolate nurine zal phall 10 MRNA,

cDNA and genomi c subsequent |y ener at e _knockout
n ce. These m @é’eﬁg@° ‘é“eé sf”bmggg H’ébitgfnﬁweﬂteﬂ‘éﬂgﬁv “gf’ot ein
encoded t her ebyr iyBarsin h BenérdiCa Hiéfdpeufically efféctive Baotift & zalphall soluble RosjRdrs f or
correspondi ng hunman di seases. Moreover, transgenic nice expression of

zal phall anti s®elyeepsidejanimaynt sshicient to Fraducs peliniglysigoificapiefiertst zal phall,
descri bed herein, can 15 be used anal ogously to transgenic m ce

descri bed above. For pharnmaceutical use, the sol uble receptor polypeptides
of the present inventionThe enﬁennomlmtﬁrlhdrorllummtbsrﬁie follawingc nbmlimgting

i ntravenous or subcut aneous, delivery according to conventional nethods.

| ntravenous adrffAPEf ati on Wi l | be by bolus injection or infusion over a
typi cal period of one to several hours. In general, 20 phar maceut i cal
formulations will include a zal phall sol uble receptor pol ypeptide in

conbi nati on w tEXAMBRESraceutically acceptabl e vehicle, such as saline,
buffered saline, 5% dextrose in water. o%‘éi ke. Formul ati ons may further
i ncl ude one or nore excipients, preserv , solubilizers, buffering
agents, allmumn to prevent prot eldmtlﬂcammmgghlgmces etc. Methods of
fornmul ation are well knovvﬂlnt4 e, ?d for exanple,
in Rem ngton: The Scie o ed., Mack

Publi shing Co., Easton, B tdfae@bnslatkﬁﬁﬁ\IA'&ﬁbﬁB%&ﬂté‘d ﬂpﬂ&&lﬂﬁhﬁdn of an
general ly be |n t he range of 1 to 100 [err]g/ kg of patient weight per

day, preferabl yemresse @eqwmsqa@@s'laawuemetﬁm besa-aembes o theClass g t he
clinician accor Qm@ n%fknﬁ%@ taking into account the nature
and severity of the con ?thl’ltO et?ﬂated 30 patient traits, etc.
Det er m natison of dose i s Confitmation lof thecEST sqhemedvasangdeﬂ:widequehce artadysesbf The

broteins my be,adig Ster $9idiOhe WK SrbhSah ™R BN RAS WEUhuled SR

often over

PCT/ US99/ 22140 sza‘@caﬁﬁsmgdﬂﬁffon&ﬁng@rﬁﬂ&sw@lm (SEQ myNdog) Lmtm r(SEQrmm c
treatnent, over sever al

tﬁ/ %% eutical | ﬁl)
effective am)urNO@ %ﬁllﬁﬁ%ﬁl@&m Qﬂ},&,('eé? (SEQ ID NO: 8), ZC 19349 (SEQ
NO:9), and ZC 19350 (SEQ ID NO:10), ZC 19458 (SEQ ID NO:11), ZC 19459 (SEQ

20 - IDNO:12), ZC 19460 (SEQ ID NO:13), ZC 19461 (SEQ ID NO:14), ZC 19572 (SEQ
ID NO:15), ZC 19573 (SEQ ID NO:16), ZC 19657 (SEQ ID NO:17). The insert was
2945 bp, and was full-length.

Example 2
25 - Tissue Distribution
Northern blot analysis was performed using Human. Multiple Tissue
Northern™ Blots (MTN I, MTN II, and MTN III) (Clontech). The cDNA described in
Example 1 was used in a PCR reaction using oligos ZC19,181 (SEQ ID NO:18) and
ZC19,182 (SEQ ID NO:19) as primers. PCR conditions were as follows: 94°C for 1.5
- 30 minutes; 35 cycles at 94°C for 15 seconds then 68°C for 30 seconds; 72°C for 10

minutes; 4°C-overnight A sample of the PCR reaction product was run on a 1.5%



~cycles at 94[e

. [err] P-dCTP us{Glgnteeyi pihierrn
SYstem 2ccor 0 il BEAY ARHAAE e ISR N Rt Sl St

pol ypeptide is an anmount sufficient to produce a'clinically significant

effect. 5 The invention is further illustrated by the
fol | ow ng nop-| i | ng exanpl es. EXAMPLES 10

| denti ficat |W9‘Wf man zal phall Usi ng an EST Sequence to REYEPp22149
Ful |l -1 ength zal phall Scanning of a transl.gted DNA database resulted in

:Tgergtlflleai IhonCIOf anI expreised sequence ;ag (EST) sequence found to be a
er o e ass oki.n ecept or, fam.l nd des ed 1. 15
Confirmation ofSaafe sgls 'Ic:xs éﬁ'&g \ﬁé@“ﬁﬁd‘@elﬁ légaﬂ’ aI %%a#po?ﬁ

from which the enerwaﬂlgepﬁnﬁﬂied aféamefem evmleqm nced

using the follow ng prinmers: ZC44 Qiﬁg ZC 976(SE
19345 (SEQ | D flien midjoagtivelyolahaded uging @émw %@"@g‘c’)mand ZC

NG 12). 2G 10480 Zs%v%&%n&*@?t&@r%&%% %%ﬁ%ﬂ‘*%?‘?f%m o 10

NO 15), ZGs 195d@en ﬁﬁﬁdhﬁnﬁamﬁcﬁmﬂ chRfI7(StraEgnE ) aduading)to thermearufactirer’snas
2945 bp, and was tull -1 engt | e 215. R

Ti ssue Distri bH‘F‘i"‘EﬁtPNorli’Wﬁs;h ?&Eﬁﬁ‘fl‘%‘? utionwas Jiseq for R?&yl{fgjl‘zﬁgoxf—hn#aaﬁ a
Mil tipl e Tissugeilg zsﬂg%ﬁiusﬁfdrﬂ%mr&&d\m{slHy%hbnto%ngmwekmgﬁtatssm

(d ont ech) The” cDNA"descri bed i - Exanpl e was used in a_ PCR react | on

usi ng ol i g(():sR z&i? 1-8x [Cepming Qﬁd?b}?k)imhi za;sgvlozewesmz;wesh f fines for

priners. conltlo ot ) ; 35
SR 11 Spy sl 6 Ll e So 1 SR S,

for 10 mjljugoe/S°C4Jfra{séﬂl§t‘saﬁ@pmgﬁutelﬁ3khmﬂdS}klmivemtdeteéiélkurlynphnm , pripbieralk  was
run on a 0

_ WO 00/ 17238
PCT/ US99/ 22149blped thymusyang of the expected size of 175 bp was

seen. -The 175 bp PCR frc’tﬂi’lﬁ@r‘ots were ﬂﬁ:l pét¥rinkd QEling Siidglar? RNXNEistek B1bts™
avai l abl e kit (Q aexl| [err]eth(g{sa gen) and t hen radi oactl vely | abeled with
9

eand copdifienssien e, Det Blotowethe same 35408 theng

15 - lymph node, and spleen. . . o : )
Northern analysis was also. performed usmg Human Cancer Cell Line
MTN™ (Clontech). The ¢DNA described. in Example 1 was used in a PCR reaction
-~ using oligos ZC19,907 (SEQ ID NO:20) and.ZC19,908 (SEQ ID NO:21) as primers.
.. PCR conditions were-as follows: 35 cycles at 95°C for 1 minute, then 60°C for 1
20  minute; 72°C for 1.5 minutes; 72°C for 10 minutes; 4°C overnight - A sample of the
PCR reaction product was run on a 1.5% agarose gel. A band of the expected size of
1.2 kb was seen. The 1.2 kb PCR fragment, was gel purified using a commercially
available kit (QiaQuick™ Gel Extraction Kit; Qiagen) and then radioactively labeled
_ with #P-dCTP using Prime-It ™ (Stratagene), a random prime labeling system,
25 according to the: mahufacuner’s specifications. The probe was then purified using a
Nuc-Trap™ column (Stratagene). according .to the manufacturer’s instructions.
ExpressHyb™ (Clontech) solution was used for prehybridization and as a ‘hybridizing
~ solution for the Northern blots. Hybridization took place for 2 hours at 65°C using 1-2
_ x 10° cpm/ml of labeled probe. The blots were then washed 4 times for 15 minutes in
30 2X SSC/1% SDS at 25°C, followed by two 30 minute washes in 0.1X SSC/0.1% SDS



5 then purified using a Nuc-Trap[err] colum (Stratagene) according to

t he manufacturér's instructions. ExpressHyb[err] (C ontech) solution was
used for prewgr'# Ja#ation and as a hybri.di zing.sol ution for_the Northern

bl ots. HybridV'2a¥ t ook pliace overnight at 65[eff]C usi ngP4"9R2 1 err]
cpmm of | abeled probe. The blots were t washed 4 tines for 15 m nutes
in 2X SSC/ 1% SDS at 25[err]C, followed by a wash in 0.1X SSC/ 0. 1% SDS at 50
10 [err]C. Transcripts of approximtely 3 kb an wer e, det ec

: k . [
| ynph node, per@tpi8Eal Apsteang signak yastsesn ity fhn R, rel 1%!?[ ivsd Jrope B egsoI "

performed using RNA Master Blots[err] (Contech). The nethods and
conditions for .the Dot Blots are the same as for the Multiple Tissue Blots
descri bed above. Dot blot had strongest signals in thymus, 15 | ynph

node, and spleen. Northern analysis was g Isgegerfor med using Human Cancer
Cell Line MINJerr] (C ontech). The cDNA bed in Exanple 1 was used in
a PCR reactg on usi ng ol i pOR-Bds¢DChdmobsaDMdpn : : ine 908 (SEQ I D
NO 21) as priners. PCR conditions were as follows: 35 cycles at 95/ err]C
for 1 minute, then 60[ er Zpghald, was mapped fo chrqmosome o164 pging ePF’BmFﬁ‘ﬂﬂ{Yes;

72[err] C for 10,04 M?? g/oﬂggg«ggrj ﬁ‘aﬁéﬁ%fm'i-iﬂ»m Pghé'aﬁmg&&fgé&ﬁcsﬁﬂa’ m&bﬁ@g )

product was run on a 1. rose gel. "A band ol the expected size of 1.
kb was seen. ThaL) . Thel(entBiRigerdcRpdintion Hybrd Bariel gontdins RCRabls D As froongach of al | y

al oact el y |2 ERIRION ISR sfepes kAR ot hiag B HT 3pher' 9 s A% e
a random pig ne ﬂe&Eﬁhﬂ)n@L PuslichMavalfable WVD&&H&QG&@:IMWWMMMR&&WG%L :
ep ol um

specifications. T robe was.then purified using a Nuc-Trap[err C
(Stratagene) ackibicentigghmapnerpl) allows manpingselative todhe Whitehead .Im@-}‘ﬁ/@&g Ggpieer r |
(d ontech) sol ugy § d § 0] ' E‘Hﬂina Vel Svicaer
sol ution for thfgk&%%grn gts@%ﬁ]ygqﬂgﬁ%tﬁr%bo p a%eéﬁ or(mée hourcgﬂ‘at
65[ err] C usi ng radiation hyliridimdp) syhichrwassonstmibied avithgheyGeneBTidge #Radigtioee Hybridhen.
washed 4 tines %or 15 mnutes in 30 2X SSC/ 1% SDS at 25[err] C, foll owed
by two 30 m nut shes in 0.1X SSC/ 0. 1% SDS WO 00/ 17235

PCT/ US99/ 2449 77 at 50[ %fﬂm@.maﬁﬁﬁgroﬁzelpﬁélgnﬁﬂa the SGeBridzd4 RIEPAR]", 20 ql |

0

line derived fromPBurkitt's lLynphoma, Exanple 3

reactions were set up in a 96-well microtiter plate (Stratagene, La Jolla, CA) and used
in a "RoboCycler Gradient 96" thermal cycler (Stratagene). Each of the 95 PCR -
reactions consisted of 2 pl 10X PCR reaction buffer (Clontech Laboratories, Inc., Palo
Alto, CA), 1.6 ul dANTPs mix (2.5 mM each, Perkin-Elmer, Foster City, CA), 1 pul sense

20 primer, ZC 19,954, (SEQ ID NO:22), 1 pl antisense primer, ZC 19,955 (SEQ ID
NO:23), 2 pl "RediLoad" (Research Genetics, Inc., Huntsville, AL), 0.4 pl 50X
Advantage KlenTaq Polymerase Mix (Clontech), 25 ng of DNA from an individual
hybrid clone or control and ddH20 for a total volume of 20 pl. The reactions were

overlaid with an equal amount of mineral oil and sealed. The PCR cycler conditions

25 were as follows: an initial 1 cycle 4 minute denaturation at 94°C; 35 cycles of a 45

' ~ seconds at 94°C, 45 seconds at 68°C, and 1 minute at 72°C; followed by 7 minutes at

72°C. The reactions were separated by electrophoresis on a 2% agarose gel (Life
Technologies).

The results showed that zalphall maps 9.54 cR 3000 from the

30  framework marker WI-3768 on the chromosome 16 WICGR radiation hybrid map.

Proximal and distal framework markers were WI-3768 and TIGR-A002KOS,



5 PCR- Based Chronpsomal Mapping of the zal hall CGene
Zalphall was napped to chronmpsonme 16 using the commercially available

" GeneBri dge E@@ on Hybrid Panel"” (Research Genetics, Inc., Huntsville,
AL). The Gene %4 Radi ation Hybrid Panel contains PCRatGEUSA¥R14% om
each of "93 radi ation hybrid cl ones, plus ¥o control DNAs (the HFL donor
and the A23 10 recipient). A publicly available WW server

http:// du/ - / tig/rh
el ati ve to ¢ naSRRHtbEHo Ll WiRSf PUTUBARF RatErsoptpey AR i e éﬁaeﬁe 5R! e
radi ation hybrigl #RPindderdtdle [IDEERRRBOHE WieCendiie i dwsaéed map)

whi ch was constructed wth the GeneBri dge 4h%gd| ation Hybrl d Panel

For the mappi nd/méversitil phafil mﬁqmmsenéﬁw\Uge Seryt Pad@lp'flce@t)gmms}l
reactions were ¢ ﬂﬁgg mcrotiter plate (Stratagene, La Jolla,
CA) and used i '&c#er ad| ent 96" thermal cycler (Stratagene).
Each of the 95 PCR reactions consisted of 2 [err]l 10X PCR reaction buffer
(O ontech Laboratories, Inc., Palo AltoE &l 1.6 [err]l dNTPs mix (2.5 nM
each, Perkin-Elnmer, Foster Cty, sense 20 prinmer, ZC

19, 954, (SEQ I DcNQn%Zﬂonomﬂah]Nm@ﬂgﬁwp&P@ma@cm&ﬁ @@Pﬂiﬁm{éﬁﬁ%ﬂaﬁd

NG 23), 2 [err] L esear c netiCcs ,, HUNTSVI

[err]] 50X Advant age KiMobomainptisedie thezalphs gcel xgmall

~an individual hybrid cI 20
[err]|. The reactions were W w%n equa‘{og{glr%t?%?l L ralvs)%?l and
:seal ed. The PCE&odaymdi‘numa@ludnﬂd mmﬁﬁgmemec@mrf(BHZMLﬂmmﬁsingl PCR cycl e
4 m nute denaturation at Lr | es a4 r]C
45 seconds at @8fePTeES Zofﬁf?[zizngs%& ggeﬁg%ﬂ é’?‘f]zg%’éi? |(§1§‘§3&09@2§1 ®s at
~72[err]C. The Wﬁéﬂ SURItIRS WeRCRAOAGRE H5CHL  (rhinPRS §b§at093°éf3t9/ gl 0s€
gel (Life Technol ogies). The results showed that zal phall maps 54 cR 3000

“from the 30 451G fordwink 723G forR mins Sitlowedhy 72°6 P anins temad GNO@K;RThe
radiati on by be e B au 00 B! onPR ol et YO Vel b RERndlF Mkl 08

and TI GR- A002K
PCT/ US99/ 28149 Ikanapaljsc BY) and| the aﬁﬂmmstelydfs kb MRiuredéptar fragmientrisolgted usingpns

: Zal phall in th regi n nt.egr at L chrom)sorre 16 ma The
: Gengt i c Locat i gﬂa@ﬁ;ﬂi}% gxgac%onl%t(émgen aspeg ur@smstmcu p(
C The intracellular domains of zalphall were isolated from a plasmid

containing zalphall receptor ¢DNA :using PCR with: primers ZC19,913 (SEQ ID
NO:26) and ZC20,097 (SEQ ID NO:27). The polynucleotide sequence corresponding
- 20 tothe zalphal}l receptor coding sequence is shown in SEQ ID NO:1 from nucleotide 69

to 1682. The reaction conditions were as per above. The PCR product was run on a

1% low melting point agarose (Boerhinger Mannheim) and the approximately 900 bp

zalphall fragment isolated using Qiaquick gel extraction kit as per manufacturer’s
. instructions. : -

25 Each of the isolated fragments described above were mixed at a 1:1
-volumetric ratio and used in a PCR reaction using ZC17,212 (SEQ ID NO:24) and
ZC20,097 (SEQ ID NO:27) to create the MPL-zalphall chimera. The reaction
conditions were as follows: 95°C for 1 min.; 35 cycles at 95°C for 1 min., 55°C for 1
min., 72°C for 2 min.; followed by 72°C at 10 min.; then a 10°C soak. The entire PCR

30  product was run. on a 1% low melting point agarose (Boehringer Mannheim) and the
approximately 2.4 kb MPL-zalphall chimera fragment isolated using Qiaquick gel



University of Sout hhanpt on, WAV server:

http://cedar.genetics. soton.ac.uk/public htm/). 5 Exanple 4 Construction
of Human MPL-zal phall Pol ypeptide Chinera: MPL Extr.acel |l ul ar _and TM Donai n
Fused to the YQ“B’H Intracel lul ar Signaling Domain The exPFRUSIN%143r and
transnmenbr ane domai ns of the MPL receptor ,K%re 10 | sol ated from a

pl asm d containing the MPL receptor (PHZ1l/ NMPL plasm d) using PCR with

primers ZCl17,212 (SEQ I.D NO 24) and ZCl19,914 (SEQ I D NO.25). The reaction
condi ti ons wer eextiacion itfQiagenkgsqer panyfagturgr’sinstructigns. cﬁg@‘éﬂpﬁgﬂéﬁ“}@f or
1 min., 45 err] Ll o SRl f Y Rebe HaNEE NhnKedhs as Ifer at
10 min.; then aﬁ:ﬁ eFr Cdgkggtﬁ;%rﬁeﬁdlggll?(g%glﬁ %tﬁ}ﬂlﬁ on a 1% ow me‘flg{i ng
poi nt agarose (Bamfhdturews instvotions. nThe Bntire digast was e s a 1%))low rgelting: point

approximately 1.5 kb Jeceptor .f nt, i sql d [ o) '

extraction kit W&&%‘?@"&ﬁ%ﬁ%ﬁ@%ﬁ}ﬁ%ﬂ%&?@ﬁﬁ | 32%&@3&6!&%& gﬁl‘g
intracel | ulsir dQEEUIGE™0fgelz aktilotidnl kite(Giagenp| a3t peit inbmiifacturir’ £ $mstrdctionst alfhe ng
zal phall receptor cDNA using PCR with primers ZC19,913 (SEQ | D NO 26) and
ZC20, 097 ( SEQ | Yosylgant sleaved MPL-zalpha]l| chimerg owascigseated dnio 4t eXPIRSSIGR Y5etohas o
the zal phall reggphid teRW. N9 sequence is shown in SEQ ID NO1 from

nucl eotide 69 to 1682. The reaction conditions were as per above. The PCR
product was run on a ‘1% |Resipirot expressioni vecton pZPHdE waBdigestedh yiith EaoRAHBRE) and

t he appr oxi mat el hall fr nt. i sol d [ L. aQUi C I
extraction kit %%d %g“%nm@g% ﬁ?rerpmg!? | rsu@?'i%gﬁ%&s’ fgé gglgp‘%ﬂ%ﬂ%s Ciéscq"%ﬁ%ch
of the isoi@t edatiova g Mhis vecthe HagmeiR dvas2omdinet mithnthy BdoRIl ard Xbal cleavedBIPLH C
ratio and used in a_PCR reaction using ZCl7,212 (SEQ ID NO 2@4%),and_zc;20, 097
(SEQ I D NO 27) eaiphal L ghimerp dsojated shoveand1a &yaliHlindIll figker, fiagment,in aoligation ons

were as foll owspe,aner : ' '-ngsﬁ 3 o idhPr La.
55[err]C for 1 rnt}i n., %%gfé%v%’g?&'{z\’% n. ;%ﬁ%&%%? ?2‘{"15% hiC)': %% 1 far%fn. ;
t hen a 10][ er r ] CthedigationTvas electioperafe@rin 39 DH10BrEleastoMANKS! electrocempetaitol. coli

e 00PN 2898, RAE DS 1ABaRAGAN) Rt RSP byl
PCT/ US99/ 22449 fifigle colonies screened by PCR to check for the MPL-zalphall chimera using
ZC17,212 (SEQ ID NO:24) and ZC20,097 (SEQ ID NO:27) using the PCR conditions
as described above.
Confirmation of the MPL-zalphall chimera sequence was made by
sequence analyses using the following primers: ZC12,700 (SEQ ID NO:28), ZC5,020
20 (SEQ ID N0:29),.ZC6,675 (SEQ ID NO:30), ZC7,727 (SEQ ID NO:31), ZC8,290
(SEQ ID NO:32), ZC19,572 (SEQ ID NO:15), ZC6,622 (SEQ ID NO:33), ZC7,736
(SEQ ID NO:34), and ZC9,273 (SEQ ID NO:35). The insert was approximately 2.4 bp,
and was full-length.

25 : S Example 5
MPL -zalphall Chimera Based Proliferation in BAF3 Assay Using Alamar Blue
A. Construction of BaF3 Cells Expressing MPI ~zalphall Chimera
~ BaF3, an interleukin-3 (IL-3) dependent pre-lymphoid cell line derived
from murine bone marrow (Palacios and Steinmetz, Cell 41: 727-734, 1985; Mathey-
30 Prevot et al., Mol. Cell. Biol. 6: 4133-4135, 1986), was maintained in complete media
(RPMI medium (JRH Bioscience Inc., Lenexa, KS) supplemented with 10% heat-



extraction kit (Q agen) as per manufacturer's instructions. The

MPL- zal phall chinmera fragnment was di gested with EcoRl (BRL) and Xbal -
(Boer hi nger Mannheim as per nmanufacturer's instructions. The entire digest
was run on’ a™AWIEHnel ting point agarose (Boehrl nger MannRETH§99ERM9t he

cl eaved MPL-zal phall chinera isol ated usi Q‘? Q aqui ck[err] gel .
extraction kit (Q agen) as per manufactur s instructions. The resultant
cl eaved MPL-zal phall chinera was inserted into an _ex reSS| on vector as

descri bed bel otactiysted fetahgalfcserym, 2ag/sH musing dk-3 (mil ) (Kyds Dy Minngapakis, MM, EcoR|
(BRL) and H ndb)i ?ﬁkﬁa@gﬂe w%t Yhlr n I
purified as descrlg ! {) ove |s]? Vec%o?;dnﬁ%ﬂéx’éﬁ%%@%B@%ﬂg?ﬁé’g W th
t he EcoRl and ﬁttﬂ:hotmk €6IRCO I\BRL))zaﬂrphetd klechroporationj pBP-aNSdPEizalphald NDNA

Xbal / H ndl I'] erf agnent i gatj on reaction. .The ligation was run
usi ng T4 Li gas ‘{>‘§¥Pf‘a‘1“§9 B&@% 6 %%Feﬁ'ﬁﬁki'ﬁ 128} 28 P was
el ectroporsat edmamfaau:ai*meuﬁnaﬁi BEF SR fot el@dﬁ%ﬁ&r&@é‘rpﬁ&ebﬁﬁﬂedﬁncﬁﬁ'RPMle' I's
(25[err]F, 200[err], 2.3V). Transformants were plated on LB+Arrp|C|II|n

pl at esI aﬂd 15 xgmdmmn@thenmﬂaspen@m&l’wnmﬂx dat aREIR density e d@7 tdls/nilh©ne ml
MPL- 11 212 E 24
NO: 2%? 5s?ng fﬂt%ﬁﬁaﬁeﬁ%ﬂy off Isa‘gasdg’é’teﬁs B@Uqg ) %&Héﬁwﬁ%@ﬁ[l

MPL- zal phall chiaSRidDNA GHE RaRfRE iamnsisﬁuﬁmuaﬁmﬁbﬁ%
fol | owing pri rrglrs ZCl12, 700 (SEQ I D NO, 28), ZC5,020 20  (SEQ |% NO 29),

706, 675 (SEQ |BRN®1§é)°wnml utedmeybaipINOIoPM tempergtupibe catls Qrerﬂ:glmtm
ZC19, 572 {SEQ E gg% WrNNe]
and ZC9, 2 § @\%&6%@3@0 @eﬁ“%@%@gy XI matrch)y y%ﬁ p,” an

full-length. 2spparatus (CELL-PORATORT"' GIBCO BRL). Aftera Emnutb eecavwmmammall
Chi.nera Based Praoliferatign AF a n ue nstruction
of BaF3 Cel|s EfFoRawtedf oflpwes Eﬁ%@éﬁ%ﬂe‘}’% %&?@qggr?‘?%fﬁ %‘f‘f E‘B% A | 3)
dependent pr.e- in¢abae for qsdzh HouRRE(37RET, 1 596 ©04).0 MTHR ekl wire tHer TBuh CwinPaddaci 0s
and Steinmetz, Cell 41. 727-734, 1985; Mathey- 30 Prevot et al.

Mol . Cell. Bi oI respentied ;1 SOLB6of cbﬁ@ﬁ*.)q mmscmmnaﬁnmﬁcmﬁ‘ dhbm)&lmadiw (RPM

o Y
transfected BaF3 cells, ‘hereinafter ca.lled BaF3/MPL-za1phall cells were assayed for
sngnalmg capabnhty as descnbed below

20 Blue Proliferation Assay

' BaF3/MPL-zalphal1 cells were spun down and washed in the complete
media, described above, : but without mIL-3 (hereinafter referred to as “mIL-3 free
media™). The cells were spun and washed 3 times to ensure the removal of the mIL-3.
Cells were then counted in a hemacytometer. Cells were plated in a 96-well format at

25 5000 cells per well in a volume of 100 ! per well using the mIL-3 free media.
. Proliferation of the BaF3/MPL-zalphall cells was assessed using
thrombopoietin (TPO) diluted with mIL-3 free media to 500 ng/ml, 250ng/ml, 125
ng/ml, 62 ng/ml, 30 ng/ml, 15 ng/ml, 7.5 ng/ml, 3.75 ng/ml, 1.8 ng/ml, 0.9 ng/ml, 0.5
* ng/ml and 0.25 ng/ml concentrations. 100 pl of the diluted TPO was added to the
© 30  BaF3/MPL-zalphall cells. The total assay volume is 200 ul. Negative controls were

~—



80 inactivated fetal calf serum 2ng/m nurine IL-3 (ML-3) (R & D,

M nneapolis, M\), 2nmM L-glutaMax-1[err] (G bco BRL), 1 nM Sodi um Pyruvate
(G bco BRL), and PSN antibiotics (G BCOBRL)). Pritor to el ectroporation,
pzZP- 5N/ MPL- zaMhMTBBNA (Exanpl @ 4) was prepared and purifi RETOESPZpI4P

Q agen Maxi Prep kit (Q agen) as per 5 manuf acturer's instructions. BaF3
cells for electroporation were washed once 3 RPM nedia and then

resuspended in RPM nedia at a cell| density of 10[err] cells/m. One nl of

resuspended BaF3ug @ pasaligh using siki-3,firqermertia paly, ywisheyt therpddisip.of (PP Thespiya 11

| asm d DNA and r e t i I t4 ers
(G BOO BRL) . Foll ey Se! el SCIRCE B 1O RR2P diyd b SRR A BREOP
were given two YAccumedeChighgos Blokcwas gdded at Zhd/m@00 AlamarlBRE givies d/fRidGroXelric

del i d b elect t] t L - PORAT -G BCO BR

Ater a5 m nat dStBu bERS o frimbef L el Ot K B o Pt bR et

to 50 m of sco g%ﬂif&aﬁ&ﬂh&oﬂnﬁ&i&hi&ﬁﬁeéaﬂv@&nhﬁﬁ U3t vere Qain McabatePi 37°C,
o

(37[err]C, 5% err]). The cells were then spun down and resuspended I'n 50

n of conplete Q- fay R ipwrs n Blates were repdhprothe Fryaghplate readerdMalesnlat Bevicass

[err]g/mM (A18) ¢ - m\'ﬁ?ﬁ@ g gzl - | ol.. ..Paol s
of the transfectsggn%'a B%I‘{sg%stﬁ%r%gl na te?l%c%‘P e ’ég%?%g%ﬁngmggﬁl S,
wer e assayed f orand 59h@mmigsiom)pabi | ity as described bel ow. B. Testing the
Signaling Capability of the BaF3/JMPL-zal phall Cel |l ing an Al amar 20

Blue Proliferation Assay ?W%?‘ﬁ?éf@?%@@lﬁ%é%%%ﬂm%hed
in the conploet e thegilhal O seeptbdRthé RRMEbopdltin '‘thdubsd brofHetatia hﬁﬁ r -
referred to as "m L-3 freeeﬁmadi a"). Theﬂgel | s were spun alrllé s*’n@g%ﬁtllones
to ensure the rdpwyerbock groundigt62pg/ndand gregler.e t hen counted in a
hemacytoneter. Cells were plated in a 96-well format at 25 5000 cells
per well in a volume of 100 [err]| per well using the mL-3 free nedia.
Proliferation of the BaF3/ MPL-zal phall cBkdnsplewes assessed using

t hronbopoi etin (TPO dil uted. w th m L;B‘;ree nedia to 500 ng/m, 250ng/m,
125 ng/ m , 62 ng/ m , 0 * :!‘_.__ = = n, "[ I{!;'JA:E\ li : 7kl ':{_'z ﬁ;,' . 8 ng/ m P
0.9 ng/m 18.5 g/ m and SheGuti/zilphé10"Ye8ekir MrisOdlated Hbof 8 ibdmid cobdifin
diluted TPO was added to the 30 ﬁj.pBaFSI L-zal phall cell s.ﬂThe total dssa
vol ume is 200 [ &AlPhall rqeepiar RNA Jising PER \ithe primerg Q%903 ASEQ ID NO:36) and

PCT/ US99/ 22149 7¢19,906 (SEQ ID NO:37). The reaction conditions were as follows: 95°C for 1 min;
35 cycles at 95°C for 1 min, 55°C for 1 min, 72°C for 2 min; followed by 72°C at 10

min; then a 10°C soak. The PCR product was run on a 1% low melting point agarose
20 (Boerhinger Mannheim) and the approximately- 1.5 kb zalphall cDNA isolated using
Qiaquick™ gel extraction kit (Qiagen) as per manufacturer’s instructions.
| The purified zalphall cDNA was digested with BamHI (Boerhinger
Mannheim) and EcoRI (BRL) as per manufacturer’s instructions. The entire digest was
run on a 1% low melting point agarose (Boerhinger Mannheim) and purified the
25 cleaved zalphall fragment using Qiaquick gel extraction kit as per manufacturer’s
instructions. The resultant ¢leaved zalphall chimera was inserted into an expression
vector as described below.
- Recipient expression vector pZP-SN was digested with BamHI
(Boerhinger Mannheim) and EcoRI (BRL) as per manufacturer’s instructions, and gel
30 purified as described above. This vector fragment was combined with the BamHI and
EcoRI cleaved zalphall fragment isolated above in a ligation reaction. The ligation



81 run in parallel using nL-3 free media only, w thout the addition of TPO
The assay plates were incubated at 37[err]C, 5% CJerr] for 3 days at which

time Al amar Bl ue (Accuned, Chicago, IL). was added at 20[err]l/well. Al amar
Bl ue gives aWPIOWEWSnetric readout based on nunber of |ivePCRS%2214y i s
t hus .a direct. measurenent of cell 5 proliferation in conparison to a

negative control. Plates were again i ncutBf ed at 37[err]C, 5% CJerr] for
24 hours. Plates were read on the Fmaxkerr pl. ate reader (Ml ecul ar Devices

(Slé)l‘(l ny;/alt e, )CA) wgsnmgumnsaTsdﬁm@BL}, Jot PP pyeswightn, Asample eff te, é‘gﬂ@ns‘w
citation) a mg@%n |

capability of f ﬁ"g@ﬂﬁ{ ‘!ﬁ%l on ofeﬁé%g'LM "E’r‘]’g' recgg?%’r as
around. 2{"088"113??’#‘ ' "‘W‘Sa“? “:?‘”““"e""""’“‘“" oottt i i S oRveotor
Expr essi ng Ful P& g% qu?xe%p%a] Sequemeus 8]ed)§ r%gﬁ?zﬁ%@éﬁ)

receptor was i g Ak sﬁgmm@sgﬁngmmmmmm&wemwr ‘cDNA
using PCR with prlners Cl 905 (SEQ I'D NO 36) and ZC19, 906 (SEQ I D NO 37).

The reaction conditi ons Gesfigmationfof) mg\mL-%P@l]SEﬂ‘Pﬂ?e vagmide By Sequepess o

95[err] C for r r 19y ; I
72% er r} C at 10‘“??‘;13@‘es H‘i‘iﬁ]{hg]fqlﬂ so’a%(;?al’@g (E@ pr o?&@’rzvcvajs’@ro u(gﬁg?l)gyl%
| ow el ting poNG:29IBCI0HAABEQ m(mossnizmeﬂswesﬁmanmo b2)dZClﬂa95m§EQx1iDmt ely

1.5 kb zal phall c IS r e ex racti i
(Q agen) as pe mumcf%ﬁb'ﬂ%ﬁ?ﬂgﬁﬁ&@ﬁn?ﬁ EJ'B%F gfﬁypﬁ‘gﬁ”m was
di gest ed %th Rastd- rhi nger- Mannheim) and EcoRl (BRL). as per .
manuf acturer's instructions. The entire digest was run on a 1% | ow nel ting
poi nt agar ose- (Boer hi nger Mannhein) and purified the 25° ¢l eaved zal phall

fragnent. using Q aquick gel extraction g s per manufacturer's
i nstruct ions. The resul tant cl eaved zal Chl nera was i nserted into an

3 g h polife 2 BAED pssax usingAls pZP- 5N
was di gested Wi t_h BanHI 1 ' ‘ ' 1and. (BRL) as per
% 0% ' TESAME Ri¥as descri bed above.
This vectgg f ragnent M$m®11m@&m@mem-samwm1mrmm phall
fragnent |solated above in a ligatian reactlmp The |i atlon
-as per Example 5A above, using 30pug of the phall expres on vector, described in
Example 6 above. The BaF3 cells expressing the zalphall receptor mRNA were

designated as BaF3/zalphall. These cells were used to screen for a zalphal1 activity as

- described below in Examples 8 and 12.

o R . .- Example8 _ o
~ Screening for zalphal 1 activity using BaF3/Zalphal1 cells using an Alamar Blue
Proliferation Assay
.25 . A. Monkey Primary Source used to test for presence of zalphall activity . -

Conditioned media from primary monkey spleen cells was used to test
for the presence of activity as described below. Monkey spleen cells were activated
with 5 ng/ml Phorbol-12-myristate-13-acetate (PMA) (Calbiochem, San Diego, CA),
‘and 0.5ug/ml Ionomycin™ (Calbiochem) for 72 h. The supematant from the

30.  stimulated monkéy spleen cells was used to assay proliferation of the BaF3/zalphall

cells as described below.-
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82 was run using T4 Ligase (BRL), at 15[err]C overnight. A sanple of the

| i gation was orated-in to DHIOB €l ectroMAX[.err] el ect roco%et ent E.
coli cells (2 err?@? 200[err], 2.3V). Transformants were pPSTE§o%RF149

LB+Ampicillin plates and single col onies S@;eened by PCRto check for the
zal phall sequence using ZC19,905 (SEQ ID NO 36) 5 and ZC19, 906(SEQ I D
NG 37) using the PCR conditions as.- described above. Confirmation of the
MPL- zal phall sequence was nade by sequence anal yses using the follow ng

primers: ZCl12, 780 dcpbenineFoNalgi) 1 adkvay Qo (HHFSY ZalBhNG el nsiheaR Aldfiar( SES | D
NO 38), zC19,459 (SEQ D NO , 0, 954 Q TD NGO 39), and ZCZ0, 116 ( SEQ
| D NO 40). The ErelusrationAssaihproxi mately 1.6 kb, and 10 was full-1ength.

Exanpl e 7 Zal phall based ﬂfh@? p%ﬁt J:e?lgvu}efk ﬁ’ﬁﬁ%@ﬁ%@’,ﬁ%@% é&ﬂ%%&% A

Construction of BaF3 Cell's pressing zalp rec
BaF3 cel |'s &xpr &¥hskelly wére spurl ind washed 3 2imbas e bisuke the 106 valf theCAIISS! WCHlISd as

per Exanpl e 5A abov usi nq.30[err of the _zal phall expressiqn vector

described in Ex¥fH tEé'Sc dna a%gﬂﬂyed'e r&;egs @i%r&!%‘%q i Yamwel frpatat 5000

receptor nRNA m&ﬁ%&m%%ﬁ@&%ﬁﬁ&'ﬁhﬁ&@aﬂ}ﬁﬁ%ﬁ@éh jpere used to
e

screen for a zal phall activity as described bellow I n Exanp es 8 and 12. 20
Exanpl e 8 Screening for Ziplifeeation ofthe BaF3/Zalphald cBllF8dsZzatesied biing ebnditianed ng

g e Bkl SRRE o o BrOBOREL FbPb SRR
nonkey spleen chiké smedis tos80be) @5%eS12.5%) 63586, pB.E3590C0A.5%, 0T5%/ iahd @375%
a2 03 e et e s it
30 Sl at oq reEk oy ap o e ARy vhmlis 00 D BN, fles WEE" | 10
BaF3/ zal phall citicubatesat 3336 15%€0, foz Balays at which time Alamar Blue (Accumed, Chicago, =
IL) was added at 20 pl/well. Plates were again incubated at 37°C, 5% CO; for 24 -
15 hours. Plates were read on the Fmax™ plate reader (Molecular devices) as described -
above (Example 5). .

Results confirmed the proliferative response of the BaF3/Zalphall cells
to a factor present in the activate monkey spleen conditioned media. The TESponse, as
measured, was approximately 4-fold over background at the 50% concentration. The

20 BaF3 wild type cells did not proliferate in response to this factor, showing that this
factor is specific for the Zalphall receptor.

C. Human Primary Source used to isolate zalphall activity

100 ml blood draws were taken from each of six donors. The blood was

25 drawn using 10X 10 ml vacutainer tubes containing heparin. Blood was pooled from

six donors (600ml), diluted 1:1 in PBS, and separated using a Ficoll-Paque® PLUS

(Pharmacia Biotech, Uppsala, Sweden). The isolated primary human cell yield after
separation on the ficoll gradient was 1.2X10° cells. '

Cells were suspended in 9.6 ml MACS buffer (PBS, 0.5% EDTA, 2mM

30 EDTA). 1.6 ml of cell suspension was removed and 0.4 ml CD3 microbeads (Miltenyi

Biotec, Auburn, CA) added. The mixture was incubated for 15 min. at 4°C. These
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83 B. Screening for zal phall activity using BaF3/Zal phall cells using an

Al amar Bl ue %;(gw Pﬁéatlon Assay BaF3/-Zal phall cells were spun down and
washed in m e nedia. 5 The cells were spun and ﬁ’@”ﬁ“?rres to
ensure the removal of the mL-3. Cells wege then counted in-a
hemacytoneter. Cells were plated in a 96-well format at 5000 cells per well

in a volunme of rylk.p | L usin h L3 f i a.

brol i For ar on B8 AReTed, pnOEDa eads Wt aihtd vl 30 bl MEAS S and e o
medi a from actmﬁpadiemrj(ﬁ,ymsaaﬁfe(-see Exanpl e 8A, above) was. diluted with
mL-3 10 free nedi a to 50% 25fV3 2.5% 6.25% 3.125% 1.5% 0.75% and

0. 375% concentrati ons. Havag ipreparsd; aggreing to MWV%.S
added to the BgEd4 h olmg% | . The
assay plates were %ﬁ%sgbg{% %%%gélf@fgr rYB# or da%g&ae%g\%id

time Al ama$ Bl (Mﬂ'@mhﬂ'hedoluﬂlmmﬂlumMWhSadMﬂC&buﬂﬁ The mblhﬁed@hhmryPl ates
wer e agai n i ncybated at 37 5% err 4 hour s

were read on tﬁ %aﬂagédrtgé%e% B% ?%6}' 3383’8?

above (Exanpl epday ﬂua@urms caemhmdsadhﬁmal(a‘xsamp mcsesmsme%luiﬂﬁe
BaF3/ Zal phal 1 cells to a_factor present in the activate m)nkeéDa_El een

condi ti oned ne¥WpHt WF@“WE@&@WS@G magnetapd plaged omglép;ﬂrf@szqmb@ cllsd over

background at e'ﬁﬁ;f gm% c:ﬁ@:ﬁﬁ dRfts fishkd ofi d not
' prollferate m%sponsetot f“g}gtor','s W|ngt at thrs factgr |sgﬂ
speci fic 1or thangthe phwgér meudqatbythe@:anhfau'nmr PThericybation of theuwslisiwith thesol at e
zal phall acti vj 1 ken fro h of six rs.
The biood was GBY maggetl herds; Rashes and TS R sphcdieifition Shrohets iRy
heparin. Bl oodabyee v képatbd @ive Shote dinite.) STHeORAMiNg cmsmmao& &omrthE’Bﬁ and

separ at ed usi ng .a Ficol | -Paque PLUS (Pharnaci a_Bi ot ec Uppsal a, . Sweden).

The i sol:at ed  pFAlyFBR yenaAtigns were papled; dTlaﬁ yigld. g%ﬁaﬁﬁﬁplsﬁ%humﬁﬂfqe%m

gradi ent was. L3y Qt8rcens.cel I's.. Cell's were suspended in 9.6 m. MACS buffer

(PBS, 0. 5% EDTA, 2nM 30 EDTA). 1.6 m of cell suspensi on was renoved and
0.4 ml CDB5nicrobeads (M sampled the poaled CRab gelectedimmandbicalls was cemaved fore was

| ncqbat e,d .f or ]I;uung%d gorlmé & :Ethtc::ore-rh St ntibody cell sorter (FACS) to assess their punty
The CD3+ selected human T-cells were 91% CD3+ cells.
. - The CD3+ selected human T-cells were activated by incubating in RPMI
.+ 5% FBS + PMA 10 ng/ml and Jonomycin 0.5 pg/ml (Calbiochem) for 13 hours 37°C.
20 . The supernatant from these activated CD3+ seclected human T-cells was tested for
zalphall activity as described below.

D. Testing su ernatant from actlvated CD3+ selected human T-cells for zalphall
_ activity using BaF' 3/Zalphal 1 cells and an Alamar Blue Proliferation Assay
25 . . .+ BaF3/Zalphall cells were spun down and washed in mIL-3 free media.
The cells were spun and washed 3 times to ensure lt.he, removal of the mIL-3. Cells
were then counted in a hemacytometer. Cells were plated in a 96-well format at 5000

cells per well in a volume of 100 ul per well using the mIL-3 free media.
_ Proliferation of the BaF3/Zalphall cells was assessed using conditioned
30  media from activated CD3+ selected huthan T-cells (see Example 8C, above) diluted
with mIL-3 free media to 50%, 25%, 12.5%, 6.25%, 3.125%, 1.5%, 0.75% and 0.375%
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84 cells 1abel ed vmth CD3 beads were vvashed with 30 M MACS buffer, and

t hen resuspe m I\/ACS buffer. A:VS+ col ump. (M Iteny par ed
accordi ng ton?ﬁe nuf acturer's instructions. The VS+ col u#@é@ﬁfz%‘g
placed in a Vari oMACS[err] magnetic fieldgy (Mltenyi). The colum was: -
equilibrated with 5 mM MACS buffer. The isolated prinmary human cells were

then applied to the, col um. negati wer a p

t hrough. The cdCRFFRTEIADS, | nlgé- LM%IPS% gﬁ‘?‘g %lh%ﬁ?? btﬁfa&e&ﬁeﬁi"ol um
was then renpveshF3Zatphhie cemsgrme mﬂ aafoviurne/ 65 200 1. NThd absap rplitesd euereCD3 +

cells were el uted by addi ng 5 CS.buffer to the colum and bound cells

flushed out 10 incubgisd W%W%Pﬂ@@b%i@*%ﬁeﬁlamé manuf acturer. The

i ncubation of the cells #e&{ju,s &95:@ fbdafiveRdns e(yﬁﬁpga;ygﬁgha\@temol um
steps (incubation throug ution) above were repeated five nore tinmes. The
resul ting GD3+ tbraafabﬁonpmséntomthdm:twatid &Dﬁmleseédmalandh@llvmnémpw mddiaThe

yield of CD3+ ected human T-c IIs wer e. 3 t ot ce 5 <no.
A Sample of 1 hel eSS et ey SREmAE 0l Y& kD st B 0% i ng
and sorting on @néénueﬁaﬁcmssmtm e ¢éllsl dl&ﬁéﬁﬁbhféﬂ&iﬁ)reépﬁnﬁstﬁﬁmﬁ fides] r
purity. The CD3+ selected human T-cells were 91% CD3+ cells. The CD3+
sel ect ed human showing)that jls factor isispesificfopthe Zalphalliressgiorn RPM + 5% FBS + PMA
10 ng/m and lonomycin 0.5 [err]g/m (Cal biochem for 13 hours 37[err]C. 20
The supernatant fromthese activated CD3+ selected human T-cells was tested
for zal phatal act|V| ty as descri bed bel oxamiple¥esti ng supernat ant from
activated CD3+ ! cellsforc%al hall act
BaF[ er r]/ Zal phalSRsopetion of mammalis SIEN ¥eclals K ARAAS
BaF3/ Zal phall cells mrﬂ%ﬂjm@o&]ﬁmmmmmmcmsaﬂﬂ@umm a. The
cells were spun and washed 3 tinmes to ensure the renoval of the mL-3.
Cells were then counted in a henacytorreter Cells were pl ated in a 96-well
format at 5000 gel . . t he
mL-3 free nmedia. P
using condi% i onmmmmm activated CD3+ sel ect ed hurran T-cel | s
(see Exanple 8C, above) Iuted W|t mLSfree dia to 50% 9 5%
6.25% 3.125% 1.5% 0.7 gg}ot I%F tlhr, expression’ o tie soﬂi% le,

' extracellular domaln of the zalphall polypeptide, pC4zalphl1CEE, wherein the

construct is designed to express a zalphall polypeptide comprised of the predicted

initiating methionine and truncated adjacent to the predicted transmembrane domain,
20 and with a C-terminal Glu-Glu tag (SEQ ID NO:41).
A 700 bp PCR generated zalphall DNA fragment was created using
ZC19,931 (SEQ ID NO:42) and ZC19,932 (SEQ:ID NO:43) as PCR primers to add
Asp718 and BamHI restriction sites. A plasmid containing the zalphall receptor
cDNA was used as a template. PCR amplification of the zalphall fragment was
25 performed as follows: Twenty five cycles at 94C for 0.5 minutes; five cycles at 94°C
for 10 seconds, 50°C for 30 seconds, 68°C for 45 seconds, followed by a 4°C hold. The
reaction was purified by chloroform/phenol extraction and isopropanol precipitation,
and digested with Asp?718 and BamHI (Gibco BRL) following manufacturer's protocol.
A band of the p'redicfted.siie, 700 bp, was visualized By 1% agarose gel electrophoresis,
30 excised and thé DNA was purified using a QiaexYI™ purification system (Qiagen)
accordiﬁg the mahufactmer’s insl_:rucﬁons. |
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85 concentrations. 100 [err]l of the diluted conditioned nedia was added

to the BaF3/ Z@bg cells. The total assay volune is 200 [err]l. The assay
pl ates were incubated and assayed as described in Exanple S&T M9esul t s
confirnmed the ‘proliferative response of tRg BaF3/Zal phall cells 5 to a

factor present in the activated CD3+ sel ected human T-cell conditioned

2t the 50% conoent r at | onthe s PRV Sl B Bae Bl pbkeni nAEE yGH el 7"
rzelsriﬁnﬁ to th{c&tﬁﬂﬁ%ﬂﬂ%ﬁ@ﬂsﬁum rmﬁdzwpﬁncﬁﬂrexpﬁsﬁdheedc{orﬁse&% fiafive
al pha recept or

Const ruct i on’ ofZaiph#hasignal neptidecan; gtaches the) Glu-Gly tage (FHQ IR HQ{%h&lihesGr ubl e

receptors: zalp Q‘ﬁﬂx?ug-:(ﬁ‘ 1 eH\FEJu
Consltoructlon o;ﬂ;a phalt.ltléﬁﬁjg!ﬁgﬁjIi @&@gﬁ%&@@%&%@m @tbdﬁfga. ni %eg za?saﬁ 1
CEE, 15 @ 5zal memdnhpme@theM®n¢mmpmmmshqywhe ed
for the expressmn xtra | ul ar..do of the 2 al

bol ypept | do. & rileisieipeL piomets HARRIe tsfbct $8 dof tpstion 5 ebifféss o
zal phall pol yp%eciueﬂ&s,ca)ms coRa @il al Hu@nal [g@cbith thofindnidi teinithdtaty THetpMsmid Aigo and

truncated adjacent to the predicted transnenbrane_ donain, 20 and with a
C-termnal d ubes an Eagok seqmm@%% amammelign sloctale RATKETRXPIATOM HNIL  DNA

fragment -was. crgah ) é% Eﬁgﬁg@ 2sh, 4 PF

NO 43) as PCR pr| (rl'sl%?g g’é ﬁ%&éa“geg?%gﬁ res llr| ctr én 5|ltgégne(§|ﬁqpasm d
. cont ai ni ng ot he SV40dérmirfatarecept or cDNA was used as a tenplate. PCR
anplification of the zal fra ned  as, f.ol

Twenty five cycles at 94%&?%330 %“é\‘%"nr%?%“’%%?‘@gi Inserg and g 55 10
seconds, 50[ er rof ¢hefdiges?a \&aepwéa hgaﬁ{i @Wethighf 21696, ORCaltisliterfoflehchiBgitiby a
4[err] C hold. The reactjon was purified by chl orof ornf phengl ext ract Lon and

i sopropanol pr éacmwﬁ oﬁepea%ﬂuﬁlgmm%w% B ep BLBRL)
. follow ng manuigehdt g 16 nRtNEcrer'd Hﬁecﬁ&ﬁ%&bﬁ%d%&&w @Qteﬁlf%
i was visualized by 1% agar ose el ectrophoresis, exci sed DNA

was: pur i f 18d: usputgining G0rag/ml Pamxc}lhpmﬁﬁncohatmwesydzte iGolapies yeers) sme# bY ng
the rranof acty r.%strfctloﬁ' %z[l}l"s(fé J)_t-oBﬁA prepared from 2 ml liquid cultures of individual colonies.

- - The insert sequence of positive .cloges_was verified by sequence analysis. A large scale
plasmid preparation was done using a QTAGEN® Maxi prep kit (Qiagen) according to
manufacturer’s instructions. .- . _

20 , The same process was used to prepare the zalphall soluble receptors
with a C-terminal his tag, composed of 6 His residues in a row; and a C-terminal flag
(SEQ ID .NO:49) tag, zalphallCFLAG. To construct these constructs, the
_ aforementioned vector has either the HIS or the FLAG® tag in place of the glu-glu tag
(SEQ ID NO:41).
B. Mammalian Expression Construction of Soluble zalphal receptor zalphal1-Fc4

An expressxon plasmld contammg all or part of a polynucleoude
encoding zalphall was constructed via homologous recombination. A fragment of
zalphall '¢DNA was isolated usmg PCR that mcludw the polynucleoude sequence

30 from extrace]lular domain of the zalhall receptor. The two primers used in the
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86 The excised DNA was subcloned into plasm d pC4EE whi ch had been cut with

BanH and As e pC4zal ph11CEE expr.ession vector uses : |
zal phall si g%}g‘b"eﬁ}. de and attaches the du-d u+t'ag (SEQ IW%%leO t he
C term nus of the zal phall pol ypepti de-eggodi ng pol ynucl eoti de  sequence. -
Plasmd 5 pCAEE, is a mammal i an expressi on vector containing an

oot ri ot on o BERupugh o Be A BRReeg: (O e R & BER RSl bl ©
human growt h hap e dndf 4D pt 6F the Nectop ifatkingl séjuanicen¢ss ofirth-insert) andod¥ dipn of

replication, a.mamralian sel ectabl e marker expr ssion uyni v n S§v40
pronot er, enharf@EesPardingfoithe &’ %‘fmfg‘ﬁlzﬁleéﬂl Mﬁ’t“ﬁﬂ“@ d

SV40 term nat orey BN d 1)
and about 12 n ) tggggés;ltde vect Ehﬁéléé&tﬁd@ h&neg\slggrln gh(? g)tlahw[err]c

One microlister cofrespamdmg ity fhtei Brendeddbé ealphed mmﬂdmém&y (SEQJQUMt ed

mnaf st urer - o (e EEEERH O LRt i Tich it (R BB ] e pndfiba B PRSI Wil
ng/ m anpi ci | | i fashich AT EweDpriRsts wrxﬂltwlpmd&aabﬁmf(ﬁfe P fagahewaresd (Dya 5°

restriction analysis of re aredfrom2 m quid cul tures of
i ndi vi dual col WS, w‘ﬁi@“’ign%fp B lfé‘ii@éc‘bfmﬁ’og‘ietq vead c?fo??ii‘ahb?%ﬂm%d by

sequence analy F 86104 ® EiSdon
Q AGEN[err] |\/B.)S(dl ﬁlﬁd:hﬁ}d%% %ﬁ%lgsgrﬁﬁé accoﬁtglgqqﬁ?g@#gﬁg?a\@?u?’e?ﬁn bistihg

i nstructi ares. 26 40 bp of vector sequence (33 oﬁﬂmim}m’tbamtlﬂ bnof the 8t endoofified (SEQ IDhe
zal phall sol ubl 4§geptors with a Gtermnal his tag, conposed of 6 H's
residuesinar% nd a Gterminal flag (SEQ ID NO 49) tag,

zal phallCFLAG  To construct these constructs, the aforenmentioned vector
has either the HI S or t h®CRLéfplification of) theneaph asfehe)i'eablimsglesonbbm abag waEQ | D

NO 41). 25 B. ressi on Constructjon of Solubezl

copt or yal phiPtioReed LR 858 Pl BORCiG 1 Sid Srgae SRebar G on
pol ynucl eoti de %@ﬁd@%@@'f@ﬁmﬂskc&ﬁ§ 290561 Lifirffe; Wh@c}walng@w& 5 minutes; -

reconbi nation. A fragnent of zal phall cDNA was isol ated usi ng PCR that

i ncl udes t¥e pofollewied ve #e heldq Jen ¢ ofthe 1001wl B Reteaction avas muben 4 9% EMR the
zal hall recept Oa{ngQEelt(ggpﬁﬁﬁer@fé) mgx'ﬁéﬂﬁfa for analysis. Theremalmng 90 pl of - =

PCR reaction is preclpltated with the addition of 5 pl 1 M NaCl and 250 pl of absolute

ethanol. The expressmn vector used was derived ﬁom the plasmid pCZRl 99 (deposited

at the American Type Culture Collection, 10801 University Boulevard, Manassas, VA

20 | 20110-2209 and is desxgnated No. 98668), and was cut with SmaI (BRL) The

. expressmn vector was derived from the plasmid pCZR199, and is a mammalian
expression vector contammg an expression cassette having the CMV immediate early

promoter, a consensus intron from the variable region of mouse immunoglobulin heavy

. chain locus, mulﬁple restriction sites for insertion of coding sequences, 2 stop codon

25 and 2 human growth hormone temnnator The expressmn vector also has an E. coli

origin of rephcatlon, a ma.mmallan selectable marker expression unit havmg an SV40

promoter, enhancer and origin of replication, a DHFR gene and the SV40 terminator.

The expression vector used was constructed from pCZR199 by the replacement of the

metallotﬁionein promoter with the CMV immediate early promoter.
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87 production of the zal phall fragnent were: (1) The priners for PCR each

i nclude fro ' 3" end: 40 bp of the vector flanking s " of the
i nsert) and-rgfg“%%orrespondi ng to the 5 end of the zal pﬁ%ﬁ'@g%zsécel | ul ar
domairn (SEQ ID NO 44); and (2) 40 bp of tfe 5 end of the Fc4 ' '

pol ynucl eoti de sequence (SEQ I D NO 45) and 17 bp 5 corresponding to the

Fo-a for fusi on w th t h BAGHERY FGtURaL A PR sk PRUF 15 co el S ©1
fashion. The tyonhhédRith 1058CconBinik}ea atklyon p@feaéth of he‘zalphsidnam Feder €:
(1) a 5 priner consisting of 40 bp of sequence fromthe 3" end, of % | phall
extracel | ul ar insents, anch H Woﬁﬁiﬂ%@&k@e“&mﬂ%w%w-m%ﬂﬂ? gnd (2)
a 3" prinmer consigtl _ CA od &0, (snsert)
and 17 bp of t eeiéchgﬂ’égn%flcﬁ‘é%{e‘( @69 ‘ Kﬁl—%; Igéegigﬁlpgftﬁ)ﬂ{l%%dt?gr?sg?’me
e?cg4ff t]hsc ][.enwzmo;fsnigmatohmatswoaeeadscqlmernstndm 6@%_.ut@ﬂ1:c.2>b$sorhméa@q/g| e
a err or m nutes; twenty-five.c e r Iy s,
60[err] C for 3@‘%%}’? '-‘é‘rt?”féo@é'xaliq % e;%vooﬁé‘kg?ﬁ]‘gesaa?’d'}g%ggt?fg{]f or 5

~mnutes; 15 3@t | owed by a 4[err]C hold. Ten [err]l. of the 100 [err]| PCR
“reaction was run on a 0.8% LMP agar ose gel (Sggpl aqige GIG, with X, TBE

buffer for analysis. TheAResahpwtidschoyes, thelimt y qrpgnts figm § gngle plate
precipitat o WL Llie,0dh &1 Qi B0 d sk bl o 58, 965 pile

absol ute et handio® expressi on®vect use ri'ved fromthe plasmd

o pPCZR199 ( depos iwas tbsadpended in\nen iof kysis byffier (2% TritoncX 360, e SDS11001a(§aCl, 10

90668) . and wadt e PR T BHEAS Five 18P el g Dol SEROYE 17,

- the plasmd pCZRiQ% MEppeidoif fBEEBMthiag S0P 14 widowashed plass beadd and1200 phn

i nton from t he phenol-shiprefarmg vertexed fofd maiaute intervaly YELRR .

mul tiple restriclion.:si gﬁ JeRliotk Qaffrlde W makinfonl S ' odon
25  and a hur%‘é%'hg&émﬁ . r-'rr%%% terﬁrg'ge%gtor. '_ Th%gg%k 'r-.esgiiﬁgﬁ)ﬁ&\i/g%{%?agrgo has
an E. col asori ghenqoéous phdse was transferrad trofresh tube, and|teeddM A preciniteted with680 &k si on

unit having an SV4Q .por r. enhancer and. ot qi. f D | € 30 FR
gene and the S%“ﬁéﬁtrq%ﬁg{@?. e jrﬁ?‘%ﬁ%‘l’fgﬁ“\)/g%@ (?r% abé@g %?%%que?@ed
from pCZR199 Dbyesu§iRndédth 30CHERJO. of t he et al .I_. ot hi onein pronoter with the

expression cassette having the CW inmedi ate early pronuoter, cQnsensus
‘{“ﬁe H@&W‘ﬂfwﬁﬂm us

,' © COW i medi at e earl’y pronoter.. -

Transformation of electrocompetent E. coli cells (DH10B, GibcoBRL) is
_ 'do‘ne' with 0.5-2 mi yeast DNA prep and 40 ul of DH10B cells. The cells were
20  electropulsed at 2.0 kV, 25 mF and 400 ohms. FolloWilig électroporation, 1 ml. SOC
| (2% Bactoé Tryptone (Difco, Detroit, MI), 0.5% yeast extract (Difco), 10 mM NaCl,
2.5 mM KCI, 10 mM MgC12, 10 mM MgSO4, 20 mM glucose) was plated in 250 pl
aliquots on four LB AMP plates (LB broth (Lennox), 1.8% Bacto Agar (Difco), 100

mg/L Ampicillin). | |
25 - Individual clones harboring the correct expression construct for
- 'zalphal 1-Fc4 were idenﬁﬁed- by restriction digest to venfy the presence of the
zalphal 1-Fc4 insert and to éonﬁnh that the various DNA secjliences bave been joined
éofréctly to one another. | The insert of positive clones were subjected to sequence
analysis. Larger scale plasmid DNA is isolated using the Qiagen Maxi kit (Qiagen)

30 according to manufacturer’s instructions. | " '
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88 One hundred mcroliters of conpetent yeast cells (S. cerevisiae) were
conbi ned V\ntk\!a& 795 ]I containing appraoximately ,1 [err]g e or 1}]9

zal phall and INserts, and 100 ng of Smal (BRL): di gested éxpression
vector and transferred to a 0.2 cmelectr ration cuvette. The yeast/DNA
m xtures were el ectropul'sed at 0.75 kV (5 kV/cm, "infi nite" ohns, 25
[err]F. To each cuvette is added 600 [err]l of 1.2 Msorbitol and the yeast
was plated in two 300 [err]l aliquots onto two URA-D pl ates and i ncubat ed
at 30[err]C. After about 48 hours, the Ekample/gast transformants from a
single plate were resuspended jn 1 m H err pun briefly {o peIIet
the yeast cells. TharaglectionAndExpression Of Zalphs S

piop Polygeptides| y 5 5

buffer (2% Triton X-100, B%ﬁ% 57 O#Oﬁ]—f@q: N’-’})OGR[;QO -E{aksige B Rerl: pléteJﬂM

EDTA). Five hundred micro sis mxturé was added t
Eppendor f taube hﬂﬁl(ﬁlcalﬂsﬁgemmmpla@) ma%ﬂOdll\Aﬁsd:mm figedSE) Em&mdla (MMerr]l

Fol lowed by a somPBRL Bif Ofaseisiin ok St el M, sl e

Three hundred nirgisfebied S¥ith éxpreédon plasrhiids entEIAIAT zaipnsﬂomcm@mnsrde@ﬁbw a
fresh tube, and the DNAprekO‘fltated wth 600 [err ethanol (EtO]_)%IE
) ipefeatin™(Gibc Mas

fol | owed by centhove (ssatExamp

resuspended in ,ﬁgg

coli cells (ml’gﬁgeﬁé%@fkﬁﬂﬂ%%@%ﬂ?gﬁ yeas EEI%XC%?EE an 40 ul
of DH1OB ck0 | s. mitubes & & sotakefimal I0lume ofelOQcmlrSi:'pmMEM din sepdratk Wbe8 515l afid
400 ohns. FoI | o [0 I on, % o,
et roi 1 M. obeafiprEoieh il v mieq wiboltnu e S DR Bk Lisordeginf,
MyCl2, 10 nM MBS wa roilbhie] WCRBR) teHPEratk @ ERBOLS BSfitdshéd theaDNAURHS was)
four LB AWP plates (LB broth (Lennox), 1.8% Bacto A%ar (Difco), 100 ng/L

Anpi ci | 1in). 25added and allowed to incybatgiapprgwimately H0rd3 9 TORER teRBETaIBRe: oct
expression construct for ga Iegﬁ}@b}ug étﬁnmﬂﬁﬂﬁfefwgd@éﬂﬁﬁﬁtﬂlét&&éﬁjﬂgaﬂdgeﬁ

to verify the presence of the zal c4 insert and to confirmthat the
vari ous DNs seqdnetnbeisd reenty mﬂleml'ﬂlecteltwwmmdubated)atdﬂ%c &r@ppmmmaﬁiyeﬁmser t

Dl abrrd DA | s PaBy SRrRHE o tertspie R IARI I G s o™ ol g
to manufacturer DMEM/S% f&hll Bovine serum (FBS) (Hyclone, Logan, UT). The plates were
| incubated at 37°C, 5% CO,, ovemight and the DNA: Lipofectin™ mixture was
replaced with selection media (5% FBS/DMEM with 1 uM methotrexate (MTX))the
20 next day. ' '

Approximately 10-12 days post-transfection, the plates were washed

with 10 ml SF DMEM. The wash media was aspirated and replaced with 7.25 ml

serum-free DMEM. Sterile Teflon meshes (Spectrum Medical Industries, Los Angeles,

CA) pre-soaked in SF DMEM were then placed over the clonal cell colonies. A sterile

25 nitrocellulose filter -pre-soaked in SF DMEM was then placed over the mesh.

~ Orientation marks on the nitrocellulose were transferred to the culture dish. The plates
were then incubated for 5-6 hours in a 37°C, 5% CO, incubator.

Following incubation, the filters/meshes were removed, and the media

aspirated and replaced with 5% FBS/DMEM with 1 uM MTX. The filters were then

30 blocked in 10% nonfat dry milk/Western A buffer (Western A: 50mM Tris pH 7.4, 5

mM EDTA, 0.05% NP-40, 150 mM NaCl and 0.25% gelatin) for 15 minutes at room
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89 Exanple 10 Transfection And Expression O Zal phall Sol ubl e Receptor

Pol ypept i des_BH cells (ATCC No. CRL-10314), passage . ated at
5 1. 2x10[3’5r"F"§%ﬁo| s/well (6-well plate) in 800-[err]l chr's"\é@%&lgree (SF)
DVEM nedi a (DVMEM G bco/ BRL H gh G ucose) 4G bco BRL, Gaithersburg, M).

The cells were transfected with expressi on plasm ds cont ai ni ng

zal phallCEE/ CFL.G CHI S descrl bed eu . ' | ARfRGLT N
(G bco BRL), i “’%f\?él\f“ raeW%é?‘r%"?%?r%‘ed#‘ﬁma‘“@R‘@ﬁ’

zal phallCEH CFIaEﬁ-@ﬂAG@;aﬁ bnﬁ\ens aﬁmym songlightes, &dspeﬁtiv@lyl ir52.5% nonfatidryt ubes
to a total final_wvolune of 100 errL? SF DVMEM 1 n separate tub I\Fhérerr]l
of Li pof ect i_n[@nﬂqweme%baﬁﬂ) ofgue RQUE & ropm FFIMRSTRIYIE OR |3 10 W‘%ﬁi‘%ﬁfE

Li pof ectin[err]g den%m@a @&@h&@&%&ﬁ%ﬁmﬁm&ﬁmm&%ﬁ Fr B @S
then the DNA mx was added and allowed to incubate approxi matel&plo 15

m nut es at 5r oomitwepperawashe . Thehfilters wereeddurlaped wish fudiea |

er o | noubat o0 AP HBRPR ek T srestlifl e P&*‘iﬁﬂﬁ?"ﬁ%@%‘eﬁ“ﬁe‘“ﬁ“ﬁ Lol ol

S
to separate 15@hdTianiinda, al (Rbéte Corp.p f i nal voI ume .of 30.mM DVEM 5% f et al
bovi'ne serum ( FBS) (HycF

one, Logan, UI). The, pl ates r.e
37[err]C, 5% CO err], ovROSHIVGISKPTESsINg(c ief W 10 Mm}‘iﬁ?&’t&rﬁ%s
replaced with cL i MTXe h
ﬁﬂt& i ‘8{% lliJi?ipprom mat el y 10- lfwga S Kich s 0 OB

(MrX))the 20 next post - transfectlon the
pl ates wen® wa<lvaditinhadmddia sampBE wWiiveEfien Risted \fmmralevﬁ%wasﬁ&sr%‘b

R/Eg! 2gledl \rllmdfjgt rT "egge ) ugrrlg{ :@“%%Pg’ soaégla;{&féo % wer e tﬁen pl aced

over -the cl Ona|m6©hiofctﬁx|e9&te$ﬁ-ozenabﬁﬁaébacﬂﬁp and 0hé¢ was extpanded fer hydoplasma
"pre-soaked in SF DMEM_. was then placed over the nmesh. Orientation nmarks on
the nitrocell UIWEEM@W%%%PWéﬁe‘f‘Bgthe cul ture dish. The plates were
‘then.incubated for 5-6 hours in a 37[err]C 5% CJerr] incubator. Follow ng
i ncubation, ‘the fil ters/ rreshes were rermved, and t he rredl a aspirated and
repl aced. vl45th 18, IV BN EOE AT o X ) blevzalphad 1 receptor zalphall-Eed o t hen 30

bl gckgd i 109 nonf at dr gy L Y (RPCAOLERE 0k M ShaS Bloba 1AV it PH

- culture dishes and allowed to grow to approximately 50 to 70% confluency overnight at

. .37.C, 5% CO,, in DMEM/FBS media (DMEM, Gibco/BRL High Glucose, (Gibco
BRL, Gaithersburg, MD), 5% fetal bovine serum (Hyclone, Logan, UT), 1 mM L-

20 | glutamiﬁe (JRH Biosciences, Lenexa, KS), 1 mM sodium pyruvate (Gibco BRL)). The
cells were then transfected with the plasmid containing zalphal1-Fc4 (see, Example 9),

using Lipofectamine™ (Gibco BRL), in serum free (SF) media formulation (DMEM,

10 mg/ml transferrin, 5 mg/ml insulin, 2 mg/ml fetuin, 1% L-glutamine and 1% sodium
pyruvate). The plasmid containing zalphal1-Fc4 was diluted into 15 ml tubes to a total

25  final volume of 640 ml with SF media. .35 ml of Lipofectamine™ (Gibco BRL) was
mixed with 605 ml of SF medium. The Lipofectamine™ mix was added to the DNA

mix and allowed to incubate approximately 30 minutes at room temperature. Five
milliliters of SF media was added to the DNA:Lipofectamine™ mixture. The cells

were rinsed once with 5 ml of SF media, aspirated, and the DNA:Lipofectamine™

30 . mixture is addea. The cells were incubated at 379C for five hours, then 6.4 ml of
DMEM/10%-FBS, 1% PSN media was added to each plate. The plates were incubated



mM EDTA; 0. 05% NP-40, 150 nM NaCl and 0.25% gelatin) for 15 mnutes at room
WO 00/ 17235 PCT/ US99/ 22149
90 tenperat ur ggnsk Ot ati ng shaker. The filters were then incybated wth
an anti-Qu-du, ant |g FLAG ‘“or anti-H S anti body-HRP conj ugé’?&&g”m“"
respectively, in 2.5%nonfat dry mlk/Wstggn A buffer for one hour at room
tenperature on a rotating shaker. The filters were then washed three tines

at room t enper at W th \\éstern r 5-10 5 mnutes per wash. The
filters vveme) dé?&@ﬁe@%@ aﬂf#ﬁ%&:@lmmﬂmm @glﬁﬁd‘”% freshgt®%n
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Lum -1 mager (Roche Corp.) Positive éxpressin col onl es wer

mechani cal | y pi 8eestlacion medis (DMEM/EBS i medim drom abdveSHECShdhdlition of 15nMrr] M
MI'X, then grown €~ 10 . it . ha .S | es, were then
tested for exprgsegﬁog%{]ﬂue%%eém%g?l? Ei-%m@%%ﬁaﬂ&?@ﬁﬂ@ﬂﬂ ee
hi ghest expsessili50. Thernmalif on thraells sefpladed with TrRsIDbdldctioh nieda 4 'dhy Sfpdktir ee
were frozen down as back .up apd one was expanded for copl asna testing and
| ar ge-scal e fac R Apgroximately 1%@!@%@%@%%%5%%@% dighes o

zal phal | 1 ecept gietibitiidrblinhitbofilts o chal rsloATS ity lizch Ud e oA e
plated in 10 cmtissue culture dishes and allowed to grow to approxinmately
50 to 70% conf | pegledand\plated igtera Tl 623fask and taGined tq largescdbbh/&iitufeBS nedi a
(DMEM G bco/ BRL Hi gh G ucose, (G bco BRL, Gaithersburg, M), 5%fetal

bovi ne serum (Hycl one, Logan, UT), 1 nML- 20 gl utamne (JRH

Bi osci encesp Lenexa, KS), 1 nM sodi um pRiaidpleel1 (G bco BRL)). The cells were

then transfected with the.plasmd {ai ni.ng zal phall-Fc4 (see, Exanple 9),
usi ng Li pof ect am ne[ er r RS8R0 apRal X I : €48 f ornul ati on -

(DVEM 10 g/ m Al peesiESiohiof zalfha EE;%%@&&@M?%;@“HW n, 1%

L- gl utam ne and 1% sodi um pyruvate). € prasm I ni ng zal phall- Fc4
was diluted into 15 m t Jgalesstathegwisematedall operations|were lcamied ofit 644°Crl Theth
SF nedia. 35 m ' am.nelerk]l. (G beo BR s_mxed,with 605 of
SF medi um The fﬁ%&‘#ﬂeég?g"%&?\“g{ne%] &ﬁii xf°&/é’§‘“§6%&hi’havﬁh8°q‘m&gﬁ‘? seonang Cswed
to i ncubat &5 apptesminah (GthGlu3(ER)i tags. € SThixty NiedsNoff UeN fadtoty! Bonditioned Thédid aker S
of SF nedia was_added to the DNA: Li pofectaminferr] mxture. The cells were
rinsed once wit fORseRpatesktod iwith agfdnicon 810 Gagridge on a ProFlux A30. A

DNA: Li pof ect am PRiid Inhibitor solution was added to the concentrated 1.6 liters of cell factory . -

' conditioned media from transfected BHK 570 cells (see, Example 10) to final
concentrations of 2.5 mM ethylenediaminetetraacetic acid (EDTA, Sigma Chemical Co.
20 St. Louis, MO), 0.003 mM leupeptin (Boehringer-Mannheim, Indianapolis, IN), 0.001
| mM pepstatin (Boehringer-Mannheim) and 0.4 mM Pefabloc (Boehringer-Mannheim),
Samples were removed for analysis and the bulk volume was frozen at -80°C until the
purification was started. Total target protein concentrations of the concentrated cell
factory conditioned media was determined via SDS-PAGE and Western blot analysis

25  withthe anti-EE HRP conjugated antibody. S
A 100 ml column of anti-EE G-Sepharose (prepared as described below)
was poured in a Waters AP-5, 5 cm x 10 cm glass column. Tht; column was flow
packed and equilibrated on a BioCad Sprint (PerSeptive BioSystems, Framingham,
MA) with phosphate buffered saline (PBS) pH 7.4. The concentrated cell factory
30 coﬁditioned media was thawed, 0.2 micron sterile filtered, pH adjusted to 7.4, then

fOgh LG LETRO

" :_'n!;.':

" loaded on the-column overnight-with 1 ml/minute flow rate. The column was washed



30 m xture is added. The cells were incubated at 37[err]C for five
hours, then 6.4 mM of DVEM 10% FBS, 1% PSN nedi a was added to ‘each pl ate.

The pl ates bat ed WO 00/ 17235
PCT/ US99/ 22?@ 'Q}I%g 37[err] C overni ght and the DNA: Li pof b %’lr]nsgf’l lé?r]

m xture was replaced with fresh 5% FBS/ DNGM nedi a t he next day. On day 2
post-transfection, the cells were split into the selection nedia (DVEM FBS

dia f b ol e, addit
oo At Lo o Wtpefojepiuiah figen 09, & pbribly Bl sG58 (Pns, Jed 8y WG,
[redl afontthe cgigbamzqwﬁlaﬁm%mnbobemt : gl0cscigimi ER>peéptide (AmhspecSSgost -
ranstecti on OX1 mat e ays 0Ss ra 1 on ure
di shes of net h&g&élﬂﬁ@y%ﬂ%tl%ﬁlﬁmge Pﬁaﬁ’%ﬁ’éﬁe‘l%%wm
trypsini zed an&iﬁ b% Lsﬁéd?d}%ﬁéw 4t PHS) titn &P with 35GVABE

transferred to escale cul ture.

Exanpl e 115Pur 02M:glycine pbk 3 Qachmlmmwwﬂmwwmmwzﬂm@é s A

Puri f t f..zal t d

ng{ IedI CZI : nggpytzs 55%‘3’2 e epggﬁ’ﬁef?#ﬁz%ﬁ‘y%w ng pr ocedure

was used for pyydrdthe %n&%lﬁﬁ&l&mmhwmpiy ded ebsoitaned . aig 28D aﬂcBZlS nMe were al

AQuQu (EE) tags. Thirty liters of cell or ondi tio

concentgat )ed tgm;_utgeql,, ﬂém@smqulamm gl‘Wéag?)P‘?" aEQ Vﬁ‘ge%‘%ﬁ%

ProFl ux A30. Agﬁwépﬁaéauhsmgak;ﬁ% G lvibd. £HAIyHBKS foR tairgbQrbiiin viOSDS-PAGE ed
act or on

1.6 liters of I oned medi’a fromtransfected BHK 570 cells
(see, Exanple Sﬂ)rertstanﬁngland WesterarBlotting wvith the anti-BE FIRP conjugated antibody. The

VO 0003 i PRGBEEE Rt B PR R el Pt i Ssbochfeed o o 46
pepét atin (Boekgi al\lﬂnoﬂl)eu)i)toxaﬁﬂbl&ulhrnw&@ﬁf autdfd andniimarier splgeconmmhm n)
.Sanmpl es were renmpved for ana nd: t§1 bul k vol.une s frozen at -80C
until the puri (Millipers,P qﬁ&zsd ‘E"‘é'fﬁl‘3 © 1p2 P By l6”’0ncentrat|ons of

" ‘the concentrated cel | (;oge};atg@n ﬁaqm@ﬂgrrgginaoms &P Rityibg eproteind, ShS- PAGE
and Western. bl ot anal y5| s 25 the: anti.- EE HRP con ugat ed a E%gody A

100 M~ colem @bmmt@mesg%dumqotﬂdefpm@y \age g@gecg
BQELES R R S N Vzﬁgﬁg{w MRFad i
- Fram ngham 80. A1.0x6.0cm column was poured and flow packed on a BioCad. Spnnt. The
' o S column ‘was counter ion charged then equlbrated in 20mM TRIS pH 8.0 (Tns
_ '(Hydroxymethyl Annnomethan_e)). _The sample was ghluted_ 1:13 (to reduce the ionic
26 B strength of PBS) then loaded on the Poros HQ column at 5 ml/minute. The column was
| washed for 10 CVs with 20mM Tris pH 8.0 then eluted with a 40 CV gradient of 20
M Tris/ 1 M sodium chloride (NaCI) at 10 ml/minute. 1.5 ml fractions were collected
over the entire chromatography and absorbance at 280 and 215 nM were monitored.
The elution peak fractions were analyzed via SDS-PAGE Silver staining. Fractions of
25 interest were pooled and concentrated to 1.5-2 ml usmg a 10,000 Dalton molecular

“weight cutoff membrane spin concentrator (I\/I;lllpore, _Bedford, MA) according to the
manufacturer's mstructlons

o To separate zalphal 1CEE polypeptlde from free EE peptlde and any

. | . contammating co-purifying proteins, the pooled concentrated fractlons were subjected

- 30 to chromatography on a 1.5 x 90 cm _Sep__ha_dex S200 (Pharmacia, Iflscataway, N

| _column equiljbrated and loaded. in PBS at a flow rate of 1.0 ml/min using a BioCad



MA) with phosphate buffered saline (PBS) pH 7.4. The concentrated cell

factory 30 c'onditioned nmedi a was thawed, 0.2 mcron sterile filtered, pH
adj usted to 7, thenloaded on the-col um overnlght with 1 m/minute flow
rate. The COIW /&S washed:” WD 00/ 17235 PCT/US99/22149

PCT/ US99/ 22149 92 wth 10 coI um vol unes %?Vs) of phosphate buffered saline
(PBS, pH 7.4), then plug eluted with 200 of PBS (pH 6.0) containing 0.5

/'mi EE peptide (A San J t 5 n/ te. The E d
1Scq has | he S SHibio S SR SRESERST soltstefJross e Bl ProEEoRERCHY BF 10
Cvs with PBS, faﬂ&?baﬁbéﬁt%o%& fl%@fnoﬁtored Ortie"\efik Yraétiof wBJé cRafdeteri?d PH

of the glycine-eluted colum was adjusted to 7.0 vmth 2 CVs of 5X PBS, then
equilibrated i maPEsSJ\PME?Sﬁyer staining, rand fonlycthe sest page dragkisms avare poaledsr Thise

entire elution n 0 and 215 nM were
nonitored; the %ﬁ% &iz@ﬁ% éﬁﬁﬁv\%&i’u&?so saved and anal yzed.

The EE- p0I5ypept | de el ut Thie purifiéd hratmh] wasﬁndl;es andiyaadunnrAcﬁ(BeataEgnt

protein via SDS- PAGE Silver stainin \\ést e BI 0 h the
anti - EE HRP corf§ F@écalw%wwrﬁws PetaxiBt. gP&FF§

i nterest were RR@PB§ cqiifibfaf fyadofifinrl foRftiGids Menfthe %lﬁandd%He@wﬂtﬂ 2000
Dal t on nol ecul ar wei ht cut of rrenbrane spin concentrator (MIIipore,

Bedf ord, M) acingleh mqulumc néPB&mltiMrp@pleé withdhe tsrtﬂaneﬁ%samnlg Thometsrial
zal phallCEE from trated

pol ypepti de el u"Yasg%thpoo?'fcgmf & ons WerséQ SuDj ec?%g&f 'HQ 50

(strong anioon exchange remWeété:ﬁrblﬂe!dSéngmusgae]IcﬂlsmSyﬁﬂe?r(mgr Eﬁﬁﬂﬂ@ﬂimg(}fﬁm at.
pH 8. 0. A 1.0 x 6.0 cm ed an Oow_pa on a BioCad Sprint
The col um was' &9&%@%&*’%&@@6&%%@%&%&@ gemﬂpmtgn ato

(Tris (Hydroxynrgdifiklor461000 Daithi! eThe mobilty otGHi'band'@as te! saebn fd

reduce the ionic 20 Strength of PBS) then Ioaded on the Por os col um
at 5 m/m nut e.nomeducizggals. was vvashed for 10 Cvs with 20mM Tris pH 8.0 .t hen

eluted with a 40 CV gradi d oride at
10 M/ mnute. 1.5 n frajrﬁ g'ms %-[Tocf% @mﬁ‘*ﬁg‘kgg{ etféﬂmg‘}y
chr Err?t ogrgphy B(Blﬁlawjmﬁ]“(m‘ﬁdmdbeRaékf&Gﬂ[aaﬁh thé protdih was ehqueumﬁed:redritesm’b]yt i on
pea ractlons wer €, anal yzed vi SDS- PAGE, Sj | ver st ai ctions of 25
i nterest were RSEIEHEING egﬂ“"FG%P@ isoelectuic gcugmgbg 9 SieRiptely,
mol ecul ar wei ghunewiaes b1 mgéarm%pm &ﬁ&aﬁmanaaf%pwlbbawysemﬁ%%@w MA)
accordlng to the
" mg/ml.
Purified zalphallCEE polypeptide was prepared for injection into
20 rabbits and sent to R & R Research and Development (Stanwood, WA) for antibody
production. Rabbits were -injected to produce anti-huzalphall-CEE-BHK serum
(Example 15, below).

To prepare anti-EE Sepharose, a 100 ml bed volume of protein G-

- 25 Sepharose (Pharmacia, Piscataway, NJ) was washed 3 times with 100 ml of PBS
containing 0.02% sodium azide using a 500' m! Nalgene 0.45 micron filter unit. The gel

wats washed with 6.0 volumes of 200 mM triethanolamine, pH 8.2 (TEA, Sigma, St.

Louis, MO), and an equal volume of EE antibody solution containing 900 mg of

antibody was added. After an overnight incubation at 4°C, unbound antibody was

30 removed by washing the resin with 5 volumes of 200 mM TEA as described above.
The resin was resuspended in 2 volumes of TEA, transferred to a suitable container, and



manuf acturer's instructions. To separate zal phallCEE pol ypeptide fromfree
EE peptide and any contam nating co-purifying proteins, the pooled
concentrated fractions were subjected ‘30 to chromatography on a 1.5 x 90
cm Sephadex ¥ Bhar maci a, Pi scataway, NJ) col urm equil i E?‘él’%’a%’ﬁ | oaded
in PBS at a flowrate of 1.0 m/mn usi ng, Bi oCad WO 00/ 17235

PCT/ US99/ 22149 93 Sprint. 1.5 n fractions were collected across the entire

chromat ography and the absorbance at nitor The
peak fracti onsdimethylpimiimidate2fd '9"|°5e ﬂé}g‘sﬁ%‘;ﬁe‘gw dhly

the nost pure aprnﬁegmadsmed aed
zal phall CEE phf@gggtlgamg&waw °fwﬁ“m?‘5s”a?5?med aterial was

finally suject toomo teanptratire for #&iminrandt thx ll(lsde‘ﬂ'%ﬁg@ﬁ@)'ﬂi:w%ﬁhet ﬁlt?fe‘%ﬂ/é‘ any

remai ni ng endot,0xi. The | e e
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" vol ume of BBS, mihlid Rooid fenfifiinge witht vilinges’ aﬂznamM:léth&mlmime m‘I‘ZQGnM'EEAaI was
then 0.2 mcron sterlle filtered, and toreg gé erri@o}m‘g‘ I t..was
ali quoted. 10 Thegelwas en washeg, wigh ; volumas|of (f°n%5}$a W 2zidgand | o
st ai ned SDS- PA % q{p@allCEE pol ypepti de was one mmj-or band of an
apparent nol ecul ar vvel ght 50 000 Daltons. The nmobility of this band was
the sane on reducing and non reduci ng gel s. The protei'n concentration of

” f »

the purified
"Rockford, IL)

accordi ng3po our StandarlﬁnléisQﬁﬁBi'Ms@&mteﬂhall Eﬁerﬁﬁmabmbamed bm:ats4°ﬁ:g)Tlpl s
the protein runs with a Pl of less than 4.5. The ntration af,
' zal phallCEE poffSljssing @eocegise a5 paghnfor R”GFX“PE @%p qp CAMONEET de

vas. prepared f ghmidl] SEARD (E1GY @hma-AABDICoY ARd SPlity R of ERBRH Ch

and Devel oprent t anwood, ) “for antibody pro uction. Rabbits were

i'njected to pr ommdmeﬁamlcmnmlms W@@W@‘@E‘?‘Puﬁé’ﬁme To
: gggﬁg; gsgnE :DhglE”ﬂggPﬁo ' a’t avvay, %ﬁ\%g}s%{ma e&fﬁ ?&rrcgegnt\?\n t 08 of PBS
15" - concentrated cell factory - conditioned medla from transfected BHK 570 cells (see,
* Example 10) to final concentrations of 2.5 mM ethylenediaminetetraacetic acid (EDTA,
- Sigma Chemical Co. St. Louis, MO), 0.003 mM leupeptin (Boehringer-Mannheim,
Indianapolis, IN), 0.001 mM pepstatin (Boehringer-Marinheim) and 0.4 mM Pefabloc
- (Boehringer-Mannheim). Samples were removed for analysis and the bulk volume was
20 . . frozen at -80°C until the purification was started. Total target protein concentrations of
. the cell factory conditioned media was determined via SDS-PAGE and Western blot
analysis w1th the ahti-FLAG@ (Kodak) HRP conjugated antibody. A 125 ml column of
anti- FLAG® M2-Agarose affinity gel (Sigma-Aldrich Co.) was poured in a Waters
AP-5, 5 cm x 10 cm glass column. ' The column was flow packed and equilibrated on a
‘25 . BioCad Sprint (PerSeptive BioSystems, Framingham, MA) with phosphate buffered
- saline (PBS) pH 7.4. The concentrated cell factory conditioned media was thawed, 0.2
micron sterile filtered, pH adjusted to 7.4, then loaded on the column overnight with 1

ml/minute flow rate. The column was washed with 10 column volumes (CVs) of
phosphate buﬁ'ered saline (PBS, pH 7.4), then plug eluted with 250 ml of PBS (pH 6.0)
30 . . containing 0.5 mglml FLAG® (Sigma-Aldrich Co.) peptide at 5 ml/minute. The
FLAG® peptide used has the sequence DYKDDDDK. (SEQ ID NO:49). The column



contai ning 0.02% sodi um azi de using a 500 m Nal gene 0.45 mcron filter
unit. The gel was washed with 6.0 vol unes of 200 nMtri et hanol am ne, pH 8.2
(TEA, Sigma, St. Louis, M), and an equal volunme of EE antibody sol ution
cont ai ni ng' 90¥CAYA ant i body was added.” After anover ni ght PAHERBZdn at
4[err] C, unbound anti body was 30 rermvg%i‘ by washing the resin with 5

vol unmes of 200 mM TEA as descri bed above. "The resin was resuspended in 2
vol umes of TEA, transferred to a suitable containe
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G Sepharose gel.. was rocked at room tenperature for mn and the
liquid was renmeqeitibatedriyg PBSApHi 1.4)e Fiveninl fractiods werei doliectedreyer theqptirerivtion; ¢

sites on the gel were then bl.ocked hy.,i [ for 10 5 . ) oom
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then washed w taid wasopovlewvefalsdBavedint andliyzed. (The FYAG®Hpolypeptidel elution psdkor ed
in this solution at 4[err]C B. Purification, of, 6 zal phallCFLAG pol ypept,i de
from BHK 570 1(ractions were analyzed forythe Jargel protejy via ﬁBEé’ \GE, St V@’p&?‘ﬁi&goﬁ@ ver e

carried out at ] sTheys g qees %ﬁ?  OFpHR! ?tp%
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tags. Thirty | idwios fettiansdf irfterest overe pookedi anid commintratet] fom$6 midod@milnminga t o
1.7 liters wit 1 con S10Y3 spi.r.al catrid on a. ProFl ux A3Q. .

Prot ease i nhi bih]togfboéﬁf‘ﬁ?q 6’?\&%3@' a"g‘a@% f‘i}o{fh@e‘%&?ﬂ? i P} §°’bﬁm@°" Utifipore,
concentratigd ceBddfdraNIAY Necofditidl th tthufRebrd's insagittohsinsf ect ed BHK 570 cell's
(see, Exanple 10) to final concentrations of 2.5 nM

et hyl enedi ani net et r aacet 18 gfpagte zainhel 1 CFhGy frome pfher| coqpyrifying nrefging, thep) |
0. 003 MM | eupepiqivhek : L aralytey ' ipBy . ((rg@g,, :
pepstatin (Boe%’ﬂ’&é@%\ﬂr?ﬁg?% and Ogyﬁmgﬁg%%?ggﬁ?n%e - Ngr%%} m .
Sanpl es wer e r eaxohaage fesin fronn PerSeptive BibSylstems, FraminghamyeMAhat pPD8.0. - Af r.Ox 60 at
-80[err]Cuntil_th urificatio s startedn,. darget protein
concent Fat | ons B SaHBN 2er pOREL B ATt bR BiptRl Sen e cablaR S,
SDS- PAGE arsd \\igh echiargehl O thefi NaduidiratedM inh 204 aTRIS- PHAG.0 KPS K(HydRymethyl .
conj ugat ed anti body. “‘A 125 nd col unm of _'anti - FLA%err] M- Agarose_affinity
gel (Si gma- Al drieHiopsthane s The.sample as dilufed b3 (tapedyce thecignig stepetihphPRS)

col um. -. The colHiMouasd dnl RYPHRE KeflsPEstukA 4t § nitifhie Fhe Solumn was washed for

10 column volumes (CVs) with 20mM Tris pH 8.0 then eluted with a 40 CV gradient

of 20 mM Tris/ 1 M sodium chloride (NaCl) at 10 ml/minute. 1.5 ml fractions were

20 collected. over the entire chromatography and absorbance at 280 and 215 nM were
monitored. The elution peak fractions were analyzed via SDS-PAGE Silver staining.

* Fractions of interest were pooled and concentrated to 1.5-2 ml using a 10,000 Dalton
molecular weight cutoff membrane spin concentrator (Millipore, Bedford, MA)

according to the manufacturer's instructions.

25 ‘ To separate zalphal 1ICFLG polypeptide from free FLAG® peptide and
any contaminating co-purifying proteins, the pooled concentrated fractions were
subjected to chromatography on a 1.5 x 90 cm Sephacryl §200 (Pharmacia, Piscataway,
NJ) column equilibrated and loaded in PBS at a flow rate of 1.0 ml/min using a BioCad
Sprint. 1.5 ml fractions were collected across the entire chromatograohy and the

30 absorbance at 280 and 215 nM were monitored. The peak fractions were characterized



25 Bi oCad Sprint (PerSeptive BioSystens, Fram ngham MA) w th phosphate
buffered saline (PBS) pH 7.4. The concentrated cell factory conditioned
media was thawed, 0.2 micron sterile filtered, pH adjusted to 7.4, then

| oaded on t h&RWITRR overnight with 1 m/minute flow rate. PAHESYEIMIM was
washed with 10 col um vol unes (CVs) of phgsphate buffered saline (PBS, pH
7.4), then plug eluted with 250 m of" PBS pH 6.0) 30 containing 0.5
nmg/ M FLAJ err]. (Sigma-Aldrich Co.) peptide at 5 nt/m nute. The FLAG
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usi ng a 10,000 Dalt on: m§imeWestam blotteds tCoomassid BinendndaSitves jstained SSPAGE! or

(MI11lipore, 10 edf.or %ﬂ%acor ing to the nyf acturer's

i nstructi ons. qe&s,gﬁepﬁq@}ailg WQ%QP_%&‘%F%"M%‘?&?& P PRy mPlSEHlaT s

the pol ypept i deeightldfi S000dIRek. f TREinobility SEthB Hatidiwas tiktsaine on rBRRER dfd- 50
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- sodi um chi®ri dfmé Nithla)PIaf 166 thah /408. MDkieccondentration ¢ftzalphald CFLGEotypeptide was
.col l ected over_the entire chromatography and absorbance at 280 and 215 nM
were noni tor'ed@-z-ﬂgémgl ution’peak fractions were anal yzed via SDS- PAGE
. Silver staining. Fractions of. interest were pooled and.concentrated to
1.5-2 m using a 10,000 Dal ton ' _
: - ide from transfected BHK 570 cells

Unles$ otherwise noted, all operations were carried out at 4°C. The

C. Purification of zalphal

.- 20.  following procedure was used for purifying zalphall polypeptide containing C-
terminal fusion to human IgG/Fc (zalphall-Fc4; Examples 8 and 9). 12,000 ml of
conditioned media ﬁ'om BHK. 570 cells transfected with zalphall-Fc4 (Example 10)

- was filtered through a 0.2 mm sterilizing filter and then supplemented with a solution of

protease inhibitors, to final concentrations of, 0.001 mM: leupeptin (Boerhinger-

25 Mannheim, . Indianapolis, IN), 0.001 mM pepstatin (Boerhinger-Mannheim) and 0.4

mM Pefabloc (Boérlﬁnger—Mannheim);_ A protein G sépharose 6 ml.bcd volume,

‘Pharmacia Biotech) was packed and washed with 500 ml PBS (Gibco/BRL) The

supplemented conditioned media was passed over the column with a flow rate of 10

_ ml/minute, folldowed by washing with 1000 ml PBS (BRL/Gibco). zalphal1-Fc4 was

. 30 eluted from the column with-0.1 M Glycine pH 3.5 and 2 ml fractions were collected
&irectly into 02 ml 2M Tris pH 8.0, to adjust the final pH to 7.0 in the fractions.



mol ecul ar wei ght cutoff nenbrane spin concentrator (MIlipore, Bedford, MA)
according to the manufacturer's instructions. 25 To separate
zal phallCFLG @’0@7% ide fromfree FLAGerr] peptide and any contam nating
co- puri fying Sf 3 the pool ed concentrated fraetions werRCTHY2a49%d t o
chromat ography-on a 1.5 x 90 cm Sephacryl 00 (Pharnmcia, Piscataway, NJ)
colum equilibrated and loaded in PBS at a flowrate of 1.0 mmn using a

BioCad Sprint. 1.5 m fragctiqgns ecollec ed agr entire
chr omat ogr aohy and t he 3%%" ¢ e were "%8‘6"‘8?\@8 Eﬁr\%ﬁ% and estsin g
The peak fracti pa&inpRVith ﬁﬁﬂﬁﬁﬁh%'(ﬂﬁﬂrsham ViRiB6ties! RR:=tern blot analysis of reducing

PCT/ US99/ 22149 96 vra SDS- PACGE Silver stal ning, and only the nost pure
fracti ons were PBSPAGE gels @Wmm@mmmm ofLB0,G00KDa irl fractiphs CFI0G

pol ypeptide. Th r ; ti, Cl ean
Et ox (Sterogene@vepggr?ﬁusﬁsﬁg&rg%é&ﬁl\é@ %0’@#(@? %Jﬁ’g.ﬁ:ﬂ?gygﬁf
passed overs5 fradtioas RBG Emmdnsmmtvmlegcroaedty colum four tinmes then the
col um was washed with a ingle, 3 m volune _of PBS, which was pooled with

the "cl eaned” sanple. tejn pongentration, qf theyp ?‘?ﬁir Bactiong vwas perfprmedy by and
stored at -80[ epChCandlykis ép WRScl&quH,qtﬁﬂ thg}naﬁﬁ %Edpueﬁ qgpsi e
Bl ue and Silver stainéd SDS-PAGE gels, ‘the zal phallCFL ept vvas one
maj or band of a0°&Hseording twpuemdand pr@ceduremmneﬁnuﬁﬁommapbdladﬁacﬁbhe
nmobi lity of thlw %ﬁ t he same on reducing and ‘non-reducing gels. The
protein concentration the purified material was performed by BCA
analysis (Poerce, Rockford, IL) and the protein was aliquoted, and stored
at -80[err]C according to our standard procedures. On | EF (isoelectric
focusing) gels the protein 15 runs V\E@ﬂﬂiﬂ of less than 4.5. The
concentrati on OhssaghsiRa Y-Yav ey
zal phall- Fc4 pol ypepti de '
noted, all operations werEu tors irt compd bitiéh assayf ol | owi ng ;
procedure was used for p all ai _
ternminal fusion to hurrantqar%@ﬂf 9?1 Xg‘é%?fﬂ?’?g‘e(gm&ﬁﬁ‘ g?’“ﬂedﬁﬂo nt
?Exconflltllg?ed chdlsfwmsﬁdlérﬂmeshawmieswsﬁsaﬂmdmém éptehalt]s Feds
anpl e

were then counted in a hemacytometer. Cells were plated in a 96-well format at 5000
cells per well in a volume of 100 ul per well using the mIL-3 free media.

Both media from the monkey spleen cell activation and the CD3+
selccted cells, described in Example 8 above, were added in separate experiments at
20 50%, 25%, 12.5%, 6.25%, 3.125%, 1.5%, 0.75% and 0.375% concentrations, with or

without zalphal1 soluble receptors (CEE, C-flag, and Fc4 constructs; See, Example 10
and 11) at 10pg/ml. The total assay volume was 200 pl. |
The assay plates were incubated 37°C, 5% CO, for 3 days at which time
Alamar Blue (Accumed) was added at 20pul/well. Plates were again incubated at 37°C,
25 5% CO, for 24 hours. Plates were read on the Fmax™ plate reader (Molecular
- Devices) as described above (Example 5). Results demonstrated complete inhibition of
cell growth from each of the different zalphall soluble receptor constructs at 10pg/ml,
confirming that the factor in each sample was specific for the zalphal 1 receptor.
Titration curves, dllutmg out the soluble receptors, were also run using
30 the above stated assay. Both the zalphall1CEE and zalphal1CFLG soluble zalphall



- 80, 000 KDa zal

was filtered through a 0.2 mmsterilizing filter and then supplenented with
a solution of protease i nhi bitors, to final concentrations of, “0. 001 mM

| eupeptin (B r hi nge Mannhei m | ndi anapolis, IN, 0.001 ni
pepstatin (Bo ?m’wg%r- Mannhei m) and 0.4 mM Pef abl oc ( Boer hiF¢g&IS2%@Hhei n) .

A protein G sepharose (6 m bed volunme, Phgrmacia Bi otech) was packed-and
washed with 500 mM PBS (G bco/BRL) The su%%l enent ed conditioned medi a was

passed over the columm with a flow rate 10 nute oI I Oowed by
washi ng with 1CERSPFs PR gbigoy eqoapl 'alaglb @525 ml. o (The geptint om -

the colum Wi t hyafhpdy 1M 13 -receiaf ekt col | ect ed
directly into 02 mllzﬁ#{agﬁ%&h#q,r tgﬁadvﬁsuégtlyﬁ]e flﬁgﬁlgﬁgfﬁ%l 7.0 in the
fractions. - WO 00/17235.

PCT/ US99/ 2149 97 The eluted fractions \rﬁr%?@ ﬁ__n?r acterized by SDS— PAGE and
western blotting with anti-human Fc (A antibodi es. Western bl ot

anal ysi s ofs reduci ng SDS- PAGE Mwmc\ﬂmlnaﬁmmmem liti ve protein of
80, 000 KDa in fractions.2- 1. Si | ver X - PACE gels als veal ed an

were pool ed. Thgsigh : &oncentratlon of the pool ed fractlons was
performed by BCA an‘a! ys?s (Pierce, Rockf or d, I'L) and the materi al was
al i quot ed, and stored at 80C accordi ng t o our -standard procedures. The

~concentration of the pooAEcFXf’lieéﬁ*ﬁliﬂh%m gntaining an@q)'ﬂ“ce!l!@d@&ﬂ%ﬂ%ailﬂf%wy

"~ using zal phall I 1- Fc4
(- ut gnt) gol ublzéﬁbg?e%thg)?és: ‘?:‘oi#%élf?%m glaﬂl on g@%ﬁ%&ﬂ&@b?@%ﬁ

cells wereos purcodsmmtedtmia \bamhbgousnrmmblﬁatfoneeﬂmqbphmud&ude sidlwncnefdrsthwer e

Countod i n-a moERibBR PBRSRlp s R R i b s B0 FHE 10"
cells per well thélc(ﬁresjﬁinﬂiﬁg pﬁftelﬁ@&]u[eﬁ’ershd»wﬂJHSB@m N@B5 1) JTHe Yasiof polgpebti®s
medi a. Both nmedja from gwlﬁkeé spl-een cel |- activation _and the CD3+

sel ected cells, °§}§§ﬂﬁd| HeindExgmpled4, Gangains an MBP partion (aming acid

~experinments at 12 ?}to'sgté‘inozéz{& 3§8?(§0 oﬁsﬁégﬁ) ﬁo%%?oﬁse& 18 %he Burda?/eAfit1 P- 375%

concentrati.ons,
15 soluble receptor (ammo acld 389 (Cys) to ammo acld 606 (Hls) of SEQ ID NO: 51). A

' fragment of human zalphall cDNA (SEQ ID NO: 52) was isolated using PCR. Two

| primers were used in the producuon of the human zalphall fragment in a PCR reaction:

_ (1) Primer ZC20, 187 (SEQ ID NO 53), containing 40 bp of the vector flanking

: sequence and 25 bp con-espondmg to the amino terminus of the human zalphall, and

20 | 2 pnmer ZC20,185 (SEQ ID NO:54), contaxmng 40 bp of the 3* end correspondmg to

the flanking vector sequence and 25 bp corresponding te 'the”car'bo:;yl terminus of the

human zalphall The PCR Reaction conditions were as follows 25 cycles of 94°C for

30 seconds, 50°C for 30 seconds, and 72°C for 1 mmute followed by 4°C soak, run in

duplicate. Two pl of the 100 pl PCR reaction was run on a 1.0% agarose gel with 1 x

25 TBE buffer for analysis, and the éxpet:ted approximately 660 bp ﬁagment was seen.

The remaining 90 pl of PCR reaction was combined with the second PCR tube

precipitated with 400 pl of absolute ethanol. The precipitated DNA used for

' recdinbining into the Smal cut recipient vector pTAP98 to produce the construct
encoding the MBP-zalphal1 fusion, as described below.



wi t hout zal phall soluble receptors (CEE, C-flag, and Fc4 constructs; See,
Exanpl e 10 and’11) at 1010[err]g/m . The total assay volune was 200 [err]l.
The assay pl ates were incubated 37[err]C 5% CJ err] for 3 days at which
time Al amar BVR&MYR¥cuned).:was added at™20[err]l/vel . Pl at®s"H P2 4Yain

I ncubated at 37[err]C, 25 5% CJ err] fogg24 hours. Plates were read on
the Fnax pl ate reader (I\/bl ecul ar Devices) aS described above (Exanple 5).

Resul ts denonstrated conplete inhibition of cell grow, e
different zal phall sol ubl Bagmid oEABPS m@w&&ﬁgm ;. Eﬂ%‘%ﬁkm@BmlrFé]ng
that the factor ﬁ@ﬁﬁ{iﬁl ?ﬁ KB & iR SaeBardripices i:%w&ib@ sE@i® Reétorl (HIiRRe . Qind

Titration curves out the solubl'e receptors, were also run using

30 t he above Sd@mka&.am 122:19-2Tre1988). pnMAL-CEENER) isyan Sheoli expression

sol ubl e zal phal 00/.17

PCT/ US99/ 22149 gmv‘gbf%?gsééfﬂsw% ving MolE, (gene encoding MBE) follopred by g
as 20 ng/n g Thehs’rngiﬂthrambﬁhﬂéhilagerﬁté zsolbtﬂngene,ahahhﬂ&wmﬂnamr Thsvanry as
effective at 15kprr]g/m Example 1 ilp . . Eﬁgr si.on
of human zal pha®T ﬂsE’aSE‘H}sF“‘?!PdWP% mglogens resaghiration;, 1Q0ng o %@?}525

that expresses byzal phaddd V&Bnﬁiﬂe&uamnl bWﬁ%tqﬁassﬁseW%emdepnaﬂ& apgi d

contai ning a polynucl eotide encoding a man zal phall sol ubl e receptor
fused C-ter m nalScyl/EcoRindut BS3 1. nthenlinker gmmmd(qma;ow@@lmm (SE&)IQNQJéﬁ)ed

VBP- 2l phats sol i BRpCZERSasy (S IoABHeESt piior 2535 GO IR RS0,
with the caprespait, agl PCTY,FTI(SEQIDANOSES (100pmiol) csmdea)lmek reakkien.f BERON

pol ypepti de, desi gnhat ed huzal phall/ \VBP- 6H in E(g al ns an NBP
portion (am no AeacHon comditions were Ay followe; 10 Syples of i) Ccf?f ? or30sed

to the human zalg CSfblrL%I SechfRdsE ROIR %h]fj Fktst Qe@M NO
acid 606 (Hs) o?é&é%%% KIZO 51). cr agfrent “(')e?a‘??u za phall cDNA (SEQ | D
NO 52) was i sol a;bmnu&eﬁglamﬁ%emlpmcmeom\ere used in the production of
t he human zal phall fragment in a PCR reaction: (1) Prinmer ZC20,187 (SEQ ID

Cor espondi ng 1o the an ngr Sk habiicis it Soe BRI LS ceroyBite) wesy,
prinmer ZC2a5185 cofibiged QviiO184)1, ofc ® mhiatars ngatﬁﬁmgmppfoxidmels 1 gpgdof the human . -
corresponding to zal hall receptor PCR product above, and 100 ng of Smal digested pTAP98 vector,.
and transferred to a 0.2 cm electroporauon cuvette. The yeast/DNA mixture was -
electropulsed at 0.75 kV (5 kV/cm), infinite ohms, 25 pF. To each cuvette was added
600 ul of 1.2 M sorbitol and the yeast was then plated in two 300 ul aliquots onto two -
.20 URA D plates and incubated at 30°C.

After about 48 hours, the Ura+ yeast transformants from a single plate
were resuspended in 1 ml H,O and spun briefly to pellet the yeast cells. The cell pellet
was resuspended in 1 ml of lysis buffer (2% Triton X-100, 1% SDS, 100 mM NaCl, 10
mM Tris, pH 8.0, 1 mM EDTA). Five hundred microliters of the lysis mixture was
25 added to an Eppendorf tube containing 300 pl acid washed glass beads and 200 ul
pher_nol-chloroform, vortexed for 1 minute intervals two or three times, followed by a 5
minute spin in a Eppendorf centrifuge at maximum speed. Three hundred microliters of
fhe aqueous phase was transferred to a fresh tube, and the DNA precipitated with 600 pl
ethanol (EtOH), followed by centrifugation for 10 minutes at 4°C. The DNA pellet was
30 resuspended in 100 pl H,0. |



the flanking vector sequence and 25 bp corresponding to the carboxyl

term nus of the human zal phall. The PCR Reaction conditions were as -

fol |l ows: C cles of 94[err]C for 30 seconds, 50[err]C for 30 seconds, and
72[err]C for e; followed by 4[err]C soak run i n dufCris9e214¥\0
[err]] of the 100 [err]] PCR reaction was run on a 1.0% agarose gel w-th 1
X 25 TBE buffer for analysis, and the e&%%cted approxi mately 660 bp
fragnent was seen. The renaining 90 [err]l of PCR reaction was conbi ned

with the second PCR tube Frassfomation of elcctrocompetestel rpli colls QUESHIGH Casadibanol .

The precipitate d r e [

vector pTAP98 tgetp Gdulﬂ'@(g—gf'rg'légh truc?wé%gg’p nmﬁ“%%ﬁ| 4?L|’§i°£n,

as descri bed belM@1061 -colis. OQhd €elkd were electropulsed at 2.0 kV, 25 uF and 400 ohms.

PCT/ US99/ 22149 PI asm d pTAP98 was rived from the I asnj ds _pRS316 and
4% eh 306 (0 Segehl

pMAL-c2. The pl poration, &%@!ﬁ‘ﬁ’t’t egroif.cMDy
(Heter P..and Sdi%ryikét exﬁaot(ﬁ?f&@)“l@smﬂrizﬁ’aéﬁ Qimlﬁglﬁél) 10PN Mgt BN S an

E. coli expression plasmd. It cafries the fac pronoter driving Mal E (gene

encodi ng MBP) f Vg% d0mMgligose) wat u‘aﬂeégr, ong ahm mNM/QAeMel 08 mgd., plates

cloning site, 18 : : onstructed
usi ng yeast hongﬁgiaﬁﬁgﬁeé PYOTT { v : ° T %%lg@?ﬁ?’cz was
reconbined with-1[err]g Pcels Batbmﬁig&m&on&{teaxpﬂesmdn sdfetruct ol huchl £dlphal 1
Scal / EcoR1l cut pRS316. The |jnker consjsted of oligos,K ZCl19 372 (SEQ ID

NO. 55) (100 pnolT§ceptorgreddentified by expregsions Cefls werergrgwn inWYUEAwiths H pgsml
NO 57) (1 1@  Afpitillin AP v fokts, taking kQ7°E m&mm&maﬁee@wﬂ?aﬁml n a

PCR reaction. PCR reaction condi'tions were as follows: 10 cycles
94[ err] € for 30 IBEGoREhowdD]ater He50 oM OBCeademwasamtecm[tbﬂﬁq @ dcid washed

ot hanol pr aci pi (pF 57 GhE 20 0Home) SiirR R8P4 BME b GRUEREAE] ik e <

cerevi si ae) vverq:l—ll?!:'o Io%cglyﬂudieﬂ-rM EDTAO5%SDS)) Sanipled wérk vortexed €ortont Mifgie
approxi mtely 1 [ r g, of th hall rece PCR product above,

] |
A 900 g ot - 5 e st For Ao PO e doadepre faoe Fna o 236 BASELEN
el ect ropor gt on NEVEDE - Gl Wy AR!ih INMES buttse 18S mtu&eym@ﬁgﬁf kv

(5 kViem), infinite ohns, 25 [err]F. To.each cuvette was .added 600 Jerr]l
~of 1.2 M-sorbi tmcmsmm@dmwpmmnﬁms edhs polynyslegtide seauants o

.~ .onto two - 20 '-mfﬂﬁaﬁl%ﬁ&f‘%%ﬁovﬁf‘q Wb% at 30[err]C
- B ial ion of P—6H fusion solypeptide
o | One microliter of sequencmg DNA was used to transform strain BL21.
20 The cells were electropulsed at 2.0 KV, 25 pF and 400 obms. Following
electropora’aon, 0.6 ml MM/CA w1th 100 mg/L Amplclllm
Cells were grown in MM/CA w1th IOOug/ml Amplcllhn for two hours,
shakmg, at 37°C 1ml of the culture was mduced w1th 1mM IPTG. 2-4 hours later the
250 pl of each culture was mixed with 250p,1 acid washed glass beads and 250 pl
25  Thomer buffer with 5% PME and dye (8M urea, 100 mM Tris pH7.0, 10% glycerol,
2mM EDTA 5% SDS) Samples were vortexed for one minute and heated to 65°C for
10 mmutes 20l were loaded per lane ona 4%-12% PAGE gel (NOVEX) Gels were
~run in lXMES buffer. The positive clones were used to grow up for protein
| punﬂcatxon of the huzalphal 1/MBP-6H fusion protem (Example 14, below).
30

ots



After about 48 hours, the Ura+ yeast transformants froma single plate were
resuspended in'1 m Herr]O and spun briefly to pellet the yeast cells. The

cell pellet pended in 1 m of lysis buffer (2% Tri - 100, 1%
SDS, 100 mv NARWATRS mM Tri:s, pH 8.0, 14mM EDTA).:.Five hund%"g@”%%’é?‘f’lters
of the lysis mxture was 25" added to a pendorf t ube contai ni ng 300
[err]] acid washed gl ass beads and 200 [erT phenol - chl orof orm vortexed

for 1 mnute intervals two or three ti follLowed by a 5 mnute spinin a
Eppendorf centrifuge at maxi num speed. Mndred mcroliters of the

aqueous phase was tﬁﬁﬂgjﬂ%bp
with 600 [err]l ettano centrifugation for 10 m nutes

at 4[err]C. The DNA pell eUnlwsuthwsem caperations warg (rapriedrqut af e -r]'@e
WO 00/ 17235

P
100 Transf or mat |f%1}1° g«?Imcc'tirocorrp"lstenfn.Ig @“}g h‘(':zgmha“(%fo%i%si%g an
al . J. Mol . sBi olpolybeftidel 78- 20607 ) celin s cahtaimingyi thh HCEZR22Y | copstamt dhﬂlAeppm;smgnd
(o T bna0b. avpumaR MRk gobPl. Sk et 1P bbR i op S SHRRR P
Tryptone (Difco, % a,
2. gpmvl KCI( 10 (l Cleézs;ml%a YL Mm&a&bqy 8 ﬂ?&%ﬁ% pﬁl&jol'.’lhgtt@%alol7 ?ﬁ‘ lgirlfgé\la

al i quot on MM cmotasmmmsm Hﬂc@neglcl(ﬂs%r eakaysville; M), aodofregen in 0.5%

Expressi on and I ect
exgresm on const ﬂce{o for ré%n? fth%lﬁ? recep o'rgﬁkv\ée@tehh!laa‘ {f%gleg%&gd{o
]tcaxpr essi ﬁn 10Cel’ Ipnnlpnhe A d&d%&ﬂiwd&thi\ﬁﬁz{rﬁrdlﬂh@dmmiﬂapmtemnm%hbnhn
or two hours, at cult

1M | PTG 2-4 h098 &’Wc?%él"%@f’f‘@i?]q}s’ ‘h&&“g’ﬁ apd releps %“ﬁaﬁ&g?ﬁ% 250
[err]] aci d was ggadhiad Rolfiadodid TROGNS! 6de cdiBhefind Ubitatbbd ooy
[err] ME and dye (8Murea, 100 nM Tris %éllycerol 2n1\/| EDTA, 5%

SDS). Sanpl es wekris (75 Balsre Bhifipsburga NInd aide(NaGl MallinkgodtRariz)

gelngt\izrezguke”\ Y&Wﬁ#?ﬁ%ﬂ& ésupfg (g ones’(y\/\glﬁge%ggrgll gn]é? ﬁt(L EX)

and subj ectysd t aME3q2epg/mi m&albepanﬁluﬂjsmtzbﬂmﬂy;lmdtz flg/msl expretivie (ﬁ@nﬁBPA :
ool a1t/ Vo cierio PR o1 IS B, (s SYErna L e R e
used to transf orgmpérhsteofB74d -10°C and 30K PSI-was used to lyse the cells. The diluted cells
were checked for breakage by Ay, readings before and after the French Press. The
lysed cells were centrifuged @ 18,000G for 45 minutes to remove the broken cell
20 debris, and the supematant: used to purify the protein. Total target protein

concentrations of the supernatant was determined via BCA Protein Assay (Pierce,
Rockford, IL), according to manufacturer’s instructions.

A 25 ml column of Talon Metal Affinity resin (Clontech, Palo Alto, CA)

(prepared as: described below) was poured in a Bio-Rad, 2.5 cm D x 10 cm H glass

25  column. The column was packed and equilibrated by gravity with 10 column volumes

(CVs) of Talon Equilibration buffer (20mM Tris, 100mM NaCl, pH 8.0). The

supernatant was batch loaded to Talon metal affinity resin and was rocked overnight.

‘The resin was poured back into the column and was washed with 10 CV’s of Talon

Equilibration buffer by gravity, then gravity eluted with 140 ml of Elution buffer

30 (Talon Equilibration buffer + 200mM Imidazole-Fluka Chemical). The talon column

was cleaned-with 5 CVs of 20mM 2-(N-Morhpholino) ethanesulfonic acid pH 5.0



20 The cells were electropul sed at 2.0 kV, 25 [err]F and 400 ohns.

Fol |l ow ng el ectroporation, 0.6 M MM CA with 100 ng/L Anpicilli'n. Cells
wer e grown |$Vy% W th 100[err]g/m Ampicillin for two hours, shaking, at
37[err]C. 1 e culture was induced with 1nM | PTG 2-EFTHS8VR14%,¢ er
the 250 [err]l of each culture was m xed w4h 250[err]| acid washed gl-ass
beads and 250 [err]l| 25 Thorner buffer wth 5% [err] ME and dye (8M urea,

100 MM Tris pH7.0...10% gl ycerol , D % SDS),.. Sanpl.es e vortexed
for one minute &S ﬁ’gg gé@%ﬁ%%ﬁ%%’l eth 1R e‘g‘.ﬁ’%m‘fvﬁ‘%rﬁ%’qu&hded
per lane on a 4%AR%FNertfl fabidEere fTlostedVBYE thé!Bntird el Shibithiogfaphy The

positive clones were used to grow up for protein purification of the

huzal phall/ MBP- @pd the fractions werearad wikkahserbance at 280and 320 nMaind BOAProBinias3s
PCT/ US99/ 22149 L L.ORO - _ e
receptor from E.h% | w#gtﬁ%%ﬂgggg %?%%V%@'%’@F? gllc(_)%ezﬂr)gl |46nns

wer e carri.ed oufraetiond pf imdrést wehepdaled andi logled saiglstito Amyleselrasinl (New Epgland vi ng

huzal phall/ VBP- gH olgggvlgg r ptor 5 pol ypeptide. E. coli cells
cont ai ni ng the 25 X tridict and expressing-huzai phall/ MBP- 6H sol ubl e

receptor (Exanple 13) werf yaithordpirémdipRaIEMBH- %ipc?ﬁ/%&l—ﬂx@%&?&ﬁni%ﬂ g/L

Yeast Extract, 11.4 g/L di-pot assi'um_phosphate, 1. Nno- potassium

phosphate; Bect elytion pealedsfactiompwere gahjeatadto Agpjose sesin (228 gt PR 70, 392.5 cm
Dsed 10 10 pir R 2 PhciRad LAGER G binod” patBE Bl Bhpaeed AN 04
1:10 in.a poot eaweylosauqbilibmtios diufifei-20mNIERtis @0t Baker)) UODmM NaCl @Mallinktodt] ng
The il ut ed col NEME SMSH fSme). A heieNieraptpedegol, {305, 16N Blodiedhald il cor
M phoyrl et iyl Sul Gyt gl 0 (EReE & (e At 8 of (Pl W | 0-°

M 2 lerr] gl rFoluE pep e A0V pelose equilitastionofles fen iwed aptord ki n
. (S . A Frengiy Pre : j t t .
Var g ok U i Y Lo ATyREL edifRgoRTLaE STLG ROP Milloo) G ploctlemionl,

: . lyse the cebl s. Switeerkind) hiyegtavityl | Ssmirfractionswerk eolleicted overcthé enfire blyromhtegraphy

' ea_di_ ngs bef ore 'anac‘{.'&sgrfngﬁ:ré a% BEO Exruf"glﬁ)h nl&r_v%sres realhﬁxe Amylose column was regenerated
' with 1 CV of distilled H,0, 5 CVs of 0.1% (w/v) SDS.(Sigma), 5 CVs of distilled H,0,

-and then 5 CVs of Amylose equilibration buffer. . IR
. - Fractions of interest were pooled and dialyzed in a Slide-A-Lyzer
.20  (Pierce) with 4 x 4L PBS pH 7.4 (Sigma) to remove Jow ‘molecular weight
contaminants, buffer exchange and desalt. After the changes of PBS, the material
harvested represented the purified huzalphall/MBP-6H polypeptide.  The purified
huzalphal 1/MBP-6H polypeptide was analyzed via SDS-PAGE Coomassie staining
and Western blot analysis with the anti-rabbit HRP conjugated antibody (Rockland,
25 . Gilbertsville, PA). The concentrafion of the huzalphal 1/MBP-6H polypeptide was 1.92

mg/ml as determined by BCA analysis. D
Purified huzalphal1/MBP-6H polypeptide was prepared for injection
into rabbits and sent to.R & R Research and Development (Stanwood, WA) for
antibody production. - Rabbits were injected to produce anti anti-huzalphall/MBP-6H
30 serum (Examplé 15, below).



| ysed cells were centrifuged @18, 000G for 45 mnutes to renove the broken
cell 20 ° debris, and the supernatant used to purify the protein. Total
target prote oncentrations of the supernatant was deternine CA
Protein Assa;}p E’f' e, Rockford, IL), according t#®:manuf actmgsgg)zg"?

i nstructions. A 25 m columm of Tal on Met b Affinity resin (Contech, Palo
Alto, CA) (prepared as described below) was poured in a Bio-Rad, 2.5 cm D x
10 cm H gl ass 25 colum. The col um was packed and equili br at ed by
gravity with 10 col unm volumes (CVs) of Talon Equilibration buffer (20nmv
Tris, 100mM NaCl ,. pH 8.0). The supernatmn]ﬂgﬁs batch | oaded to Tal on netal
af fi nity resin. and was rocked overni glht e resin was poured back into the
col um and was washed with 10 CvzaiphallBalyglonabAntibodies: j on buf f er by

gravity, then gravity el t %—IF"Q prgﬂ H‘%‘%E

Equi l i bration buffer + 23@5& mﬂ %‘azo‘%i &géem cayf& %?glfon col um
was cl eaneds W t Bealand\ishice rabbins\ivith (the mmmmllmmpbmde &Bxainpgid 5.0
WD 00/ 17235 2149

. PCT/ US9
102 (MES, Signal®s or e IB‘P""G‘? Jegoppbingnt zalphal| CEE, sojpbley reerptsd )@ﬁ"ﬁﬁiﬁ ﬂ - 1%
Sodi um Azi de. F@Ux‘éés?ﬁrﬂif 1jA6rlal ATbodiBS FefeOdekiBRital raBYiR hntl-heralpRAl I/MBPLEH | On
an e rac

chr omat ogr aphy lons were read wi th absorbance at 280 and 320

nM and BCA pr ot aidnrabbit ayti-huzstpha lisCEERE aespemiveliva sFhepiabbits were @ach givens gy ed

2nd Foaded st r angisf usBefloftat e ettion o6 208 g ¥ dinifed pPIR ECouTAFERABYSC |
obt i’il 3 ][nr);]g? Ip(l;:} ?djw?:etl(gigﬁzﬂkw&rﬁﬂwﬁdlhg?gtb?gmps&m ﬂapbﬂmsaf anigyptmlﬁndl on
PovD x 10 om 11 Bl neastalein P AGHRLE St Risk WS careh PR 0 Rt

of 10 Any| osm&h&&@m&m@m&@éﬂ%@mﬂ%&&n{dﬁs Wers dled: anam%
(Mal l'i nkrodt), 1nM PVSE (SI na) bet a r capt oet hanol (BME, |CN

Bi omedi cal s | nceollepigd.o rabh;swthembomagéhbdevmﬂmdm by graV| ty fl ow
rate of 0.5 m/mn. The cgl S %185 1 ‘§{M§ ifﬁm"l
equi libration buffer, then % m\é@ﬁ@ﬁ@y JaPu ose equl F@ at|
buffer + 195nmM thekrhblit engdrlusing aBlGNBleSERHaAROSB 4B prBtmt mlmmbanhgclagLKﬂ)t Y.
5 mM fractions re coll ected ov r the e bsaorbance
o 280" and 900 M s Prpiestst i, 18, o8 s s SgpbE AR B, o peptlas ™"

: : (Example 14) per gram CNBr-SEPHAROSE, followed by 20X dialysis in PBS '

“overnight. Zalphal 1-specific antibodies were characterized by an ELISA titer check

using 1 mg/ml of the appropriate protein antigen as an antibody target. The lower limit

20 of detection (LLD) of the rabbit anti-huzalphal 1/MBP-6H affinity purified antibody is
a dilution of 500 pg/mi. - The LLD of the rabbit anti-huzalphal 1-CEE-BHK affinity
purified antibody is a dilution of 50 pg/ml.

Example 16

25 - Identification of cells expressing zalphal1 receptor using RT-PCR
Specific human cell types were isolated and screened for zalphall

expression by RT-PCR. B-cells were isolated from fresh human tonsils by mechanical
disruption through 100 pm nylon cell strainers (Falcon™; Bectin Dickenson, Franklin
Lakes, NJ). The B-cell suspensions were enriched for CD19+ B-cells by positive
30 selection with VarioMACS VS+ magnetic column and CD19 microbeads (Miltenyi
Biotec, Auburn, CA) as per manufacturer’s instructions. T-cells and monocytes were



with 1 CV of distilled Herr]O 5 CVs of 0.1% (wv) SDS (Sigma), 5 CVs of
distilled H20, and then 5 Cvs of Anylose equilibration buffer.” Fr acti ons of
i nterest were ooI ed and dialyzed in a Slide-A-Lyzer 20 Pierce W|th 4
x 4L PBS pH WO®1E38m) to renove | ow nol ecul ar wei ght conPSHPRRAEY® buffer
exchange and desalt After the changes of S, the materi al har vest ed
represented the purified huzal phal |/ VMBP-6 poI ypeptide. The purified

énl ng

huzal phall/ MBP- 6H poI ype ti de zed S- Coonma

and Western bl deolasd g‘“’%“t ?‘ﬁ@agﬂ? tcﬁgbf#m@ﬁ‘%}ﬁ%ﬁ%‘m
(Rockl and, 25 WW&&M@S B&luveTfsae&mceaar sdyteRl weRe purified by
huzal phall/ VBP- pol ypeptide was 1.92 ng/nl as determ ned by BCA anal ysi s.

Purified huzal praibMAESPnegatiposejestion ¢ @mm@vﬁa%phas@s mepufaciyrers instuGtions

oo e A B4 A8 5 i o

anti - huzal ghallgoiviag-(FNCSY (Bectmelmuhm(oﬁxﬂa!plcse,leA) mlysis) to deteriDe Gbe pm
PCT/ US99/ 22149 103 Exanpl e zal . ghal Vi al Antl bodi ycl

ant i bodi es wer enpekpent #gd H?’“f gﬁ éqp% ﬁ@%ﬁ M%EEJ j te
rabbits with theppufidelies diickdly B Rilrifiea) atideRbiodgtes MeRMappRoxiratelyOr
the purified reconbi nant zal phallCEE sol ubl e receptor (Exarrpl e 11A).

‘Correspondi ng R&%4ypwified. ant i bodi es Were deS| gnated rabbit -~

anti - huzal phall/ MBP-6H a rabb| ‘Pm% He aS th v@.eg. The
" rabbits were each gi ven gﬁl |r1tra eri onegi‘.fl “[3@ [ njag’ctﬂlagn of 200 ny
.of . purif.i egh pr odeHlitypes nh@emaéelmrﬁsﬁng\dfmmed RNA wasiisolateRi feomx esstifgpcdllsor d,

I ntorpl L?fﬁﬂw@‘ém henpollsph peeerpigns disoke o DIOE Gof DR, falrpe, (e

adm ni stration g v&t&Pb;F aﬂ&ﬂni)&%beoo tdlis@dl iA RPMI Hho%FBS ®haindey VA sag/mdnd
the serumwas collected. The rabbits were then boosted and bl ed every three

weeks. The zal mmm@alﬁaﬂé&mdﬁmmmm Q-SrgdmCaliqcher) for fiapd 24, hovrs ed

from 15 t he fabbi %ng ANby’ 4ﬁ,o,p Eiddtdthe IPS
(Phar.maci a- LKB)ﬁfehg‘P ? s prepare usl ng &8 Eg e purlF?% g
“huzal phalZL'{ENBP- Hlﬂg@ﬂl(&igmatﬂtdmms MO) and rhIFN—g 10 ng/ml (R&D aneapohs MN) for 24

hours Cells were harvested and washed in PBS RNA was prepared from the cell |
pellets usmg RNeasy Mldlprep“‘ K.1t (Qlagen Valencia, CA) as per. manufacturer’s

instructions and first strand cDNA synthesm was generated with Superscnpt ™ Kit
'(GIBCO BRL, Grand Island, NY) as per ‘manufacturers protocol.

20 . Oligos ZC19907 (SEQ ID NO: 20) and ZC19908 (SEQ ID NO:21) were
used in a PCR reaction to screen the above described samples for a 1.2 kb fragment
eorresponding to zalphall message. PCR amplification was performed with Taq
Polymerase (BRL Grand Island NY), and conditions as follows: 35 cycles of 95°C for
1 min., 60°C for 1 min., 72°C for 30 sec.; 1 cycle at 72°C for 10 min.; and 4°C soak.

25  10ul of each 50 pl reaction volume was run on a 2% agarose 1XTAE gel to identify

resultant products. PCR products were scored as (-) for no product, (+) for band
visible, (++) increased presence of band and (+++) being the most predominant band,

with results shown in Table 5 below.
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Zalphal1 Immunohistochemistr
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5ngl/ m ggJ bi gc em I_Ha%

RSO, apParent
MN)

A. Cell and tissue

tions

Positive control tissues consisted of BaF3 cells transfected with
zalphall (Example 7) and lymphoid Gissues known to express zalphall including
mouse lymph node, spleen and thymus received from HSD (Harlan Sprague Dawley,
Indianapolis, IN), monkey lymph node and spleen received from Regional Primate
Research Center (University of Washington, Seattle, WA), human lymph node and
spleen received from CHTN (Cleveland, OH). Negative controls performed on each
tissue sample included: (1) untransfected BaF3 cells, (2) liver and brain from mouse
and human known not to express zalphall, (3) staining with antibody dilution buffer
(Ventann Bioteck Systems, Tucson AZ) in the absence of primary antibody, and (4)
using zalphall soluble protein in competition experiments.

at



hours. Cells were harvested and washed in PBS. RNA

_ _ : was prepared fromthe
cell pellets using RNeasy Mdiprep[err] Kit (Q agen, Valoen(F:)i a,” CA) as per
manuf acturer's instructions and first strand cDNA synthesi $ rat ed
wi th Superscwgemsberr] Kit (G BCO BRL, Grand I sl and, si’?’ﬁ%&‘fﬂg

manuf acturers protocol. 20 [

gos ZC19907 SEQ I D NG 20
and ZC19908 (SEQ ID NGO 21) were used in a1q§CR reactlon to gcrgen t he abZ)ve
described sanples for a 1.2 kb fragment corresp phall age.
PCR anplificati on was pe©fher enlicsamplen wrigpxpmingdp gﬁ‘g “@%ﬂﬁﬁ&%@ g

. 721 er ] ¢ WD s SR sspyel) HERD 95“79“?%”%'@ ‘“Y“M""‘“"“’I“e‘““’““’“r 1

- cycle at d
AR R R WA G A T I S K N e L - A

1XTAE gel to |dent|fy resul tant t gﬁ!pgg
for no product ,Hi60)sample SB‘EF&P'GP"%%"&& 5, 1§%6§ease presence o(ﬁ g%c?fgn)

w;a% / ??2 g% t hephgﬁ,gi mgﬁ&&@%aﬂewm?Qs;gma,tgt Lafis) M) fon @8rhoims td differenfatpel ow.

ghc DNA Source into monocyte hmgg pellssand ) HL6O cells treated m%éﬁ?%%@ﬁé"@@fg@gg: e
r resti n
onr t 9 4days tofifforeiiia {Rtoq%hr ke cells. In addition turkdH Yolysdrphonticehr COS +

++ 24hr acti vat ed

monocyt es (PMN) cells, hnihin Mowszmmnamnpmbuoméwhom BB Afcat ed
t hat zal phall nessage i

el e Rk S B
message i E]Pgl t he?ﬁééelg?ﬁérysxgrﬂ{egc | 'ﬁhﬁ& ﬁﬂmysueakiemnbedrﬂmvewmsﬁmd)owppdptem

- | munohi st ocheninst0% NBF %Surglpath Rx\élellmgnd Hlf.)r:aarx]ldne?n e&XeElei% parapgf’rpketleO)égljdphall
' " Scientific, St. Louis, MO), and sectioned at 5 pm with a Reichart-Jung 2050 microme

' (Leica lnsﬁunkants- __GmbH, Nussloch, Germany).- ' '

15~ B Immunohlstochﬂm SR :

Tissue slides were- deparaffinized, hydrated to buffer (water), and
subjected to steam HIER treatment in Antigen Retrieval Citra buffer (BioGenex, San
Roman, CA) for 20 minutes. 5% normal goat serum (Vector, Burlingame, CA) was
used to block non-specific binding for 10 minutes. Immunocytochemical screening

20  analyses were performed using polyclonal antibodies to zalphall soluble receptor
* protein (rabbit anti-huzalphal 1-MBP-6H and rabbit antl-huza]phall-CEE-BHK see,
Example 15) as the primary antlbo_dles, at dilutions of 1:200 and 1:400 respectively.

Biotin conjugated goat anti-rabbit IgG (Vector; Cat. No. BA-1000, 1.5 mg/ml) was

used as the secondary antibody at dilution of 1: :200. In separate samples, protem

25 competition was performed by using additional zalphal 1CEE soluble receptor protein
(in 10X fold excess) (Example 11A) to- the primary antibody to pre-block primary
_antibody immunoreaction. This competition Wa_s_used as a contrbl for the rabbit

~ polyclonal antibody specificity to zalphall. Detection was performed on the Ventana
ChemMate 500 instrument using a ChemMate DAB Kit (labeled Streptavidin-Biotin

30 Kit with application of & streptavidin-horseradish peroxidase conjugate, and DAB



10 A. Cell and tissue preparations Positive control tissues consisted of
BaF3 cell’s transfected with zal phall (Exanple 7) and |ynphoid tissues known

to express z ncl udi ng nouse | ynph node, spleen and elved
from HSD (Haa\L’Qne'yz?éague Daw ey, 15 I"ndi anapolis, IN), rr%éi fzyrrph node
and spl een received from Regi onal Primate l%a,search Cent er (Uni ver5| ty of
Washi ngt on, Seattl e, human | ynph node and spl een received from CHTN

(Ceveland, OH) tlve trols rfornmed on eachtlssu S

i ncl uded: (1) uﬁ‘f‘mﬁg} fig e 'S, ingtugtion’ gnd ppug Toe %@8&“"5 Sand
human known not héMatBxsRintdantéstaii B30 seé&idsWéﬂtﬂialmowk Syt Thasohy, AJ)| ut i on
buffer 20 (Vent-ann Bi ot eck Systems Tucson AZ) in the absence of }ﬁ%l mary

antibody, and (4) using zHighiespressionnfzaipball wasabrerved i dhe, BMAractivated

experi ments. d HL60 cells without stimulati

ook Usoe/ 22140 THE ?i%“hgéif‘?’e““’“ e e o e d L B N i Ay ed
and stinul ased A &ibsetedf] c;lls\m dlwam;t,eﬂiymhtﬁﬂﬂ bmphanﬂe@fanwsgrsbw@cmﬂtwecel I
i ne, which can dlf te |dor | oc es, W th
di fferent reage L ‘ﬁgeﬁp ﬂg%%tb ?F%yd aéé%fl‘éplcg with )
HL60 cell's were Dmsetsﬁﬂxumubﬂ sﬂ&m/mﬁmﬂaﬁ o2 no st@h% btme Bighdl Sbeil 10-the et hd
(PMA) (Sigma, St. Louis, MO for 48 hours to differentiate into nonocyte

| i neage cel|s; &imes wps mostly compeied putchyiusing ihq excess zalphalmejublsirepeator proten;
days to di ffer e%h?%b@&&ﬁt{&?ﬁ@s&u%b}aﬂ&lﬁ v@xesjhh%dﬁﬂ ‘ﬁqﬂbtlon human

pol yror phonucl ear man granul ocytes, human-peri pheral bl ood
| ynphocytes (PBL) and hunman nonocytes from fresh human bl ood were exam ned

(prepared 1@ house using 10 routine nmethods in the art). The cells and
ti ssues described above were fixed overiy le 1@ 10% NBF ( Sur gi pat h,

Ri chnond, 1L), and enbedded I n par apal st (O(ford Sci entlflc St.
Loui s, I\/D) o e ,ﬂ VINE B thelt &3 \

ep] gpolyclona ' zalpl _ ecep
ubj ectod £o st eam H ER { pgnbiras Imueeemoaaew %Bﬁﬁxffohﬁa%ﬂr donor.

(Bi oGenex, San Roman, CA) for 20 mnutes. 5% nornmal goat serum (Vector,

Bur | i ngane 15CA) Bleed was diluted 1:1 in PBS, and sepatated using a Ficoll-Paque PLUS gradient
(Pharmacia Biotech, Uppsala, Sweden), and the lymphocyte interface collected. Cells
were washed 2X in PBS and resuspended in RPMI + 5% FBS media at a concentration -

© of 2X10° cells/ml. | | o |

_ In order to determine whether eipression of 2alphall receptor is

20 affected by the acﬁvaﬁoh state of the lyniphocyte cells, ie., between resting and
activated cells several stimulation conditions were used: 1) un-sﬁmulafed ie., media
alone (RPMI + 5% FBS media); 2) sumulated w1th PMA 10 ng/ml + Ionomycin 0.5
p.g/ml (both from Calbiochem); and 3) PHA activation (phytohemagglutlmn
Difco/VWR). The cells were incubated at 37°C for 17 hours then collected for staining
25 to detect expression of zalphall receptor | |
An indirect staining protocol was used. Briefly, the human lymphocyte
cells were suspended in staining buffer (PBS + 0.02% NaN3 + BSA 1% normal human
serum 2%) and plated at 2X10° cells in 50 p.l/well in a 96 well plate. Antibodies to the
zalphal 1CEE soluble receptor (Example 15) were used to determine whether they co-
30 stained with a B-cell (CD-19), T-cell (CD-3) or monocyte marker (CD-14) on the



used to. bl ock non-specific binding for 10 m nutes. | mmunocytochem cal
screeni ng 20 anal yses were performed using polyclonal antibodies to

zal phall sol uble receptor protein (rabbit anti-huzal phall- VMBP-6H and rabbit
anti - huzal phal'PY¥E¥BHK; see, Exanple 15) as the primary arRGTHEEMEI4Y at

di lutions of 1:200 and 1:400 respectivel y10€I otin conjugated goat
anti-rabbit 1gG (Vector; Cat. No. BA-1000 5 ng/mM) was used as the

d bo dil f 1: 25
oo nt Y o cischied b ivipheraion A bbit poloiaml 2eip SR ELEsUie BPorERE ot or
protein (in 10X:kqhdal ?mﬁﬁ( (Plataplel £9) 4t010t BEmPWalRE ANt BEE6dY Yo

pre-bl ock primary -antl body |nnunoreact|on Thi s Conpetition was used as a
control for t he@%zﬂp‘}ﬁl yn ﬂurlmlplmcmeb odympw ptihody, goet antitralibit 1g-FITC

Det ecti on was pgkforned..on . ntana 0 ru 1S,
Chemvat e DAB Ki “tsf“étﬁ%lcb ‘t\/ dggo dg Rb ﬁw glppr rc@@on of
a streptavigli n- dhﬁbatyrtﬁadnxsgwmmémﬁhdmsws m&bﬂnnbﬁuie% mmuluaeeﬁhiﬂs%%

PCT/ US99/ 22149 107 supstr t@aecord to nanufacturer's truct i on. and
using the manuffcstahel: e BRE i B0 138, SPorC@O% ﬁng(I%PrEt)ana
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"HL60 cells wit rmmmspfﬂmlmumhvhala recepfor sntisndy onfthese|celd types.t Varieys eogtrols

.thymus and Iyrrph nod npuse_sh owe. Lt stal ni h. node.and
Spl en of bot  WERIFLAR deRBHRE po e BiBink b bioy Rl ets S ot ) 38

~showed m nigral ieeleveant sdbbit PolyGlonal 3era g wsdd &Qeﬁbnl-spedlﬂ@c&ﬂol and\(B) stdopdargs was

. nmostly conpeted gut by using the excess zal phal ubl e receptor pro ei n.
The negative cdipPsly %%esw@susaql %#%twﬂu%ﬁqbacksrwdl @H@%&a f thot sqagenti Ryrifia

~ - Exanple 18 'de%ﬂilwﬁiwwwor%ﬂﬁﬂp MPANChRAn Gbdut 8 107610 Nerceas of BAL

express zal phall’receptor -using polyclonal rabbit anti-sera to zalphall

. “sol ubl e recept momzteﬂl\mmlllbm'ﬁo venifxrtherspecificity ofilic wrbbit@bti-hizalphal }-6EEBHK mal
_donaor-. %&dﬁgz"gﬁ?ﬂ&g‘ﬂ l;mnm];lmPBS and separated using a

Fi col I - Paque PL armacra Bi otech,” Uppsal a, Sweden), and the
- lymphocytas nterface col Aﬁetﬂﬁng&hééeﬂsmﬂﬂdﬂ@WaﬂdﬁMm&eﬁmended
- RPMC + 5% FRR ”‘ig'ﬁeré‘ﬁnc%bco 6 e tot 36 minutes, washed 2X with staining buffer, and
'stamed with the secondary antlbody, goat anti-rabbit Ig-FITC (Biosource), for 30
minutes on ice. Cells were washed 2X sta:mng buffer, and resuspended.at 200 ul per
| - well in staining buffer containing the -viability stain 7AAD at about 1- pg/ml final
20 concentration (Sigme, St. Louis, MO). Samples were read on the FACS-Caliber
| ' (Becton-chkmson, San Jose, CA) and viable cells analyzed
The rabbit polyclonal to zalphall receptor stamed resting B cells. The
signal on restmg B cells was brighter than the signal achieved using the irrelevant

rabbit sera, and the signél was diminished to' a greater_ extent on B cells than on T cells

25  with the addition of excess zalphall-CEE soluble receptor. This experiment was
repeated using separated B and T cells, and the results were very similar. Again the
staining with the polyclonal rabbit antx-huzalphall -CEE-BHK antibody to zalphall

receptor was hxghest on restmg B cells

- 30



of 2X10[err] cells/m . In order to determ ne whether expression of zal phall
receptor is 20 affected by the activation state of the |ynphocyte cells,
i.e., between resting and activated cells several stinulation conditions
vere used: 1) YRRyl ated, i.e., nedia alone (RPM + 5% FESHRPZ49 5)
stinmulated with PVA 10 ng/m -+ lononycin QO pg[errfgim (both from -

Cal bi ochen); and 3) PHA activation (phytohemaggl utinin-P, Difco/ WAR). The
cells were incubated at 37[err]C for 17 hours then collected for staining
25 to detect expression of zalphal 1 receptor. An indirect staining
protocol was used. Briefly, the human | examgrMpe cells were suspended in
staining buffer. (PBS + 0.02% NaN3 + BSA 1% nor nal hurran serum 20

plated at 2X10[err] cel | sZalphald resepton expression, in, Vagoug, (s usgne keal HgK
to the zal phall(gEE ﬁ&hﬂ%fmbﬁcept or (Exanpl e 15) wer e used to det erm ne
whet her they co- th a B-cell (CD-19), T-cell (CD3) or
nonocyt e namsker (CD-14) on the WO 00/ 17235 _ _
PCT/ US99/ 22149 108 1. soI at ( A rabbit polyclonal sera to
zal phall sol ubl e2+¥ ERE=E RIS F EEE- BHK) (Exanple 15) at 10

[err]g/m was used as themlﬁﬂp%ﬁauvakmmdw&@ BeaAB] PRISM 700/ SBdiRAM es.
A secondary antibody, goat anti-rabbit 1g-FITC (Bl osource, Canarillo, CA),

was used to vi suUBétectien beserriPR dvoplied Bigpystems) Incg FostenCity, CA)as besaayevioushi ng

to the zal phall har t
stain T cells (Cﬁg&%ga?%ﬁalfl%dhé@n%{@d biié RIS Sd%&el 1 ?*Cﬁ%“%é?]am
(Phar M ngen)o ?mi 410 'Gengine SRés€iive] HLG*SBE)IO()PhEB%! ngﬁc(tja)-esam S.Leheal tgl;_fggmgw
co- staining of jhe [ece ant i body on ese ce es
Various control séﬁeﬂggdé%ﬁ {%Hdet B“’aoﬂ"%‘é‘&ﬁe’l‘l‘ﬁeb‘? nalgFé‘eaﬁPac"ﬁfac&@]P"ound
level s of stai ”'d%ﬂtmrﬁﬂéb&ﬂréﬁrteraddﬁ{u@ﬁ&&ﬁﬂ&orés@&ﬁdg DOWHER fHeProbedis dnti $he!Sed
as a non-specific control; and (2) secondary anti ody al one was used to

det er mi ne backgriepaiter sty mgpianf ist aegated e dothe close praximity; of thea quensher dyeubl e

i bi tor o verD PR RER Bt dheiionl st o BAAR e frk MR 'y

anti body tawal pﬂn-aliehss:tdaudmllﬁy 5' emelpdse mctivity of Taq polymerase whichfreleaseqothalrepmgtet h__e
cell's and addi ng, t ri mary and, co-st.ai nin nti bodies,. the cells were
"ncubated on i cel¥e Qimg e ik reuing S ARroses i P OByt 1 o1 and

The primers and probes used for real-time quantitative RT-PCR analyses

of zalphall expression were designed using the primer design software Primer

Express™ (PE Applied Biosystems, Foster City, CA). Primers for human nlphéll

20 were designed spanning an intron-exon junction to eliminate amplification of genomic

DNA. The forward primer, ZC22,277 (SEQ ID NO:59) and the reverse primer,

ZC22,276 (SEQ ID NO:60) were used in a PCR reaction (below) at about 300 nM

concentration to synthesize a 143 bp product. The corresponding zalphall TagMan®

probe, designated ZG31 (SEQ ID NO:61) was synthesized and labeled by PE Applied

25 Biosystems. The ZG31 probe was labeled at the 5'end with a reporter fluorescent dye

(6~carboxy-fluorescein) (FAM) (PE Applied Biosystems) and at the 3' end with a

quencher fluorescent dye (6-carboxy-tetramethyl-rhodamine) (TAMRA) (PE Applied
Biosystems).

As a control to test the integrity and quality of RNA samples tested, all

30 RNA samples (below) were screened for tRNA using a primer and probe set ordered

from PE Applied Biosystems (cat No. 4304483). The kit contains an rRNA forward



stained with the secondary anti body, goat anti-rabbit Ig-FITC (Bi osource),
for 30 mnutes on ice. Cells were washed 2X stai ning buffer, and
resuspended at .200 [err]| per well in staining buffer containing the
viability stai"WP®ARSSat about 1 [err]g/m final 20 conceRCTAS9CA149 Si g,
St. Louis, M) . Sanples were read on the FACS-Caliber (Becton-D ckinson,
San Jose, CA) and viable cells analyzed. #¥® rabbit polyclonal to zal phall
receptor stained resting B cells. The signal on resting B cells was
brighter than tpamei (FEQ IBcNIOG6) candsthe gRNAe reverse | primen t(SEQoHD? INQ:6T)a tRMAd t he

i £h e addi 1 ChIVRR pReE (SBGERRIOBE e ;R prhEs i B8R St S4B i

was repeat ed usiepgrtereffratan dye VIC PE Apblied Biosystehis) aad at tle S%ednd wigh Yhe

simlar. Again the stajning wth_ the polyclqonpal_.rabbit

anti - huzal phal 1 sessehen tjeorssient s TAME A (Y Kalied Biesrigms)n The Ryl plso

- resting B cel | sgerdDas an eH§ddeRdul ¢4l and allow for the normalization of the zalphall mRNA
PCT/ US99/ 22149 109 Exanpl e 19 Zal phall receptor expression in‘various .

tissues using Rexpresgiontesaltscaeen indbe tesf SRIPICR 5 A Prinmers. and Probes for
Quantitative RT-PCR- Realgmgir \at | t.at | vewRT- usi ng_ t he PRI SM 7700
Sequence Detection Systen%‘?é’%%?ﬁg@ %@%@@I?@m%gﬁg@?mw )
has been previ oppated antdéstasttd @Sper Exdmiple 16 abdwve.c Control, RIA

6:986-994, 1996. G bsopn, U E M 10 et al.  Genone Research :995-1001,
1996; Sundar esaRNeasy Miuiipgep™ @ﬁ&@@m&&waﬁ@ma&rm actitgs MSHMEOnSet hod
I ncor por at 8§ USfof apprSlGmBteRP 6! thilffor? 'HARS A leRpral Rk " Hiltleg:cgﬂ%&
guencher fl uoresce_nta dyes.. VWen the probe is in?gtit&t he repz(%'rﬁter y

emi ssion i s negfixentpléi’d to the close proximity of the quencher dye. During
PCR ext ensi on using additional gene-specific forward and reverse priners,

the 15 probe is cleaved by 5 nuclease activity of Taq pol ymerase which
rel eases the reBpReartimby/quahtiotivda RBPORebe resulting in an increase in

a8, R S ! S Mg
i5 RNA samples using the one-step: RT-PCR method (PE Applied Biosystems). Total
RNA from BaF3 cells expressing human zalphal1 receptor was isolated by standard
methods and used to gene‘raté_.,a-_stgndar_d curve used for quantitation. The curve
consisted of lO-fold serial dilutions ranging from 2.5-2.5x10* ng/pl for the rRNA

" screen and 250-0.025 ng/ul for the zalphall screen with each standard curve point

20 analyzed in triplicate. The total. RNA samples from the human CD3, CD19 and
o monocyte cells were also analyzed in triplicate for huthén zalphal] transcript levels and
for levels of rRNA as an endbgeho_u_s control. In a total volume of 25 ul, each RNA

sample was subjédted to a One-Step RT-PCR reactioii cbntaining: approximately 25 ng

of total RNA in buffer A (50 mM KCL, 10 mM Tri;v,-HCL); the internal standard dye,

25 carboxy-x-rhoda_m_iﬁe (ROX));-" éppl_'opr_iate primers (approximately 50 nM rRNA
primers (SEQ ID NO:66 and SEQ ID 'NO:'67) for the rRNA sarhples; and
approximately 300 nM ZC22,277 (SEQ ID NO:59).and ZC22,276 (SEQ ID NO:60)
primers for zalphall satnples)j the appropriate probe (approximately 50 nM rRNA

" TagMan® probé;: (SEQ ID N068) for tRNA samplés, approximately 100 nM ZG31

30 (SBQIDNO:61) probe for zalphall samples); 5.5 mM MgCl;; 300 pM each d-CTP, d-
ATP, and 8-GTP and 600 uM of d-UTP; MuLV_ reverse transcriptase (0.25 U/pl);



of zal phall expression were designed using the priner design software
Primer Express[err] (PE Applied Bi osystems ~Foster City, CA). Priners for
human zal phall 20 were designed spanni ng an i ntron-exon Junctlon to

el i m nate anplwéemme3son of genomic DNA. The forward priner, PXEASI¥I] SEQ
I D NO 59) and the reverse priner, ZC22,276 (SEQ ID NGO 60) were used in a
PCR reaction (below) at about 300 nM conce?aH‘-atlon to synthesize a 143 bp
product. The correspondi ng .zal phall TagMan probe, ;desi gnated ZG31 éSEQ
NO 61) was synt hasplitRgmeGeld DN pelgmense 0. OaﬁﬁJ/quPﬁﬁbphedEﬂlewm RNasezG31

robe was | abel ed at the eport ar

?6 car boxy- f | uorlahibger{p 4(&1&6’2&‘@"% ﬁ}é ﬁs‘i@g‘?ﬁa %}fné%ﬁuongwere%s
W th a quencher ghygy: %aqaam rEesc(tnep o IR Tohb Kiclé BOMACITOE0 ilbden)
(PE Applied Biosystens a control to test the |ntegr|ty and 0?uall of

RNA sanpl es t estfiellowed by 80AmpliTag/GoldthEPE Applied Bigsysices: actiy
et
4304963) " T e 080 e AR AP e i B A 55 4o (S kool

PCT/ US99/ 22149 14{3 GoPC el rhinhte) | D NO 66) and the rRNA reverse prinmer (SEQ

at the 5 end with a repord pr°§§w§f§ﬁ dgpein e et PEYSEE SRS

and at the 3' eng é&ﬁﬁﬁ&&ﬁﬁér,ﬁE%Js@r&Bﬁs(@ErMéﬁrﬁNoZ |
Bi osystens) . The r ts aI so serve as an endogenouys control and
allow for the noABﬁI Pum MOOSeqmacezd)epmqq Relative; | Quentitation tof (8% i n

the test sanpl es es
wer e prepare ang’q?fg?l?fl migr{)l @@?ﬁ% ﬁ% g%%%ontr E@Nﬁ&%slz‘gmp
prepared, using Bty lé‘vlelslaﬂdﬁ[e[xeftrnh QD3+ RNAaaenple Wad wed anp cditraters Resting

fact { t t el 0 |
b cast hg. hunanCRANR ks e ks R At FRem mbafie o 00, Hhe PRFS A6, °

RT- PCR-_ Rel ati ve g/g¥&d Werl borfpirdil Yathtve (BhME cifibratof CData e 6w ih Tabid ¢/Belavg. t ot al
15 RNA sanpl es SI ng t he one- step RT- PCR net hod (PE Applied Bi osystens).

Total RNA from BaF3 cells expressing human zal phall receptor was isol ated
by standard

 Table 6
Sample Resting 4hr Stimulation 24hr Sﬁmulation
CD3 1.00 15.27 16.70
CD19 | 20.14 65.08 12542
Monocytes 0.05 no data 10.26

‘There was a 15-fold increase in zalphal1 receptor expression in CD3+ at

4 and 24 hrs. Resting CD19 had 20 fold increase in receptor expression relative to

resting CD3+. There was a 3 fold increase with 4 hr stimulation that fell back to resting

20 levels by 24 hrs. Monocytes showed no detectable zalphal1l receptor expression in this

assay.

Example 20

Identification of cells expressing zalphal 1 receptor using in situ hybridization
25 | Specific human tissues were isolated and screened for zalphall

expression by in situ hybridization. Various human tissues prepared, sectioned and
subjected to in situ hybridization included thymus, spleen, tonsil, lymph node and lung.



-“-Sequence” Detection System Rel ative Quantitati.on. of

met hods and used to generate a standard curve used for quantitation. The
curve consisted of 10-fold serial dilutions ranging from 2.5-2.-5x10[err]
ng/[err]l for the rRNA screen and 250-0.025 ng/[err]l for the zal phall
screen with &¥@p/Eedndard curve point 20 anal yzed in trinorrussgrz2i49The
total RNA sanples fromthe human CD3, CD19 and nonocyte cells were al so
analyzed in triplicate for human zal phallli-?anscrl pt levels and for |evels
of rRNA as an endogenous control. In a total volune of 25 [err]l, each RNA
sanpl e was subj Emtm%mmﬁiﬁﬁl@pb@‘eré&ﬁmﬂa@ﬂdﬂo&%mﬂhgmrngsmdmd

the i nt ornal s BHHRES @ygmpes) Dnetyse sohiebalal A Ereies LR TPR L

priners. (appro |Yus§@ M stanBRid pFdteRl S(‘DSE@:pnieBt bpxﬁﬁ-x iR | s
NG 67) for the r sarrpl es; and apprOX| matel y 300 nM ZC22, 277 (SEQ I D
NG 59) and zczzhm Mlmyhsm toniets i) il e eeions Rere

t t
P et
pr obe for za p r dig -
ATP, and - GT g D0 i, I B 8160 % 40 Al 250 %2

PCT/ US99/ 22149 médmagahmfg{dqe M&m@ms( 0.025 Uerr]l) (PE
Appl i ed Bi osystens); and RNase Inhibitor (0.4 U/[err]l) (PE Applied

Bi osystems). PCR ther mal Tepde F%WW@@MH@%FBW eﬁlmmauehﬂxerhmam

t
ol Lowed B0 an AlHbXiscabfhbs. 164 S dt3Reb!fierb dBignbll bbb Sbbed ol eflithiED: |
cycle 5 at 9egiofisoof thdzaiphalt eBNAI qlt) Oligas Z(;QB{BBMSEQ&BN@@]mHlZGZSﬁGon at

Tovel & wer o doSFRLNONE fereiyed i swefin o83 Bhofbe fo: AL aafi%%a by

t he manuf act ur ezG23R8sREEQYD: H(]F&S4§ hEdBZCﬁS;BS‘ﬁ(ESEQ TP NO: Gﬂ%éaﬁeea% EXZJ

r ESSI on,

* Decenbor 1, S 39 P Prove or-aalpiiia e swont Broke s 500 bei31 of e tnlel 1 prebe

~ zalphall level syl Rfeattobet aBNRORARR the Woikini\Bheice £ BETTORAOT
" Resting % was - a?gutrar‘lﬁfg?tﬁl(? osen as :the ca |tErator and gl vefl a val ue of

. 1.00. The r est polymednase prométes tovadlow ﬁmrvpar’e@scrmmnmf@nummeapmbesaﬁmn
- Eﬁﬁa are shownr#ln -E% &c%i:jﬁag (%ﬁreactlon concF tlons%regpas follows: 30 cycles 599%& g

Stimul ati-o
for 30 sec, 60°C for 1 min., 72°C for 1.5 mm The PCR products were purified by

- Qiagen spin. colurnns followed by phenol/chloroform extraction_ and ethanol
20 precipitation. Probes were subsequently Iabeled with digoxigenin (Boehringer) or
biotin (Boehringer) using an In Vitra transcription System (Promega, Madison, WI) as
per manufacturer’s mstrucnon. | _
' In situ hybndlzatlon was performed w1th a dlgoxlgemn or biotin-
labeled zalphall probe (above). The probe was added to the slides at a concentration
25 - of 1'to 5 pmol/ml for 12 to 16 hours at 55-60°C. Sl_lde_s were subsequently washed in
IXSSC and 0.1XSSC at 50°C. The signals were amplified using tyramide signal
amplification (TSA) (T SA, in situ indirect kit; NEN) and visualized with Vector Red
substrate k1t (Vector Lab) as per manufacturer s instructions. The slides were then
counter-stamed w1th hematoxylm (V ector Laboratones, Burlingame, CA).
30 A signal was seen in the thymus, tonsxl lung, and lymph node. The
positive-staining cells appeared-t to be lymphocytes and related eells



CD3 . . 1.00 - 15.27 . 16. 70 CD19

20. 14 65. 08 S 25 42'anocytes 0. 05

no data 0. 26 There was a 15-fold - increase in zal phall receptor
expression in WOMTZE 4 and 24 hrs. Resting CDL9 had 20 fol (PGSO i n
receptor expression relative to resting CD3+, There was a 3 fold increase
with 4 hr stinulation that fell back to re%??ng 20 | evel s by 24 hrs.
Monocyt es showed no det ect ablie zal phall receptor expression in this assay.
Exanpl e 20 Identification of cells expressing zalphall receptor using in

situ hybridization 25 . Spﬁ#!!!:]& uman tissues were isol ated
and screened for zalphall expreSS| on by ¢2) hybridi zation. Various

human ti ssues prepared, secti odspihti % ped Zalpladl Recepioru hybri di zati on
i ncl uded thynus, spleen, tonsil, Iyrrph node and | ung. WO 00/ 17235
PCT/ US99/ 22149 112 The tissues were fixed in 10% buffered formalin and
bl ocked in paraf Al Mousd ffiomicAieay derbchni ques (Exanpl e 17). Tissues were
sectioned at 4 to 8 mcrons., TISsues were prepared usi ng a standard

prot ocol ("Devel opment of WH%WBﬂl@OW@M wywenmpw«hbypmbmga

getpgr;{ 19: nl gegh\?\ﬁ ?‘#al—lgs% ear N%hllg%aq&ﬁnggn | csEépEtl gomé@ﬁ?éaﬁﬁsfhen
dehydr;a’;ﬂe;j \(MBE)Q aintaining the Natite cDINA/ mlmmhmkﬂmhl oIDNA vhas gemarated e CR?RE&;htO
20 m nut es. - Thi s2CIERS REF BT Neka wﬁé@ﬂ@%ﬁm&?% TS iR i
tissues. Twp i N ontainifl AR REnSE MRkh SdiphX1 1PERR. Biatplte §) G8Leka 35 tilte .
human 10 zal phall sequence Two sets of II?%A&S Were designed to generate

probes for separ BcPGR faghion eonditings were ghfollows TN/eycles it W°C dors! mizR %886 fox ISEQ
10N0,52) 416 2GR 596 R LSy P 070 Aol RS
NO 65) were usedprbducg svaginat en a 1% hbwomelting lpeint agarasel(Bbahihger'lenmemmﬁdrih@be
L5 00, 2, O BB LS e g Ol et °”
promot er  t ousl | ot {QGlhgedPEY per MdMEMERES HdtrAétioRlt TRS AiBaPMpHal PESRA Wi dsed
to screen a mouse genomic DNA library (below).
The mouse genomic DNA library used was embl3 SP6/T7 lambda
BamHI cloned library (Clontech, Palo Alto, CA). This library representing 7.2 x 10°
pfu was plated onto an E. coli K802 host lawn on 24 NZY piates. Plaque lifts were
20 performed using Hybond-N filters (Amersham Pharmacia, Buckinghamshire, England,
UK) as per manufacturer’s instructions. The filters were denatured in 1.5 M NaCl and
0.5 M NaOH for 10 min. and then neutralized in 1.5 M NaCl and 0.5 M Tﬁs-HCL (pH
7.2 ) for 10 min.. The DNA was affixed to the filter using a STRATALINKER UV
crosslinker (Stratagene) at 1200 joules. The filters were pre-washed to remove cell
25 debris at 65°C in pre-wash buffer (0.25 x SSC, 0.25% SDS and 1 mM EDTA),
changing solution three times for a total of 45 min. The filters were prehybridized
overnight at 50°C in Expresshyb™ solution (Clontech) containing 0.1 mg/ml denatured
salmon sperm DNA. “Approximately 50 ng of the purified human zalphall cDNA
(above) was labeled with *P using the Rediprime II Random Prime Labeling System
30 (Amersham Pharmacia) as per manufacturers instructions. Unincorporated

radioactivity” was removed from the zaplhall cDNA probe using a NucTrap™ push



“human zalphall

: di Rlol
reaction con |?}Q§§m\4§g&,§,§lfp g(q)yvg c?gblri@éﬂ,ﬁ%y Onz;o%%s}&mr% 68C

t hese PCR products. The PCR reaction conditions were as follows: 30 cycles
at 94[err]C for 30 sec, 60[err]C for 1 mn., 72[err]C for 1.5 mn. The PCR
products were Burlfled by Q agen spin col urms f ol | owed by phenol / chl or of orm
extraction angodVHA% 20 precipitation. Probes were su

| abel ed with di goxi genin (Boehringer) or g%ﬁtl n (Boehringer) using an-In
Vitro transcription System (Pronega; Madi W) as per manufacturer's
instruction. In situ hybr| di zat.i on was 1:performad wi th a digoxigenin-_or

bi otin- | abel ec*olmpSitategencoba Jollas &) Filtse wleionges
at a concentr at icthezR) contdling aticit 559@9&0’&7‘1 xfl@‘ nﬂ'&XSS C} 2 ngge about

55-60[err] C. Slides were subsequently“washed i

50[err]C. The s0. gmﬂ&lmm&dmalmqnewml PYA: gndadinhtured @rﬁalugémlpbot#h WA on

TSA TSA, ty Kit | d t

gubs%rgte klltn(%éb&%ﬁ‘ {BSG’JEB'S”%"F'"A@%N%#%(?&F& a%r?zlg?%\% h’dﬁiﬁ %ﬂﬁg‘;?des
were then auntfirosih ddnijsetatie tfbr ﬁeaﬁ’sf(mhglﬁg @Hﬂﬁﬁ@éral-ﬂb@é)&hﬁfth@&empemﬂne
Burlingame, CA). 30 signal was 'seen in the thy

tonsil, |ung, aww%wqqofaéoronﬁ@ow&hqnmbgﬁamag %mxebt&;smam@a 40%Cpe
Iyrrphocyt es andy ¢
PCT/ US99/ 22149 113 Ex sen"ﬂgﬁtﬂlﬂo;lﬁ AR use za phall Receptor 5

A. Mouse genomic i braryTQ@’bberscmndﬂlmnhth isolates; the Gmhqlses representidg] primaryence

Toceptor pol yn et YBE pRkBRURE s REARR pibstt Rl ioied Wit P TRl 1

zal phall cNA. Wﬁ&qﬂmadzslpﬂ ‘PS}ROMMMM%Wg&ISﬁ@doﬁaﬂRg?ﬁfew&ﬁ@s of

ZC19, 906 (SEQ | D NO, 37) rs and a plasm cont ai ni ng, full I engt h
r@%l@%@&%rabﬁfenw {egtimater: apoyy

for 1 mn. [err] C for

“10 mn.. The Pc;m @rw&sowsme&edanlmmmmmzw tom agarose o NE¥ maxi

(S0P o T B RSP 2, e iy Byl SUN

‘manuf act uris' s (mtnmjmwmmmmw Piltersugerel fikal acpeeen a

mouse genori ¢ %ve! : S‘éané o 8 Mters were pre-washed to remove cell debris at 65°C in pre-

- wash buffer (2 x SSC, _0.1%.S_DS- and I mM EDTA), changing solution three times for
 a total of 45 min.. ' The second 'rou'nd_. filter lifts wel;e then prehybridized, and the
. zalphal1 cDNA probe prepared as described above. - | _

.20 '_Ihe_eecond roimgl filters were hybridized as above in Expresshyb™
_ solution_(Clont_ech)'.containing about 10° cpm/ml zalphall ¢cDNA probe containing
about 0.1 mg/ml denatured salmon sperm DNA. Hybridizatien took place overnight at
50°C. Wash conditions described above for the primary screen were repeated for this
secondary screen. .'After an oﬁer_ni_ght exposure at -80°C, two of the 6 original primary
25  plaques isolates were verified as positive in the secondary screen. Positive plaques
~ hybridizing to humé.n zalphall cDNA in the secondary screen were picked with a

. Pasteur pipette and. de51gnated 7ol and 20b1.
_ The isolated plaques No 7bl and 20b1 were eluted in 200 pl SM
. overnight at 4 °C. Serial 10-fold serial dilutions ranging from 10 to 10° of each
30 . isolate were plafed on host E. coli K802 cells to determine the titer. Isolete 20bl had a
titer of 4 x 1¢° pfu/pi_and was further pursued. :. 4 plates were prepared by plating 10°



The nmouse genonic DNA |ibrary used was enbl3 SP6/T7 | anbda BanHl cl oned
library (Contech, Palo Alto, CA)..Thi's library representing 7.2 x 10[err]
pfu was plated onto an E. coli K802 host |awn on 24 NZY pl ates. Pl aque
lifts were 20 WOWBES: oy npd using Hybond-N filters (AnmersharRCIRoNIAI%,
Bucki nghanshire, England, UK) as per manufacturer's instructions. The -
filters were denatured in 1.5 M NaC and 015°M NaCH for 10 min. and then
neutralized in 1.5 MNaCQ anek 0.5 M Tris-HCL (pH 72 ) for 10 min.. The DNA
was affixed to tefiepletel oneeonfltigntchost BETeaATRE02\peliR in)vider ¢ siake k phageTONA pigpne)

at 1200 j oul es. L.t - QT ve cell 25 .debri s at
65[err]Cin pre.-Pngg%%f%‘?n%ﬁsgogia?gé@ﬁr%g%% gﬁ@f)%hﬁge ysmg 2?1§ﬁtgi ng
solution three tconfhwent.oThe phageawasothex Slutddnovefight fait l4P€ris 18ahEopSRNd plate.z ed
ov/e;ﬂnl ght ?t 58[@&;! Ci gbg‘rx ressfg b e% sol ut@eog Oggg;pech) c%%’gyﬂ 0.1
ng enat ure . ;% CriNTe n erntang, man
zal phall cDYA (a9pRibrofGith WadsddRd aid bibelriatand Wad'Hakh L%gxr Bed5s &?ah.rrerﬁé 26sndom

Prime Labeling Séstem 30 (Amersham” Pharnmaci a) as manuf act urers

i nstructions. enBdAp WA preppadausing:the (Wizard Lumbda Praps AINA Porification Systetna 11
CcDNA probe usin f [y 0/ 17235 _
PCT/ US99/ 22149 %{%@gﬁ&n@%&%ﬁ%@ﬂgw MI la, CA). Filters were

hybri di zed in Expresshyb[ Samplesof 20bi phage DA AR put Grith ivérhlgsta&ivalenByrRes O
about 1 x 10[er rL %gﬂrd nbg@g hall DglA robe,  about 0.1 ng/m denatured
sal mon sper m DNAY 8fRfTaiR %’8@“?5‘. of ?"r‘?ﬁ?mwﬁ’@f-T@CISFS&.S"SHS‘?WWPE&tI%H'BFook
place overnigght sghroRDEA M gelivhs Shked R 025 IHE 1ok B0 %fin.sﬁﬁ‘sedqn h%%ﬁ 0;

at roomtenperature for 2 hours (changing wash severa fimes) then e

t enperat ure was spakeddn G-IV A%OH @nd dfeMhDa€! fardnmim grithubriecsolwivnashange and

Over ni ght expos 5% epresentin rimary.

i sol at gs. Topob'l[i{glﬁtrl']ﬁszg%grggg%&g g‘gﬁ%?&%’@#@%ﬁ%@ g’rp a’aﬁ‘eé’aﬂ"gﬁee%‘%m"ng
primary isol at eshawgee Ai runammmﬁum@&maerm&res&ﬁmd SRHRICh&OR! at
4ferr]Cin 1 mcsghlléo;ﬁl 10 MNaCl , 50mM Tris pH 7.5, 10nmM I\}gSQerr],
0.02% gel ati n) pell, Kerne NED SRS AebR oo wansfer &%Pﬁﬁn?nwtl*bm% erabigne
phage titens alfseiloiditr ¥ SohGellSiverMitiC PHDWNA GlasPERAR o'ty BlifiF'a
plug (12.5X coverage}) of 6 primary iSolates was plated on a |awn o col i
K802 cell's embedd@d\ mwwmw, by dollas €A)rat KOO joulzs. Thechlats

and grown over iR ds abscribhAb%e. AbuE st'5E St 18 Bimbl? bafithaly BORA P
‘labeled and purified for a probe, as described above. Filters were hybridized as above

in Expresshyb™ solution (Clontech) containing about 10° cpm/ml zalphall cDNA

20 probe and about 0.1 mg/ml denatured salmon sperm DNA. Hybridization took place

~ overnight at 50°C. The blot was washed as described above and exposed to film

overnight at -80°C. |

The Southern showed a DNA fragment generated from a BamHI/Stul

digest which hybridized to the human zalphal1 cDNA probe in the expected size range

25 of 1.3 to 1.6 kb. This fragment was pursued. Approximately 3 pg of 20b1 lambda

DNA was cut with 20 units of BamHI (Boehringer Mannheim, Indianapolis, IN ) and

20 Units Stul (NEB, Beverly, MA) for 2 hours at 37°C. The digest was run on a 1%

TBE gel and a 1.3 kb doublet and 1.6 kb doublet bands were excised from the gel and

the DNA was extracted from the agarose using the Qiaquick Gel Extraction Kit

30  (Qiagen, Valencia, CA). Due to the low yield of DNA from the prep, it was not

possible to determine by additional restriction digest analysis whether fragments which




15 (Amer sham Pharnmaci a) as per manufacturer's instructions. Filters were
fi xed as per. above. The second round filters were pre-washed to renove cell
debris at 65 err C|n pre- wash buffer (2 x SSC, 0.1% SDS and 1 nM EDTA),

changi ng sol ™iree times for a total of 45 min.. The ¥EEUBW2RMANJ
filter lifts were then prehybri di zed an he zal phall cDNA probe prepared
as descri bed above. ' X8cond round filters were

hybri di zed as bove i,n presshyb[ e h soI utiopn (Contech cont a| ni n about
10[err] cpm m E‘?ﬂd&?ﬁlf%l\lh @5 t PN AR grohe ogre B
sal non sperm Dhlﬁg:néﬂié)rmﬂszﬁﬂt%a&&%sﬁ%aﬁg oPHRY B douBlet ﬁ%ﬂén’i:hﬁSWﬁﬂl .

condi ti ons descri bed above he pri screen were repeated fo

secondary scr eths. 1Afkbe doubletofragment; weree dpass using dbe. ZeB) Bl ECR \Qbomtlg e 6
original prina I re ve fre 0Sl. the
secondary scregryt“%aﬁeélf thll% &?U?gl ﬁ"ﬁ‘ﬁ‘%ﬁ‘?}‘?{& ﬁ’éecsl t&ul?

and 2001 The mf" rea o m““eﬁﬁ“’%m nd SonL '"‘*”et"r"ﬁ“’m“ tﬁéz"”‘“f“'a""""d] Fbém
an e |.sQ aq an were el yted rr

over ni ght - at 4 i‘ i)OWIPB‘F anks the;T-oygrhang; s&ﬁéf"%P’Sdb‘? h@ aP‘r?drE‘nlﬁD[ err]
to 10[err] of tﬁ?@ﬁm@ nsef@datAﬁloﬂféf §o@ﬁéﬁ%$t%3ﬁﬁ%mﬁd tGQi R0 | s to

determ ne the | sol at e: 20b1 had 'a titer of 10[err] pftu/[err]l and
was further pumssithe original fingmenhdybridizing tor thel hognap zalphaly cDb{PepﬂO})e Tha\i%o
9 115

Tul biate on oSEF gk stas frsaed and e PNA;was wasfemed, o she Nverr it A dgofifel 0 112

.. prep. Plates. wscwegr own at- 37[err]C for about 6.5 hours until phage |l ysis

. was starting to get conf The ph was, t hen_el overn| ght at
~4[err]Cin 12 M of SM H&P%Eﬂ :Xfaéprebyl?ﬂ \%P@VP%H’Q&E Goiplution.

tenperature ong fikient ﬁﬁﬁaﬁﬁ%ﬁﬂﬁbﬁ?ﬁw@ﬁdﬂrwﬁﬁ” prod S0t phag e

added and supernat ant was ‘shaken again

pr Spped usi- ng eaiphaily 2BNA humendzalpbe Blofragoent n}tas igériemated fon ugyast 2probe N
Ol oSSR Sido 209 b ) en oINS 8 YroRisA A8 B! B C“ihev“ t

sever al restrlc on erzymes=to rate n
bl otti ng.18he HCgeeacaomoﬁlﬁomvme as fdllowSE 95T for layin.;Bsecygis of IKE fell was

R ang 1S R B LB T 3 5o Bty i s 7EIS B e
-+ 1.5 Nad- and" OThe FCR $rddubt mwuﬂoﬂh 1%row4xﬁe1ﬂwpolm dgBroS¢ @ oesiriges MBnnheim)
and the approxmately 1.5 kb human zalphall cDNA isolated using Qiaquick™ gel
o extraction Kit (Qlagen) as per manufacttner s mstructxons About 50 ng of this isolated
20 . human zalphall cDNA fragment was labeled with P and purified as described above.
Filters were hybndtzed as above in Expresshyb™ soluuon (Clontech) containing about
10° cpm/ml zalphal.l cDNA probe, about 0.1 mg/m! denatured salmon sperm, and
. denatured 0.5 pg/ml.cot-1 DNA. Hybﬁdizaﬁon and utraShing was as described above.
_ ‘The blot was exposed to ﬁlm 1.5 hours at -80°C and the 1.3 kb insert was strongly
25 hybridizing to the human zalphal 1 probe .
Thxs cIone was sequenced and found to contain a mouse zalphall 3
coding exon _w1th a termination codon and upstream intron sequence. Sequencing
. primers used were: ZC3,424 (SEQ ID NO:86), ZC694 (SEQ ID NO:87), ZC24,399
(SEQ IDNO:88), and ZC24,400 (SEQ ID NO:89). '_._The genomic sequence of mouse
30 zalphall including the. 3’ exon is shown in SEQ ID NO:69. The the 3° exon coding



change.. A TURBCBLOTTER[ err] Rapid Downwar d Tr ansf er System (Schl ei cher &
Schuel I, Keene, NH) was set up to.transfer-the DNA onto a Nytran/BA-S

menbr ane 15 Schl ei cher & Schuell) overnight. The DNA was affixed to the
Nyt ran usi ng‘?’a ALI NKER UV crosslinker (Stratagene, La ‘3‘6%’53?’2’6/‘-\3 at
1200 joules. The blot was prehybridized ag,gescribed above. About 50 ng of
t he human zal phall cDNA was | abel ed and purified for a probe, as described

(Gl ont cch)  cont MG e, st Heoipae] oy F pheliaiceriges 3o S SCHe-egnq

about 0.1 nu/ mM ofdad ugwaﬁﬁbmaem oifghri di zation took place
overni ght at 50[erT] The bl ot was washed as descrl bed above and exposed

to fil moverni ght at ~80C. The Southern showed a DNA f ragnent -generat ed
froma BanmHl / St gl oGk gad ' ldigzed to the human zal phall cDNA probe
I n the expected 'Péikg R b -3 to 1.6 kb. This fragnment was
pursued. Approximately 3Aml@wﬁlm-mmmcheMmemNmaﬂommhts of

Bever |y, W) f oo ebnlasich CoeaRe M s gphed U””ZC?‘:%%%E?B@

and a 1.3 kb dopg). B afd ZCha33% LSED 1D N 7BPAASineRs Gub ) the ek and
t he DNA was extractedfromtheaarose usmgthe aU| Gel traction
Kit 30 . (Q agteactioggonditipns weraps f°ﬂ92¥5t 84°Ch mmﬂ%/pmlq; of P410Nar 29 sen..t64eC

prep, it was no ssl b 0, t di\ges
anal ysi s whet he?m"1I‘O"(r6as%&rn‘eJ’nﬁ1 ’71\:}#‘(3{156 WO@%‘YWS@ é}@ie &% hﬁjﬁﬂ; ¢
PCT/ US99/ 22449 iﬂ&nh;ihfdndc zelth, heoniatab skinntsone m:phaﬁlda@phABprbdlswELé cells,
BanHl / Stul or Styl fragnents. Thus unt s using 5 [err]l of
the 1.3 kb doubP%‘{ g&ﬁ@ﬁﬁ%ﬂ&@‘f’@&? 01% %g(i(@%ubl et fragment
wer e done using the Zero Blunt PCR C oning K|t (I nvi trogen, Carlsbad, CA).

The bl unt Ilgatlon yi el ded gositive clones with both of the 5 1.6 kb
fragments and ofe3 kb fragnents. These clones were digested with-

E(r:\gRll ngkI:)ef -rrgg:]rg(rjllt gg:/\:f)e \llgé‘ert‘%& ﬁs;g}eﬁ-, P;g%%‘g‘%ern b%vo# V\t/ggﬂﬁgrftf@%nrrééesto |

det erm ne wbi chZa9g39 KSEQ[]D@IOI%‘) ahdzgm,nm (8BQ IRIND: 1) ahdd CDBG+ beleoted mesphall
N BT obe T Tl 30 e b Sl Bk LSty 4"
- Marathon cDNA Amplification Kit (Clontech) according to the manufacturer's
instructions. The PCR reaction conditions were as follows: 94°C for 1 min.; 5 cycles
of 94°C for 20 sec., and 70°C for 1.5 min.; followed by 25 cycles of 94°C for 20 sec.,
20 64°C for 20 sec., and 70°C for 1.5 min.; followed by one cycle at 72°C for 5 min.. - -

To enrich for mouse zalphall 5° RACE product, a nested 5° RACE
reaction was performed using PCR reaction conditions as described above for the initial
5’RACE, except using nested primers ZC24,431 (SEQ ID NO:75) and ZC9,719 (SEQ
ID NO:76), and one pl of a 1/20 dilution of the initial 5 RACE reaction (above) as a

25 template. The products were purified by gel electrophoresis, the DNA was eluted using
the Qiaex II Agarose Gel Extraction Kit (Qiagen) and subcloned using the TOPd TA
Cloning Kit (Invitrogen). Positive clones were identified by colony PCR using 10 pmol
each of ZC24,431 (SEQ ID NO:75) and ZC24,511 (SEQ ID NO:77). The PCR reaction

conditions were as follows: 94°C, 2 min.; 35 cycles of 94°C for 20 sec., 64°C for 20

30 sec., and 72°C for 30 sec.; followed by one cycle at 72°C for 5 min.. Two subclones

from each of-the nested 5’RACE reactions were sequenced. All the clones contained



The bl ot was prehybridized as above in 10 m of hybridization solution. A
di fferent human zal phall pol ynucl eoti de probe was prepared. Another full

| engt h zal phw(;.?"&g?ﬁ human zal phall fragnment was generated_for use as a
probe by PCR e oligos ZCl9,905 (SEQ ID NO 36) and ZE94&¥9 seQ 1D
NO '27). The 15 PCR reaction COﬂdItlogé were as follows: 95[err]C foor 1
mn.; 35 cycles of 95 err]C for 1 mn., Perr]Cfor 1 mn., and 72[err]C

for 2 mn.; followed,by, one cygcle at 72C f he PCR product was
2 ! SRR Sere Bl whe Sobithe . e e o Seihed
approxi mat el y frof b Wabm&aglcmﬁmnaam 3t egbnlSdqliénck) (SBQI K NI:7() gel

extraction kit. (Qr a%gn) as, per manufacturer's instructions. About 50 ng of

this isol at ed TEgresen pralingingry partial segneace pEthpmouse,zalphall polzancleptide qngy r | P

a0 PUCLT LS, SRSRESEBHANE, ikl Sl b i @onl

zal phall cOHNA ¢PNAds showlin SEQ m@qmndéhadha@dsﬁ@llﬂolios&(}hndhrthﬂdemt ured

0.5 [err]g/m cot-1 atl n an vvash S bove.
The l[ol ot]\?vas e%&?‘é‘ﬂw leog W?'E% gﬁ%f?)mgl sert
was strongly 2%‘5 end) iuatsn@m r.Nmso @’édaytdumpﬁsmbaﬂm&h&s@mphairmnml(wee was

sequenced and und to contain a nouse zal phall 3" coding exon with a

termnation cobRWWanbhe prirespendingAmine, acid sequsnces fosc8EQD NQ:78r andeFEQ dPed

Nou68) | and 27 Abe s PRGNt did sec e (Clshigy

zal phall 1&cl uxdspegtivele 3' exon is shown in SEQ I D NO.69. The the 3'- exon
codi ng WO 00/ 17235
PCT/ US99/ 22149 117 sequence starts at nucl eoti de 543 and ends at nucl eoti de

1262 in SEQ | CDN®RIK%EnghRO qdi ng a 240 ami no acid exon (SEQ ID NGO 70). B. PCR
screen of nouse cDNA pane A panel of avail abI e .i.n-house

i~ and conmerci al. nouse CDWW%@%R‘“@%@%FW UlRy0of the initiatioy VD)
o \IQI%S7Z)Cr Sgngfu brr}g[regg(aabout fgpgfqn%ll W E:ﬁoﬂ'@) 7@&% gﬁﬁ.ﬁgﬁﬁoﬁﬁﬁr e as
. fallows: B erprjnsrs Z2C24,616 (Sﬁ‘@ 1D/NOS2) G\id 4015 (SEQ P msg)e\eere ugdiePERC for
30 s 209, TRk bl e Siigh 8| PUBSRLIRDE of Y5kl slBAES) 1 T,
- type BaF3 cel I_Mus&BNAelibkﬁ'y as a template. PCR rep,cnon_condmons_were_as follows: 94°C, 1
- min,; 30 cycles of 94°C for 20 sec., and 66°C for 2 min.; followed by one cycle at 72°C
. for 5 min.. ‘The PCR products were purified by gél electrophoresis, ahd the cDNA was
20 eluted using the Qiaquick Gel Extraction Kit and subcloned usiﬁg the TA Cloning Kit
(Invitrogen). 2 subclones from each PCR reaction were sequenced. Sequencing
primers used were: ZC694 (SEQ ID NO:87), ZC3,424 (SEQ ID NO:86), ZC24,431
(SEQ ID NO:75), ZC24,511 (SEQ ID NO:77), ZC24,806 (SEQ ID NO:90), and
~ ZC24,807 (SEQ ID NO:91). The sequence of the full length mouse zalphall cDNA is
25 = show in SEQ ID NO:84. The corresponding amino acid sequence is shown in SEQ ID
NO:85.

From the foregoing, it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of illustration,

30 . various modiﬁcaﬁons may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended claims.



and lung showed strong PCR products of the predicted 450 bp size. C 5
nested RACE 5 RACE reactions were perfornmed using 20 prmol each of priners
15 ZC9, 739%8&'1) | D NO 73) and ZC24, 434 (SEQ | D NO 74) and CD90+ sel ected
mouse spl een %{IMB% cCDNA as a tenplate. The marathon cDNARGEASEYRS ed
using a Marathon cDNA Anplification Kit (Clontech) according to the

manuf acturer's instructions. The PCR reattf?on conditions were as fottows:

min: Tollowed by 25 cycl os of aLerr] élggf 20 seal . ’zoanﬂl[lgﬂtly HIEL A
rr

sec., and 70[err]C for 1.5 nin.; followed by one cycle at 7 Chtors5*
mn.. To enrich for-nouse zal phall 5° RACE product, a nested 5 RACE
reaction vvasg&er.fgérneg.qsi ng PCR reaction conditions as descri bed above for
the initial YOEAFEAMERIXLt Using nested primers ZC24, 431 (SEQ ID NO 75) and
ZC9, 719 (SEQ I D NO 76)1, an@nOiGlated pdlymifeotidel 1A elicoddsi @nzalfhal hepdlypeptidtl 5’
RACE reaction (above) as a 25 | tenplate. The products were purified b

gel el ect r optrstrsising a seguency\pf ampino agid fesiduessthatds eﬁleas@%xdqnpcﬂg%%wx

Extraction Kj ?éié?:@d’tf&ﬁﬁj i Qﬁ%ﬁH LRg the TOPO TA Coning Kit

(I'nvi trogen;geh\!égs% Ive C ongg%k’g I engll)?i ed by colony PCR using 10 pnol
each of ZC24, 431 ( SEQ(#)D th aniinp amitdsef@éhée ad ShvBER SEQND R{)2 fidtmeariDR acid
reaction conditio as. foll ows, r1C, 2 min.; 35 cycles of
94[err]C forn“i‘ﬁbeggi.(&'esﬁ?mnf’éc‘flmg%é%%ls;’sec. , and 72[err]C for 30 sec.;
foll owed by one cycle @ thehmiro]deid Squéncdiad shown'ih SEQCIDPNEE2 FofurBime Mackf

t he nested 5 RACE reactions_were sequenced. Al the clones contained WO
00/ 17235 number 20 (Cys), to amino acid number 255 (Leu); PCT/ US99/ 22149

118 sone zal phall seq CRIRNIO: e Cesas :
generated fromthe ing@“@ﬁ%%%%ﬁ%g@gﬁﬁt g ' exoﬁfg‘gglu%#@g% Q
| D NO 70) r epumtee 256 (gys) toparaino acid awmbar 588 (Sxk); sequence of the nouse zal phall
pol ynucl eoti de and corespondi ng | ypeptide, The | j 4 na sequence, of
the partial mouse zal g amind st peapeice s shown @-SER\NOH, fom: aise aid)
SEQ | D NO 80mintoe2 D0 {Cys), 6 bindasidaRmbers38§s@) ¥nd 30 nucl eoti des of yet
unknown sequence- between SEQ | D NO 78 (5'end) and SEQ I D NO 80 (3'end)  to
conprise the entire nd®ksdhe amingzackd segrgnce a8 shoyen i SE NQs? foapamimoragid
am no acid Sﬁﬂ*ﬁmm"g%ﬁgﬁﬂgﬁkﬁ N%J(? g@gjﬂ EQ ID NGO 80 are shown in SEQ ID

SEQ | 1N& 8—ter ' o

NO 79 (N-term nus) an 1 nus) _
wherein the amino acid percent identity is determined using a FASTA

program with ktup=1, gap opening penalty=10, gap extension penalty=1, and substitution
matrix=BLOSUMS62, with other parameters set as default.

2. An isolated polynucleotide comprising a sequence of polynucleotides that
is selected from the group consisting of:

(a) a polynucleotide sequence as shown in SEQ ID NO:4 from nucleotide 1 to
nucleotide 1614;

(b) a polynucleotide sequence as shown in SEQ ID NO:1 from nucleotide 126
to nucleotide 779;
| (c) a polynucleotide sequence as shown in SEQ ID NO:1 from nucleotide 126
to nucleotide 833;

(d) a polynucleotide sequence as shown in SEQ ID NO:1 from nucleotide 834
to nucleotide 1682;



10 respectively. D. Full Lengih PCR Primers were designed fromthe nouse
upstream UTR of the initi illm’u " ”mlc,ﬁmst ream of the term nation codon
for full Ieng&(@g% 20 p prinmers ZC24, 6161(SEQIDNO82)
and ZC24,615 6 NG 83) were used 'n PCR reactions usih Metde
dendritic cell marathon cDNA or a neonatal nouse skin in- house CDNA

Iibrary as a tenplate. PCR reaction conditions were as follows: 94[err]C, |
mn.; 30 cycles of 94[err]C for 20 sec., and 66[err]C for 2 mn.; followed

by one cycle at 72[e(éjiﬁolirﬂicle‘éuﬂﬂsbguenIh&eﬁiansﬂQQDNmffﬁmi&hwliﬁy gel
el ectrophoresis, and the cDNA was - _eluted using the Q aquick Gel
Extracti ontfr@‘tceaﬁﬂﬂwgc?@ned using the TA Coning Kit (lnvitrogen). 2

wore: peaos (S0 | b EEbAREbAl MEkfaf HAACR SOTOANOAHG it Softo
NO. 75) , - ZCaucledile 16820 | D NO 77), zC24, 806 (SEQ ID NO 90), and ZC24, 807 (SEQ

| D NO. 91). The sequence of the full |ength nouse zal phall cDNA is 25
show in SEQ I D NO 84. The correspondi ng am no acid sequence is shown in SEQ

ID NG 85. Fromthe f3regoinigelated polyhicldaidedpordibigas eldint avherdth the hau
specific enbodi nents of the invention have been described herein

pur poses oPolyPeRtide cemprisgs a sequence of aming asid residues seleqted o W@@WM& hout
deviating fgomthe spirit and scope of the invention. Accordll ngly, the
invention is not limted except as by the appended cl ai ns. WO 00/ 17235
PCT/ US99/ 22149 119 GRAIth& atinut adid sajuencesd shewn in SEQ VA1 NOs2 ffratreaimino acid

pol ynucl eot i d codes a. 7 ypeptide conprising a sequence of
amino aci d” }“85?'3‘52@5#8?“?@"3{ '1"8@5{ lsb’dentical to an amino acid
sequence. sel ect ed f r@m {hbanGicoadid sasncstdsHowi in SER ID'NO oM asind s@quence
as. shown in SEQID NO 2 from am ng acid number 20 (Cys), to anmino acid

nunber 237“(‘!!"%")20 (€p: to pringackumber23dbtnce as shown in SEQ ID NO 2 from
- amno acid number 2Qcf %é)am]ﬂooa&@s&ﬁe&%'ﬂ RO 6 Sﬁéf’lﬁm from amino acid

number 256 (Lys), to amino acid number 538 (Ser);
(d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
- number 20 (Cys), to amino acid mumber 538 (Ser); ‘and '
(e) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 1 (Met) to amino acid nut_n_ber-538 (Ser). '

4. Anisolated polynucleotide according to claim 3, wherein the zalphal1
polypeptide consists of a sequence of amino acid residues sc_lected from the group consisting
of: _

(@) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 237 (His);

(b) . the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 255 (Leu);

(c) the amino acid sequence as shown in SEQ ID NO:2 ﬁ-om amino acid
number 256 (Lys), to amino acid number 538 (Ser);

-+ (d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid

number 20 (Cys), to amino acid number 538 (Ser); and



(c) the.am no acid sequence as shown fromam no acid nunber
256 (Lys), to amno acid nunber m no aci d sequence as
shown in SEQ from am no aC| , to am umber
538 (Ser); ﬁ&ﬁ%‘ﬁe am no ‘acid sequence as shown in SEQ I%Q%%S%rb

amno acid nunber 1 (Met) to am no acid Rypber 538 (Ser), wherein the am no
acid percent identity is determ ned using a FASTA programw th ktup=1, gap
openi ng penal ty=10, gap extension penalty=1, and substitution

mat ri x=BLOSUMB2, Wi t h(c)t hity amiib adeiE ﬁerqﬁemetasahowieiraSEQ ID NO2 fiom ahind acid

pol ynucl eoti de co a sequen % o] ynucl eotides that is selected
fromthe gr upRRes f‘(h 'HPac‘g | eoti de sequence as shown in SEQ
I D NGO 4 from nucl eotl de 1to nucI eot i de 1614; (b) a polynucl eoti de sequence
as shown in SEQID NO_ 1 from nucleotlde 126 to nucleotide 779; Wgc) a

pol ynucl eoti de sequende asAshdselatedn pelyauslestile) according rte celaior i He

nucl eoti de 8 ce as shown in SEQIDNQlfrom
nucl eoti de 8@%’?’&9 &%ﬁggy%ﬁ‘\e% 17235
PCT/ US99/ 22149 120 (e) a pol ynucl eot i de sequence as shown in SEQ ID NGO 1

from nucl eotide 126 tqg nucleot,i f) a Iynucl eotjde se uence
as shown in SEQ I D NOSL fré® A% gﬁ‘%ﬂ) f}'e“% iR eclaigy 2f ercih

i sol at ed .pol y& W@ﬁﬁga@gﬁ%@sgwﬂm&mmerel n the zal phall

pol ypepti de corprises a sequence of amno acid residues selected fromthe
group consisting of: (a) the am no acid sequence as shown in SEQ ID NG 2

fromam no acid nunber, 20 237 H s) t
am no acid sequence ad" shoﬁ%gﬁ%lg%‘éﬂ%w%ﬁom% ]f‘%“ 6 wheddin 'S

transmembrane domain consists of residues 238 (Leu) to 255 (Leu) of SEQID NO:2..

8. An isolated polynucleotide according to claim 1 wherein the
polypeptide further comprises an intracellular domain.

9. An isolated polynucleotide according to claim 8, wherein the
intracellular domain consists of residues 256 (Lys) to 538 (Ser) of SEQ ID NO:2.

10.  An isolated polynucleotide according to claim 9 wherein the
intracellular domain further comprises Box I and Box II sites.

11.  An isolated polynucleotide according to claim 1 wherein the
- polypeptide further comprises an affinity tag.

12 An expression vector comprising the following operably linked
clements:

a transcription promoter;

a DNA segment encoding a zalphall polypeptide having an amino acid
sequence as shown in SEQ ID NO:2 from amino acid number 20 (Cys), to amino acid
number 538 (Ser); and



nunber. 20 (Cys), to am no aci (Leu); (c) the amno acid
sequence as shown |n S ﬂ”ﬂﬂ@ﬂﬂ? no acid number 256 (Lys), to amno
aci d nunber @%%n)& d sequence as shown in SEQ | D NO 2
from am no a er 20 (Q/s) to amino acid nunber 538 RENFNAM (e)

t he am no acid sequence as shown in SE ,LD NO 2 fromam no acid nunber 1
(Met) to amno acid nunber 538 (Ser). 4. An isol ated pol ynucl eoti de
according to claim 3, wherein the zal phall pol ypepti de consists of a
sequence of am no ac tthnbdption'REmmebgCt ed from the group consisting of: (a)
the anino acid sequence as shown in SEQ ID NO 2 from am no acid nunber 20
(Cys), to ami no aci dvhetaid Momsﬁh)lw%wmﬁﬁmmwﬂé shown

in SEQ ID %&EB@@QR@@%%% én&hqeﬁma, to ami no acid nunmber 255

(Leu); (c) sequence a own in SEQID NG 2 fromam no acid
nunber 256 (Lys), to amino acid number 538 (Ser); (d) the am no acid

sequence as shown | SE D N02 fromam n acid .nu to _am no
aci d number 538 (Se gﬂ'd %ﬁn N8 %{wge&'ﬂ‘g’ﬁé%’g@%

SEQ I D NO Zeci'ét&?kigﬁil@éqtﬁﬁéefb ausbmédthDNA@e@ﬁanﬂo aci d nunber 538 (Ser)
5. An isol ated pol yhucl eotide according to cI aim 1, wherein the

pol ypeptide further conprises a WABWSX domai n.- 6. An isol ated

- pol ynucl eoti de accorgi ng o ﬁ}eﬁlcgﬁﬁpﬂmgaﬁ' ﬁ:&?on%l:% dﬁgotllémﬁ

conprises a transrrerrbr ane omal n Iat ed po ynuc

accor di ng wheminghewellGxprekses & polypdptidd ermodedibyithedM¥Adegment consi sts of
- residues 238 (Leu) to 255 (Leu) of SEQID NO 2. 8. An isol ated
pol ynucl eotide according to claim 1 wherein the pol ypeptide further

. conprises an int racqlsl ul arnditpﬁﬁdldhv&torcompﬁm'gsm at.ed pol ynucl eoti de
according to claim 8, wherein the intracellular domain consists of

resi dues 256 (Lys) tadraysmgipioppromeferiSEQ | D NO 2.
- a DNA segment encoding a zalphall polypeptide having an amino acid
sequence as shown in SEQ ID NO:2 from amino acld number 20 (Cys), to amino acid
‘number 237 (His); and ' '
atranscnphon terminator,
. wherein the promoter DNA segment and terminator are operably hnked

+.16. An expression vector according to claim 15, further comprising a
* secretory signal sequence operably linked to the DNA segment.

- 17.  An expression vector according to claim 15, wherein the polypeptide
further comprises a transmembrane domain operably linked to the DNA segment.

. 18. An expression vector according to claim 17, wherein the
transmembrane domain comprises residues 238(Leu) to 255 (Leu) of SEQ ID NO:2. .

_ 19.  An expression vector according to-claim. 15 wherein the polypeptide
_further comprises an intracellular domain operably linked to the DNA segment.



10. An.isol ated pol ynucl eoti de 9 wherein the

intracel |l ul ar domain further nammﬁ"manlﬂlmrualgox Il sites. 11. An

i sol ated polYy, | de accordl ng tocl & mt 1swherein the po

further corrprﬁ’?e“gﬁ affinity tag. 12. An expression vect Sd)g'ﬁ’ﬁ‘ﬁﬂ"gl ng
the follow ng operably |inked el ements: % transcrl ption pronoter;

segnent encodi ng a zal phall pol ypepti de Aavi ng an:amm no acid sequence as
shown in SEQ ID NG 2 fromam no acid nunber 20 (Cys), to ami no acid nunber

538 (Ser); and WO290/ 1 At3gxpression vector according to claim 19 wherein the intracellular
PCT/ US99/ 22149 122 a transcrl tion termnator, wherein the pronoter 1s

oper abl y | i fovasin consisisof pegidus Yﬂ%ﬁﬁi‘@ﬁé@)ﬁﬂ)é@@?‘%ﬁ{ i s operably I|inked
to the transcription termnator. 13. An expression vector according to
claim 12, further conprising a secretory signal sequence operably |inked
to the DNA segnent. DA. Mcﬂ&d&neﬂdnmabhchhmbémiingom&ﬁpathmﬂ Ve€tot Or
according to claiml1l erein the eII ex SSEes a ept| e encoded by
t he DNA segffé’ﬂ’i"mgltg cfeim KS Hﬁ s‘g‘? Blﬂﬁlﬁr??eﬁ g&mﬁq‘ﬁh
pronoter; athBNA spRAt, encod| ng a zal phall pol ypeptlde haV| ng an am no

acid sequence as shown in SEQ ID NO 2 fromam no acid nunber 20 (Cys), to
am no aci d nunber 237 (Hi s); and a transcription term nator, wherein the

promoter, DNA segnenty, ﬂa; r i nked. cé)g

expression vector accord| ngEe[‘i];)mg %to%y?mfur‘t g‘%}"c@ﬁ%ﬁgﬁﬂ %deﬁgg?oé’[?ﬂ'y
si gnal sequexvgenously sapplied hemitepbidtio grdveth Bdéor fargpraliferatin . An expressi on
vector according to claim15, wherein the pol ypeptide further conprises a

transmenbrane domain operably linked to the DNA segnent. 18. An
expressi on vector acgar di AIDNAO corfatradt encdding ' FEdr prdtdlf, the DNA construct
comprising:

a first DNA segment éncoding a polypeptide having a sequence of amino acid
residues selected from the group consisting of:

(a)  the amino acid sequence of SEQ ID NO:2 from amino acid number 1.
(Met), to amino acid number 19 (Gly);

(b)  the amino acid sequence of SEQ ID NO:2 from amino acid number 20
(Cys) to amino acid number 237 (His);

(¢)  the amino acid sequence of SEQ ID NO:2 from amino acid number 20
(Cys) to amino acid number 255 (Leu);

(d  the amino acid sequence of SEQ ID NO:2 from amino acid number
238 (Leu) to amino acid number 255 (Leu); .

(¢)  the amino acid sequence of SEQ ID NO:2 from amino acid number
238 (Leu) to amino acid number 538 (Ser);

()  the amino acid sequence of SEQ ID NO:2 from amino acid number
256 (Lys) to amino acid number 538 (Ser); and '

(g the amino acid sequence of SEQ ID NO:2 from amino acid number 20
(Cys), to amino acid number 538 (Ser); and

at least one other DNA segment encoding an additional polypeptide, -

wherein the first and other DNA segments are connected in-frame; and



t ransnenbr ane domai n conpri ses residues 238(Leu) to 255 (Leu) of SEQ ID

NG 2. 19. An expressi on vj Mﬂj'm claim15 wherein the -

pol ypepti de”fguﬂtrow%:rss conpri s ” o8 "!'Im"gr domai n oper abl A | i nggred to

t he DNA segnBht" WO 00/ 17235 123 20. Anh expression v Y ding to
claim19 wherein the intracellul ar domgi, consists of residues 256 (Lys) to

538 (Ser) of SEQ ID NGO 2. 21. A cult d cell into which has been
i ntroduced an expression vector according to claim15, wherein the cell

expresses a sol ubl e LREGRURIARGHY BERDRA sBifaEAhcoie thési ment. 22.
A cell according to claim?21l, wherein the cell is dependent upon an

exogenously supplied henat opoietic growh factor for proliferation. 23. A

{irst DN segrent eriba: gt Sporigotrd RN GOREHE, GRAElY Toka 3

resi dues selepehtsd from the group consisting of: (a) the am no acid
sequence of SEQ ID NO 2 from am no acid nunber 1 (Met), to amno acid
number 19 (Gvy); (b)aUanseRPUIRPIINGEL;  sequence of SEQ I'D NO 2 from anino

aci d number 20 (Cys), hRAAShRFcAGIcOiRE I RRIon profeih bEcdiding 16 klaim 2BanaM no aci d
sequence of SEQ ID N%IZ fromamno acid r?ﬂ%ber 20 (Cys) to amno acid
nunber 255 (Leu); (B transeripdioptdmminatesi d sequence of SEQ ID NO 2 from ami no

aci d nunber 238 (Leu),t ] ' s ; t ' acid
sequence of SEQ I(D -@5&3@%@%%@?@%&%@%@5m%&@s%a’a%am%d
nunber 538 costiugt is operably liked sothe aamsctigtioneermbmator. of SEQ | D NO 2 from ami no

acid nunber 256 (Lys) to am no acid nunber 538 (Ser); and (Q) the am no
acid sequence of SEQ1D NO 2 from am no acid nunber 20 (Cys), to am no acid

nunber 538 (Ser); angh.al A GafkedR oapling D espRENBIeckt a0t risdsgi | onal
ol ypepti de, '
PoTyRER wherein the cell expresses a polypeptide encoded by the DNA construct.

26. A method of producing a fusion protein comprising:
- culturing a cell according to claim 25; and
isolating the polypeptide produced by the cell.

27.  Anisolated polypeptide comprising a sequence of amino acid residues
. that is at least 90% identical to an amino.acid sequence selected from the group consisting of:

(a) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 237 (His);

(b) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 255 (Leu); . .

(c) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 256 (Lys), to amino acid number 538 (Ser);

(d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 538 (Ser); and

(¢) the amino acid sequence as shown in -SEQ ID NO:2 from amino acid

number 1 (Met) to amino acid number 538 (Ser),



wherein the first and other DNA se onnected in-franme; and WO
00/ 17235 - mg IU’E]U Um PCT/ US99/ 22149 124
wherein the f‘l'vrst and ot her DNA segfre fusi on rotei n. 24.

An expressi on P conprising the follow ng oper ably |inkBVUFERMPs: a
transcription pronoter; a DNA construct %I%COdI ng a fusion protein according
to claim23; and a transcription term narsr, wherein the pronoter is
operably linked to the DNA construct, and the DNA construct is operably

inked to the transcryhdifNht Umhea:r perdddt idenfity H dfeRMins® king CAFASEAY an
expression vector according to claim 24, wherein the cell expresses a

pol ypept i demmwﬂldstﬂﬁe gamopenings penalty=100 gap extgnsion: pepaltysl, pachsubstitejon,
S0l at no.« REREPTRISUMES wi b bl a8l st a0} 01 10 L0 S e

pol ypepti de conpri sing a sequence of amno acid residues that is at |east
of - (3 the-ani no- aci B Sodiior IRy HONHI, Sersing ey AR i aRPRGTRCPE |
nunber 20 (GY l?be ﬁ@ﬁ@%‘i&és ﬁ%é’%eﬁﬁé@%nmxdﬂéh&ﬂes sélgéted h6mame feup ebrsisting

sequence as shown i 2 fromamno acid nunber 20 ( s , to am no
aci d -number 55 (Leu): (c) the amno acid sequence as shown in SEQ ID NO 2

i o aci d sequence. A ohe kbl RS 5, IRERPID N2 o B it "
(Qys), to amhmberé@i(dys);mhaﬁnwﬂh(nﬁﬂﬁjz37a(mk)( e) the am no acid sequence as
Shown . SEQ 1D NO'2 5 o AL, 881 CllS! b 5 Sl o WO A s et 20"
number 20 (Cys), to amino acid number 255 (Leu);
(c) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 256 (Lys), to amino acid number 538 (Ser);
(d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 538 (Ser); and
(e) the amino acid sequence as shown in SEQ ID NO:2 from amino acid

number 1 (Met) to amino acid number 538 (Ser).

'29.  Anisolated polypeptide according to claim 27, wherein the sequence
of amino acid residues consists of a sequence of amino acid residues selected from the group
consisting of:

(a) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 237 (His);

(b) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 255 (Leu);

(c) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 256 (Lys), to amino acid number 538 (Ser);

(d) the amino acid sequence as shown in SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 538 (Ser); and - ' '



wherei 1 the ani no aci d perc 4!||||Hg|§t||||u|||| Il ex ri ne Siﬁﬁgziléis%i%mgram

wi th ktup=1, ‘%‘AF eni ng penatt gapsext ensi on penalty=l, an
substitution Y3785 oSuMB2, vvlth other paraneters set as PGEUAW2214923,

An isol ated pol ypeptide according to clg éen 27, wherein the pol ypeptide
conprises a sequence of amino acid residues sel ected fromthe group
consisting of: (a) the am no acid sequence as shown in SEQ ID NO 2 from

am no aci d nunmber 20 ()Case) amind a%iﬂ'é%@u@@éds owRein SEJ 1DMNOR frék)antieagdi NO
aci d sequence as shown in SEQ ID N& 2 fromam no acid nunber 20 (CQys), to
ami no aci d whse] (deflto ameing acid aymbars38(heddo aci d sequence as shown .in SEQ I D
NO 2 from am no acid nunber 256 (Lys), to ami no acid nunber 538 (Ser); (d)
the am no acid sequence as shown in SEQID NO2 fromanno acid nunmber 20
(Cys), to am no aci d30.umneusol§tﬂd3p()5pepﬁdeamdrcﬁx@totdlmmam wherein the pelypeptide as
shown in S DNQY2 f no,.aci-d number 1 (Met) to amino acid nunber
538 (Ser). her coptgins a nb‘mf'ypeptl de according to claim27, wherein the
sequence of. am no acid residues consists of a sequence of amino acid

resi dues sel ected fromthe: group consi sting of: (a) the am no acid sequence

as shown in SEQ I D N3L-2 fAnmiselatedo pebipeptidaneserding (tey slaimt &7.avvhatsim cthel
nunber 237 as_shovvn in SEQID NO 2 from
am no acid mdeéﬁ&?e&%ﬁ%ggg%%%gﬁnu er 255 (Leu); (c) the am no

acid sequence as shown in SEQ ID NO 2 from ami no- aci-d nunber 256 (Lys), to

am no aci d nunber (Se he am 0 aC| d se uen a wn,in SEQ | D
NO 2 from am no aci dg?runb‘ég‘ 2%9 ﬁﬂ% §13 q’f@ the ond

‘WD 00/ 17235ransmembrane domain consxsts ofreSIdues 238(Leu) to 255 (Leu) of SEQ IPN®! 4S9 9/ 22149

126

33. An isolated pb!y_pepﬁd_e according to cl?im 27 wherein the polypeptide
 further comprises an intracellular domain. - : .-

_ 34. An isolated -polypeptide: according. to claim 33, wherein the
intracellular domain coxhp:ises residues 256 (Lys) to 538 (Ser) of SEQ ID NO:2.

_ 3s. An isolated polypeptide according to claim 34 wherein the intracellular
domain further comprises Box I and Box I sites.

36. - A method of producing a zalphal 1 polypeptide comprising:
culturing a cell according to claim 15;and
. isolating the zalphall polypeptide produced by the cell.

37.  An isolated polypeptide comprising an amino acid sequence selected
from the group consnstmg of | _
(a) the amino acid sequence as shown in. SEQ ID NO:2 from amino acid
number 20 (Cys), to amino acid number 237 (His); and - '



(e) the amno acid sequence as shown romam no acid nunber
1 (Met) to amino acid nunber 538 (S mllﬁmmmmﬂmed pol ypepti de
according to &) M wherei n the pot ypeptt sir r contains a WSXW5
motif. 31. n 1sorated polypeptide according to claim 27PCHYEP2H he
pol ypeptide further conprises a transne ne domai n. 32. An i sol at ed-
pol ypeptide according to claim 31, wherein the transnmenbrane domain

consists of residues 238(Leu). to 255 (Leu) of SEQ'ID NO 2. 33. An

i sol ated pol ypepti de wheeinditke ﬁo@pei»tﬁlerw?sunéta{ﬂausa o6 0 aRSRmbIShe’ Unliher
conprises an intracellular donmin An isol ated pol ypeptide according

to claim 330 afdqmaing of F‘?WWQ‘PR?MN@E@W esi dues 256 (Lys)
to 538 (Ser) of SEQID NG 2. 35.  An isolated pol ypeptide according to
claim 34 wherein the intracellular domain further conprises Box | and Box

Il sites. 36. A met3bhd o pplypeptide angomding:tb plaind 37 fivthypeniprising an affinitg tagy:
culturing a cell according to claim15; and isolating the zal phall
pol ypepti de produced by the cell. 37. An i sol ated pol ypeptide conprising

an am no acid sequencsg.sel & eiettidd of prattiding Lizalphal £ L\ nkising2) the am no
aci d sequence as shown in SEQ D NQ 2 from%rzn noﬁggﬂl’t@ nunbméi\;rrl 20 (Cys), to

am no acid nunber 237°Yiag a cellaecordingty
PCT/ US99/ 22149 127 whgpgii &Q%ﬁ%hﬁgaﬁéépﬂﬁﬁ"gdﬂ By et | v free of

transmenbrane and i ntracel ul ar nari associated with
hemat opoi etic receptors. A pol ypepti de accord| ng to claim37 further

conprising an affinity,t A net hod ﬁ% al.phall

pol Iyptept i dtehconplrl ﬁl Qf% %&%ﬁ:ﬁﬁmﬁ d’illna&gpm ébaU]EBd E’P&Z@e iﬁmf%li’f&mg'
i sol ati ng e zal phalihoQtatingcHnt anéhal i dé B8e@&l from

producing an_antibody to zal phall pol ypegﬂ de conprising: inoculating

ani mal with o pol ypepti de selected fromthe group consisting

(@ a polypeptide consisting of 9 to 519 amino acids, wherein the
polypeptide consists of a contiguous sequence of amino acids in SEQ ID NO:2 from amino
acid number 20 (Cys), to amino acid number 538 (Ser); o

(b)  a polypeptide consisting of the amino acid sequence of SEQ ID NO:2
from amino acid number 20 (Cys), to amino acid number 237 (His); L

(¢)  a polypeptide consisting of the amino acid sequence of SEQ ID NO:2
from amino acid number 101 (Leu) to amino acid number 122 (Gly);

' (@  apolypeptide consisting of the amino acid sequence of SEQ ID NO:2

from amino acid number 141 (Asn) to amino acid number 174 (Ala);

(e) a polypeptide consisting of the amino acid sequence of SEQ ID NO:2
from amino acid number 193 (Cys) to amino acid number 261 (V. al);

® a polypeptide consisting of the amino acid sequence of SEQ 1D NO:2
from amino acid number 51 (Trp) to amino acid n;meer 61 (Glu);

(2)  apolypeptide consisting of the amino acid sequence of SEQ ID NO:2
from amino acid 136 (fle) to amino acid number 143 (Glu);

(h)  a polypeptide consisting of the amino acid sequence of SEQ ID NO:2
from amino acid 187 (Pro) to amino acid number 195 (Ser);



of: (a)  a polypeptide consi ﬂwmuﬂnm W E amno acids, wherei n the
pol ypepti de consists of a con u l f amno acids in SEQ 1D NO 2
fromam no acid nunber 20 (Cys), fo amto sacixd nunber 538 (Ser); (b) a

pol ypept i de %gof’gqung of the ami no acid sequence of SEQ I BCRGSY/2RMBm ani no
acid nunber 20 (Cys), to am no acid nun? é 237 (His); (c) a pol ypepti de

consisting of the am no acid sequence o EQ ID NG 2 fromam no aci d nunber
101 (Leu) to amno acid nunber 122 (dy); (d) a pol ypepti de consi sting of

the anino acid sequegse of &W&wasauﬁwmma o8l sEyidHeH T SERHD (W9g) L0
am no aci d nunber (AI ay a polypeptide consisting of the am no
aci d sequen%@nmmdlm 3i(P: eaaémmma%(ﬁlman Qys) to am no acid

nunber 261 (Val); t uence
of SEQ ID NO 2 from Qﬂ no® g&pw%n%er s@’%n‘?'l‘ﬁ 8%%1%5@%egm
(A u; (9 ﬁ'omaqnnioppﬂpmnﬂerimr(ﬁhgtomnohcldhmmtsdb(msp),dndsequence of SEQ I D
NG 2 fromam no acid 136, ( m no aci.d nunber 14,3 h
" pol ypeptide consisti ¥ ergin F\B g e elicity aa immung. H“%@é%ﬁ’%am no
aci d 187 ( Rh@intihedy@ahd0 acid nunber 195 (Ser) V\D 00/ 17235
PCT/ US99/ 22149 128 (i) a pol ypeptide consisting of the amno acid
sequence of SEQ | D NGolting theantthody fromithe animdler 223 (Phe) to anino acid
nunber 232 (A u); and (j) = a polypeptide consisting of the amno acid
sequence of SEQ ID NO 2 from arino acid nunber 360 (G u) to amino acid
nunber 368 (Asp); andl.wheAriantitiode ppaluggdelpt thel enetodaiftctaira 0] which @pecifikativnse i n
t he ani nmal to pro%hc’l?aa he ant.l body and isolating the antibody fromthe
animal . 41.B mdeced by the net hod of claim 40, which
-specifically binds to a zaI phall pol ypepti de. . The anti body of claim

41, wherein the antibody is a nonocl onal antlbody
42. ° The antibody of claim 41, wherein the antibody is a monoclonal

antibody.
43. . An antibody which specifically binds to a polypeptide of claim 27.

44, A method of detecting, in a test sample, the presence of a modulator of
zalphall protein activity, comprising: .
culturing a cell into which has been introduced an expression vector according
to claim 15, wherein the cell expresses the zalphall protein encoded by the DNA segment in
the presence and absence of a test sample; and _
_ - comparing levels of activity of zalphall in the presence and absence of a test
sample, by a biological or biochemical assay; and - - '
: determlmng from the comparison, the presence of modulator of zalphall
activity in the test sample. - '

45. A method for detécﬁng a zalphal1 receptor ligand within a test sample,
comprising:



43. An anti body which speC| fical | ypeptide of claim27. :
44. A nethod of detecting, in at }lll!ﬂ @Ei " ||i|lH>[mr esence of a nodul ator of
zal phall protein activity, ;corrprl uridig «a cell into which has be

i ntroduced agof%k sion vector according to claim 15, wherp,‘l:.,:)H I
expresses thg’ zal %ﬁgll protein encoded by the DNA segnent in t §egglg%lgger_\ce
and absence of a test sanple; and conpariz®g | evels of activity of zal phall
in the presence and absence of a test sanple, by a biological or

bi ochem cal assay; and determining fromthe conparjson, the presence of
nodul at or of zal phaltontagting; & testnsample (vith asawﬁp@nd%:ompnmnaemnommd

detecting a.zal 03l 1hE6E RS0 hI02 Bbhhiding ok R hurBP20°(CyRR TR 'quithd' Bid,

WD 00/ 1723
129 cont actamsben232@is}sampl e with a pol ypeptide conprising an amno acid

sequence as shown in no 20 to am no
aci d nunber 237 (His)® te%‘ﬂf g‘?‘é‘é‘tﬂﬂﬁg{ﬂﬂ ’Wﬁﬁ% gﬁ%%ﬁ‘é’%ptl de to a
ligand in the sanple. 46. A net hod according to claim45 wherein the

pol ypeptide further conprises transrrerrbr ane_and intracel | ul ar domains. 47.

A net hod accor di ng t #6¢| aiAmmapthaghagcerding e claimy4 wherrin jthe pelypentide fyeberd
within a culg aj[ Eggi ! Pﬁ Qs%iﬂ ep conprises neasuring a '
bi ol ogi cal response | nelfn cu &H. : A met hod according to claim”
47 wherein the biol ogical response is cel | proliferation or activation of
transcription of are ort r accordi.n cl ai 45
wher ei n the pol ypepti é%ﬁm"m% ‘ﬂ%ﬁ?ﬁe’?ﬂﬁgﬂ@%& 1S membrane

bound within a cultured cell, and the dctectmg step comprises measurmg a biological

: response mthe cultured cell.

48. A method according to claim 47 wherein the biological response is cell
proliferation or activation of transcription of a reporter gene. '

49. A method accordmg to clarm 45 wherein the polypeptide is
immobilized on a solid support.



