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SEQUENCE LLS’I%NG
(which forms part of the description)

SEQ ID NO: 1
MNuclentids sequence coding for PFI-013

ATGCCAGATACTARTAGCACRRTCART TTATCACTARGCACTCETGTTACTTTAGCA
TTITTTATGTCCTIAGTAGCT I TTGCTATAATGCTAGGARRTGCTTTGGTCATTTTA
GUITTTICTGGTGGACAARAACCTIAGACATCGARGTAGT PATTTTTTTC T TAACT TS
CCCATCTCTGACTTCT TTGTGGGTGTGATCTCCATTCCTTTGTACATCCOTCACATE
CTETTCGARTGEGATTT TGGRAARGGRAN I CTGTCTATTTTGGCTCACTACTGACTAT
CTGTTATETRCAGCATCTGTATATAACATTGTCCTCATCRAGCTAT GATCGATACCTG
TCAGTCTCARATGCTGTGTCTTATAGAACTCARCATACTGEEGTCTTGARGATTGTT
ACTCTGATGATGECCGTTTEGETGCTGGCCT TCTTAGTGARTEGECCAATGATTCTA

GTTTCAGRGT LT TG CARAGGATCAAGETAGT GARTETGARCCTGGATTTTTTTC S GAA

TGGTACATCCTTGCCATCACATCATTCTTGGRATTCGTGATCCCAGTCATCTTAGTC
GCTTATTTCAACATGAATRTTTATTGGRGCCTGTGGAAGCETGATCATCTQHGTAGG
TGCCAARGCCATCCTGGACTGACTGCTGTCTCTTCCAACATCTGTGGACACTCATTC
AGAGGTAGACTATCITCAAGGAGATCICTTTCTGCATCEACAGAAGTTCCTSCATES
TITCATTCAGAGAGACAGAGGAGARAGAGTACGTCT S ATGTY TTCCT CAAGARC CAAG
ATGARTAGCAATACAATTGCTTCCARRATGGGTTCCTTCTCCCARTCAGATTC TG TA
GCTCTTCACCAAAGGGAACATGTTGRACTGCTTAGAGCCAGGAGATTAGCCAAGTCA
CTGEGCCATTCICTTAGGEGTI I TTGCTGT T TGUTGGGCTCCATATTCTC TG TTCACA
ATTGTCCTTTCAT T TTATTCCTCAGCARCAGETCCTARRTCAGTT TG TATAGRATT
GCATTTTGGbTTCAGTGGTTCAATTCbTTTGTCAATCCfCTTTTGTATCCATTGTGT
CACARGCGCTTTCARARGGCTTTCTTGARRATATTT TG TATAARRARGCAACCTCTE
CCATCACAACARCAGTCGGTCAGTATCTTCTTAR

agood
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43) uoboooboooboaobod

83
SEQID NO:2 .

Amino acid sequepce coding for PFI-013

MPDTNSTINLSLSTRVTLAFFMSLVAFAIMLGNALVILAFVVDKNLRHRSSYFFLNL
AISDFFVGVISIPLYIPHTLFEWDFGKEICVFWLTTDYLLCTASVYNIVLISYDRYL
SVSNAVSYRTQHTGVIKIVTLMVBVWVLAFLVNGPMILVSESWKDEGSECEPGFFSE
WYIiAITSFLEFVIPVILVAYFNMNIYWSLWKRDHLSRCQSHPGLTAVSSNICGHSF
RGRLSSRRSLSASTEVPASFHSERQRRKSSLMFSSRTKMNSNTIASKMGSFSQSDSV
ALHQREHVELLRARRLAKSLAILLGVFAV&WAPYSLFTIVLSFYSSATGPKSVWYRI
AFWLOWFNSEVNPLLY PLCHKRFOKAFLKIFCIKKQPLPSOHSRSVSS*

SEQIDND: 3

ACCATGCCAGATACTAATAGCACAATC

SEQID NO: 4

TTAAGAACATACTGACCGACTGTG

SEQIDNO: S

GGGCAAGATAAAGGGCAGACCAGAT

gooaon
googd
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SEQID NO: 6 o
goooon

TCCTTCTCCCAATCAGATICTGTAGS nEooo

SEQIDNO: 7

GTATCCATTGTGTCACAAGCGC

SEQIDNO: 8

AATATTTTATTGGAGCCTGTGGAA

SEQIDNQO: 9

GGAAGAGACAGCAGTCAGTCCA

SEQ ID NO: 10

ACACAAAGGATATCAGCGAAAGGCAAGCC

SEQUENCE LISTING
<110> Pfizer Limited (EP (GB) on
ly), Pfizer Inc. (EP except GB / US / JP

)
<120> Novel Polypeptide

<130> PCS10373APME

<140> B007084

<141> 2000-10-27

<150> 9925641 .4

<151> 1999-10-29

<150> 0009973.9

<151> 2000-04-20

<160> 10

<170> FastSEQ for Windows Versi

on 4.0

<210> 1

<211> 1173

<212> DNA

<213> Homo sapiens

<400> 1

atgccagata ctaatagcac aatcaattta tcac
taagca ctcgtgttac tttagcattt 60
tttatgtcct tagtagcttt tgctataatg ctag
gaaatg ctttggtcat tttagctttt 120
gtggtggaca aaaaccttag acatcgaagt agtt
attttt ttcttaactt ggccatctct 180



(45)

tcttatagaa ctcaacatac tggggtcttg aaga
ttgtta ctctgatggt ggccgtttgg 420
gtgctggcect tcttagtgaa tgggccaatg attc
tagttt cagagtcttg gaaggatgaa 480
ggtagtgaat gtgaacctgg atttttttcg gaat
ggtaca tccttgccat cacatcattc 540
ttggaattcg tgatcccagt catcttagtc gctt
atttca acatgaatat ttattggagc 600
ctgtggaagc gtgatcatct cagtaggtgc caaa
gccatc ctggactgac tgctgtctct 660
tccaacatct gtggacactc attcagaggt agac
tatctt caaggagatc tctttctgca 720
tcgacagaag ttcctgcatc ctttcattca gaga
gacaga ggagaaagag tagtctcatg 780
ttttcctcaa gaaccaagat gaatagcaat acaa
ttgctt ccaaaatggg ttccttctcc 840
caatcagatt ctgtagctct tcaccaaagg gaac
atgttg aactgcttag agccaggaga 900
ttagccaagt cactggccat tctcttaggg gttt
ttgctg tttgctggge tccatattct 960
ctgttcacaa ttgtcctttc attttattcc tcag
caacag gtcctaaatc agtttggtat 1020
agaattgcat tttggcttca gtggttcaat tcct
ttgtca atcctctttt gtatccattg 1080
tgtcacaagc gctttcaaaa ggctttcttg aaaa
tatttt gtataaaaaa gcaacctcta 1140
ccatcacaac acagtcggtc agtatcttct taa
1173
<210> 2
<211> 390
<212> PRT
<213> Homo sapiens
<400> 2

Met Pro Asp Thr Asn Ser Thr lIle Asn Leu

Ser Leu Ser Thr Arg Val
1 5 10

Thr Leu Ala Phe Phe Met Ser Leu Val Ala

Phe Ala lle Met Leu Gly
20 25

Asn Ala Leu Val lle Leu Ala Phe Val Val

Asp Lys Asn Leu Arg His
35 40

Arg Ser Ser Tyr Phe Phe Leu Asn Leu Ala

Ile Ser Asp Phe Phe Val
50 55

Gly Vval Ile Ser lIle Pro Leu Tyr Ile Pro

His Thr Leu Phe Glu Trp
65 70

Asp Phe Gly Lys Glu Ile Cys Val Phe Trp

Leu Thr Thr Asp Tyr Leu
85 90

Leu Cys Thr Ala Ser Val Tyr Asn lle Val

75

60

45

30

15

95

uoboooboooboaobod

80



Ser
Met

Ala
Asp

GIn
Arg

Leu
Cys
305
20

Leu
Ser

Ser
GIn

Val
Lys

Phe
Pro

Ser
385

Ser
Asn

Ser
Ser

Arg
Arg
290
Ala
Trp

Phe
Ala

Val
Trp

Asn
Arg

Leu
Leu
370
Arg

<210> 3
<211> 27
<212> DNA
<213> Homo
<400> 3
accatgccag

<210> 4
<211> 24
<212> DN
<213> Ho
<400> 4
ttaagaagat

<210> 5
<211> 25
<212> DN
<213> Ho
<400> 5
gggcaagata

<210> 6
<211> 26
<212> DNA
<213> Homo

Leu
Ser

Lys
Val
275
Glu
Leu

Ile
Ala

Thr
Thr

Trp
Phe

Pro
Phe
355
Lys
Pro

Ser

A

Met
Asn
260
Met
Ala

His
Ala

Leu
Pro

lle
Gly

Tyr
Asn
340
Leu
GIn

Ile
Ser

Val

245
Phe
Thr

Gly
Leu

Val
Lys

Leu
Tyr

Val
Pro
325
Arg
Ser

Leu
Lys

Phe
GIn

Ser

sapiens

mo sapiens

A

mo sapiens

sapiens

Ser Ser
Ile

Ser Phe
His

Glu Leu
Ser

295
Gly val
Ser
310

Leu Ser
Lys

Ile Ala
Phe

Tyr Pro
Ala

Cys lle
His

375
Ser
390

27

actgaccgac tgtg

24

aagggcagac cagat

25

(46)

Arg Thr

265
Ser GIn

280

Leu Arg

Phe Ala

Phe Tyr

Phe Trp

345
Leu Cys

360
Lys Lys

atactaatag cacaatc

250
Lys

Ser

Ala

Val

Ser

330

Leu

His

Gln

315

255

270

285

300

335

350

365

380

uoboooboooboaobod
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<211> 24

<212> DNA

<213> Homo sapiens

<400> 8

aatattttat tggagcctgt ggaa

24

<210> 9

<211> 22

<212> DNA

<213> Homo sapiens

<400> 9

ggaagagaca gcagtcagtc ca

22

<210>

<211>

<212>

<213> Hon@b sapiens
O0000D0O0O0OR400> 10
0 0 0 0O PFI-0130 CeldelCeadgga faiicagcyasaaggCaaicic
OdbO0O0ODOOOOOO 29
g0o0ooDOo0O0o0oOooboooooOogooerr-013
OClustal WOOOOOOODODODOOOOODODO
goooboboooOo0oOoooboooooOooooooo
goooooooooOooooooo
OOoooprI-013000000D00ODOO0OOOOODOO
goooboooooOooooooooog+ Oooooo
gO0” 0opooooAOO0ODODOOOO* ObODOoo
00" 00ooooo0oooooooogooooooo
00oooooooOooooooooPrRI-030000
0o0oooooooooooooooooooooo
Oo0ooooooprRI-oBO0O00O0OO0OOOOOOODOO
ooooooooooooo
00000000 Tagman0 OO OOOOOOOODOOO
0000ooooooooooooooooooooon
00000000 Sm. Intetined OO O Skel .MuscleO O
oooog
0000O0oooPRI-0B00O000O00O0O00O0OO
00000o0oo0o0ooooooooOooooooon
0000 ‘0000000000000000000
000000oooo00ooooooooOooooooon
O0000D0O0O0OO0O0000D0DOO0OLigandd OnMO
000 000000000000
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000o0obopoopo23 0000000 00Oooooon
goooboboooOo0oOoooboooooOooooooo
goooboboOooOo0oOoooboooooOooooooo
00000D0O0O0000dbe 1500000000029
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googod

B 2

1 B0

PFI-013 L B MPDTNSTINLSLSTAVTLAFFMSLVAFAIMLGNALVILAEY
I s R e RN AR

H3 receptorx (1) MERAPPDGPLNASGALAGDARAAGGARGFSARWTAVLAAIMALLIVATYLGNALVYMLAEY

Consensus 5 A LA MALL A MLGHALVILAFV
61 120

PFI-013 {42) VDENLRHERSSYFFINLAISDFFVGVISIPLYIPHTLF-EWDFSKEICVEWLTTDYLLCTA
o1l R R T L e N AR

H3 receptor (61) ADSSLRTGNNFFLLNLRISDFLVGAFCLELYVPYVLITGRWTFSRGLCKLWLVVDYLLCTS
Consensus D LR FF LNLAISDF VG  IELYIPH 1L W FGK IC WL DYLLCTA
121 - 180

PFI-013 (101} BVYNIVLISVDRYLSVEWAVSYRTOHTGVLKI VT LMVAVWYLAFLVNG PMILVSESWKDE

st PEre s et | L I R T B N
H3 receptor (121) SAFNIVLISYDRFLSVTRAVSYRAQOGDTRRAVRKMLLVWVLAFLLYGPAILSWEYLSG—

Consensus 3 FNIVLISYDRFLSVI AVSYR O K V ML VWVLAFLL GP IL E
181 240
PFI-013 (161} GBwwww=w ECEPGEFSEWY LLAIT SFLEFVIPVILVAY FNMNIYWSLHNKRDHLSRCO S~~~
I | I O A S N T :
H3 recepteor (180} GESIPEGHCYAEEFYINWYFLITASTLEFFIPFLSY!FFHLSIYLNIQRRTRLRLOGARER
Consensus GS C EFF WY L SLEF PI VY FFNL IY I KR L 2%
. 241 300
PFT-013 (213) =~memmmrm e e ————— HPGLTAVSSHICGHSFRGRLSSRRSL S~ mw AS

| : [ I o |
H3 receptor (240} AGPEPPPEAQPSPPPPPGCWECWQRGHGEAMPLUYRYGYGEAAVGAEAGEATLGGGGGGGS

Consensus H L GA G A SL S
301 : ' 360
PEI-013 {242) TEVPASFHSERQR-—-RKSSLMF3SRTEIMNSNTIASKMGSFSQSDSYALHOQREEVELLRA
[ 1 o bz (I 11 (N |
H3 raceptor {(300) VASPTSSSGESSRGTERPRSLKAGEKPSASSASLEKRMEMVEQS-———-FTQRFRLS-~RD
Consensaus P S R R 8L SK S ST KM S0s QR L 28
361 ’ 420
PFI-013 (299) RRLAKSLAILLGVFAVOWAPYSLETIVLSFYSSATGPESVWYRIAFWLOWENSFVNPLTY
Prellb i lees s Il e s | I 1 b el
A3 receptor (354} RKVAKSLAVIVSIFGLOWAPYTLIMIIRAACHGHCYE-DYHWYETSEWLLWANSAVNDVLY
Consensus RELAKSEAIIL IFALCWAPYSL I1 A P WY AFWL W N§ VNPLLY
421 455
PFI-013 (359) PLCHKRFQKAFLKIFCIKKQPLPSCHSRSVES ———

[ O N I O [ |-
H3 receptor (413} PLCHHSFRRAFTKLLCP-~QKLKIQPHSSLEHCWK
Consensus PLCH F KAF KI C L 0 SL

good

B 8
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2500
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. Claims

1. An isolated and/or purified polymicleotide comprising one or more of:

(@)  apolynuclectide encoding the polypeptide as sel forth in SEQ ID NQ: 2,

(b) 2 polynucleotide comprising a nucleotide sequence of SEQ ID NO: 1;

{©) 2 polynucleotide encoding the polypeptide expressed by the DNA
contained in NCIMB 41073;

(&>  apolynucleotide comprising a nuclsotide sequence that has at loast 70%
1dentity to the polynucleotide of ary one of (a) to (c);

(¢} a polynucleotide comprising a nucleotide sequence which is capable of
hybridising ta the pelynucleotids of any one of (a) to (d);

()  acomplement to the polynucleotide of any one of (a) to (e); or

(8) apolynuelentide frapment of the polymucleotide of any one of (a) to (f).

2 The poiynuclectide of claim 1, comprising a nucleotide sequence that bas at least

75% identity to the polynucleotide of any one of (8) to (c).

3 The pelynucteotide of claim 1, comprising a nucleotide sequence that hes at least

80% identity to the polynuclectide of any one of (&) to {¢).

4, The polynuclectide of claim 1, comprising a nucleotide sequence that has at least

83% identity to the polynucleotide of arry one of (2) to (c).

5. The polynucleotide of claim 1, comprising a nueleotide sequence that has at least

0% identity to the polynucleotide of any one of {a) to (c).

6. The polynucleotide of claim 1, comprising a nucleotide gequence that has at Ieast

- 95% identity to the polynucleotide of any one of (a) to {c).

7. The polynucleotide of any one of the preceding claims which encodes a G-
protein coupted receptor (GPCR),



i

LL.

12,

13.

14,

13,

16.

17.

18,
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A palynueleotids probe ot primer comprising at least 15 contiguous nuclectides

of the polynucleotide of any one of the preceding claims.
A vecior comprising the polynncieotide of any one of the preceding claims.
A host cell transformed or transfecterd with the vector of claim 9.

The transformed/transfected host cell of claim 10 which is a mammalian, inseet,

fngal, bacterial or yeast cell.
The transcribed RNA product of the polynucleotide of any one of claims 1 to 8.

An BNA moalecule or a fragment thereof which is antizense in relation ta the
RINA produrt of claim 12 and is capable of hybridising thereto.

A ribozyme or zinc finger protein capable of binding to the polymucleotide of

any one of claims 1 to &.

A process for producing a polypepiide or fragment thereof comprising culturing
the transformed/iransfected host cell of claim 10 or claim 11 under conditions

sufficient for the expression of said polypeptide or fragment,

The process of claim 135, wherem said polypeplide or fragment is exprassed at

the surface of said cell.

The provess of claim 15 or claim 16 which further includes recovering the

polypepude or fragment from the culture.

A process for producing cells capable of sxpressing a polypeptide or fegment

thereof comprising transforming ar transfecting cells with the vector of claim 0.



15,

20.

21.

23

24.

26.

27.
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Cells produced by the process of elaim 18,
A membrane preparation of the cells of elaim 15,

A polypeptide or a fragment thereof produced by the process of any one of

clatms 15 ta 18,
A polypeptide comprising;

{a) = polypeptide having the deduced amino acid sequence translated from
the polynuclectide sequence in SEQ ID NO: 1 and variants, fragments,
homologues, analogues and derivatives thereof:

(&) a polypeptide of SEQ ID NO: 2 and variants, fragments, homologues,
analogues and dertvatives thereof, or |

(6)  a polypeptide encoded by the cDNA of NCIMB 41073 and variants,

fragments, homologues, analogues and denivatives thereof.
An antibody against the polypeptide of claim 22.
A compound which modulates the poiypeptide of ¢laim 22,

A compound according to claim 24 which antagonises or selectively antagomises

the pelypeptids of claim 22,
A compound according to claitn 24 which agonises the polypeptide of claim 22,
A pharmmaceutical composition comprisitg the antibody of claim 23 or the

compound of any one of claims 24 to 26 and cne or more pharmaceutically

acceptable carriers, diluents, adjuvanis or excipients.
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28 A method for identifying a compound which binds to and modulates the

polypeptide of claim 22 comprising contacting said polypeptide with a candidare

compound and determining whethsr modulation goeurs.

29, Amethod according to claim 28, which compiises:

(a) contacting a compotnd with cells expressing the polypeptide of claim 22
cn their surface, said polypeptide being associated with a second
component capahle of providing a detectable signal in response to the

- binding of a compound to szid polypeptide; said contacting being under
conditions sufficient t¢ permit binding of compounds to the polypeptide;
and

(b} identifying 2 compound capzble of polypeptide binding by detecting the
signal produced by said second component.

30. A method according to claim 29, which comprises:

{z)  contecting (i) a detectable first component knawn to bind to the
palypeptide of claim 22 and (i} & compound, with cells expressing the
polypeptide of claim 22 on their cell surfacs, said polypeptide being
associated with a second component capable of providing a detectabls
signal in response to the binding of a compound to said polypeptide; said
contacting bcing' under conditions sufficient to permit binding of
compaunds to the polypeptide; and

(b)  delermining whether the first component binds to the polypeptide by
detecting the absence or otherwise of a signal generaled from the

interaction of the first camponent with the polypeptide.

31. A method according to any one of clazims 28 to 30, wherein said compnund

binds to and antagonises or selectively antaganises the polypeptide of claim 22,



32

33

34,

35.

36,

37.

38

35

40.
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A method according to any one of claims 28 to 30, wherein said compennd

binds to and agonises the polypeptide of claim 22.

The antibody of claim 23, the compound of any one of claims 24 to 26, or the

composition of claim 27 for use as a pharmaceutical,

Use of the compound of any one of claims 24 to 26 in the mannfacture of 2
medicament for the treatment of a patient having need to modulate the

polypeptide of claim 22.

Use according to claim 34, in the mannfactuze of a medicament for the treatment

of a patient having need to antagonise or selectively antagonise the polypeptide
of claim 22,

Use according 10 claim 34, in the manufactore of = medicament for the treatment

of a patient having need to agonise the polypeptide of elaim 22,

A pharmaceutical compasition for the treatment of a patient

having nced to modulate the polypeptide of claim 22 comprising a

therapeutically effective amount of the compound of any one of claims 24 to 26.

The pharmacentical composition accarding to claim 37, wherein it is
for the treatment of 2 patient having need to antagonise or selectively

antzponise the polypeptide of claim 22.

The pharmaceutical composition according to claim 37, wherein [t is

for the treatment of a patient having need to agonise the polypeptide of claim 22,

The Pharmaceutical composition according to eny one of claims 37 to 39,
wherein said compound is 8 polypeptide and a therapeutically effective

amount of the compound is administered by providing to the patient DNA

encoding said compound and expressing seid compound in vive.



41,

42,

43,

44,

3.

46.

47.

48,
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Use of the antibody of ¢laim 23 in the manufacture of 2 medicament for the

treatment of a patient having need o modulate the polypeptide of claim 22.

Use according to claim 41, in the manufacture of a medicament for the treatment
of a patient having need to antagonise or selectively antagonise the polypeptide

of claim 22.

Use according to claim 41, in the manufacture of a medicament for the treatment

of a patient having need to agonise the polypeptide of claim 22,

A pharmaceulical composition for the treatment of a patient having need

to modulate the pelypeptide of claim 22, compriging a therapeutically cffective
amount of the antibody of claim 23.

The pharmacentical composition according ta claim 44, wherein it
is for the treatment of a patiemt having need to antagonise or selectively

entagonisc the palypeptide of claim 22.

The pharmaceutical composition aecerding to elaim 44, wherein it

is for the treatment of a patient having need to agonise the polypeptide of

claim 22.

Use of the compound of any one of claims 24 to 26 in the manufacture of a
medicament for the treatment of allergic disorders, vasculitic pranulomatous
diseascs, immmnological disorders, mterstitial and other pulmonary diseases,
infectious  diseases, inflammatory  diseases, and neoplastic  and

myeloproliferative discases.

Use according to claim 47, wherein said allergic disorder is extrinsie asthma,
said immumological disorder is intrinsic asthma, said pulmonary disease is

COPD and suid inflammatory diseases are inflammatory bowel diseases.
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Use of the antibody according to claim 23 in the manufacture of & medicament
for the lreatment of allergic disorders, vasculitic granulomatous diseases,
immunological disorders, interstitial and other pulmonary diseases, infectious

discases, inflammatory diseases, and neaplastic and myeloproliferative diseases.

Use according to claim 43, wherein said allerpic disorder fs extrinsic asthma,
said immwnological disorder is intrinsic asthma, seid pulmonary disease is
COPD end said inflammatory diseases are inflammatory bowel diszases.

A pharmaceutical composition for the treatment of allergic disorders,
vasculitic granulomatous diseases, immunological disdrders, interstitial and
other pulmonary diseasss, infectious diseaces, inflammatory  diseases,
ad  neoplastic  and myeloproliferative diseases, in a patient comprising

a therapeutically effective amount of the compound of any one of claims 24 to
26.

The pharmaceutical composition according to claim S1, wherein said
allergic disorder is extrinsic asthma, said immmological disorder is intrinsie
asthmna, said pulmonary disease js COPD and said inflammatory diseases are

inflammatory bowel diseases.

A pharmaceutical composition for the treaiment of allergic disorders,
vaseulitic granulometous diseases, immunologieal disorders, interstitial and
other puimonary diseases, infectious discases, inflammatory  diseases,
and  neoplastic  and myeloproliferative diseases, in a palient comprising

a therapeutically offective amount of the antibody of elaim 23.

The pharmaceutical composition sccording to claim 53, wherein said
allergic disorder is exiinsic asthma, said immunological disorder is inirinsic

asthma, said pulmonary disease is COPD and said inflammatory diseases are
inflammatory bowel discases,

A pharmaceutical composition comprising the anlibody according to
claim 23 for the enrichment of eosinophils from mammalian blood,

|
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The pharmaceutical composition aceording to claim 35, wherein
said blood is human biood,

Cells genetically enginzered ex vive or in vive to EXpress, overexpress,
underexpress or to exhibit targeted msertion or delstion of the pelypeptide of

claim 22,
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2. Detafled Description of the [nvention

Technical field

The present invertion relates 10 a navel polynucleotide sequence which encodes a novel
polypeptide belonging to the class of proleins known as G-protein coupled Teceptors
{GPCRs). The present invention also telates, inter afia, to processes for producing the
polypeptide and its uses, '

Background of the invention

Cells and tissues respond to a wide variety of exmracellular signalling molecules through
the interaction of these molecules with specific cell-surface receptors, Onc such class of
receptors are known as G-protein coupled receptors (GPCRs) and fhese are
characterised by containing a series of 7 hydrophobic transmermbrane segments. Upon
binding an extraceliwlar ligand to its recepter, intravellular signals are initiated via
interactions with heterotrimeric G proteins which, in tumn, can lead to a number of
different intracellular events depending upon which receptor has been activated. For
example some GPCRs influence edemyl cyclase activity whereas others act via

phospholipase C.

Members of the GPCR superfamily respand to 2 wide variety of ligands including small
molecule amines (such as seratoniz, dopamine, acetyleholine), lipid-derived mediators
(such as LpA}, amino acid derivatives (such as glutamate) and neurotransmitter peptides
and hormﬁncs (such as newrokinin, galanin, glucagon, gastrin), Although GPCRs arc
activated Wy a broad range of Hgands, it should be noted that individnal GPCRs have a
small and very specific repertoire of ligands. Based upon an analysis of the primary
stucture of a novel GPCR, it is now possible to classify them into specific sub-

families, thereby narrowing the range of notential ligands.
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In many cages, the endopenous ligands of GPCRs are relatively small, enabling them to
be mimicked or blocked by synthetic analogues. For example drugs such as prazosin,

doxazosin, cimetidine, ranitidine are all effective antagonists of their respective target
GPCEs.

Thus, as the modulation of GPCRs can have therapeutic consequences, there is a

continued need to provide new GPCRs and their associated agonists and antagonists.

Summary aspects of the invention

In a broad aspect, the present Invention relates to novel amino acid sequences. In this
regard, a specific novel amino acid scquence has been isolated and it is to be mderstogd
that the invention cavers that sequence as well as novel variants, fagments, derivatives

and homolegues thereof,

In another broad aspect, the present invertion relates to novel mcleic acid seguences.
In this regard, a specific novel nucleic acid sequence has been isolated and it is to be
understood that the inventicn covers that sequence as well as novel vadants, fragrments,

derivativas and homologues thereof,
Thus, in brief, some aspects of the present invention relate to:

Novel amino acids.

Novel nucleotide sequences.

Assays using $aid novel sequences,
Compounds/compesitians identified by use of said assays.

Expression systems comprising or expressing said novel sequences.

Methods of treatment based on said novel sequences.

S

Pharmacentical compositions based on said novel sequences.
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Orher aspects conceming the amino acid sequence of the present invention and/or the-
mucleotide sequence of the present invention include: a construct comprising or capahle
of expressing the sequences of the present invention; a vector comprising or capable of
expressing the sequences of the present invention; a plasmid comprising or capable of
expressing the sequences of the presemi imvention; a cell transfected or virally-
trans&uced with a construct/vector/plasmid comprising or capable of expressing the
sequences of the present invention; a tissue comprising or cepable of sxpressing the
sequences of the present invention; en organ comprising or capable of expressing the
sequences of the present invention; a transformed host comprising or capable of
expressing the sequences of the pres'cnt invention; and a transformed organism
comprising or capable of expressing the sequences of the present invention. The present
invention also encompasses methods of expressing the same, such as expression in a

micro-organism; including methods for transferring the same.

For case of reference, aspects of the present imvention are now discuséed under
appropriate section headings. However, the teachings under esch section are not

nacessarily Hmited to each particular section,

In the following commentary references to “mucleotide sequence of the present
invention” and “amino acid sequence of the present invention” refer Tespectively 1o any
ene or meore of the nucleotide sequences presented or discussed herein and ig any one or
more of the amino acid sequences presented or discussed herein, Also, and as used
herein, "aminc acid sequence refers to peptide or Protein sequences and may refer to
partions thereof. In eddition, the term “amino acid sequence of the pfesent invention™ is
synonymous with the phrase “polypeptide sequence of the present invention”, Also, the
term “nuclectids sequence of the present invcmi.nn” is synonymous with the phrase

“polynuclectids sequehce of the present invention™,

11
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Detailed aspects of the invention

According to one aspect of the present invention, there is provided an isolated and/or

purified polynucleotide comprising one 6r mare of

{2} apolynucleotide encoding the polypeptide as set farth in SEQIDNO: 2;

{(b)  apolynucleotide comprising a nuclectide sequence of SEQ ID NO: 1;

(¢} a polynucleotide encoding the polypeptide cxpressed by the DINA
comtained in NCIMB 41073;

(d)  a polynucleotide comprising a nucleotide sequence that has at lenst 70%
identity 1o the polymiclentide of any one of (a) to (c);

(e) 2 polynucleotide ¢comprising a nucleotide sequence which is capable of
hybridising to the polynucleotide of any ane of (2) to (d)

{f]  acomplement to the polynucleotide of any one of (2} to {¢); or

{g) apelymcleoiide ftagmentrof the polynncleotide of any one of (a} to ).

Preferably, the polymucleotide comprises a nucleotide sequence that has at least 75%
identity to the polymuclectide of any one of (2 t© {c). More preferably, the
polynucleotide comprises a mucleotide sequence that has at least 80% identity to the
polynucleotide of any onc of (a) to (c). Even mors preferably, the polynuclectide
comprises a nucleotide sequence that has at least 85% identity to the polynueleotide of
any one of (a) o (c). Yet more preferably, the polynucleotide comprises a nuclectide
sequence that has at least 90% identity to the polynucleotide of any one of {a) to (c)
Mors preferably, the palynucieotids comprises a noclestide gsquence that has at least
95% identity to the polynucleotide of any one of (a) to {c). Most preferably, the
polynucleatide comprises a nucleotide sequence that has at least 58% dentity to the
polynueleotide of any'one of (a) to {¢).

The pelynucleotide deseribed above preferably encodes a G-protein coupled receptor
(GPCR).

12
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The present invention also provides a polynucleotids probe or primer comprising at

least 15 contiguous nuclentides of the polynucleotide described ahave.

The present invention yet further provides a vector comprising the polynucleotide

described above.

According 1o a further aspect of the present invention, there is provided & host cell
transformed or transfected with the vectar described above. Preferably, the host cell is a

mammalian, insect, fungal, bacterial or yeast cell,

According to a further aspect of the present invention, there is provided the transcribed
RNA product of the polynuclectide described above. There is also provided an RNA
molecule or a fragment thereof which is antisense in relation to the RNA product and is
capable of hybridising thereto.

There is yet further provided a ribozyme or zinc finger protein capable of binding o the
pofynucleotide described above,

According to vet a further aspect of the present invention, there is provided a process for
producing a poiypeptide or fragment thereof comprising culturing said host cetl under
conditions sufficient for the expression of said polypeptide or Fagment. Preferably,
said polypeptide or fragment is expressed at the swface of said cell . The process
preferably further includes recovering the polypeptide or Fragment from the cullure,

There is also provided by the present invention a process for producing cells capable of

cxpreasing a polypeptide or fragment thereof comprising transfarming or transfecting

cells with the vector described above.

According to a [urther embodiment of the present invention, there are provided cells
produced by the process described above. There is also provided a membrane

preparation of said cells.

13
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According to another aspect of the present invention, there i provided a polypeptide-
compiising;

(8)  apolypeptide having the deduced amino acid sequence translated from
the polynuclectids sequence in 8EQ ID NO: 1 and variants, fragments,
homologues, analogues and dcﬁvatives thereof;

(b)  a polypeptide of SEQ ID NO: 2 and variants, fragments, homologucs,
analognes end derivatives thereof; or

{c)  a polypeptide encoced by the cDNA of NCIME 41073 and Varia.nts;

fragments, homologuss, analogues and derivatives thereaf.

There is also provided by the present invention an antibody against the polypeptide
described above.

The pregent invention yet further provides a compound, which modulates the
polypeptide described above. Preferably, the compound antagonises or selectively

antagonises the polypeptide. Altematively, the compound agomises the polypeptids.

Also provided by the present invention is z pharmaceutical composition comprising the
antibody or compound described sbove and one or mors pharmaceutically acceptable

carriers, diluents, adjuvants or excipients.

According to another aspect of the present invention, there is.provided a method for
identifying a compound, which binds tv and modulates the polypeptide described above

camprising contacting said polypeptide with a candidate compound and determining

whather modulation occurs,

Prefernbly, said method comprises:

(2)  contacting & compound with cells cxpressing the polypeptide described
above on their cell surface, said palypeptide being associated with a

second component capable of providing a detectable signal in response to
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the bmding of a compound to said polypeptide; said contacting being:
under conditions sufficfent to permit binding of compounda to the
polypeptide; and

{t)  identifying a compound capable of pblypeptide binding by detecting the

signal produced by said second component.

Altemnatively, said method comprises:

{@)  contacting (i) a detectable first component known to hind to the
polypeptide described above and (i) a compound, with cells expressing
the zhove polypeptide on their cell surfice, said polypeptide being
asspcaated with a second component capable of providing a detectabls
signal in response to the binding of a compound to said polypeptide; said
contacting being under conditions sufficient to permit binding of
compounds to the polypeptids; and '

(b} detarmining‘ whether the first component binds to the polypeptide by
detecting the absence or otherwise of a signal pencrated from the

interaction of the first companent with the palypeptide,

The compound identified by any of the above methods preferably binds to and @

antegonises or selectively antagonises the polypeptide described above, or (if) aponises

the polypeptide described ahove.

As GPCRs arc involved in signal transduetion, modulators (z.g agonists or antagonists)

of the polypeptide of the present invention cam find use in interfering in the signal

transduction process.

Therefore, according to yst another embodiment of the present invention, there is

provided the antibody, compound ar composition deseribed zbove for use as a
pharmacentical,

5
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Such antibodies, compounds and compositions, which can modulate the po lypeptids of
the present invention, can therefore find use in the therapeutic areas which concemn
aspects of signal transduetion. Therapectically usefully areas include, but are not
limited i, obesity, diabetes and mestabolic  dizsase, neurolagical  disease,
psychotherapeutics, urogenital = disease, reproduction and sexual medicine,
inflammation, capcer, tissue Tepair, dermatology, skin pigmentation, photoageing,
irailty, osteaporosis, cardiovescnlar disease, gastrointestinel discase, antiinfection,

allergy and respiratory disease, sensory organ discrders, sleep disorders and hairloss.

Preferred conditions for treatment with such anfibodies, compounds and cempositions
are allergic disorders such as exirinsic asthma, rhinitis (allergic and chronic),
onchocereal dermatitis, atopic dermatitis, drug reactions, and NERDS (nodules,
eosinophilia, tTheumatism, dermatitis and swelling); vasculitic grarulomatous diseases
such as temporal vasculitis, Churg-Strauss syndrome, polyarteritis, Wegner's
granulomatosis, and eosinophilic granulomatous prostatitis; fmmmological disorders
such as antoimmune reacﬁons (e.g. multiple sclerosis), grafi rejection, and intrinsic
asthma; mterstitial and other pulmonary diseases such as chronic obstructive pulmonary
discase (COFD), eosinophilic pleural effusions, transient pulmonary eosinophilic
infiltrates (Loffler), histiocytosis, chremic eosinophilic pneumonia, hypersensitivity
pneamonitis, allergic  bronchopulmonary  aspergillosis, sarccidosis, idiopathic
pulmonary fibrosis, and topical eosinophilia; infections parasitic diseasés such ag
toxocariasis, filariasis, échjstosomia.sis, trichinosis, strongyloides, ascariasis, -and
echinococcosis/cysticercosis;  other  infectious  diseases  such  as  acute
coccidioidomycosis, cat scratch disease, afebrile tuberculosis, and chlamydial
pneumonia a1 infancy; neoplastic and myeloproliferative diseases such as bronchogenic
carcinoma, hypereosincphilic syndrome, T-cell lymphomas and Hodgkin's disease;
inflammatory conditions such as inflammatory bowel diseases (e.g. ulcerative calitis,
Crohn’s disease) and sinusitis; as well as cosliac disease, obstructive hepatic disease and

dermatitis herpetiformis.

Especially preferred for treatment with such antibodies, compounds and compositions

are asthma (both extrinsic and intrinsic), COPD, and inflammatory bowel disaases.

1 B
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Accodingly, there is elso provided the use of the compound described above in the
manufacture of a medicament for the treatment of a patient having need to modulate the
polypeptide described above, Preferably, the treztment is for a patient having need to
antagomise or selectively antagonise the polypeptide. Alternatively, the treﬁh-nmt is for

a patient having need to agonise the polypeptide.

According to yet a further agpect of the invention, there is provided a method Edr the
treatment of a patient having need to modulate the polypeptide described abave
comprising administering to the patient a therapeutically effective amount of the above-
described compound. Preferably, said method is for the treatment of 2 patient having
need to antagonise or selectively zmtagom'ﬁ: the polypeptide. Altematively, said method
is for the reatment of a patient having need to agonise the polypeptide.

Preferably, s2id compound is a polypeptide and a therapentically effective amount of the

compound is administered by providing to the patient DNA encoding said compotmd

and expressing said compound i vive,

There is alzo provided by the present invention use of the antibody described ahave in
the manufactire of a medicament for the treatment of 2 patient having need to modulate
the polypeptide described above. Preferably, said method is for the treatment of a
patient having nced to antegomise or selectively antagonise ihe polypeptide.
Alternatively, said methad is for the treatment of a patient having need to agonise the
polypeptide.

Yet further provided by the present inventien is 2 method for the treatment of a patient
having need to modulate the polypeptide described above, comprising administering to
the patient a therapeutically effective amount of the antibody described above.
Preferably, said method is for the treatment of a patient having need to antagonise or

selectively antagunise the polypeptide. Altematively, said method is for the treatment
of & patient having need to agonise the polypeptide.
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According to another aspect of the present invention, there is provided use of the above
described compound in the manufacture of a medicament for the treatment of allergic
disorders, vasculitic granulomatous diseases, immunclogical diserders, interstitial and
other pulmonary diseases, infectious diseases, inflammatory diseases, and neoplastic
and myeloproliferative diseases. Preferably, said aliergic disorder is extrinsic asthma,
szid immunological disorder is intrinsic asthma, said puimonary disease is COPD snd

szid inflammatory diseases ars inflammatory bowe] diseases,

There is also provided by the present invention use of the antibody described above in
the manufacture of 2 medicament for the treatment of allergic disorders, vaseulitic
granulomatous diseases, immunological disorders, mrerstitial and other pulmonary
diseases, infectious diseases, inflammatory  diseases, and neoplastic  and
myeloproliferative diseases. Preforably, said allerpic disorder is extrinsic asthma, said
immunological disorder is intrinsic asthma, said pulmonary disease is COPD and said

inflammatory diseases are inflammatory bowel diseases.

According to yet another aspect of the present mvention, there is provided a method for
the treatment of allergic disorders, vasculitic granulomatons diseases, immunological
disorders, interstitial and other pulmonary discases, infectious diseases, inflammatory
diseases, zmd'neoplasiic and myeloproliferative diseases, in a patient comprising
administering to the patient a therapeutically effective ameunt of the com]iound
described above.  Preferably, said allergis disorder is extrinsic asthma, said
immunological disorder is intrinsic asthme, said pulmenary disease is COPD and said

inflammatory diseases are inflammatory bowel diseases,

According to further aspect of the present invention, there is also provided 2 method for
the treatment of allerpic disorders, vasculitic granulomatous diseases, immunological
discrders, interstitial and other pﬁlmunary diseases, infeetions diseases, inflammatory
diséascs, and neoplastic and myeloproliferative diseases, in a petient comprising
administering 1o the patient a therapautically effective amount of the antibody described

sbove. Preferably, said allergic discrder iz extrinsic -asthma, said immunological

1 g
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disorder is intrinsic asthma, szid pulmonary disease is COPD and said inflammatory

diseases are inflammatory howel diseages.

There is also provided by the present invention the use of the above-menticned antibody

for the enrichment or isolation of eosinophils from marmmatian, preferably human
blood.

According to a firther aspect of the present invention, thers are also provided cells
genetically engineered ex vivo or i vivo to express, averexpress, widerexpress or to

exhibil targeted insertion or deletion of the polypeptide of the present invention.
PFI-013 FOLYPEPTIDE

As explained above, the present invention relates to a novel GPCR - which has been
internally designated PFI-013 - and 1o 2 nucleolide sequence encoding same.  The
present invention also reﬁat&s o the use of the novel mucléic acid and amino acid
sequences in the diagnosis and treatment of disease. The present invention also relates
to the use of the novel nucleic acid and amino acid sequences to evaluate and/or to
screen for agents that can modulate the GPCR. The present invention further relates to
genetically engineered host cells that comprise or express the movel nucleic acid and

amino acid sequences to evaluate and/or to screen for agents that ean modulate the

GPCR

The PFI-013 polypeptide may be the same as the naturally aecurring form - for this
aspect, preferably the PFI-013 polypeptide is the non-native amine zcid sequence {i.e. it
is mot present in its natural environment) - or is a variant, homologue, fragment or
derivative thereof, In‘addition, or in the alternative, the PFI-013 polypepiide is isolated
PFI-013 polypeptide znd/or purifizd PFI-013 polypeptide. The PFI-013 palypeptide can
e obtainable from or produced by any suitable source, whether natural or nat, or it may

be synthetie, semi-gynthetic or recombinant,
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The PFI-013 coding sequence may be the same a5 the naturally occurring form - for this:
aspect, preferably the PFI-013 coding sequence is the non-mative nucleotids sequence
(iLe. it is not present in its natural environment) - or is 8 variant, hamalogue, fragment or
derivative thereof. In addition, or in the alternative, the PFE-013 coding sequence is an
isolated PFI-013 coding sequence and/or a purified PFI-013 coding sequence. The PFI-
013 coding sequence czn be obtainable from or produced by any suilable source,

whether natural or not, or it may be synthetic, semi-synthetic or recombinent.

PFI-013 POLYPEPTIDE AND SCREENING

The PFI-013 polypeptide andfor its coding sequence andfor a sequence capable of
hybridising thereta is/are useful for testing the sslectivity of drug candidates between
different GPCRs,

It has been demonsirated (herein) that PFI-013 is most closely similar to histamtine

receptors and that PFI-013 encodes a novel GPCR whose ligand is likely o be a small

amine.

Drugs that modulate the novel PFI-013 receptor will therefore be liksly o modulate
signal transduction processes. It is therefore likely that modulators of the PFI-013
receptor may be useful for the treatment of many different disorders associated with
signal transduction that will most likely include, but is not limited to, obesity, dizbetes
and metabolic disease, neurological dissase, psychotherapeutics, urogenital dissase,
reproduction and sexual medicine, inflammation, cancer, lissue repair, dermatelogy,
skin plgmentation, photoageing, frailty, ogleoporosis, cardicvascular  disease,
gastrointestinal disezse, antiinfection, allergy and respiratory disease, sensory organ

discrders, sleep disorders and hairloss.

Freferred conditions for treatment with such drigs are allergiec disorders such as
cxtrinsic  asthma, rhinitls (allergic and chromic), onchoeercal dermatitis, atopic
dermatitis, drug reactions, and NERDS (nodules, cosinophilia, theumatism, dermatitis

and swelling); vasculitic granulomatous diseases such as tempaoral vasculitis, Churg-

20
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Strauss symdrome,  polyarferitis, Wegner’s pramulomatosis, and eosinaphilic
granulomatous prostatitis; immunological disorders such as avioimmune reactions {e.g.
multiple sclcmsis),‘ graft rejection, and intrmsic asthma: interstitial and other
bulmonary diseases such as clwonic obstructive pulmonary disease (COPD),
ensinophilic pleural effosions, transient pulmaonary ecsinophilic infiltrates {Loffler),
histiocytosis, chronic eosinophilic pneumonia, hypersensitivity prieumonitis, allergic
bronchopulmonary aspergillosis, sarcoidesis, idicpathic pulmonary fibrosis, and topical
ecsinophilia; infectious parasitic diseases such- as toxocariasis, [ilarasis,
schistosomiasis, trfichinosis, swongyloides, ascariasis, and echinococcosis/cysticeréosis;
other infectious diseases such &s acute coccidioidomycosis, cat scratch disease, afebrile
tuberculosis, and chlamydial pneumonia at infncy: neoplastic and myeloproliferative
diseases such as bronchogenic carcinoma, hypereosinophilic syndroms, T-cell
lymphomas and Hedgkin’s disease; inflammatory conditions such as inflanumatory
bowel diseases (g.¢. ulcerative colitis, Crohn's disease) and sinusitis; as well as coeliac

disease, obstructive hepatic disease and dermatitis herpetiformis.

Especially preferred conditions for treatment with such drugs are zsthma (both extrinsic

and intrinsic), COPD, and nflammatory bowsel diseases.

Thus, the PF1-013 polypeptide end/or its coding Sequence and/or a sequence capable of
hybridising thereto may be useful for screening drug candidates {or the treatment of
diseases associated with signal transduction. In addition, it is believed that PFI-013
polypeptide and/or its coding sequence and/or a sequence capable of hybridising thereto
may be useful for screening drug candidates for the treatment of diseases such as those

deseribed ahove.

Fither or buth of the' nuclentide sequences coding for the PFI-013 polypeptide or the
Pf‘I—OlEl polypeptide itself may be usad to sereen for agents that can affect GPCR aclivity.
In particular, the nucleotide sequence coding for the PFI-013 receptor itself may be used
to screen for agents that can antagonise GFCR activity. In addition, the nucleotids

sequence coding for PF1-013 polvpeptide or the PFI-13 polypeptide itself may be used to

21
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screen for agents that selectively affect GPCR. activity, such a5 selectively antagpnise the
PFI-{13 receptor.

POLYPEPTIDE OF THE PRESENT INVENTION

The term “polypcptidc" - which is interchangeable with the term “protein” - includes
single-chain polypeptide melecules as well as multiple-polypeptide complexes where

individual constituent polypeptides are linked by covalent or non-covalent means.
Preferably, the polypeptide of the present invention is a single-chain polypeptide.

Polypeptides of the present invention may be i a substantially isolated form. It will be
understood that the polypeptids may be mixed with eamiers or diluents which will not
interfere with the ntended purposc of the polypeptide and still be regarded as
substantially isclated. . A polypeptide of the present invention may also be in a
substantially purified form, in which cass it will generally comprise the polypeptide in a
preparation in which more than 90%, e.z. 95%, 58% or 99% of the polypeptide in the
preparation is a polypeptide of the present invention. Polypeptides of the present
invention may be modified for example by the addition of histidine residucs to assist

their purification.

Polypeptides of the present invention may be produced by synthetic means {¢.g. as

described by Geysen ef al., 1596) ar recombinantly, as described below.

In 2 preferred embodiment, the amino acid sequence per se of the present invention does
not cover the native PFI-013 receptor according to the Present invention when it is in its
tiztural environment and when it has been expressed by its native nucleotide coding
sequence which is also in its natural environment and when that nucleotide sequence is

aunder the control of its naive promoter which is also in its nafural environment, For ease

of reference, we have called this preferred embodiment the “non-native amino acid

seguence”,

22
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The terms "vériant", "hemologue", "fragment", "analogue” ar "derivative” in relation io
the amino acid sequence for the polypeptide of the preseﬁt invention include any
substitution of, variation of, modification of; replacement of, deletion of or addition of one
{or more) amino acid from or to the sequente providing the resultant polypeptide has
GPCR activity, preferably being at least as hiclogically active as the polypeptide shown in
attached SEQ ID NO: 2. In particular, the term "homologue" covers homology with
Tespect 1o structure and/or function. 'With respect to sequence homology, there is at least
"70%, preferably at least 75%, more preferably at least 80%, mare preferably at least 85%,
tmore preferably at least 90%, more preferably at least 95% homology to the sequence
shown in SEQ ID NO: 2. Most preferably there is at least 98% homology to the sequence
shown in SEQ D NO: 2. '

Typically, for the varant, homologue or fragment of the present invention, the types of
amine  acid  substitutions  that  could be made should maintain the
hydrophobicity/hydrophiliqity of the amino acid sequence. Amino acid substitutions
may be made, for example from 1, 2 or 3 to 10, 20 or 30 substitutions provided that the
mndified sequence retains the abil.ity to act us a GPCR. in sccordance with the present
invention. Amino acid substitutions may include the use of nop-naturally occurring

analogues.

The amino acid sequence of the present invention may be produced by expression of a

nuclestide sequence coding for same in a suitable expression system.

In addition, or in the alternative, the protein itself could be produced using chemical
methods to synthesize a PFI-013 polypeptids, in whole or in part. For sxarple,
peplides can be synthesized by solid phase techniques, cleaved from ike resin, and
purified by preparative high performance liquid chromatography (e.g. Creightan (1983)
Proteins Structures and Molecular Principles, WH Freeman- and Co., New York, NY,
USA). The composition of the synthetic peptides may be confirmed by aming acid
analysis or sequencing {e.g. the Edman degradation procedure). |
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Direct peptide synthesis can be performed using various solid-phase techniques
(Roberge JY er af Science Vol 269 1995 202-204) and automated synthesis may be
achieved, for example, using the ABI 431 A Peptide Synihesizer (Perkin Elmer) in
accordance with the instructions provided by the manufacturer. Additionally, the amino
acid sequence of PFI-013, or any part thereof, may be altered during direct synthesis
and/or combined using chemical methods with a sequence fram other subumits, or any

part thereod, to praduce a variant polypeptide.

In another embodiment of the invention, a PFI-013 natural, modified ar recombinant
aminoe acid sequence may be ligated to a heterologous sequence to encode a fusion
protein. For example, for screening of libraries for cemponnds and peptide aponists and
antagonists of PFI-013 GPCR activity, it may be usefal to encods a chimeric PFI-013
protein expressing a heterologous epitope that is reco grﬁsed by a commercially available
antibedy, A fusion protein may also be engineered to contain a cleavage site located
between a PFI-013 scquenserand the helerologous protein sequence, so that the PFI-013

may be cleaved and purified away from the heterologous moiety.

PFI-013 may also be expresscd as a recombinant protein with one or mare additional
polypeptide domains added 1o facilitate protzin purification.  Such purification
facilitating domains include, but are not limited to, metal chelating peptides such zs
histidine-tryptophan modules that sllow purification on immahbilised metals (Porath J,
Protein Expr Purif Vel3 1992 p253-281), protein A domains that allow purification on
immobilised immunoglobulin, and the dorsein wiilised in the FLAGS extension/affinity
purification system (Immunex Corp, Seatls, WA, USA). The inclusion of a cleavable
linker sequence such as Factor XA or enterokinase {Invitrogen, San Diego, CA, TISA)

between the purification domain and PFI-013 {5 usefuil to facilitate purification.

A specific amino acid sequence of PFI-013 is shown in SEQ ID NO: 2, However, the
present invemlion encompasses amino acid sequences encoding other GPCRs which
would include amino acid sequences having at least 70% identity (preferably at least

75%, more preferably at least 80%, more preferebly at least 85%, more preferably at [sast
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90%, more preferably at least 93%, most preferably at least 93% identity) to that specific

amino acid sequence.

Polypeptides of the present invention also include fragments of the present amino acid
sequence and variants thereof. Snitable fragments will be at least 5, eg. af least 10, 12,

15 or 20 amino acids in size.

Polypeptides of the present invention may also be modified to contain one or more (e.g.
at lzast 2, 3, 5, or 10) substitutions, dsletions or msertions, inclading conserved

subgtitutions. These aspects are discussed in a later section,
NUCLEOTIDE SEQUENCE OF THE PRESENT INVENTION

The term "pucleotide sequence” as usad herein refers to an cligonuclzotide sequencs or
polynucleotide sequence, and vatiants, homologues, Fagments, analagues and derivatives
thereof (such as portions thereof). The nuecleotide sequence may be DNA or RNA which
may be of genomic or syathetic or recombinant origin which may be double-stranded or

single-stranded whether representing the sense or antisense strand.

Preferably, the term "nucleotide sequence” means DNA.

Mors preferably, the term "nucleotide sequence" means DNA prepated by use of
recambinant DIVA techniques (i.e. recombinant DNA).

In a preferred embodiment, the nueleotide sequence per se of the present invention does
1ot cover the native nuclectide coding sequence aceording to the present invention in its
natural environment when it is under the control of its native promoter which is also in its
natural snvironment. For ease of reference, we have called this preferred embodiment the

“non-native nuclectide sequence™.

The nucleotide sequences of the present invention may inchude within them synthetic or

medified nuclectides. A nmumber of different types of modification to oligonuc|eotides
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are known in the art. These include methylphosphonate and phosphorothioste
backbones, addition of acridine or polylysine chains at the 3' and/or 5' ends of the
molecule. For the purposes of the present invention, it is fo be understood that the
nueleotide sequences described hergin may be modified by any method available in the
art. Such modifications may be carried out in to enhange the n 1ivo activity or life span

of nucleotide sequences of the present invention.

The present invention alse encompasses naclsotide sequences that are complementary to
the sequences presented herein, or any variant, homologue, unalogue, fragment or
derivative thersof. If the sequence is commplementary to a fragment therenf then that

sequence can be used a probe to identify similar coding sequences in other oIganisms, cte.

The present invention also encompassss nucleatide sequences that are capable of

hybridising to the sequences presented herein, or any variant, homolsgue, analogue,

fragment or derivative thereof,

The preseni invention also encompasses mclestide ‘sequences that are capable of
hybridising to the sequences that are complementary to the sequences presented herein, or

any variant, homoiogue, analogue, fragment or derivative thereof,

The term “varient” also encompasses sequences that are complementary to sequences that

are capable of hydridising to the mrcleotide sequences presented herein,

Preferably, the term “veriant” encompasses sequences that are complementary to
scquences that are capable of hydridising under stringent conditions {e.g §5°C and
0.1x88C {1xS5C = C.15 M Na(l, 0015 N33 gitrate pH 7.0}) to the micleotide seguences

presented herein.

The present invention also Telates to nucleotide sequences that can hybridise to the
nucleatide sequences of the present invention (including complementary sequences of

those presented herein).
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The present invention also relates to mueleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences of the present invention

{iﬁcluding cornplementary sequences of those presented herzin).

Also included within the scope of the present invention are polynucleotide sequences

that are capabls of hybrdising to the nucleotide sequences presented herem under

conditions of intermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can hybridise
io the mucleotide sequence of the present invention, or the complemernt thercof, under
stringent conditions (e.g. 65°C and 0.1x3SC).

Exemplary nucleic acids <.:an alternatively be characterised as those nucleotide
sequences which encode a PFI-013 protein and hybridise to the DNA sequence shown in
SEQID NO: 1. Preferrsd are such sequences encoding PFI-013 which hybridise under
high-stringency conditions to the sequence shown, in SEQ ID NO: 1 or the complement
thereof.

Advantageausly, the invention provides mucleic acid sequences which are capable of
hybridising, under stringent conditions, to a fragment of the sequence shown in the SEQ
I3 NO: 1 or the complement theraof, Preferably, the fragment is between 15 and 50
bases in length. Advantageously, itis about 25 bases in length.

The terms "variant”, "homologre”, *analogne”, *derivative” or "fragment” in relatwn to
the 11ucleot1de sequence coding far the preferred polypeptide of the present invention
nelude amy substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or miore) nuclsie acid from or to the sequence providing the resultant
nucleotide sequence codss for or is capable of cading for an polypeptide having PFI-013
receplor activity, preferably being at least as biologically active as the polypeptide
encoded by the sequence shown in SEQ ID NO; |, In particulr, the term "homologue”
covers homology with respect to structure and/or fimetion providing the resullant

mucleatide sequence codes for or is capeble of coding for a polypeptide having activity as
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a PFI-013 GPCR. With respect to sequence. homology, preferably there is at least 70%,
preferably at least 75%, more preferably at least 80%, more preferably et least 83%, more
preferably at least 90%, more preferably at least 95% homeiogy to a nuclectide sequence
coding for the amino acid sequence shown in SEQ ID NO: 2. Most prefer‘ably there is at
least 58% homology to a nucleotide sequence coding for the amino acid sequence shown
in 3EQ ID NO: 2. With respeet to sequence homology, there is at least 0%, preferably at
least 73%, mare preferably at least 80%, more preferably at least 85%, more preferably at
least 90%, more preferably at least 95% homology to the nucleotide sequence shown in
SEQ T NO: 1. Most prefersbly there is at least 98% homology Lo the nucleotide
sequence shown in SEQ ID NO: 1.

As indicated, the present invention relates to a DNA sequence (preferably a cDIVA
sequence) encading PFI-013. In particular, the present invention relates to cDNA
sequences encoding PFL-013.

The present invention also relates to DNA segments comprising the DNA sequence shown
in SEQ ID NQ: 1 or allelic variaticns thereof,

The prosent nvention also relates to polypeptides produced by expression in a host cell

into which has been incorporated the foregoing DNA sequences or allelic variations
thereof,

The present invention also relates provides DMA comprising the DNA, sequence shown in
SEQ D NO: 1 or allelic vardations thereof,

The present invention alse relates to non-natve DNA comprising the DNA sequence

shown in SEQ ID NQ: 1 or allelic variations therenf,

A highly preferred aspect of the present invention relates to recomnbinant DNA comprising
the DNA sequence shown in SEQ ID NO: 1 or alleiic variations thereof.

(3=}
Lo~
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Pelynucleotides of the present invention include mucleic acid sequences enceding the
polypeptides of the present invention. It will he appreciated that a range of different

polynuclestides encode a given amine acid sequence as a consequence of the

degeneracy of the genetic code,

By knowledge of the amino zcid sequences set out herein it is possible to devise partial
and full-length nucleic zcid sequences such as ¢cDNA and/or genomic olones that encode
the polypeptides of the present invention. For example, polynucleotides of the present
invention may be cbtained using degensrate polymerase chain reaction (PCR) which
will use primers designed lo target sequences encoding the aminc acid SEquences
presented herein. The primers will typically contain multiple degenerate‘positions.
However, to minimise degenerzcy, sequences will be chosen that encode regions of the
amino aeid sequences presented herein containing amino acids such as medtionine
which are coded for by only one triplet. In addition, sequences will be chosen to take
into account codon usage in the organism whose nuclele acid is used as the template
DNA for the PCR procedure. PCR will be used at stringency conditions lower than
thoss nsed for cloning sequences with single sequence (non-degenerate) primers against

known sequerices.

Nucleic acid, sequences obiained by PCR that encods polypeptide fragments of the
present invention may then be used to obtain larger sequences using hybridisation
livrary screening techniques. For example a PCR clone may be labelled with
radioactive atoms and uged to screen a ¢DNA or genomic lbrary from other species,
preferably other mammalian species. Hybrdisation conditions will “typically be
conditions of medium o high stringency (for example 0.03M sodium chloride and

0.03M sodium citrate at from about 50°C to about 60°C).

Degenerate nucieic acid probes encoding all or part of the amino acid gequUence may
also be used to probe eDNA and/or genomic libraries from other species, preferably
uther mammalian species. However, it is preferred fo carry out PCR techniques initially

to obtain a single sequence for use in further screening procedures.
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In accordance with the present invention, polynuclzotide sequences which encode PFI--
013, fragmenis of the polypeﬁtide, fusion proteins or functional equivalents therent,
may be used to generate recornbinant DNA. molecules that direct tha expression of PFI-
{13 in appropriate host cells, Due 1o the inherent degeneracy of the genstic code, other
DMA sequences which encode substantially the same or a fimctionally cquivalent amino
acid sequence, may be used to clone and express PFI-013. As will be understood hy
those of skill in the art, it may be advantageous to producz FFI-013-encoding micleotide
sequences passessing non-naturally occurring codons. Codons preferred by a particular
prokaryotic or eukaryotic host (Murray E ef af (1989) Nue Acids Res 17:477-508) can
be selected, for example, to increase the rate of PFI-013 expression or to produce
recombinant RNA transcripts having desirable propertics, such as a longer half-lifs, than

transcripts produced from naturally occurring sequence,

Polynucleotide sequences of the present mvention obtained using the technignes
described above may be used to obtain further homalogous sequences and variants
using the techniques described above, They may also be modified for use in expressing
the polypeptides of the present invention in a varlely of host eells systems, for example
to optimise codon preferences for a particular host eell in which the polynucieotide
sequences are being expressed. Other sequence changes may be desired in order to
introduce restriction enzyme recognition sites, or to alter the PIDpErty or function af the

polypeptides encoded by the polynucleotides,

Altered PFI-013 polynucleotide sequences which may be used in accordance with the
invention include deletions, insertions or substitutions of different nuclectide residues
resuliing in a polymucleotide that encodes the same or a functionally squivalent PF1-013.
The protein may else have deletions, inserlions or substiftions of amino acid residues
which produce a silent chenge and result in a functionally equivalent PFL-013.
Deliberate amino acid substitations may be made on the basis of similarity in polatity,
charge, solubility, hydrophabieity, hydrophilicity, and/or the amphipathic nature of the
residues as long as the biological ectivity of PFL-013 is retainad. For example,
negatively charged emino acids include aspartic acid and glutamic acid; positively

charged amino acids include lysine and arginine; and amino acids with uncharged polar
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head groups having similar hydrophilicity values include leucine, isolencine, valine,

glycine, alanine, asparagine, glutamine, serine, threaninc, phenylalanine, and tyrosine.

Included within the scope of the present invention are alleles of PFI013, As uged
herein, an “allele” or "allelic sequence” is an alternative form of PFI-013. Alleles result
from a mmtation, ic. a change in the nucleic acid sequence, and generally produce
altered mRNAs or polypeptides whose structure or function may Or nay not be aliered.
Any given gene may have none, one or many allelic forms. Common mutational
changes which give rise to alleles are gemerally aseribed to deletions, additions or
substitutions of amino acids. Each of these types of changes may occur aloze, or in

combination with the others, une or more times in 2 given sequence.

The nucleotide sequences of the present invention may be engineered in order to alter a
PFI-013 coding sequence for a variety of reasoms, including but not Hmited to,
alterations which modify the cloning, pro-cessing and/or expression of the gene product.
For example, mutations ﬁay be iniroduced using techniques which are wall known in
the art, ep. sfte-directed mutagenesis to insert new resiriction sites, to alter

glycosylation patterns ot to change codon preference.

Palynucleotides of the present invention may be used to produce a primer, e.g. 2 FCR
primer, a primer for an alternative amplification reaction, a probe . £. labelled with a
revealing label by conventional means using radioactive or non-radioactive labels, or the
polynucleotides may be cloned into vectors. Such primers, probes and other fragments
will be at least |3, preferably at least 20, for example at least 25, 30 or 40 nuclectides in

length, and are also encompassed by the term polynucleotides of the present invention

ag used herain.

Polynucleotides ar primers of the present invention may camy a revealing label.
Suitable labels include radicisotopes sueh as 2P or 5, enzyme lzbels, or other protein
labels such as biatin, Such labels may be added to polymucleotides or primars of the

present invention and may be detected using by techniques known in the art,
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Polynucleotides such as a DNA polynuclectide and primers according to the present
invention may be produced recombinantly, synthetically, or by any means availabie to

those of skill in the art. They may also be cloned by standard techniques,

In general, primers wiil be produced 'by synthetic means, invclving a step-wise
manufacture of the desired mucleic acid sequence one nucleotide at a time. Techniques

for accomplishing this using automated techniques are readity available i the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using PCR cloning techniques. This will involve making a pair of primers
(e.g. of about 15-30 nucleotides) to a region of the nucleotide sequence which it is
desired to clone, bringing the primers into contact with mRMNA or cDNA obtained from
a eukaryotic or prokaryofic celf, performing a polymerase chain reaction under
‘conditions which bring zbout amplification of the desired region, isalating the amplified
fragment (e.g. by purifying the reaction mixture on an agarose gel) and recovering the
amplified DNA. The primers may be designed to contain sultable restriction enzyme

recognition sites so that the amplified DNA aan be cloned into a suitable ¢loning vector,

DNA molecules may be modified to increase intacellular stability and half-life.
Possible modifications inslude, bul are not limited to, the addition of flanking sequences
of the 3' and/or 3' ends of the molecule or the use of phosphorothivate or 2' O methyl
rather than phosphodiesterase linkages within the backbone of the melecule.

As mentioned earlier, the present invention also relutes to nucleotide sequences that are
capable of hybridising to all or part of the sequence showrn in SEQ D NO: 1 or an allelic
variation thereof. These nucleotide sequences may be used in antissnse techniques 1o
modify PFI-013 expression. Alternatively, these sequences (ot portions thereof) can be

used as a probe, or for amplifying all or part of such sequence when used as a FCR primer.

In addition to the recombinant DINA sequences, genomic sequences are alsa of utility in
the context of drug discevery. It may be valuable to inhibit the mRNA transcription of a
particular isoform rather than to fnhibit its translated protein. This may be true with PFIL-

3 4
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013, if there are splice varianis and whetein those different splice variants may be

trapseribed from different promoters.

Another utility of the invention is that the DNA sequemé, once known, give the
infonnation needed o design assays o specifieslly detect isoforms or splice varjants.
Isoform-specific PCR primer pairs are but one example of an assay that depends
completely on the knowledge of the specific DNA sequence of the isofomm or splice
variant, Such an assay allows detection of mRNA for the isofom 1o access the tissue
‘disiribution and biplogical relevance of each isoform to a particular disease state. It zlso
allows identification of cell Tines that may naturally express only onc isoform - a discovery
that might obviate the need to express recambinant genes. If specific PFI-013 isofarms
are shawn to be associated with a particular disease stats, the invention wonld be valuable

in the design of diagnostic assays to detect the presence of isoform mRIVA.

An abriormal ievel of nucleotide sequences encoding a PFI-013 receptor in a biological
sammple may reflect a chromosomal aberration, such as = nucleic acid deletion or
mutation. Accordingly, nucleotide sequences encading a PFI-013 receptor provide the
basis for probes which can be used diagnostically to detect chromosomal aberrations
such as deletions, murations or chromosomal translocations in the gene encoding PFI-
013. PFI-013 gene expression may be altersd in such discase states or there may be a

chromosomal aberraiion present in the re gion of the gene encoding PFI-013.

In an alternative embodiment of the invertion, the coding sequence of PFI-013 could be
éynfhﬁized, in whole or in part, using chemical methods well known in the art (ses
Caruthers MH er af (1980) Nue Acids Res Symp Ser 215-23, Hom T et al (1980) Nuc
Acids Res Symp Ser 225-232),

NATURALLY OCCURRING

AS used hercin "naturally oceurring” refers to a PFI-013 with an aming acid sequence

found i1n nature.
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[SOLATED/PURIFIED

As used hereir, the terms “isolated” and “purified” refer to moiecules, either nueleic or
aming acid sequences, that are removed from their natural environment and isolated or

separated from at least one other component with which they are naturally assosiated,

BIOLOGICALLY ACTIVE

As used herein “biologically active" refers to g PFI-013 according 1o the present
invention. - such as a recombinant PFI-013- having a similar structural function (but not
necessarily 1o the same dagres), andfor simjiar regulatery fimetion {but net necessarily
to the same degree), and/or similar biochemical funclion (but not necessarily to the
same degres) and/or immumological activity (but TOt necessarily to the same degree) of
the naturally occurring PFI-013. Specifically, a PEI-013 of the present invention has the
ability to act ss a GPCR, which is one of the characteristic activities of the PFI-013
polypeptide of the present invention,

IMMUNOLOGICAL ACTIVITY

As used herein, "Immunological activity” is defined as the capability of the natural,
recombinant or synthetic PF1-013 or any oligopeptide thersof, to induce a specific

immune response in appropriate animals or cells and to bind with specific antihndies.

DERIVATIVE

The term "derivative" as used herein in relation to the amino acid sequence includes
chemical modification of a PF1-013, Iflustrative of such modifications would be

replacement of hydrogen by an alkyl, acyl, or amino group.
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ANALOGUE

The term "amalogus" as used herein in relation to 1ﬁc amino acid sequence {or the
coding sequence thereof) includes chemical modification of a PFL-013 or the codmg
sequence thereof, Illustrative of such modifications would be replacement of natural
amino acid residues or natura] nuclectides with non-natural amino acid residues {c.g. D-
amina acids, beta-alanine, hydroxyproline) or non-natural nucleotides {e.z. inosine,

demethyl-eytiding).
DELETION

As used herein 2 "deletion” is defined a5 & change in cither nucleotide or zming acid
sequence in which one or more nucleotides or amino acid residues, respectively, are

absent.
INSERTION/ADDITICN

As vsed herein an "insertion" or "addition"” is a change in a nucleotide or amino acid
sequence which has resulted in the addition of one or more nucleotides or amino acid

residues, respectively, as compared 1o the natarally occurring PFI-013.

SUBSTITUTION

As used hersin “substitution” results from lhe replacement of one or more nucleotides or

amino acids by differeni nucleotides or amino acids, respectively,

HOMOLOGUE

The term “homologue” with respect 1o the nucleotide sequence of the present invention
and the aminc acid sequence of the present invention may be synonymous with allclic

variaticns of the sequences.
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In partienlar, the term “homology” as used herein may be tquated with the term “identity”

Here, sequence homalogy with respect to the nucleotide sequence of the present invention
and the amino acid sequence of the present imvention can be deterrnined by a simple
“eyeball” comparisen (1.e. a striet L:omparison) of any one ot more of the sequences with
another sequence to see if that other sequence has at least 70% identity to the nucleotide
and amino acid sequences, Relative sequence homology (i 6. sequence identity) can also
be determined by commerrially available computer programs that can calculate percentage
(%) homology between two or more sequences. Typical examples of such computer
programs are FASTA or BLAST,

An altemative method for producing sequence alignments is to use the computer program

ClustalW (Thompson I.D., Higgins D.G. and Gibson T.J., Nucleic Acid Resea.rch,-Vol. 22
(22); 4673-4680 (1994)).

Percentage (%) homology may be calculated over contiguons sequences, i.c, one sequence
is aligned with the other seﬁuence and each aming acid in one sequence directly compared
with the comresponding amino acid in the other sequence, one residue at a time. This is
called an “ungapped” aiignmeﬁt. Typically, such ungapped elignments are performed
only over a relatively short number of residues {(for example less than 50 contigeous

amino acids).

Although this is 2 very simple and consistent method, it fails to take into consideration
thet, for example, in an otherwise identical pair of sequences, one insertion or deletian witt
camse the following amine acid residues 1o be put out of alignment, thus potentially
resulting in & large reduction in % homology when a glabal alignment is performed.
Consequently, most sequence comperison methods are designed to produce optimal
alignments that take into corsideration possible insertions and deletions without
penalising unduly the overall homology score. This is achieved by inserting “gaps” in the

sequence alignment (o iry to maximise local homalogy.

However, these more complex methods assign “gap penalties™ io each gap that accurs in

the alignment s that, for the same number of identicat amino acids, 2 sequence alignment
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with as few gaps as possible - reflecting higher relatedness between the two compared-
sequences - will achisve a higher score than one with many gaps. “Affine gap cosis” are
typically used that charge a reletively high cost fur the existencs of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap
scoring system. High gap penalties will of course produce aptimised alignments with
fewer gaps. Most aligmment programs allow the gap penalties to he modified. However,
it is preferred to use the defiult values when using such software for sequence
comperisons. For example when using the GOG Wisconsin Bestfit package (see below)
the default gap penally for amino acid sequences is -12 for a gap creation and -4 for cach
extension. Altemative defauit gap penaities for amino acid sequences is -8 for a gap

creation and -2 for cach extension, '

Caloulation of maximum % homology therefore firstly requires the production of an

. optimal alignment, taking into consideration gap penalties. A suitable computer program
for carrying out such an alignment is the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A; Deveréux el al.. 1984, Nucleic Acids Research 12:387), Examples
of other software that can perform sequence comparisons include, but are not limited 1o,
the BLAST package (sce Ausubel ez al., 1999 (hid — Chapter 18), FASTA (Altschul a¢
al, 1990, J. Mol. Biol, 403-410) and the GENEWORKS suite of comparison tools.
Both BLAST and FASTA are available for off-line and on-line searching (see Ausubel
et al., 1998 ibid, pages 7-58 to 7-60). However, for some applications it is preferred to
use the GCG Bestfit program., .

Although the final % homology can be measured in terns of identity, in some cases, the
alignment process itself is typically not based on an all-or-nothing pair comparison.
Instead, 1 scaled similarity scors matrx is generally used that assipns scores to each
pairwise comparisor based on chemical similarity or svolutionary distance, - An
example of such & matrix commonly used is the BLOSUMG2 matrix - the default matriy,
for the BLAST suite of programs. GCG Wisconsin programs generally use efther the
public default values or a custom symbol comparison table if supplied (see user manual
for farther details). Ttis preferred to use the public defauit values for the GCG package,

or in the case of other software, the default matrix, such as BLOSUM62.
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Once the software has procuced an optimal elignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this a8 part of

the sequence comparison and generates a numerical result.

As indicated, for some applications, sequence homology (or idenmtity) may be
determined using any suitable homology algorithm, using for example default
parameters. For a discussion of basic issues in similarity searching of sequence
databases, see Alischul ef @i, (1994) Nature Genetics '6:]19-129, For some applications,
the BLAST algorithm is employed, with parameters set to default valuss. The BLAST
algorithm is described in detail al Iitpo/sww.nebinih.pov/BLAST/blast_help.html,
‘Adva.ntageously. "substantial homology", when assessed by BLAST, eguales lo
sequences which match with an EXPECT value of at lesst sbout e-7, preferably at least

about ¢-9 and most preferably e-10 or lower. The defanlt threshold for EXPECT in
BLAST searching is usually 10.

Should Gap Penalties be used when determining scquence identity, then preferably the

following parameters are used:

FORBLAST

GA? OPEN 3

GA? EXTENSION 2

FOR CLUSTAL | DNA FROTEIN

WORD SIZE 2 1 Kiple
GAPFENALTY |10 10

GAD EXTENSION | 0.1 1

Other computer program metheds to determine identity and similarity berween the two

sequences include but are not limited to the GCG program package (Devereux et al.,
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1984 Mucleic Acids Résearch 12: 387) end FASTA (Altschul et al. 1950 ] Molec Biol
403-410),

PROFILE HIDDEN MARKOV MODELS

The profile of a family of sequsnces can be modeiled in & probabilistic way using
hidden Markov models (HMMs) (Durbin, R, Eddy, 8., Krogh, A. and Mitchison, G.
(1998), Biological Sequence Analysis: Probabilistic models of proteins and mucleic
acids; Cambridge University Press, Cambridge, UK.; Bédy, S.R. (1998}, Profile hidden
Markov models; Bivinformatics, 14: 755-763). HMMs were originally developed for
us¢ in speceh recognition and have since been used for a range of signal processing
applications. A signal is modelled as a sequence of elements from a finite set. In
speech recognition this set consisis of the sounds that make up the language and the aim
is to deduce what words the soumds represent, A protein sequence from a particular
family can be thought of in the same way. The sequence is a series of elements from the
set of 20 amino acids anﬁ the requirement is to determine what protein family the

sequence could represent.

Profile HMMs can b constructed from a multiple sequence alignment of known family
maembers.  Each position in the alignment corresponds to a state, where states arc
"mateh", "ingert” or "delets”. The whole alipnment can therefore be thought of as a
linear chain, or path, of intercommecting states conmected by transition prohabilities,
These states "emil” ammo acid residues with different probabilities (based on the range
of residucs seen in the alignment together with substitution dalz and "psendoceunt”
methads - to correct for limited datz in the initial alignment). The probability of &
particuler sequence marching the model can be calculated as a combination of the
transition probabitities between states and the emission probabilities for that amine acid

sequence,

Onee a good alignment of known family members has been obtained, EMMs can be
constructed with little manual intervention (compared with profiles) and ars 2 more

sensitive method for detecting remote homologues. The Pfam database is a library of
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profile HMMs for many protein familics (Batsman; A, Bimey, E., Durbin, R.,, Eddy,
8.R., Finn, R.D. and Senhammer, EX.L. (1999), Pfam 3.1: 1313 multiple alignments
and profile HMMs match the majority of proteins, Mucleic Acids Research, 27 260-
262). It contains models constructed from carefully edited seed alignments and models
atomatically gemerated by an iterative procedure, This complete automation of the

proeess has the disadvantage that any errors that are made will be rzpidly propagated.

POLYPEPTIDE VARIANTS AND DERIVATIVES

The terms "variant” or "derivative" in relation to the amine acid sequences of the prasent
invention incledes any substimition of, variation of, modiﬁcatidn of, replacement of,
deletion of or addition of one (or more} amino acids from or to the sequence providing the
resultant amine acid sequence has PFI-G13 activity, praferably having at least the same
activity as the polypeptide prasented in SEQ ID NQ: 2.

The sequences of the present invention may be modified for use in the present
invention. Typically, modifications are made that maintain the PFL-013 activity of the
sequence. Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 20
or 30 substitutions provided that the modified sequence retaing PFI-013 activity. Aminc
acid substitutions may include the nse of non-naturally occurring anialogues, for
example to increase blood plasma half-life of a therapeutically administered

polypeptide.
Conservative substimtions may be made, for example according to the Table below.

Amino acids in the same block i the second column and preferably in the same line in

the third column may be substituted for each other
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ALTPHATIC Non-polar : GAP

1LV
Polar - uncharged CSTM

NQ
Polar - charged DE

KR
AROMATIC HEWY

As indicated above, proteins of the invention are typically made by recombinant means,
for example as described herein, and/or by using synthetic means using techrmiques well
known 16 the skilled person such as solid phase synthesis. Variants and derivarives of
such sequences include fusion proteins, wherein the fission proteins comprise at least ‘cﬁe
amino acid sequence of the present invention being linked (directly or mdirectly) to
another amine acid scquence. These other amino acid sequences - which are sometimes
referred to as fusion protein partners - will typically impart & favourable functionality -
such as to aid extraction and purifieation of the amino acid sequence of the present
nvention. Examples of fusion protein partners inclnde ghitathione-S-transferase {GETY,
6xHis, GAL4 (DNA binding andfor transeriptionzl activation domains) and
p-galactosidase. It mey also be convenient to include a proteolytic cleavage site
between the fusion protein pariner and the protein sequence of the present invention so

as to allow removal of the lattcr. Preferably the fsion protein partner will not hinder
the function of the protein of the present invention.

POLYNUCLEOTIDE VARIANTS AND DERTVATIVES

The terms "variant" or "derivative” in relation to the nuclectide sequence of the present
invention include any substitution of, varation of modification of, replacement of,
deletion of or addition of one {or more) nucleic acid from or to the sequence providing the
resuftani nuclsotide séquence codes for a palypeptide having PFI-013 activity, preferably
Eaving at least the same activity as the sequence presented in SEQ) [D NO; 2.

As indicated above, with respect ta sequence homology, there is at least 7U%, preferably at
least 75%, more preferably at least 20%, more preferably at least 85%, mare preferably at

teast 90%, more preferably at least 95% homology to the nuclentide sequence shown in
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SEQ ID NO: 1. Most preferably there is at least 98% homology o the ruclestide
sequence shown in SEQ ID NO: 1. Nucleotide homology comparigons may be eonducted
a5 described above. For some applicaticns, a preferred sequence COLIpPATison Program 8
the GCG Wisconsin Bestfit program described above. The default scoring matrix has a
match valne of 10 for each identical nucleotide and -9 for soch mismatch, The defult gap
creation penalty is -30 and the default gap extension penalty is -3 for sach nuclestide.

As used herein, the terms "varimnt", "homologue”, "Fagment” and “derivative” ambrace

allelic variations of the sequences,

The term “variant” also encompasses sequences that are complementary to sequences that

are capable of hydridising fo the nucleotide sequences presented hercin.

HYBRIDISATION

The term “hybridisation” as used herein shall include "the process by which a sirand of
nucleic acid joins with a complementary strand through base pairing” (Coombs J (1954)
Dictionary of Biotechrnology, Stockton Press, New York, NY, USA} as well as the
process of amplification as carrizd out in PCR technologies as described in Dieffenbach
CW and GS Dveksler (1995, PCR. Primer, a Laboratory Manual, Cold Spring Harbor
Press, Plainview, NY, USA)

Hyhridisztion conditions aré based on the melting termperature {Tm) of the nucleic acid
binding complex, as teught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techmiques, Methods in Enzymology, Vol 152, Academic Press, San Diego, CA, USA),
and confer a defined "strfngency" a8 explained below,

Stringency of hybridisation refers to conditians under which pelvnucleic acids hybrids
are stadle. Such conditions are evident to those of crdinary skill in the field. As known
to those of skill in the art, the stability of hybrids is teflected in the melting temperature
{Tm) of the hybrid which decreases approximately ¢ to 1.5°C with every 1% decrease in

sequence homology. In general, the stabilily of a hybrid is & function of sodium ion
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concentration and temperature, Typieally, the hybridisation reaction is verformed under

conditions of higher stringency, followed by washes of varying stringency.

As used herein, high stringency refers (o conditions that permit hybridisation of only
those nucleic acid sequences that form steble hybrids in 1 M Na® at 65-68°C,

Maximim stringency typieally occurs at about Tm-5°C (5°C below the Tm of the
probe).

High stringency ocours at about 5°C to 10°C below the Tm of the probe. [Iligh
stringency conditions can be provided, for example, by hybridisation in an aqueous
solution containing 5x SSC, 5% Denhardt's, 1% SDS (sodium dodecyl sulphate), 0.1 Na*
pyrophosphate and 0.1 mg/ml denetwed salmon sperm DINA as non-specific
competitor. Following hybridisation, high stringency washing may be done in several
steps, with a final wash (about 30 min) at the hybridisation temperature in 0.2-0.1x SSC,
0.1% 8DS. |

Moderate, ar intermediate, stringency typically ecours at ebout 10°C to 20°C helow the
Tm of the probe.

Low stringency typically occurs at about 20°C 10 25°C below the Tm of the probe.

Az will be nndersiood by those of gkill in the art, a maximum stringency hyhridisation
can be used to identify or detect idemtical polymucieotide sequences while an
iniermediate (or low) stringency hybridisation can be used to identify or detect similar

or related polymclestide sequences.
Moderate stringency refers to conditions equivalent to hybridisation in the above-

described solution but at about 60-62°C. In that case the final wash is performed at the
hybridisation temperature in 1x SSC, 0.1% SDS.
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Low stringency rafers to conditions equivalent to hybridisation in the above-dascribed:
solution at about 50-52°C. In thai case, the final wash is performed at the hybridisation
tetnperature in 2x S8C, 0.1% SDS.

It is understood that these conditions may be adapted and cuplicated using & variety of
buffers, e.g. formamide-based buffers, and temperztures. Denhardt's solution and SSC
are well known to those of skill in the art as are other suitable hybridisation buffers (see,
e.g., Sambrook, et al,, eds. (1989} Molesular Cloning: A Laboratory Manual, Cold
Spring Harbor Lahoratory Press, New York, NY, USA or Ausubel, ef al., eds. {193D)
Current Protocols in Melecular Biology, John Wiley & Soms, Inc.). Optimal
hybridisation conditions have te be determined empiricaily, as the length and the GC
content of the probe also play a role.

Polynucleotides of the invention capable of selestively hybddising to the nucleotide
sequences presented herein, or to their complement, will be generally at least 70%,
preferably at least 75%, more preferably at least 80%, more preferably at least 85%, more
preferzbly at least 90%, rmore preferably at least 95%, most preferably at least 98% -
hemologous 1o the corresponding nucleotide sequences presented herem over a region of
at least 20, preferably at least 23 or 30, for instance at least 46, 60 or 100 or mexe

contignous nuclectides.

The term “selectively hybridisahle” means that the polynucleotide used ac 2 probe is used
under conditions where a target polynucleotide of the invention is found to hybridize to
the probe at a level significantly above backgroumd. The backeround hybridization may
oceur beeause of other polymuclectides present, for example, in the ¢DNA or genomic
DNA library being screened. In this event, background implies a level of signal generated
by interaction betweeri the probe and a non-specific DNA. member of the library which is
fess than 10-fold, preferably less than 100-fold as intense as the specific interaction

observed with the target DNA.  The intensity of ineraction may be measured, for
example, hy radiolabelling the probe, e.g. with 2P,
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In a preferred aspeet, the present invention covers nucleotide sequences that can hybridise
to any onc or more of the nucleotide sequences of the present invention under stringent
conditions (e.g. 65°C and 0.1xSSC {1x88C = 0.15 M NaCl, 0.015 M Na, Citate pH
7.00.

‘Where the polyrucleotide of the present invention is double-stranded, both strands of the
duplex, either individually or in combination, are encompassed by the present invention,
Where the polynuclectide is single-stranded, it is to be understood that the complementary

sequence of that polynucleotide is also included within the scope of the present invention.

Polynucleotides which are mot 100% homologous to the sequences of the present
invention bat fafl within the scope of ths invention can be obtained in a rumber of Ways.
Ofher variants of the sequences described herein may be obt_ained, for example, by
probing DA libraries made ffom a range of individuals, for example individuals from
different populations. In addition, ather viral/bacterial, or cellular homologues particularly
cellular homolognes fovnd in mammelian cells (eg. bovine, ovine, porcine, equine,
Todent and primate cells), may be obtained and such homologues and fragments thereof in
general will be capabla of selectively hybridising to the sequence shown in SEQ I NO:
1. Buch scquences may bs obtained by probing ¢cDNA Lbrares made from, or genomic
DNA libraries derived from, other animal species, and probing such libragies with prebes
comprising all or part of the secuence shown in SEQ ID NO: 1 under conditions of
medium 1o high stringency. Similar considerations apply to obtaining species homologues

and allelic variants of the polypeptide or nucleotide sequences of the mvention.

Variants and strain/species homologues may also be obtained using degenerate PCR
which will use primers designed to target sequences within the variants and homologues
encoding conserved ainino acid sequences within the sequences of the present invention.
Conserved sequences can be predicted, for exaniple, by aligning the amino acid sequences
from several variantshhomologues. Sequence alipnments can be performed using
computer software known in ths at.  For example the GCG Wiseonsin FileUp or
Clustal W program is widely usecf.
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The primers used in degenerate PCR will contain ome or more degenerate positions and.
will be used at siringency conditions lower than those used for cloning sequences with

single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by site-dirscted mutagenesis of
characterised sequences. This may be uscful where, for example, silent codon changes are
required to sequences to optimise codon preferencss for a particular host cell in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired in
oxder to imtroduce restriction enzyme recognition sites, or to alter the property or function
of the palypeptides encoded by the polynucleotides.

Polynucleotides of the invention may be used to produce a primer, e.g. a PCR prim;f:r, 2
primer for an alternative amplification reaction, a probe o.g. labelled with a revealing lahel
by conventional means using radioactive or non-radicactive labels, or the polynuclectides
may be cloned into vectors. Such primers, probes and othar fragments will be at least 15,
preferably at least 20, for exampie at least 25, 30 or 40 nucleotides in lengih, @d are also

encompassed by the term pelynuclectides of the invention as used herein.

Polynuclentides such as DNA palynucleotides and probes according to the fnvention may
be produced recombinantly, synthetically, or by any means available to those of skill 111
the art. They may also be cloned by standard techniques. '

In peneral, primers will be produced by synthetic means, involving a step wise
manufacture of the desired nucleic acid sequence one nucleotide at a time. Tschniques for

aceomnplishing this using automated techniques are readily available in the art.

Longer polynucleotides wiil generally be produced using recombinant means, for example
using PCR clonng techniques. This will involve making a pair of primers (e.g. of about
15 1o 30 nuclectides) flanking a regian of the sequence which it is desired to clone,
bringing the primers into contac! with mRNA or ¢DNA obtained fiom an animal or
hurtan cell, performing a polymerase chain reaction under conditions which bring aboul

amplification of the desired region, isclating the amplified fragment (e.2. by purifying the
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reaction mixhwe on an agarose gel) and recovering the amplified DNA. The primers may
be designed to contain suitable restriction enzyme recognifion sites so that the amplified
DINA can bs cloned into 2 suitable cloning vector.

REGULATORY SEQUENCES

Preferahly, the polymicleotide of the present invention is operably linked to a regulatory
sequence which is capable of praviding for the expression of the coding sequence, such
as by the chosen host cell. By way of example, the present invention covers a vector
comprising the pobmucleotide of the present invention operably Gnked to such a

regulatory sequence, i.e. the vector is an expression vector.

The term "operably linked" refers to a juxtapasition wherein the compaonents described
are {n a relationship permitting them to function in their intended manncr, A re pulatory
sequence "opershly linked" to a coding sequence ia ligated in such a way that expression
of the coding sequence is achieved under condition compatible with the control

sequences.

The term “regulatory scquences™ includes promoters and enhancers and other

expression regulation signals,

The term “"promoter” is used in the normal sense of the art, e.g. an RNA polymerase

binding site.

Enhanced expression of the polynucleotide encoding the polypeptide of the present
invention may also be schieved by the selection of heterologous regulatory regions, e.g.
promoter, secretion {eader and terminator réginns, which serve 1o increase expression
and, if desired, secretion levels of the protein of intstest from the chosen expression host

and/or to provide for the inducible contral of the .expressinn of' the polypeptide of the

present invention.
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Preferably, the nucleotide sequence of the present fnvention may be operably linked to at

Jeast 2 promover.

Aside from the promoier native 1o the gene encoding the polypeptide of the present
invention, other promoters may be used to direct expressien of the polypeptide of the
present invention. The promoter may be selected for it efficiency in directing the

expression of the polypeptide of the present invention in the desired expression host.

In enother embodiment, a constitutive promoter may be selected to direct the expression
of the desired polypeptide of the present invention. Such an expression construet may
provide additional adventages since it circumvents the need to cultnze the expression

hosts on a medivm containing an inducing substrate,

Examples of suitable promotors would be LTR, SV40 and CMV in mammalian
Systems; £ coli fuc or trp in bacterial systems; baculovirus polyhedron promoter (pelh)
in insect systems and other promoters that are known to comirol expression in enkeryotic

and prokaryotic cells or their viruses,

Examples of strong constitutive and/or inducible promotars which are preferred for use
in fingal expression hasts are those which are obtainahle from the fungal genes for
¥ylanase (x/nA), phytase, ATP-symthetase, subumit § (/iC), triose phosphate isomerase
(#pi), alcohol dehydrogenase (AdhA), a-amylase (amy), amyloglicosidase (AG - from
the glzA pene), acetamidase {amdS) and elyceraldehyde-3-phosphate dehydrogenase
(zpd) promoters.

Examples of strong yeast promoters ars thoss ottainable from the genes for aleohol
dehydrqgcnasc, lactase, 3-phosphoglycerate kinase and &iosephosphate 1Somerase.

Examples of sirong bacterial promoters are the u-amylase and SPO2 promoters as well

a5 promioters ffom extracellular protease genes.
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Hybrid promoters may also be used to improve inducible regulation of the expression

construct.

The promoter can additionally inclade features o ensure or to increase expression in a
suitable host. For example, the featires can be conserved regions such zs a Pobnow Box
or & TATA box. The promoter may even contain other sequences io affect (such as to
maintain, enhance or decrease) the levels of expression of the nucleotide sequence of the
prasent invertion. For example, suitable other sequences include the Shi-intron or an
ADH intron. Other sequences include inducible elements - such as temperature, chermical,
light or stress inducible elements. Also, suitsble elements to enhance transeription or
h'ans]atién may be present, An example of the latter element is the TMV 5' signal

sequence (see Sleat, Gens 217 [1987] 217-225; and Dawson, Plant Mol. Biol. 23 [1993]
97).

The expression vector may also contain saquences which act on ths protuoter to emplify
expression. For example, 1ﬁe 3V40, CMV, and polyoma cis-acting elrments (enhancer)
and & selectable marker can provide a phenotypic trait for selection (e.g. dihydrofolate
reductase or neomycin Tesistance for mammalian cells or amplicillin/tetracyclin
resistance for £, coli). Selection of the appropriate vector containing the appropriate

promoter and selection marker is well within the level of these skilled in the art,

CONSTRUCTS

The term "eonstract” - which is synoenymous with terms such as "comjugate, "cassetts”
and "hybrid” - includes the nucleotide sequence according to the present invention directly
or indirectly attached to 2 promoter. An example of an indirect attactrnet is the pIOvision
of a suitable spacer group such as an intron sequence, such as the Shl-intron or the ADH
intron, intermediate the promater and the nucleotide sequence of the present invertion.
The same is true for the term "fused” in relation to the present mvention which inchudes
direct or indirect atiachment. In each case, the terms do not cover the nalural combination
of the nucleotide sequence coding for the protein ardinarily associated with the wild-type

gene promoter and when they are both in their natural environment,
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The construct may even sontain or express 2 masker which allows for the selection of the
gemetic consiruct in, for example, mammalian, yeast, msect, fungal or bacterial cells.
Various markers exist which may be used, such as, for example, those that provide for

entibiotic resistance to (3418, hygromycin, bleomyein, kanamyein and gentamyein,

Preferably the construct of the present invention comprises at least the pucleotide

sequence of the present invention operably linked to a promoter.

YECTCRS

The term "vector" includes expression vectors angd twansformation vestors and shuttle

vectors.
The term "expression vector" means a constnict aapable of in vive or ir vitro expression.

The term "ransformation vector” means a construct capable of being transferred from one
enlity to another entity - which may be of the same species or may be of & different
species. If the eonstruet is capable of beiné transferred from one species to another - such
as from a viral vector such as MMEY o1 FIV to a human ar mammalian primary cell or

cell line, then the transfornation veetor is sometimes referred 1o as a "shuttle vector®,

A large variety of expression systems may be used in different hests. For cxample,
episomal, chromoscmal and virus-derived systems (e.g. veclors derived from bacterial
plasmids, bacteriophzge, papova virus such as V40, vaceinia virus, adenovirus, and

Telovirus).

The DNA sequence can be inserted into the vector by a variety of techniques. In general
the DNA sequencs is inserfed into an approprate restriction endopuclease site by
procedures known in the art and deemed to he within the scope of those skilled in the
art. The DNA sequence in the expression vector is linksd operatively to appropﬁate

conirol sequences that direst mRNA synthesis (e the promoter).
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The vectors of the present invention may be transformed into a suitable host cell as
described below to provids for expression of a polypeptide of the present invention.
Thus, in a further aspect, the Invention provides a process for preparing polypeptides
according to the present mvention which comprises cultivating a host cell transformed
or transfected with an expression vector as described above under conditions to provide
for expression by the vector of a coding sequence emcoding the polypeptides, zmd

tecovering ihe expressed polypcpﬁﬂes.

The veetors mey be, for example, plasmid, virus or bacterfophage (phage) vectors
provided with an origin of replication, optionally a promoter for the expression of the

polynuclentide and opticnally a regulator of the mromoter.

The vectors of the present invention may contain one or more selectable marker genes.
The mest suitabls selection systems for industrial micro-organisms are those formed by
the group of selection markers which do not require a mutation in the host organism.
Examples of fungal selection markers are the genes for acetamidase (anm:dS), ATP
synthetase, subunit 9 (efiC), orotidine-5'-phosphate-decarboxylase (purA), phlcomﬁin
and henomyl resistance (benA). Examples of non-fungal selection markers are the
bacterial GA18 resistance gene (this may also be used in mammalian cells, yeast, but not
in filamentous funy), the ampicillin resistance gene (. coli), the neamyein Tesistance

gene (mammalian celis) and the £. eoli 1ddA gene, coding for B-glucuronidase (GUS).

Vectors may be used in vitre, for example for the production of RNA or used to

transfect or transform a host cell

Thus, polynucleotides of the present invention can he incorporated into a recombinant
vector (typically a replicable vectar), for example a cloning or expression vector, The
veclor may be used to replicate the nucleic acid in a compatible hast cell. Thus, in a
further embodiment, the invention provides a methed of making polynuclectides of the
present invention by introducing a polynucleotide of the presemt mvention into a

replicable vector, introducing the vector into a compatible host eell, and growing the
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host cell under conditions which bring about replication of the vector. The vector may
be recovered from the host cell  Suitable host cells are described below in commection

with expression vectors.

The present invention also relstes to the use of genetically engineered host cells
expressing a PFI-013 polypeptide or variam, homologue, fragment, analogue or
derivative thereof in screening methods for the idenﬁﬁcation of modulators (e.g.
antagonists or agonists) of PFI-013, Such gemetically engineered host cells could be
used to screen pepiide libraries or organic molecules czpable of modulating PFI-013
activity. Maodulators (e.g. antagonists) of the PFI-013 polypeptide, such as antibodies,
peptides or small organic molecules will provide the basis for pharmsceutical
cotpositions for the treatment of diseases associated with, for example, PFL-013. Such

modulators (c.g. antagonists) can be administered alone or in combination with other

therapeutics for the meatment of such diseases.

The present invention also relales to expression veetors and host cells comprising
polynucleoiide sequences encoding PFI-013 or a variant, homologue, fragment,
analogue or derivative thereof for the i vivo ar in vizro production of PFI-013 protein or

to scrcen for agents thel can affect PFI-013 expression or activity.

TISSUE

'The term "tissue" as used herein includes tissue per se and crgan.

HOST CELLS

'The term “host cell” - in relation 1o the present invention - includes any cell that eonsld
comprise the nucleotide sequence coding for the recombinant protein according to the
present invention and/or products obtained therefrom, wherein a promoter can allowr
expression of the nucleotide sequence according to the present invention when present in

the host cell.
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Thus, a further embodiment of the present mvention provides host cells transfonmed or
wansfected with a polynuclectide of the presert invention.  Preferably said
polynucleotide is carried in a vector for the replication and expression of said
polynucieotide. The cells will be chosen to be compatible with the said vector and may,

for example, be prokaryotic (for example, bacteral vells), or eukaryatic (ie.

mammalian, fangal, insect and yeast cells),

Introduction of polyn'ucleotidf:s into host cells can be effected by methods as described
in Sambrook, e al, eds, (1989) Molecular Clening: A Taboratory Manual, Cold Spring
Harbor Laboratory Press, New York, NY, USA. These methods include, but are nnt
limited to, caleium phosphate trnsfection, DEAE-dextran-rediated translection,
cationic lipid-mediate_d trensfoetion, electroperation, transvection, microinj éction,

transduction, scrape loading, and ballistic infroduction.

Bxamples of representative hosts include, bacterial cells {e.g E. coli, Steptomyces);
fangal cells such as yeast cells and dspergillus; insect cells such as Drosaphila 82 and
Spodopiera SF9 cells; animal cells such as CHO, CO8, HEK, Hela, and 3T3 cells. The

selection of the appropriate host is deemed to be within the scope of those skilled in the
art,

Depending on the nature of the polynuclectide encoding the polypeptide of the present
invention, and/or the ;izsirability for further processing of the expressed protein,
enkaryotic hosts such as yeasts or other fungi may be preferred. In general, yeast cells
are proferred over fingal cells hecause they are easier to manipulate. However, some
proteins are either poorly expressed or secreted from the yeast cell, or in soms ceses are

nct proces.sed properly (2.8 hyperglycosylation in yeast), In these instances, a different
fungal host organism should be selected.

Examples of suitable expression hosts within the scape of the present invention are
fungi such as Aspergitfus species (such as those described in EP-A-0184438 and EP-A-
0284603) and Trichoderma species; bactaria such as Escherichia speciss, Streptomyces

species and Pseudortonas species; and veasts such as Kluyveramyees speeies (such as
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those described in EP-A-0096430 and EP-A-0301670) and Saccharomyces species. By
way of example, typical expression hosts may be selected from Aspergillus niger,
Aspergiitus niger var. .fubigenis, Aspergillus niger var. awamori, dspergillus aculeatis,
Aspergillus nidulans, Aspergiliug orvene, Trichoderma reesei, Kluyveromyces lactis,

Schizesaccharomyces pombe, Pichin pasioris and Saccharomyces cerevisiae,

The use of suitable host cells - such as mammalian, veast, insect and fingal host cells -
may provide for posi-transtational modifications (e.g myristoylation, glycesylation,
truncation, lapidation and tyresine, serine or threcmine phesphorylation) zs may be
needed to confer optimal biological activity on regambinant txpression products of the

present invention.
ORGANISM

The term "organism" in relation to the present invention includes any organism, except
men, that cowld comprise the mucleotide sequence coding far the recombinant protein
according to the present invention and/or products obteined therefrom, wherein a promoiler
can allow expression of the nueleotide sequence accarding to the present invention when
present in the orgemism. Examples of orgarisms may include a fungus, wyeast or

protozoan.

The term "transgenic organism” in relation to the present invention includes any organism,
except man, that comprises the nucleotide sequence coding for the protein according o the
present invention and/or products obtained therefrom, wherein the prometer can aflow
expression of the nucleotide sequence according to the present invention within the
organism. Preferably the muclectide sequence is incorporated in the genome of the

OTganism.

The term "transgenic organism” does nat cover the native nucleotide coding sequence
according to the present invention in its natural environment when i is under the control
of its native promoler whickh is also in ifs natural environment. In additicn, the present

invention does not cover the native protein according do the present invention when it is in
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its natural environment and when it has beey expressed by its native nucleotide coding
sequence which is also in its natural environment and when that nucleatide sequence is

under the control of its native promoter which is also In its natural environment.

Therefore, the transgenic organism of the present invention inclndes an organism
comprising any one of, or combinations of, the micleotide SBQUENCE mdiﬁg for the amino
acid sequence according to the present invention, constricts according to the present
vention {including combinations thereof), vectors according to the presemt invention,
plasmids according to the present inventiorn, cells according to the present invention, and
tissues according to the present invention or the products thereof, 'The; iransformed cell or
organism could prepare aceeptable quantities of the desired compound which would bz

eusily refrievable from the cell or organism,
TRANSFORMATION OF HOST CELLS/HOST ORGANISMS

As indicated earlier, the host organism czn be a prokarvotic or a sukaryotic organism. An
example of a suitable prokaryotic hest is E ¢oli, Teachings on the transformation of
prokaryotic hosts are well documented in the art, for example see Sambrook ef al.
{Molecular Cloning: A Laboratory Mamual, 2nd edition, 1989, Cold Spring Harbor
Laboratory Press, New York, NY, USA) and Ausubel er al. (Current Protocols in
Molecular Biology (1995), John Wiley & Sons, Ine.).

In a preferred embediment, ths transformed host is a mammalian cell or, for exzmple,
an insect cell, wherein introduction of polynucleotidss into said host cells can be
effected by methods as described in, for example, Sambrook ef o7, (Molecular Cloning:
A Laboratory Manual, 2nd edition, 1989, Cold ﬁpring Harbor Laboratory Press, New
York, NY, USA). These metheds include, but are not lmited to, calcium phosphate
transfection, DEAE-dextran-mediated transfection, cationic lipid-mediated transfection,
clectroporation, transvection, microinjection, transduction, scrape loading, and ballistic

introduction.
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Iz another embodiment the transgenic organism can be a yeast. In this regard, yeast have
also been widely vsed 2s a vehicle for heterclogous gene expression. The speciss
Saccharomyces cerevisiae has a long history of industrial use, including ity use for
heterologous pene expression. Expression of heterologous genes in Saccﬁaromyres
cerevisiae has been reviewed by Goodey et al. {1387, Yeast Biotechnology, D R Bewry er
al, eds, pp 401-429, Allen and Unwin, London) and by King ef al. {1989, Molecular and
Cell Biology of Yeasts, E F Walton and G T Yarronton, eds, pp 107-133, Blackie,
Glasgow),

For several reasons Saccharomyces cerevisiage is well suited for heternlogous gene
expression. First, it is non-pathogenic to humans and it is incapable of producing certain
endotoxins. Second, it has a long history of safe use following centuries of commercial
exploitation for various purposes. This has led to wide public acceptability, Third, the
extensive comunercial use and research devoted to the organism has resulisd in a wealth of
k_rm'{a.f]edge about the geneties and physiology as well as large-scale fermentation

characteristics of Seccharomyees cerevisiae,

‘A review of the principles of heterologous gene expressicn in Saccharomyces cerevisiae
and seeretion of gene products is given by E Hincheliffe and E Kenny {"Yeast a5 a vehicle
for the expression of heterologous genes", 1993, Yeasts, Vol 5, Anthony H Rose and
J Swart Harrison, eds, 2nd edition, Academic Press Ltd.).

Several types of yeast vectors are availahle, ircluding integrative vectors, which require
recombination with the host genome for their maintenance, and antonomousty replicating

plasmid vectors,

In order to prepare the transgenic Saecharomyces, EXpression construets are prepared by
inserting the mucleotida sequence of the present invention into 2 construct designed for
expression in yeast. Several types of consitucts used for heterologous expression have
heen developed. The consfructs contain a promoter active in yeast fused to the nucleotide
sequence of the present invention, usually a promoter of yeast origin, such 2 the GALL

promoter, 15 uscd. Usually a signal sequence of yeast origin, such as the sequence
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encoding the SUCZ signal peptide, is used. A terminator active in yeast ends the

expression system,

For the transformation of yeast several ransformation protacols have been developed. For
example, 2 transgenic Saccharomyces according to the present vention czn be prepared
by foﬂowirig the tcachings of Hinnen e¢ ai. (1978, Proceedings of the National Academy
of Sciznces of the USA, 75: 1929); Beggs, 1D (1978, Nature, London, 275:104); and Ito,
Heral (1983, ]. Bacteriology 133:163-168).

The transformed yeast cells are selected using various selective markers. Among the
markers used for trensformation are a number of suxotrophic markers such as LEU2,
HiS4 and TRPI, and dominant antibiotic resistance markers such as aminoglycoside

antibiotic markers, e.g, G418,

Thus, the present invention also provides a method of transforming a host cell with a
nucleotide scquence shown in SEQ ID NO: 1 or 2 derivative, homologue, variam,

analogue or fagment thereof.

Host eells transformed with a PFI-013 nucleotide coding sequence may be cultuwed
under conditions suitable for the expression and recovery of the encoded protein (in cell
membranes) from celt culture. The protsin produced by a recombinant c2ll ‘may be
expressed on the cell surface, secreted or may be contained intracellularly depending on
the sequence znd/or the vector used. As will be understood by those of skill in the art,
eXPIession vectors contaiming PFI-013 coding sequences will generally enzble
expression in the cell membrane, Other recombinant constructions may join PFI-013
coding sequence to nuclectide sequence encoding a polypeptide domain which will
facilitate protein purification/identification (Kroll DJ ef ol. {1993) DNA Cell Biol Vol

12 p441-53, see also ebove discussion of vectors containing fugion proteins).
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GENETICALLY ENGINEERED or GENETICALLY MODIFIED

A cell, preferably an animal cell, that is “genetically modified” is heterozygous or
homozygous for a modification that is introduced into the cell, or into a progenitor cell,
by genetic engineering. The standard methods of genctic engineering that are available
for introducing the madification include homologout recombination, viral vector gene
trapping, irradistion, chemical mutagenesis, and the trans penic expression of a
nucleotide sequence encoding antisense RNA alone or in combination with catzlytic
ribozymes. Preferred methods for genetic modification are homologons recombination
and viral vector gene trapping which both ﬁodiﬁr an endogenous gene hy inserting a
foreign nucleic acid sequence into the gene locus. A nucleic acid sequence that is
foreign to the gene is an exogenous sequence that is non-naturally eccurring in the gene.
This insertion of forsign DNA can eccur within any region of the PFI-013 gene, ¢.gz., in
an enhancer, promoter, regulator region, non-coding Tegion, coding region, intron, ar
exon. The most preferred _rnethod of genetic enginecring is homologous Tecombination,
in which the foreign nucleic acid sequence is inserted in a tzrgeted manner erther alone

or in combination with a deletion of z portion of the endo EETIONS SETie SEQUENGE,

FUNCTIONALLY DISRUPTED

By a PFI-013 gene thal is “functionally disrupted” is meant a PFI013 gene that is
genctically modified such that the celluiar activity of the PFL-013 polypeptide encoded
by the disrupted gene is decreased in cells that nomnally express the wild-type version
of the PFI-013 gene. When the genetic modification effectively eliminates all wild-type
copies of the PFI-013 gene in a cell (e.g., the genetically modified cell, preferably an
animal cell, is homozygous for the PFI-013 gene disruption or the only wild-type copy
of PFI-013 gene oripinally present is now disrupted), then the genetic modification
results in a reduction in PFI1-013 polypeptide activity (i.e. reduced receptor expression)
as compared to an appropriate comtrol cell that expresses the wild-type PTI-013 gene.
‘This reduetion in PFI-013 polypeptide activity (i.e. redueed receptar expression) resulis
from cither reduced PFI-013 gene sxpression (i.c., PFI-013 mRNA levels are effectively
reduced and produce reduced levels of PFI-013 pelypeptide) andfor because the

5 8
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dicrupted PFI-013 gene encodes a mutzted polypeptide with reduced function or
stability as cornparzd to a wild-type PFI-013 polypeptide. Prefarably, the activity [i.e.
reduced receptor expression) of PFI-013 palypeptide in the genetically modified cell is
reduced to 50% or less of wild-type levels, more preferably, to 25% or less, and, even
more preferably, to 10% or less of wild-type levels. Most preferably, the PFI-013 pene

disruption results in a null mutaticn,

GENETICALLY MODIFIED ANIMAL CELL

By a “genetically modified animal cell” containing a functionally distupied PFI-013
gene is teent an animal cell, incleding a humnan cell, created by genetic engineering to
contain a functionally disrupted PF1-013 gene, as well as daughter cells that inherit the
disrupted PF1-013 gens. These cells may be genetically modified 1'l11 culture according
to any standard method known in the art. As an alternative to genetically modifying the
célls in culture, non-human mammalian cells may also be isolated from a genetically
modified, non-human mammal that contains a PFI-0i3 gene disruption. The animai
cells of the invention may be cbiained fiorm primary cell or tissue preparations as well
a8 culture-adapted, tumorigeric, or transformed cell lines. These cells and celt lines are
derived, for example, from endothelial cells, epithelial cells, islets, neurons and other
neural tissue-derived cells, mesothelial cells, osiescyles, lymphocytes, chondrocytes,
hematopoietic cells, immune cells, cells of the major glands or organs (e.g., liver, lung,
heart, stamach, pancreas, kidney, and skin), muscle cells (including cells from skeletal
muscle, smaoth musele, and cardiac muscle), exocrine or endecring cells, fibroblasts,
and embryonic and other totipotent or pluripotent stem cells (.8, embryonic stem (ES)
cells, ES-like ceils, and embryonic germline (EG) cells, and other stem cells, such as
progenitar cells and tissue-derived stem cells), The preferred genetically maodified cells

are ES cells, more preferably, mouse or rat ES cells, and, mos! preferably, human ES

cells,

A “homology region” used in a targeting vector for homologous recombination with a
PEI-G13 gene is related (ie., complementary) to a portion of the PFI-013 gens or a
sequence {lanking the PFI-013 gene to a degree sufficient to allow hybridization to

59



(112) ugbobooobooboodabod

accur between the homology region and the PFI-013 gene sequence wnder standard low-
stringency canditions known in the art (_e.g., as deseribed in Current Protocols in Human
Genetics, unit 4.1, John Wiley & Sons, New York, NY, 2000).

By an “ES cell” ur an “ES-like cell” is meant a pluripotent stem cell derived from an
embryo, from & primordiel gemt cell, or from a teratocarcinoma, that is capable of
indefirite self renewal as well as differentiation into cell types that ate representative of

all three embryonic germ layers.
By “reduced” is meant a staiistically significant decrease (i.0., p<0.1).

The genetically modified animal cells, including human cells, of the inveniion are
heterozygous or. homozygous for a modification that functionally disrupts the PFI-013
gene. The animal cells may be derived by genetically engineering cells in culture, or, in
the case of non-buman mammalian cells, the cells may be isolated from genetically

modified, non-human mammals.

The PFI-013 gene locus is functionally disrupted by onc of the several techniques for
genetic modificztion known in the art, including chemical mutagenesis (Rinehik, Trends
in Genetics 7, 15-21, 1991, Russell, Environmental & Molecular Mutagenesis 23
(Suppl. 24) 23-29, 1994), irradiation (Russell, supra), transgenic expression of PFI-013
gene entisense RNA, cither 2lons or in combination with a catalytic RNA ribozyme
sequence (Luyckx et o, Proc. Natl. Acad. Sei. 96: 12174-79, 1999; Sekol e al.,
Transgenic Research 3: 363-71, 1996; Efrat et 2/, Proc. Natl. Acad. Sci. USA 91: 2051-
53, 1994; Larsson et al., Nucleic Acids Research 22: 2242-48, 1994) and, as further
discussed below, the disruption of the PFI-013 gene by the insertion of a forsign nucleie
acid sequence into thé PFI-013 gene locus. Preferably, the foréign sequence is'inserted
by homologous recombination or by the inscrtion of a viral vector, Most preferably,

the method of PFI-013 gene dismption is homolegous recombination and includes 2

deletion of & portion of the endogencus PFI-013 £ens gequence.
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The integration of the {oreign sequence functionally disrupts the PFI-013 gene through
one or more of the following mechanisms: by interfering with the PFI-013 gene
transeription or translation process (e.g., by iritérfm'ng with promoter recognition, or by
introducing & transcription termination site or a translational stop codon into the FFI-
013 gene); or by distorting the PFI-013 gene coding sequence such that it no lomger
encedes a PFI-013 polypeptide with normal receptor fumction (e.g, by inseﬁing 2
foreign coding sequence into the PFI-013 gene coding ssquence, by introducing a
frameshift mutation or amino aeid(s) substitation, or, in the case of a double crossover
event, by deleting a portien of the FFI-013 gene coding sequence that is required for

expression of a functionz] receptor protsin).

To insert & foreign sequence into 2 PFI-013 gene locus in the genome of a cell, the
foreign DNA. sequence is introduced into the cell aceording to a standard method knewn
in the art such as electroporation, calcium-phosphate precipitation, retroviral infection,
microinjection, biolistics, liposome transfection, DEAEB-dextran transfection, or
transferrinfection (sce, ¢.g., Neunann et o, EMBO J. 1: 841-845, 1982; Potter er al.,
P'roc. Natl, Acad. Sci USA 81: 7161-65, 1984; Chu ¢ o, Nucleic Acids Res. 15- 1311-
26, 1987; Thomas and Capecchi, Cell 51: 503-12, 1987; Baum et al., Biotechniques 17:
1058-62, 199¢; Biswenga et al,, T, Neuroscience Metheds 71: 67-75, 1997: Zhang et i,
Biotechniques 15: 868-72, 1993; Ray and Gage, Biotechniques 13: 598-603, 1992 Lo,
Mol. Cell. Bial. 3: 1803-14, 1983; Nickoloff et al, Mol. Biotech. 10: 93-101, 1998;
Linney et al., Dev. Biol. (Orlando) 213: 207-16, 1999; Zimmer and Gruss, Nature 338:
150153, 1989; and Robertson et al., Nature 323: 44548, 1986). The preferred methiod

for introducing foreign DNA into a cell is clectroporation.

Homologous recombination

The method of homologous recombination targets the PFI-013 gene for distuption by
introducing a PFI-013 gene targeting vector into 2 cell containing a PFT-013 gene. The
ability of the vector to target 'Eht‘; PFI-013 gene for disrupiion stems from nsing a
nucleotide sequence in the veclor that is homologous to the PFI-013 gene. This

homglogy region facilitates hybridization between the vector and the endogenous
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sequence of the PFI-013 gene. Upon hybridization, the probability of a crossover event:
between the targeting vector and genomic sequences greatly increases. This crossover
gvent results in the integration of the vector sequence inio the PFI-013 gene locus and
the functional disruption of the PFI-013 gene.

Gerteral principles regarding the construction 'of vectors used for targeting are reviewed
in Bradley et o/, (Biotechnol. 10: 534, 1992). Two different exemplary types of vector
can be used to insert DNA by homologous recombination: an insertion vector or &
replacement veetor. An insertfon vector is eircular DNA which contains a region of
PFI-013 gene homclogy with a double stranded bregk, Following hybridization
between the homology region and the endogenous PFI-013 gene, a single crossover
event at the doubls stranded break results in the insertion of the entire vector sequence

inta the endogenous gene at the site of crossover.

The more preferred vector to use for homologous recombination is a replacement
vector, which is colinear rather than circular. Replacement vectar [ntegration inte the
PEI-013 zene requires. a double crossover event, ie, Crossing over at two sites of
hybridization between the ta.rgetli.ug vector and the PFI-013 gene. This double crossover
event results in the mtegration of vector sequence that is sandwiched between the two
sites of crossover into the PFI-0L3 gene and the deletion of the comresponding
endogenous PF1-013 genz sequence that originally spanned between the two sites of
crossover (see, o.g., Thomas and Capecchi er al., Cell 51 503-12, 1987, Mansour e al.,
Nature 336: 348-52, 1988; Mansour ef a/,, Proc. Natl. Acad, Sci. USA 87: 7688-7692,
1990; and Mensour, GATA 7: 219-227, 1990). '

A region of homology in 2 targeting vector is generally at least 100 nucleotides in
longth. Most preferably, the homology region is at least 1-5 kilobases {Kb) in length.
Although there is ne demonstrated minimum length or minimum degree of relatedness
required for a komelogy regiom, targeting efficiency for homologous recombination
generally comesponds with the length and the degree of relatedness betwazen the
targeting vector end the PFI-013 gene locus. In the cese where & replacement vector is

used, and a portion of the endogenous PFI-013 gene is deleted upon homalogous
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recombination, an additional consideration is the size of the deleted periion of the
endogenous PFI-013 gene. If this portien of the endogenous PFI-013 gene is greater
than 1 Kb in length, then a targeting casselte with regions of homology that are longer
than | Kb is recommended to enhance the efficiency of recombination.  Further
guidance regarding the selection and use of sequences cffective for homologous
recombination is described in the literature (see, e.g., Deng and Capecchi, Mol. Cell,
Bial, 12: 3365-3371, 1992; Bollag et al, Annu, Rev. Genet, 23: 199-225, 1989; and
Waldmen and Liskay, Mol. Cell. Biol. 8: 5350-5357, 1988).

A wide variety of cloning vectors may be used as vector backhones thé construction
of PFI-013 gene targeling vectors, including pBluescript-reiated plasmidz (e.g.,
Bluescript KS+11), pQE70, pQESD, pQE-2, pBS, FD10, phageseript, phiX174, pBE
Phagemid, pNHBA, pNH16a, pNHI8Z, pNH46A, ptrc29z, pKK223-3, pKK233-3,
pDR540, and pRITS PWLNED, pSVZCAT, pXT1, PSG (Siratagene), pSVE3, PBDV,
PMSG, and pSVL, pBR322 and pBR322-based vectors, pBMS, pBR313, pKH47,
pBR328, pHC79, phage Chamn 28, pKB11, pKSV-10, pK19 telated plasrnids, pUcC
plasmids, and the pGEM setics of plasmids. These vectors are aveilable from a variety
of commercial sources {e.g., Boehringer Mannheim Biochemicals, Indianapolis, TN;
Qiagen, Valencia, CA; Stratagene, La Jollz, CA; Promega, Madison, WI; and New
England Biolabs, Beverly, MA). However, any other vectors, e.g. plasmids, virses, o
parts thereof, may be used as long as they are replicable and viahle in the desired host.
The vector may also comprise sequences which enable it to replicate in the host whose
genome is 1o be madified. The use of such a vector can expand the interaction perjod
during which recombination can vceur, icreasing the efficiency of targeting (see

Molccular Biology, ed. Ausubel ez 2!, Unit 9.16, Fig. 9.16.1).

The specific host employed for propagating the targeting vectors described above is not
critical. Examples include £ coli K12 RR1 (Bolivar ef el Gene 2! 95, 1977, E. eoli
K12 HB101 (ATCC No. 33694), £ cok MM21 (ATCC No. 336780), £ eoli DHI
(ATCC Ma. 33849, E. coli strain DHSa, and £, eoli STBL2. Alternatively, hosts such
as Saccharomyees ecerevisize can be used. The above-mentioned hosts are available

commercially (e.g., Strategene, La Jolla, CA; and Life Technolo gies, Rockville, MD).
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To create the ta:rgetiﬁg veetar, a PFI-013 gene targeting construct is added to an sbove-
described veetor backbone. The PFI-013 gene targeling constructs described above
have af least one PF1-013 gene homelogy region. To make the PFI-013 gene homclogy
regic;ns, a PFI-013 gene-related sequence is used as a basis fur producing polymerase
clhajn reaction (PCR) primers. These primers are used to amplify the desired region of
the PFI-013 sequence by high fidelity PCR amplification {(Mattila e! a/., Nuclsic Acids
Res. 19: 4967, 1991; Eckert and Kunkel 1: 17, 1991; and U.S. Pat. No. 4,683,207). The
genomic sequence is obtained from a genomic elone library or from a preparation of
genomic DNA, nreferably from the animal species that is to be targeted for PFI-013

gene disruption.

Preferably, the targeting constiucts described above also include an exogenous
nucleotide ssquence encoding a positive marker protein. The stable expressicn of a
positive marker afier vector integration confers an identifiable characteristic on the cell
without compromising cell viability, Therefore, in the casc of a replacement vector, the
marker gene is positioned between two flanking homology regions so that it intsgrates

imo the PFI-013 gene following the double crossover event.

It is prefemed that the positive marksr protsin is a selectable protein; the stable
expression of such a protein in a cell confers a selectable phenotypic characteristic, ie.,
the characteristic enhances the survival of the cell under otherwise lethal conditions.
Thus, by imposing the selectable condition, cne can isolate cells that stably express the
positive selectable marker from other cells that have not successfilly integrated the
veclor sequence an the basig of viability. Examples of positive selectable marker
proteins (and their agents of selection) include Neo (G418 or kanamyein), Hyg
(hygromycin), HisD (histidincl), Gpt (xanthine), Ble .(bleomyein), and Hprt
(hypoxanthine) (see, e.g, Capcechi and Thomas, U.S. Pai. No. 5,464,764, and
Capecchi, Science 244: 1288-92, 1989). Other positive markers that may also be used
as an alternative to a seleetable marker include reperter proteins such as B-gelactesidase,

firefly lucifexase, or green fluorescent protein (ses, e.g., Current Protocols in Cytometry,
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Unit 2.5, and Cument Protocols in Molecular Biology, Unit 9.6, John Wiley & Sons,
New York, NYY, 2000).

The above-deseribed positive selection scheme does net distinguish between cells that
have integrated the vector hy targeted homologous recombination at the PFI-013 gene
lecus versus randorm, nuu—homolcgous intepration of wvector sequence into any
chromosomsz1 position. Therefore, when nsing a replaceient vector for homologous
recombination, it is alse preferred to include 2 nucleotide sequence enending a negative
sclectable marker protein, Expression of a 'negative selectable marker causes a cell
expressing the marker to lose viebility when exposed to 2 certain agent (i.e., the marker
protein becomes lethal to the cell under certain selectahie conditions). Examples of
negative selectable markers (and their agents of lethality) include herpes simplex virns
thymidine kinase (ganeyclovir or 1,2-deoxy-2-fluoro-u-d-arabinofiransyl-5-iodouracil),
Hprt (6-thioguanine or 6-thioxanthine}, and diphtheria toxin, ricin toxin, and eytosine

deaminase (5-fluorocytosine).

The nucleotide sequence encoding the negative selectable marker is positioned outside
of the two homology regions of the replacememt véctor. Given this positioning, cells
will only integrate and stably express the negative selectable marker if integration
occurs by random, mon-homologous recombination; hemologous recombination
between the PFI-013 gene and the Lwo Tegions of homolagy in the targeting construct
excludes the sequence encoding the negative sclectable marker from integration. Thus,
by imposing the negative condifion, cells that have integrated the targeting vector by

random, non-homolagous recombination lose viability.

The above-deseribad combination of positive and negative selectable markers is
preferred because a series of positive and negative selection steps can be designed to
more efficiently select only those cells that have undergone vector integration by
hewmologous recombination, and, tﬁerefore, have a potentially disrupted PFI-013 gene.
Further examples of positive-nspative selsction schemes, selectable markers, and
targeting constructs ere described, for cxample, in U.S. Pat. No. 5,464,764, WO
94/05908, and Valancius and Sroithies, Mo!. Cell. Biol. 11: 1402, 1991,



(118) ugbobooobooboodabod

In order for a marker protein to be stably expressed Wpon veclcr integration, the
targeting vector may be designed so that the marker coding sequestce is operably linked
to the endogenous PFI-013 gene promoter upon veetor inlegration. Expression of the
merker is then drlv:p by the PFI-013 gene promoter in cells that novmally express PFI-
013 gene. Allematively, each marker in the targeting constme: of the vecior may
comtain its own promater that drives expression independent of the PFI-013 gene
promoter, This latier scheme has the advantage of allowing for expression of markers in
cells that do not typicelly express the PFI-013 gene (Smith and Berg, Cold Spring
Harbor Symp. Quant. Bicl. 49: 171, 1984; Sedivy and Sharmp, Proc. Natl. Acad. Sci,
(USA) 86: 227: 1989; Thomas and Capecchi, Cell 51: 503, 1987).

Exogenous promoters that can bz used to drive marker gene expression include cell-
speeific ar stage-specific promolers, constitutive prometers, and inducible or regulatable
promolers.  Nop-limiting examples of thess promoters include the herpes simplex
thymidine kinase promoter, cytomegalovirus (CMV) promoter/enhancer, SV40
promoters, PGK promoter, PMCl-neo, metallothionein promoter, adenovirus late
promoter, vaccinia virus 7.5K promoter, avian hetz globin promoter, histone promoters
(e.g., mouse histone H3-614), beta actin promoter, newron-speeific enolase, muscle actin
promater, and the camliflower mosaic virus 353 promoter (see generally, Sambrook et
al., Molecular -Cloning, Vels, [T, Cold Spring Harbor Labaratory Press, Cold Spring
Harbor, NY, 1989, and Current Protocols in Molecular Biology, Tohn Wﬂcf & Soms,
New York, NY, 2000; Stratagene, La Jolla, CA),

To confimm whether ¢slls have integrated the vestor sequence into the targeted PF1-013
gene locus, primers or genomic probes that are spacific for the desired vector mtegration
event can be used in combination with PCR or Southern blot analysis to identify the
presence of the desired vector integration into the PFL-013 gene locus (Erlich ef af,
Science 252; 1643-51, 1991; Zimmer and Gruss, Nature 338: 150, 1989; Mouellic ef of.,

Proe. Natl. Acad. Sei. (USA) 87: 4712, 1990; and Shesaly er al,, Proc. Natl. Acad. Sei.
(USA) 88: 4204, 1991).
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Gene trapping

Another method available for inserting a foreizn mucleic acid sequence into the PFI-013
gene locus to fugctionally disrupt the PFT-013 gene is gene trappiﬁg. This method takes
advamtage of the cellular machinery present in all mammalian cells that splices exons
into mRNA to insert a gene trap vector toding sequence into a gese in a random
fashion. Once inserted, the gene trap vector creates a mutation that may functionally
disrupt the trapped PFI-013 gene. In contrast to homologous recombination, this system
for mutagenesis creates largely random mutati_on.s. Thus, tc obtain a penctically
modified coll that contains a functionally dirsupted PFI1-013 gene, cells containing this
particular mutation must be identified and selected from a pool of cells that contain

random mutations in & varjety of genes.

Gene trapping systems and vectors have been deseribed for use in genetically modifying
murine cells and other cell types (see, e.g., Allen et al, Nature 333: 852-55, 1988;
Bellen et al., Genes DEV..?:: 1288-1300, 1989; Bier ef ol,, Genes Dev, 3: 1273-1287,
1989; Bonnerot &7 al, J. Virol. 66: 4982-91, 1992; Bremner e/ aZ., Proc. Nat. Acad. Sci.
USA 86: 5517-21, 1989; Chang ef a!.; Virology 193: 737-47, 1993; Friedrich and
Soriano, Methads Enzymol. 225: 681-701, 1993, Friedrich and Soriano, Genes Dev. 5:
1513-23, 1991; Goff, Methods Enzymol. 152: 469-81, 1987; Gossler ¢! al., Scisnce 244:
463-65, 1939; Hope, Develop. 113: 399-408, 1991; Kemr o al., Cold Spring Harb.
Symp. Quant. Biol. 2: 767-776, 1989; Reddy et al,, I. Virol 65: 1507-1515, 1991;
Reddy ef al., Proc. Natl. Acad. Sci. T.8.A. 89; §721-25, 1992; Skames et al,, Genes
Dev. 6: 903-918, 1992; von Melchner and Ruley, J. Virol. 63: 3227-3233, 1989;.a:nd
Yoshida er al,, Transgen. Res, 4; 277-87, 1995).

Promoter trap {3° trap) vectors contain, in 5' to 3° order, a splice accepior sequence
followed by an exon, which is typically characterized by a translation initiation coden
and open reading frame (ORF) and/or an internal inosome entry site. In general, these
promoter trap vectors do not confain promoters or operably linked splice domor
sequences. Consequently, after integration into the cellulsr genome of the host cell, the

promoter rap vector sequence intercepts the normal splicing of the upstream gene and
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acts as a terminal cxon. Expression of the vector coding sequetice is dependent upon the
VECLOT iniegrating into an intron of the disrupled gene in the proper reading frame. In
such a case, the cellular splicing machinery splices exons from the trapped genec

upsiream of the vector coding sequence (Zambrowicz e al., WO 95/50426).

An alternative method for producing an effect similar to the above-described promoter
irep vector is a vector that incorporates a nested set of stop codons present in, or
atherwise engineered into, the region between the splice acceptor of the promater trap
vector and the translation initation coden or polyadenylation sequence. The coding
sequence can also be enginesred to contain an independent fbosome entry site (TRES)
80 that the coding sequence will be expressed in a manner largely independent of the
site of integration within the host cell genome, Typiczlly, but not necessarily, an IRES

is nged in conjunction with a nested set of stop codoms,

Another type of gene trapping scheme uses 2 3' gene trap vector. This type of vector
contains, in operative combination, a promoter region, which mediates expressian of an
adjoining coding sequence, the coding sequence, and a splicc doner sequence that
defines the 3 end of the coding sequence exon. Afer integration into a host cell
genome, the transcript expressed by the vector promater is spliced to a aplice acceptor
sequence from the trapped gene that is located downstrearn of the integrared gene trap
vestor sequence. Thus, the integration of the vectar resnits in the expression of a fusion
transcript comprising the coding sequence of the 3 gene irap cassstte and any
downstream cellular exons, including the terminal exon and its polyadenylation signal.
When such veetors imtegrate into a gene, the cellular splicing machinery splices the
vector coding sequence upstream of the 3° exons of the irepped gene. One advantage of
such vectors is that the expression of the 3° gene trap veetors is driven by a promoter
within the gene trap cassetie and does not require integration into a gene that is nomally
expressed in the host cell (Zambrowicz e al, WO 95/50426). Examples of
transcriptional promoters and enhancers that may be incorporated into the 3' gene trap

veetor include those discussed above with respect to targeting vectors. '
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"The viral vector backbone used as the structural component for the promoter or 3° gene
trap vector may be selected from 2 wide range of vectors that can be inserted into the
genome of a target cell. Suitable hackbone vectors include, but are not limited ta,
herpes simplex virus veclors, adenovirus vectors, adeno-associated virus vectors,
retroviral vectors, lentiviral veetors, pseudorabies virus, alpha-herpes virus vectors, and
the like. A thorough review of viral veclors, in particutar, viral vectors suitable for
modifying non-replicating cells and how ta use such veetors in comjunction with the
expression of an exogenous pelynucleotide sequence, can be found in Viral Vecrars:

Gene Therupy and Newrosclence Applications, ¥ds. Caplitt and Loewy, Academic
Press, San Diego, 1905, )

Preferably, retroviral vectors are used for gene trapping. These vectors can be used in
comjunction with retrovirel packaging cell lines such as those described in U.S. Patent
No. 5,448,614, Where non-nurine mammalian cells are usad as target cells for genetic
modification, amphotropic or pantropic packaping celf lines can be used to package
suitable vectors (Ory et o/, Proc. Natl. Acad. Sci., USA 93: 11400-11406, 1596).
Representative retroviral vectors that can be adapted to create the presently described 3’

geme trap veclors are described, for example, in U3, Pat, No. 5,521,076,

The gene trapping vectors may contain one or more of the positive marker genes
discussed above with respect to targeting vectors used [or homologous recombination,
Similar to their use in targeting vectors, these positive markers are used in gene trapping
vectors to identify and select cells that ha;,ré integrated the vector inte the cell genome.
The marker gene may he enginected to contain an independent ribosome enfry site
{(IRES) so that the marker will be expressed in a manner largely independent of the

location in which the vector has integrated into the target cell genome.

Given that gene trep vectors will integrate into the genoms of infected host cells in a
fairly random manner,  genctically modified cell having a disrupted PFI-013 gene must
be identified from a population of cells that have undergone random vector inicgration.
Preferably, the penetic medifications in {he population of cells are of sufficient

rendommess and frequency such that the population represents mutations in essentially
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every gene found in the cell’s genome, making it likely that a cell with a disrupted PFI-

G13 gene will be identified from the population (see Zambrowicz ez al, WO 09/50426;
Sands er of, WO 98/14614).

Individual mutant cell lines containing a dismpted PFI-013 gene are identificd in a
population of mutated cells using, for example, reverss transcription and PCR (RT-
PCR) to identify a mutation in a PFI-013 gene sequence.  Thic process can he
streamlined by pooling clones. For cxample, to {ind an individual clone containing a
disrupted PFL-013 gene, RT-PCR is performed using one primer anchored i the gene
trap vector and the other primer located in the PFI-013 gene sequence. A positive RT-
PCR. result indicates that the vector sequence is engoded in the PFT-013 gene transeript,
indicating that PFI-013 genc has been distuptet by a gene trap integration event (see,
e.g., Sands er al., WO 98/14614).

Temporal, spatial, and inducible gene disruprions

A functional disruption of the endogenous PFI-013 gene can ocour at specific
developmental or cell cycle stages (temporal distuption) or n specific cell types (spatial
disruption). The PFI-013 gene disruption can also be inducible when certain conditions
are present. A rccombinase exclision system, such as a Cre-Lox system, may be used to
activate or inactivate the PFE-013 gene at a specific developmental stage, in a particular
tissue or cell type, or under particular environmental conditions. Generally, methods
utilizing Cre-Lox technology are carried put as described by Torres end Euhn,
Labaratory Protozols for Conditional Gene Turgeting, Oxford University Press, 1997.
Methodology similar to that described for the Cre-Lox system can alse be employed
utilizing the FLP-FRT systern. Further guidance reparding the use of recombinase
excision systems for eonditionally disrupting genes by homologous recombination or
viral ingertion is provided, for example, in U.S. Pat. No. 5,626,159, U.S. Pat. No.
5,527,695, U.8. Pat. No. 5,434,066, WO 0%/295133, Orban er al,, Proc. Nat. Acad. Sci.
USA 89: 6861-65, 1992; O’ Gorman ef af,, Science 251 - 1351-55, 1991; Sauer e; al,,
Nucleie Acids Research 17: 147-61, 1989; Barinaga, Science 265 26-28, 1994; and
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Akagi et al., Nuclele Acids Res. 25: 1766-73, 1997, More than one recombinase system

can be used to genetically modify an animal cefl,

When using homologous recombination to disrupt the PFL-013 gene in & temporal,
spatial, or inducible fashion, using a recombinase system such as the Cre-Lox systens, &
portion of the PFI-013 gene coding region is replaced by a tergeting construct
comprising the PFI-013 gene coding region flanked by loxP sites. Amimal ceils carrying
this genetic modification contain & functional, loxP-flanked PFI-013 gene. The
temporal, spatial, or inducible aspeet of the PFL-013 gene disruption is cavsed by the
expression paftern of an additional transgene, a Cre recombinase transgenc, that is
expressed m the animal cell under the control of the desired spatially-reguiated,
temporally-regulated, or inducible promoter, respectively, A Cre recombinase fargets
the loxP sites for recombination. Therzfore, when Cre gxpression is activated, the LoxP
sites undergo recombination to excise the sendwiched PFI-013 gene coding gequence,
resulting in 2 fanctionzal distuption of the PFI-013 gene (Rajewski ef ol J. Clin, fnvest.
98: 600-03, 1996, St.-Ong;a et al., Nucleic Acids Res. 24: 3875-77, 1996; Agah ef al., 1.
Clin. Invest. 100: 169-79, 1997; Brocard ef af,, Proc. Natl. Acad. Sci. USA 94: 145509-
63, 1997; Feil ef al., Proc. Nail. Acad, Sci. USA 93: 10887-20, 1996; and Kithn ! af,
Science 269: 1427-29, 1995),

A cell containing both a Cre recombinase transgene and loxP-flanked PFI-013 gene can
be generated through stendard transgenic techniques, Further guidance regarding the
use of recombinase systems speﬁﬁc promotets to temporally, spatially, or conditionally
disrupt the PFI-013 gene is found, for example, in Sauer, Meth, Fnz. 225 B90-900,
1983, Gu et al., Science 265: 103-06, 1894, Araki ef al., ], Biachem. 122: §77.83, 1997,
Dymecki, Proc. Natl, Acad. Sci. 93: 6191-96, 1896, and Meyers et of., Natare Genetics
18: 136-41, 1998, -

An inducible disruption of the FFI-013 gene cen alsa be achieved by using a
tetracycline responsive binary system (Gossen and Bujard, Proc. Natl, Acad. Sci. USA
89: 5547-51, 1992). This system involves genstically modifying a cell to introduce a

Tet promater into the endogencus PFI-013 gene regulatory element and a transgene
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expressing a  tetracyeline-controllable repressor (TeR). In such a cell, the
administration of tetracycline activates the TetR which, in tum, inhibits PF1-013 gene
expression and, therefore, functionally disrupts the PFI-013 gene (St-Onge at al.,
Nucleic Acids Res, 24: 3875-77, 1995, U.S. Patent No. 5,922,927,

The above-described systems for temporal, gpatial, and inducible disruptions of the PFi-
013 gene can alsp be adopled when using gene trapping as the method of genetic

modification, for example, as described, for example, in WO 98/29533.
Creating genetically mody’i ed animal cells

The above-described methods for genetic modification can be used to fimctionally
disrupt a FFI-013 gene in virtually any type of somatic or stem cell derived from an
animal. Genetically modified antmal cells of the invention include, but are not limited
10, mammalian cells, including human cells, aud avian cells. These cells may be
derived from genetically engineering any animal cell line, such as culture-adapted,
tumorigenic, or transformed cell lines, or they may be isolated from a genctically

madified, non-humen mammal carrying the desired PFI-013 genetic modification.

The cells may be heterozygous or homozygous for the disrupted PFI-013 genc. To
obtain cells that are homozygous for the PFI-013 gené disruption {PFI-013-/-), direct,
sequential targeting of both alleles can be performed. This process can be fucilitated by
recycling a positive sclectable marker. According to this scheme the nucleotide
sequence encoding the positive selectable marler is remaved following the disruption of
one allele using the Cre-Lox P system, Thus, the same vector can be used in a
subsequent round of targeting to disrupt the secand PFI-013 gene allele (Abuin and
Bradley, Mol Cell. Biol. 16: 1851-56, 1996; Sedivy et of., TG, 15: 88-90, 19599, Cruz
et al,, Proc, Natl, Acad. Sci.. (USA) 88: 7170-74, 1991; Mortensen ef «l., Proc. Natl.
Acad Sci, (USA) 88: 7036-40, 1991; te Riele &t 2f, Nature {London) 348; 649-651,
15590).
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An alternative strategy for obtaining ES cells that are PFI-0]3-/- is the
homegenatization of cells from a population of cells that is heterozygous for the PFI-
013 gene disruption (PF-013+/-). The method uses a scheme in which PFI-0134/-
targeted clones that sxpress a selectable drup resistance marker are selected apainst a
very high drug concentration; this selection favours cells that express two copies of the
gequence encoding the drug resistance marker and are, therefore, homozygous for the

PF1-013 gene disruption (Mortensen et al., Mol, Cell. Biol, 12: 2391-95, 1992),

Following the genetic modification of the desired cell or cell line, the P¥I-013 gene
focus can be confirmed as the site of modification by PCR analysis according to
standard PCR or Seuthern blotiing methods known in the art (see, e.g., U.S. Pat, No,
4,683,202; and Erlich et ai, Science 252: 1643, 1991).  Further verificetion of the
functional disruption of the PFI-013 gene may also be made if PFI-013 Zene messenger
RNA (mRNA) levels and/or PFI-013 polypeptide levels arc reduced in cells that
normally express the PFI-013 gene, Measures of PFI-013 gene mRNA levals may be
cbtained by using reverse transcriptase mediated polymerage chain reastion (RT-PCR),
Northem blot analysis, or fn sity hybridization. The quantification of PFI-013
polypeptide levels produced by the cells can be made, for example, by standard
immunoassay methods known in the art.  Such immunoassays include but are not
limited to, competitive and non-competitive assay systemns using techniques such as
radioimmunoassays, ELISA (enzyme-linked immunosorbent assay), “sandwich"
immunoassays, immunoradiornetric assays, gel diffusion preeipiin - reactions,
fmmimadiffision assays, in sity immunoassays {using colloidal gold, enzymatic, or
radioisotope labels, for example), Western blots, 2-dimensional gel analysis,
precipitation  reactions, immunoflucrescence  assays, protein A assays, and

imrmunpelectrophoresis assays.

Preferred genetically modified animal cells are embryonic stem (ES) cells and ES-like
cells. These cells arc derived from the preimplantation embryos and blastocysts of
various species, such as mice (Bvans et al., Nature 129:154-156, 1981; Martin, Proc.
Natl. Acad. Sci., USA, 78: 7634-7638, 1981}, pigs and sheep (Wotaniammi et af., 1.
Reprod, Fert. Suppl., 43: 255-260, 1991; Camphbell ez /., Nature 380; 64-68,1596) and

T3



(126) ugbobooobooboodabod

primates, including lumans (Thomson ez af., 1.8, Patent No. 5,843,780, Thomson er
al, Science 282: 1145-1147, 1995: and Thomson e al., Proc. Natl. Acad. S¢i, USA 92:
78447848, 1995},

These types of cells are pluripotent. That is, under proper conditions, they differentiate
into a wide varisty of cell types derived from all three embryonic germ layers:
ectodenmn, mesodetm and endnderm, Depencing upon the culture conditions, sample
0f ES cells can be cultured indefimitely as stem eells, allowed {o differentiate into a wide
variety of different cell types within a single sample, or directed to differentiate into a
specific cell type, such as macrophagc_—]ike eells, ncuronal cefls, cardiomyocyies,
adipocytes, smooth muscle cells, endothelial cclls, skeletal muscle cells, keratinocytes,
and hematopoietic cells, such as eosinophils, mast cells, erythroid progenitor cells, or
megakaryocytes. Directed differentiation is accomplished by including epecific growth
factors or matrix components in the crlture éonditions, as forther described, for
example, in Keller ez af., Curr. Opin. Cell Biol, 7: 862-69, 1995, Li et ul., Curr, Biol, 8:
971, 1998, Klug er al,, I. Clin. [nvest. 98: 216-24, 1996, Lieschke of al., Exp. Hematol.
23: 328-34, 1995, Yamane ef ai., Blood 90: 3516-23, 1957, ahd Hirashima er al., Blood
93:1253-63, 1999,

The particular embryonic stem cell line that is used for genstic modification is not
aritical; exemplary murine ES ¢zl lines include AB-1 (MeMahon and Bradley, Cell
62:1073-85, 1980), E14 (Haoper et al., Nature 336: 292-5, 1987), D3 (Doctschman et
al, J. Embryol, Exp. Morph. 87: 27-45, 1985), CCB (Robertson ¢f a/, Natore 323: 445
48, 1986), RW4 (Genome Systems, St Louis, MQ), and DBA/1lacy (Roach et al, Bxp.
Cell Res. 221: 520-23, 1995).

FRODUCTION OF THE POLYPEPTIDE

According 1o the present invention, the production of the polypeptide of the present
invention can be effected by the auituring of evkaryotic or prokaryotic expression hosts,
which have been transformed with one or more polymuclectides ofthe present invention,

in a conventional nuirient fermentation mediurm, The sclection of the appropriate

74



27) ugbobooobooboodabod

medium may be based on the cheies of expression hasts andfor based on the regulatary
requirements of the expression construct. Such media are well-known to those skilled
in the arl. The medivm may, if desired, contain additional components favouring the

transformed expression hosts over other potentially contaminating micro-organisms,

Thus, the present invention also provides a method for producing a polypeptide having
PFI-013 activity, the method comprising the steps of (a) transforming a host cell with a
nuclectide ssquence shown in SEQ ID NO: 1 or a derivative, homologﬁc, variant,
analogue or fragment thereof; and (b) culturing the transformed host cell under

conditions suitable for the expression of said polypeptide,

The present invention also relates 10 a method for producing a polypeptide having PFI-
013 activity, the method comprising the steps of (a) culturing a hast cell that has been
transformed with & nucleolide sequenca shown in SEQ ID NO: 1 or a derivative,
homologue, vadant, analogue or fragment thereof under conditions switable for the

expression of said pelypeptide; and (b) recovering said polypeptide from the host cell
culture.

The present invention also relates to a method for producing a polypeptide having PFI-
013 activity, the method comprising the steps of (a) transforming a host cell with a
nuclectide sequence shown in 8EQ ID NO: 1 or a derivative, homﬁlogue; variant,
enalogue or fragment thereof; (b) culturing the transformed host cell under eonditions

suitable for the expression of said polypeptide; and {c) recovering said pelypeptide from
the host cell culturs,

RIBOZYMES

Ribozymss are enzymatic RNA molecules capable of catalysing the specific cleavage of
RNA. The mechanism of ribozyme action nvolves sequence specific hybridisation of
the ribozyme molecuie fo complementary tarset RNA, followed by endonucleolytic

cleavage, Within the scope of the invention are enginecred hammerhead motif
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ribozyme molecules that specifically and efficiently catelyse endonuclenlytic cleavage
of PFI-013 RNA sequences.

Specific ribuzyme cleavage sites within any potential RNA target are initially identified
by scanning the target molecule for ribozyme cleavage sites which include the following
sequences: GUA, GUU and GUC. Once identified, short RNA sequences of between 15
and 20 ribonucleatides carresponding to the region of the target gene comtaining the
cleavage site may be evaluated for secondary structvral features which may render the
oligonucleotide sequence inoperable. The suitability of candidate targets may also be
evaluated by testing accessibility to hybridisation with complementary oligonucleotides

using ribonuclease protection assays.

Both antisense RNA and DNA molecules and ribozymes of the invemtion may be
prepared by any method known in the art for the synthesis of RNA molecules, These
inelude techniques for chemically synthesising oligonucleotides such as solid phase
phosphoramidite chemical synthesis. Aliematively, RNA molecules may be generated
Yy in vifro or m.vivo franscription of DNA sequences encoding the antisense RNA
molecule. Such DNA sequences may be incorporated into 2 wide variety of vectors
with suitable RNA polymcrase promoters such as T7 or SP6. Alternatively, antisense
cDINA. constructs that synthesize antisense RWA constitulively or inducibly can be

mtroduced into cell lines, cells cr tissues.

DETECTION

The presence of the PFI-013 polynnclsotide codiﬁg sequence can be detected by DNA-
DNA or DNA-RNA hybridisation or amplification using probes, partions or fragments
of the sequence presénted in SEQ D NO: 1. Nucleic acid amplification-based assays
mvolve the use of oligonuclzotides or oligomers based on the PFI-013 coding sequence
to detect transformants containing PFI-013 DINA or RNA.  As used herein
“oligonuclentides” or "olignmers” may refex to & nucleic acid sequence of at least about
10 nucleotides and 2s many as about 60 nucleotides, preferably about 15 to 30

nucleotides, and more preferably about 20 to 25 nucleatides which can be used as a
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peobe or amplimer. Preferably, oligonucieotides are derived fiom the 3' region of the

nuciectide sequence shown in SEQ IDNO: 1.

A variety of protocols for detecting and measwring the expression of PFI-013
polypeptide, such as by using either polyclonal or menoclenal antibodies specific for the
protein, are known in the art. Examples inchude enzyme-linked immunosorbent assay
(ELISA), radioimmunoasssy (RIA) and fluorescent activated cell sorting (FACS). A
two-site, monoclonal-based immunoassay vtilising monoclonal antibodies reactive to
two non-mterfering epitopes on a PFI-013 polypeptide is preferreﬁ, but a competitive
binding assay may also be employed. These and other assays are described, among
other places, in Hampton R et al (1990, Scrological Methods, A Laboratory Manual,
APS Press, St Paul, MN, USA) and Maddox DE er al. (1983, J Exp Med 15 &: 12110

A wide variety of lzbels and conjugation techniques ate known by those skilled in the
art #nd can be nsed in various mucleic and zmino acid assays, Means for producing
labelled hybridisation or PCR probes for detecting PFI-013 polynuclegtide BEqQUEnCEs
include oligolabzlling, nick trapslation, end-labelling or PCR amplification using a
labelled nucleotide. Alternatively, the PFI—b]B coding sequence, or any pertion of it,
may he cloned into a vector for the production of an mRNA probe. Sueh vectors ars
known in the art, are commercially available, and may be used to synthesize RNA

probes iz vitro by eddition of an appropriate RMNA polymerase such as T7, T3 or SP6

and labelled nucleotides.

A number of companies such as Amersham Pharmacia Biotech (Piscataway, NJ, USA),
Promega (Madison, WL, USA), and US Biochemical Comporation (Cleveland, OH,
USA} supply commercial kits and protocols for thess procedures. Suitable 1eporter
molecules  or labels  include those radicuclides, enzymes, fluorescent,
chemiluminescent, or chiromogenic agents as well as substrates, cofactors, inhibitors,
magnetic particles and the like. Patents teaching the use of such labals include US-A-
3817837, US-A-3850752; US-A-3939350; US-A-3996345:. US-A-4277437; US-A-
4275148 and UJS-A-4365241. Alse, recombinant immunoglohuling may be produced as
shown in US-A-4816567.
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Additiona]l methods to quentify the expression of z particular molecule include
radiolabelling (Melby PC e al, 1993, I. Immunol Methods Vol 159 pa35-44} or
biotinylating (Duplaa C et al, 1993, Anal Biochem Vol 229 p36) nucleotides, co-
amplification of a control nueleic acid, and standard curves onto which the expe:imentél
results are int&rpola{ed. Quantification of multiple samples may be speeded up by
munning the assay in an ELISA format where the oligomer of interest is presented in
various dilorions and a spectrophotometdc or calorimetric response gives rapid

quentification.

Although the presence/absence of marker gene expression suggests that the gene of
interest is also present, its presence and expression should be confirmed.  For example,
if the PFI-013 coding sequence is inserted within a marker gene sequence, recombinant
cells containing PFI-013 coding regions can be identified by the absence of marker gene
fimetion, Alternatively, 2 marker gene can be placed in tandem with a PFI-013 coding
sequence under the comtrol of a single promoter, Expression of the marker gene in

response to induction or selection usually indicales expression of PFI-0173 as well.

Alternalively, host cells which contain the coding sequence for PFI-013 and express
PFI-013 coding regions may be identified by a variety of procecures known to those of
skill in the art. These procedures include, but are not lrmited to, DNA-DINA. or DNA-
RNA hybridisation and protein bicassay or immunoassay techniques which include
membrane-bascd, sohtion-based, or chip-based technologics for the detection and/or

quantification of the nucleic acid or protein.

ANTIBODIES

The amino acid sequence of the present invention can also be used 1o generate

antibodies - such as by use of standard techniques - against the amino acid sequence.

Procedures well known in the art may be used for the production of antibodies to PFI-

013 polypeptides.  Such antihodies include, but are not limited ta, polyclonal,
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monaclonal, chimeric, single chain, Fab fragmerts and fragments produced by a Fab
expression library. Neutralising antibodies, ie. those which antagonise biolagical

activity of PFI-013 polypeptides, arc especially  preferred for diagnostics and

therapeutics.

For the produstion of antibodies, various hosts including goats, rabbits, rats, mice, efc,
may be immuanised by injection with the PF1-013 polypeptide or any portian, variant,
homelogue, fragment, analogue or derivative thervef or oligopeptide which retains
immunogenic properties. Depending on the host species, various adjuvants may be used
to increass immunological response. Such adjuvants include, but are nat limited to,
Freurd's, mineral gels such as alumininm hydroxide, and surface active sabstances such
as lysolecithin, pluronic polyols, polyanions, peplides, oil emulsions, keyhole limpet
hemocyanin, and dinitrophenol. BCG (Bacili Caimetie-Guerin) and Corynebacterium

parvim are potentially usefil human adjuvants which may be employed.

Moncclonal antibodies to the amino acid sequence mazy be prepared using any technique
which provides for the praduction of antibody molecules by continugus cell lines in
culture. These includs, but are not Tmited to, the hybridoma technique originally
described by Koehler and Milstein (1975, Nature Vol 255 P435-497), the human B-cell
hybridoma technique (Kosbor e 4/, (1983} Immunol Teday Vol 4 p72; Cote ef al
(1983) Procesdings of the National Academy of Sciences (USA) Vol 80 p2026-2030)
and the EBV-hybridoma technique (Cole ef af, (1985) Monoclonal Antibodies and
Cancer Therapy, Alan R Liss Inc, pp. 77-96). In addition, techmiques developed for the
production of "chimeric amtibodies”, the splicing of mouse antibody penes to human
antibody genes to abtain a molecule with appropriate entigen specificity and biological
activity can be used (Morrison ef o/, (1984) Proceedings of the National Academy of
Sciences (USA) Vol 81 p6851-6855: Neuberger of al. {1984) Nature Vol 312 p604-608;
Takeda ef ad. (1985) Nature Vol 314 p452-454). Alternatively, techniques deseribed for
the production of single chain antibodies (US-A-4546779) can be adapted to produce
polypeptide-specific single chain antibodies.
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Antibodies may also be produced by inducing in vive production in the lymphocyte
population or by screening recombinant immuoglobulin Nlraries or panels of highly
specific binding reagents as disclosed in Orlandi ef ol (1989, Proceedings of the
National Academy of Sciences (USA) Vol 86 p 3833-3837), and Winter G and Milstein
€ (1991; Nature Vol 345 p293-299),

Antibody ﬁagmenﬁ which contain specific binding sites for PF-013 may also be
generated.  For example, such fragmenis include, but are not limited to, the F(ab",
fragments which can be produced by pepsin digestion of the antigody molecule and the
Feb fragments which can be generated by recucing the disulphide bridges of the F(zb",
fragments. Altematively, Fab expression libraries may be constructed to allow rapid
and easy identification of monoclonal Fab fragments with the desired specificity (Huse
WD et ol, (1989) Science Vol 256 pl275-1281), '

An alternative techiigque immlves screening phage display libraries where, for example
the phage express scFv fragments on the surface of their coat with a large variety of
complementarity determining regions (CDRs). This technique is wel] known in the art.

PFI-013-specific antibodies are nseful for the diagnesis of conditions and disesses
associated with expression of the PFI-013 receplor. VA variety of protocols for
competitive binding or immunoradiometric assays using either polyclonal or
monaclonal antibodies with established specificities are well known in the art. Such
immunoassays typicaily fnvolve the formation of complexes between PFLOL3
polypeptide and it specific antibody (or similar PF1-013-binding molecule) and the
measurement of complex formation. A two-site, monoclonal based immunoassay
utilising monoclonal antibodies tezctive to two, non-interfering epitopes on a specific
FFI-013 protein is preferred, but a competitive binding assay may also be employed.
These assays are described in Maddox DE et ol (1583, Journal of Experimental
Medircine Vol 15% p1211).

Anti-PFT-013 antibodies are useful for the diagnosis of disorders mvolving zbnormal

signal transduction or other disorders or diseasea characteriscd by abnormal expression
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of a FFI-013 receptor. Diagnostic assays for 'PFI;013 include methods utilising the:
antibody and a lzbel to detect a PFI-013 polypeptide in human body fluids, cells, tissues
or gections or extracis of such tissues. The polypeptides and antibodies of the present
invention may be used with or without modification. Frequently, the polypeptides and
antibedies will be labelled by joining them, either covalently cr noncovalently, with a

reporter molecule. A wide variety of reparter molecules are known to those of skill in
the art.

Antibodies may be used in method of detesting polypeptides of the inveriion present in
biclogical samples by 2 methad which comprises: (a) providing an antibody of the
invention; (b) incubating a biological sample with said antibody under conditions which
allow for the formation of an antibody-antigen complex; and {c) determining whether

antibody-antigen complex comprising said antibody is formed.

Antibodies of the invention mav also be used for the enrichment or isolation of
eosinophils from mammaliﬁn, preferably human blood. in a preferred embodiment of this
aspect of the invention, the antibodies are bound to a solid suppor, ¢.g. magnetic beads,
incubated with the peripheral blood lenkocyles, then the beads with bound cosinophils ars
removed from the unbound cells wsing a magnet. Other similar methods for use of
antibodies for isolation of specific cells from a mixtore of cell types are well known to the
persen sldlled in the art.

Antibedies of the invention may be bound to a solid support and/or packaged into kits in a

suitable container along with suitable Teagents, conirols, instructions and the like.
ASSAYS/DENTIFICATION METHODS

The present invention also relates 1o an assay method for detecting the presence of PFL-
013 in cells (such as human cells) comprising: (2) performing a reverse iranscriptase-
polymerase chain reaction (RT-PCR) on RNA (such as total RNA) from such cells using a
pair of PCR primers that are specific for PFI-013, as determined from the DNA sequence
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shown in SEQ ID NO: 1 or an allelic varfation thereof; and (b) assaying the appearance of
an appropriately sized PCR Fagrment - such as by agarose gel electrophoresis,

There are numerous assays in which the polypeptide of the present invention can used to

screen for modulaters (e.g. antagonists or agenists) of the polypeptide. Examples of

such assays include:

Functiona! Assay - One example of a method for screening receptars to identify
modulators thereof is to monitor the inhibitary or stimulatery effect on cAMP or
adenylate cyclase accurmnulation. Such an assay involves iransfecting 2 mammalian cell
with the receptor of the present invention for cell surface expression. The eell is then
exposed Lo a putative modulator and the amount of cAMP aceumulation is measured. If
the putative modulator binds the receptor and has a functional effect, the levels of

receptor-mediated cAMP cr adenylate cyclase activity will either increase or decrease.

Funciiona! Assay using a Fluorometric Imaging Plate Reader (FLIPRE) - A technique
used for scresning and includes the use of cells that express the receptor of the present
invention (for example, transfected HEK293 cells) in a system that measures
intracellular calcium or extracellular pH ehanges caused by receptor activation. In this
technique, cells expressing the receptor of the imvention may be contacted with
compounds (c.g. small molecules, peptides, lipids, nucleotides or glycoproteins) that
cause a secand messenger response, e.g. sigual transduction, change in caleium levels or
PH changes. These changes are used to determine whether the potential compound

activates or inhibits the receptor.

Ligand Binding Assay - This type of assay may test hinding of a candidate compound,
where adherence to the cells containing the receptor of the present invention is detected
by means of a label direetly or indirecily associated with the candidate compound or in
an assay involving competition with a labelled competitor. Standard assays for
conducting screens that determine if the compound activates or inhibits the Teceptor are

well understood by those skilled in the art,
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The present invention therefore also relates to a method of identifying agents (such as
compounds, other substances or compositions comprising the same) that affect (such zs
antagonise, agonise or otherwise modify) the activity of PFI-013 and/or the expression
thereof, the method comprising contacting PE1-013 or the nueleotide sequence coding for

the same with the agent and then measuring the activity of PFI-013 and/or the expression
thereof.

The present invention also relates to 2 method of identifying agents (such as compounds,
other substances or compositions comprising the same) that sclectively affect (such as
antagonise, agonise or otherwise modify) the activity of PFI-013 and/or the EXpression
thereof, the methed comprising contacting PFI-013 or the nucleotide sequence coding for

the same with the agent and then measuring the activity of PF1-013 and/or the expression
thereof,

The present invention also relates to 2 method of identifying agents (such as compounds,
other substances or compositions comprising the same) that af.fect (such as antagonise,
agenise or othenvise modify) the activity of FFI-013 and/or the expression thersof, the
method comprising measuring the activity of PFI-013 and/or the expression therecf in the
prosence of the agent or afler the additon of the agent in: [a) a cell line into which has
bzen incorporated recombinant DNA comprising the DINA sequence shown in SEQ TD
NO: 1 or an allelic variation thersof, or (b) a cell population or cell ling that naturally
selectively cxpresses FFI-013. Preferably, the activity of PFI-013 is detenmined by the

assay methods described above.

The present invention also relates o a method of identifying agents (such as compounds,
other substanices or compositions cemprising the same) that selectively affect (such as
antagonisc, agonise or otherwise modify) the activity of PFI-013 and/or the expression
thereof, the method comprising measuring the activity of PFI-013 and/or the expression
thereof in the presence of the agent or after the addition of the agent in: (a} a cell line into
which hes been incorporated recombimant DINA comprising the DNA sequence shown in

SEQ ID NO: 1 or an allelic variation thereof, or (b) a cell population ar cell tine that
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naturally selectively expresses PFI-013. Preferably, the activity of PFI-013 is determined
by the assay methods described above,

The present mvention also relates to a mathod of ‘scteening an agent for modulation
(preferably for specific modulation) of PFI-013 (or a derivative, homelogue, variant,
analogue or fragment thersof) achivity or the expression of the nucleotide sequence
coding for the same (including a derjvative, homologue, variant, analogue or fragment
thereof), the method comprising the steps of: (a) providing a candidate agent; (b)
combining PFI-013 (or the derivative, homologue, variant, analogue or fragment
thereof) or tﬁe nuclectide sequence coding for the same {or the derivative, homologue,
variant, analogue or fragment thercof) with the candidate agent for a time sufficient {o
allow modulation under suitable conditions; and (c) detecting modulation- of the
candidate agent to PFI-013 (or the derivative, homolo gue, variant, analogue or fragment
therenf) or the nucleotide sequence coding for the same (or the derivative, homologue,
variant, analogue or ﬁ‘agmenl thereof) in order to ascertain if the candidate agent
modulates PFI-013 {or the derivative, homologue, variant, analopue or fragment
thereo]) activity ar the expression of the nuelentide sequence coding for the same (or the

derivative, homelogue, variant, analogue or fragment thereof).

The present inventien also relates to a method of screening an agent for specific binding
affimity with PFI-013 (or a derivative, homologue, vadant, anzlogue or fragment
thereof) or the nucleotide sequence coding for the same {including a derfvative,
homologue, variant, analogue or fragment thercof), the method cornprising the steps of:
(a) providing a candidate agent; (b) combining PFI-Q13 {or the déﬁvative, homaologue,
variant, analegue or fragment thereof) or the nucleatide sequence coding for the same
(o the derivative, homolague, variant, analogue or fragment thereof) with the candidate
agent for a lime sufficient to allow hinding under suitable conditions; and {c) detecting
binding of the candidate agent to PFI-0I3 (or the derivative, homologue, variant,
analogue or fragment thereof) or the nuclectide sequence coding for the same (o7 the
derivative, homelogue, variant, analogue or fragment thereof) in order to ascertain if the

candidate agent binds to PFI-013 (or the derivative, homologue, varient, analogue or
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fragment thereof) or the nucleotide sequence coding for the same (or the derivative,

hemologue, variant, analogue or fragment thereof),

Thus, in vertain embodiments of the present invention, PFI-013 or a variant, homologue,
fragment, analogue ot derivative thereof and/or & cell line that expresses the PFI-013 or
variant, homologue, {ragment, analogue or derivative thereof Taay be used to screen for
antibo‘dies, poplides, ot other agents, such as crganic or incrganic molecules, that act as
modulators (e.g. antagonists or agonists) nf PFI-013 activity or for the expression
thereof, therchy identifying a therapeutic agent capable of medulating the rccepter.
Alternatively, screening of peptide libraries or arganic libraries made by combinatortal
chemistry with recombinantly expressed PFI-013 or a variant, homologue, fragment,
analogue or derivative thereof or cell lines expressing PFI-013 or a variant, homologue,
fragment, znalogue ot derivative thercof may be usefnl for identification of therapeutic
agents that function by modulating the receptor. Synthetic compounds, natural
produets, and other scurces of potentially biologically active materials can be screened
m a mumber of ways deemed to he routine to those of skill in the art. For example,
nucleoltide sequences encoding the N-terminal region of PFI-013 may be expressed in a
cell line, which can be used for screening of allosteric modulators, either agonists or

antagonists, of PF1-013 activity.

A PFI-013 pelypeptide, its immunogenic fragments or oligopeptides thereof ean be usad
for screening therapeutic compomnds in any of a variety of drug sercening techniques.
The polypepiide employed in such a test may be free in solutign, affixed to a selid
suppurt, bome on a cell surface, or located intracellularly. The formation of binding

cemplexes botween 2 PFL-013 polypeptide and the agent being tested may be mezsured.

Accordingly, the present inventicn relates to a method for screening one or a plurality of
compounds for modulation (preferebly specific modulation, such as specific bihdi.ng
affinity) of PFI-013 or the expression therecf, or a portion thereof or variamt,
homologue, fragment, znalogue or derivative thereof, comprising providing one or a
plurality of compounds; combining a PFI-GL3 or a nucleotide sequence coding for the

same or a portion thersof or variant, homologue, fragment, analogne or dervative
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thereof with the or each of a plurality of compounds for a time sufficient to allow
modulation under suitable conditions; and detecting binding of & PFI-013, or portion
thereof or variant, homologue, fragment, ana]ogﬁe or derivative thereof], to each of the
plurality of compounds, thereby identifying the compound or compounds which
modulate 2 PFL-013 or 2 nucleotide sequenee eoding for the same. In such an assay, the
plurality of compounds may be produced by combinaterial chemistry techniques known
{o those of skill in the art.

Another technique for drug screeming providss for high throughpﬁt serecning (ITTS) of
compeunds having suitable binding affinity to the PFI-013 polypaplides and is based
upon the method described in detail in Geysen, WO 84/03564, published on September
13, 1984, In summary, large numbers of different small peptide test compounds are
synthesized on a solid substrate, such as plastic pins or seme other surface, The peptide
test compounds are reacted with PFI-013 fragments and washed. A bound PFI-0113 is
then detected - such as by appropriately adapting methods well known in the art. A
purified PFI-013 can zlso be coated directly onlo plates for use il the aforementioned
drug scresning techmiquss. Alternatively, non-neutralising antibodies can be used to

capture the peptide and immobilise it on a solid support.

This inveniion also contemplates the use of competitive drug screening assays in which
nentralising antihodies capable of binding a PFI-013 polypeptide specifically compete
with a test comnpound for binding a PFI-013. In this manner, the antibodies can be used
to detect the presence of any peptide which shares one or more antigenic determinants

with a PRI-(13.

The aszay method of the present invention may be a high throughput screen (HTS). In
this regard, the teachings of WO 84/03564 may be adapted for the PFI-013 of the

present invention.

The teschings of US-A-5738985 may also be adapted for the assay method of the

Present invention.
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AGENTS

The present inverttion also provides one or more agents identified by the assays methods

and identification methods of the present invention,

The agent of the present invention can be, for example, an organic compound or an
inorganic compound. The agent can he, for example, a2 nuclectide sequence that is

antisense to all or part of the sequence shown in SEQ ID NO: 1.

The invention firther provides an agent of the present imvention (or even a
pharmacentically acceptable salt thereof, or a pharmacentically accepiable salvate

therenf) or 2 pharmacentical composifion containing any of the forepoing, for use 25 a

medicament.

The present invention also relates to the use of an agent to affect PFI-013 activity (such

as to antagonise, modulate or agenise ils GPCR activity).

DIAGNOSTICS

The present invention also provides a diagnostic composition for the detection of PFI-
013 polynucleotide sequences. The diagnoslic compesition may comprise the sequence
shown in SEQ ID NO: 1 or a varant, homologee, frapment, analogue or derivative
thereof, or a sequence capable of hybridising fo all or part of the nuclectide sequencs

shown in SEQ ID NO: 1 or an allelic variation thereof

In order to provide 2 basis for the diagnosis of discase, normal or standard values from a
PFI-013 polypeptide expression should be established. This is accomplished by
combining body fluids or cell extracts taken from nomnal subjects, cither animal or
human, with antibody to a PFI-013 polypeptide under conditions suitabls for complex
formation which are well known in the art. The amount of standard complex formation
may be quantified by comparing 1t to a dilution series of positive contrels where a

known amount of antibody is combined with known concentrations of a purified PFI-
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013 polypeptide. Then, standard valies obtaimed from normal samples may be
compared with values obtained from samples from subjects potentially affected by 2
disorder or disease related to a PFI-013 polypeptide expression. Deviation between

standard and subject values establishes the presence of the disease state,

A PFI-013 polynucleotide, or any part thereof, may provide the basis for 2 diagnostic
and/or a therapeutic compound. For diagnostio purposes,  PFI-013 polynucleotide
sequences may be used to detect and quentify gene cxpréssion in conditions, disorders

or diseases in which PFI-013 activity may be implicated,

PFI-013-encoding polynuclcotide sequence may be used for the diagnosis of diseases
resulting from expression of PFI-013, For example, polynucleotide sequences encoding
PFI-013 may be used in hybridisation or PCR assays of tssues from biopsies or
aulopsi.es or biological fluids, such as senmn, synovial fluid or tumaur biopsy, to detect
ghmormalities in PU-O13 expression. The form of such qualitative or quantitative
methods may include Southern or northern analysis, dot blot or other membrane-based
technologies; PCR technologies; dip stick, pin or chip technologies; and ELISA or other
maltiple sample format techno]c;gies. All of these techniques are well known in the art

and arc, in fact, the basis of many commercially available diagnostic kits.

Such assays may be tailored to evaluate the efficacy of a particular therapentic treatment
regime and may be used in amimal studies, in clinical trials, or in menitoring the
treatment of an individual patient. In order to provide a basis for the diaguesis of
disease, a nommal or standard profile for FFI-013 expression should he established. This
is accomplished by combining hody fluids or cell extracts taken from normal subjects,
either animal or human, with PFI-013 or aportioﬁ thereef, under conditions suitable for
hybridisation or amplification. Standard hybridisation mey be quentified by comparing
the values obtained for normal subjects with a dilution series of positive coniyols run in
the same experiment where a lmown amount of purified PFI-013 is used. Standard
values obtained from normal samples may be compared with values obtained from
samples from subjects potentially affected by a disorder or disease related o expression

of the PFI-013 coding sequence: Deviation between standard and subject values
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establishes the presence of the disease state. If disease is established, an existing
therapeutic agent is administered, and treatment profile or velues may be generated.
Finally, the assay may be repeated on a regular basis to evaluale whether the values
progress toward or retwn to the normal or standard pattern.  Successive treatment
profiles may be used to show the efficasy of treatment over a period of several days or

geveral months.

Thus, the present nvention relates to the use of a PFI-013 polypeptide, or variant,
homalogue, fragment, analogwe or derivative thereof, to produce anti-PFI-013
antibodies which can, for cxample, be used diagnostically to detect and quantify FFI-

013 levels in disease statas.

"The present invention further relates to diagnostic asseys and Kits for the detection of
FFI-013 in cells and tissues comprising a purified PFI-013 which may be used a5 a
positive control, end anti-PFI-013 antibodies. Such antibodies may be used in solution-
based, membrane-based, or tissue-based technologies to detect any disease state or
cordition related to the expression of FFI-013 protein or expression of deletions or a

variant, homologue, fragment, analogue or dsrivative thereof,

Alt.ematively, the present invention provides a process for diagnosing in a patient a
disease or a susccptibility to a disease related to an under-expression of PFL-013
contprising: determining a mutation. in the nucleic acid sequence encoding PFI-013, or
the amount of the PFI-013 in a sample derived from a patient. There is alsc provided a

diagnostic procsss comprising anzlysing for the presencs of PFI-G13 in a sample
derived from a host.

FROBES

Anather aspect of the subject Invention is the provision of nueleic acid hyhridisation or

PCR probes which are capable of detecting polynuclestide sequences, including
genomic sequences, encoding PFI-013 coding region or closely related molccules, such

as alleles. The specificity of the prebe, ie. whether it is detived from a highly
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conserved, conserved or non-conserved region or domain, and the stringency of the
hybridisarion or amplification (high, intermediate or low) will determine whether the
probe identifies only naturally occurring PFL013 coding cequence, or related sequences,
Probes for the detection of related nucleic acid sequences are selected from conserved or
highly comserved nucleotide regions of PFI-013 polynuclesiides, such as the 2 region,
and such probes may be used in a pool of degenerate probes. For the detection of
icentical nucleic acid sequences, or where maximwm specificity is desired, nucleie acid
probes are selected from the non-vonserved nucleotide regions or unique regions of PEL-
013 polynucleotides. As nsed herein, the term "non-conserved nucleotide region" refers
to a nucleotide region that is unique to the PFI-013 coding sequence disclosed herein

and does not oceur in related sequences.

PCR, as described in US-A-4683195, US-A-4800195 and US-A-4965188 vrovides
additional uses for cligomcleotides based npon the PFI-013 sequence, Such olipomers
arc generally chemically synthesized, but they may be generated enzymatically or
produced frem a recombinent source.  Oligomers generally comprise two nucleotide
sequences, oze with sense orientation (5'—3") 2nd one with antisense (3'«-5" employed
under optimised conditions for identification of & specific gene or condition. The same
two oligomers, nested sets of olignmers, or cven z degenerate pool of oligomers may be

employed inder less stringent conditions for detection and/or quantification of closely
related DNA or ENA sequences.

The nucleic acid sequence for PF1-013 can also be used to generate hybridisation probes
as previously described, for mapping the endogenous genomic sequence. The sequence
may he mapped 1o a particular chromosome or to 2 specific regicn of the chromosome
using well known techniques, These include in rifw hybridisation to clromosomal
spreads (Verma ef al (1988} Human Chromosomes: A Manual of Basic Techumiques,
Pergamon Press, New York City, USA), flowsorted ehromosomal preparations, or
ertificial chromosome constructions such as yeast ertificial chromoscomes (YACs),
bacterial artificial chromosomes (BACS), bacterial PI constructions or single

chromozome ¢cDMNA librariss.
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In situ hybridisation of chromosomal preparetions and physical mapping techniques’
such as linkage analysis using established chwromosomal markers are invaluable in
extending genetic maps. Examples of genetic maps can be found in Science {1995;
270:410f and 19%4; 265:1981f). Cften the placement of a gene on the chromosome of
another mammalian species may reveal associated markers even if the number or arm of
a particular human chromasome is not known., New sequences can be assigned to
chromosomal arms, or parts thereof, by physical mapping. This provides valnablz
information to investigators searching for disease genes using positional cloning or
other geme discovery techmiques. Once & disesse or syndrome, such as ataxia
telangiectasia (AT), has been crudely localised by gemetic linkage to a perticular
genomie region, for example, AT to 11g22-23 (Gatti ef of (1988) Nature 336:577-580),
&Ny sequences mapping to that area may represent asgociated or regulatory genes for
further investigation. The mucleotide sequence of the subject mvention may also be
used to detect differences in the chromosomal Jocation due to translocetion, inversion,

etc. between normal, carrier or affecied individuals.
PHARMACEUTICALS

The present mvention also provides a pharmaceutical composition for treafing an
individus] in peed of the same due to PFL-013 aclivity, the composition comprising 2
therapeutically effective amount of on sgent that madulates (such as antagonises or

agonises) said activity and a pharmaceutically acceptable carrier, diluent, excipient or

adjuvant.

Thus, the present invention also covers pharmacentical compositions comprising the
agents of the present invention (an egent capable of modnlating the expression pattern
of the nucleotide sequence of the pi’esent invention or the activity of the expression
product thersof and/or an agent identified by an assay according to the present
imvention). In this regard, and in parttcular for human therapy, even though the agents
of the present invention can be administered alone, they will generally be zdministered
in admixture with 2 pharmaceutical carrier, adjuvant, excipient or diluent selected with

tegard to the intended route of administration and standard pharmacentical practice.
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By way of example, in the pharmaceutical cempositions of the present invention, the
agents of the present invention may be admixed with any suitable binder(s), lubricant(s),

suspending agent(s), coating agent(s), or solubilising agent(s).

In general, a therapentically effective deily oral or intravenous doss of the agents of the
present invention {s likely to range from 0.01 to 50 mg'kg body weight of the subject to
be treated, preferably 0.1 to 20 mg/kg. The agents of the present invention may also be
administered by intravenons infusion, a2t a doss which ig likely to range from 0.001-10
mg/kg/hr,

Thus, the present invention also provides a msthod of treating an individual in need of
the szme due to PFI-0L3 activity comprising admimistering t0 said individnal an

effective amount of the pharmaceutical compaosition of the present invention.

Typically, the physician will determine the actual dosage which will be most suitable
for an individual patient and it will vary with the age, weight, sex and response of the
particular patient. The above dosagas are exemplary of the average case. There can, of
course, be individual instances where higher or lower dosage ranges are merited, and

siich are within the scope of this invention.

‘Where appropriate, the pharmaceutical cormpositions can be adminicterad by inhalation,
in the form of a suppository or pessary, topically in the form of a Iotion, solution, cream,
ointment or dusting powder, by use of 1 skin patch, orally in the form of tablets
containing exeipients such as starch or lactoss, or in capsules or ovules cither alone or in
admixture with excipients, or in the form of elixirs, selutions or suspensions containing
flavouring or colouring agents, or they can be injected parenterally, for cxample
intracavernosally, intravenously, intramuscularly or suhcutaneously. For parenteral
administration, the compositions may be best used in the form of a sterile aqueous
solution which may contain other substances, for example cnough salis or

monosaccharides to make the solution isotonic with blood. For buccal or sublingual
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administration the compositions may be administered in the form of tableta or lozenges

which can be formulated in a conventional manzer,

For oral, parenteral, buccal and sublingual administration to subjects (such as patients),
the daily dosage level of the agents of the present invention may typically be from 10 to
500 mg (in single or divided doses). Thus, and by way of exampie, tablets or capsules
may contain ﬂom 5 to 100 mg of active agent for administration singly, o1 two or more

at a time, as appropriate. It is also possible to administer the agents of the present

mvention in sustained release formulations.

In some applications, generafly in hmens, oral administration of the agents of the
present mvention is the preferred route, being the most convenient and can in some
cages avoid disadvantages associated with oiher routes of administsation - such as those
associated with inrecavernosal (ic.) administration, In circumstances where the
recipient suffers from a swallowing disorder or from impairment of drug absorption
after oral administration, the drug may be administersd parenterzlly, sublingually or
buceally.

For veterinary use, the agent of the present invention is typically administered as a
suitably acceptable formulation in accordance with normal velerinary practice and the
vetetinary surgeon will determine the dosing regimen and route of administration which
will be most appropriate for a particuiar animal. However, as with human treatments, it

may be possible to administer the agent alons for veterinary freatments,

Typicelly, the pharmacentical compositions - which may be for human or animal usage
- will comprise any on¢ or more of a pharmaceutically acceptable diluent, carrier,
oxciplent or adjuvant. The choice of pharmaceutical carrier, excipient, adjuvant or
diluent can be selected with regard to the intended route of administretion and standard
pharmacentical practicé. As indicated above, the pharmaceutical corapositions may
COMPriSe as - or in addition to - the carrier, excipient, adjuvant ar diluent any suitable

binder(s), hibricant(s), suspending agent(s), coating agent(s) or salubilising agent(s).
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In some entbodiments of the present invention, the pharmacentical compositions will
cotprise one or more of an agent that has baen sereencd by zn assay of the present
invention; an agent that is capable of interacting with SEQ ID NO: 1 or SEQ ID NO: 2
melading derivatives, frapments, hamologues, analogues or variants thereof or

sequences capable of hybridising to the nucleotide sequence shown in SEQIDND: 1.

Included in the scope of the invention are oligonucleotide sequences, antisense RNA
and DNA molecules and ribozymes, which function to destabilise PFI-013 mRNA or
inhibit translation of PFI-013.

A PFI-013 antisense molccule may provide the basis for treatment of various aBnormal

conditions relafed to, for example, increased PFI-013 activity.

Expression vectors derived from retroviruses, adenovirus, herpes or vaccinia viruses, or
from various bacterial plasmids, may be nsed for delivery of recombinant FFI-013 senge
or antisense maleoules to the fargeted cell population. Methods which are well known
to those skilled in the art can be uged to construct recombinant vectors comaining PFI-

012, Alternatively, recombinant PF1-013 can be deliversd to target cells in liposonies.

The fiall length eDNA sequence and/or its rcgulatory elemrenis enable researchers to 1se
PFI-013 as a tool in sense (Youssoufian T and HF Lodish (1993) Mol Cell Riol 13:98
104} or antisense {Fguehi ef a7 (1991} Annu Rev Biochem 60:631-652) investigations of
gene function.  Oligonucleotides, designed from the cDNA or confrol sequences
obtained from the genomic DNA can be used ir vitro or in vive to inhibit expression.
Such technology is now well known in the art, and sense or antisense oligomiclectides
or larger fragments can be designed from various locations 2leng the cading or control
regions. Appropriate oligonucleotides, which can be 20 nucleotidss in length, may be

used to 1solate PF1-013 sequences or closely related molecules from human libraries.

Additionally, PFI-013 expreseion can be modulated by transfecting a cell or tissue with
expression vectors which express high levels of a PFI-013 fragment in conditions where

it would be preferable to block PFI-D13 activity. Such constructs can flood cells with
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untransiatable senss or antisense sequences. Fven in the absence of integration into the
DNA, such vectors may continue to transcribe RNA molecules until all copies of the
veetor are disabled by endogenous nueleases. Such trarsient expression may last for a

menth or more with a non-replicating vector and even lenger if appropriate replication

elements are part of the vector system.

Modifications of gene expression can be obtained by designing antisense sequences to

the control regions of the PFI-013 pene, such as the promoters, enhancers, and introns,

Otigomueleotides derived from the transcription inftiation site, &.g. hetween -10 and +10
Tegions of the leader sequence, are preferred. Antisense RNA and DNA molecules may
also be designed to block tramslation of mRINA. by preventing the transeript from
binding to ribosomes. Similarly, inhibition can be zchieved using Hogeboom base-
pairing methadalogy, also known as “triple helix" base-peiring. Triple helix pairing
coﬁpromises the abikity of the double helix to open sufficiently for the binding of

polymerases, franscription factars, er regulatary molecules.

Thus the invention provides a pharmaceutical composition comprising an agent of the
present invendon (or even a pharmacentically acceptable salt thereof, or a
pharmacentically acceptable golvate thercof) together with a pharmaceutically

acceptable dilusnt, adjuvant, excipient or carrier,

The pharmacentical composition could be for velerinary ({.e. animal) usage or for

humezn usage,

Thus, ihe present invention therefore zlso relates to pharmaceutical compositions
comprising effective zmounis of modulators (e.g- antagonisis or agonists) of PFI-013
protein (inchiding antisense nucieic  acid sequences) in admixture with a
pharmaceutically acceptable diluent, carrier, cxcipient or adjuvant {including

cembinations thereof),
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The present invention relates to pharmaceutical compositions which may comprise all or
pertions of PFI-013 polynucleotide sequences, PFI-013 antisense malecules, PFI-013
polypeptides, protein, peptide or organic modulators of PFI-013 bioactivity, such as
antagonists (ncluding antibodies) or agonists, alone or in combination with at least ons
other agent, such as stabilising compound, and may be administered in any sterile,
biocompatible pharmacentical carrier, including, but net limited to, saline, buffersd

saline, dextrose, and water,
GENERAL METHODQLOGY REFERENCES

Although n general the techniques mentioned herein are well known in the art, reference
may be made in particular to Sambrook ef af , Molecular Cloning, A Laboratory Manual
(1989) and Ausubel et al,, Short Protocols in Molecular Biclogy (1999) 4% Ed. John
Wiley & Sons, Inc. PCR is described in US-A-4583195, US-A-4800195 and US-A-
4065188,

DEPOSITS

The following sample was deposited in accordance with the Budapest Treaty at the
recognised depasitary The Naticnal Collections of Industrial and Marine Bacteria Limited
(NCIMB) at 23 8t. Machar Drive, Aberdeen, Scotland, AB2 IRY, United Kingdom on 23
August 2000:

NCIMB number NCIMB 41073 is Escherichin coli PA-013

The depositor was Pfizer Central Fesearch, Phzer Limited, Ramsgate Road, Sandwich,
Eent, CT13 9], United Kingdom.

One skilled in the &t could readily grow the sbove-mentioned £ coli clene (NCIMB
41073} in Luria Broth containing ampicillin and isolate the plasmid DNA of the clone
using the alkali lysis methad & described in Sambrook, er al., eds. {1989) Molecular
Cloning: A Laboratory Manual, Cold Spring Herbor Laboratory Press, New York,.NY,
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USA. The di-deoxy termination method as described by Sanger er al. (Proceedings of the
National Academy of Sciences (USA) (Dec. 1977), 74(12):5463-5467) and modified by
Applied Biosystems (sez Applied Biosystems manufacturer's literature) for fluorescent

detection could then be used to sequence the DNA and idénti-fy PFI-013.

The present invention also encompasses sequences derivable and/or expresszble from that
deposit and embodiments comprising the same. The present fnvention also encompasses
partial sequences derivable and/or expressable from that deposit mnd smbodiments
conprising the same, wherein those partial sequences code for active polypeptides, The
present invenlion also encompasses proteins comprising sequences dervable and/or
expressable from that deposit and embodiments comprising the same. The present
mvention also encompasses proteins comprising partial sequences derivable and/or
expressable from that deposit and embodiments comprising the same, wherein those

partial sequences code for active polypeptides.

INTRODUCTION TO THE EXAMPLES SECTION, -EHE-#iGumRES AND THE
SEQUENCE LISTING

The present invention will now be described, by way of example only, with reference to

the accompanying #Hgwresmud:Sequence Listing in whickh:-

SEQ ID NO: 1 shows the nucleotide sequence coding for PFI-013. The ATG
translation imitiation codom is indicated by the first three lelters. The stop codon is

indicated by the last three letters.

SEQ ID NO: 2 shows the corresponding amino acid sequence ending for PF1-013.

SEQ ID NOS: 3-10 show Athe PCR primess used in the Examples.

The polynucleotide which encodes the GPCR of the present inventicn was cloned aﬁd

the DNA and amine acid sequences analysed using various bioinformatic tools. The

GPCR encoded by the sequences described herein has been termed PFI-0173,
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Experimental section

Example |

IDENTIFICATION OF PFI-013

PFI-013 was first identified in an expressed sequence tag (EST) datebase with
sequences derived from a ¢DNA library from eosinophils stimulated with I1-5 , but only
a5 o partial ssquence. Searching of the public genomic databases led to the
identification of the full length PFI-013 sequence and the delermination of its homology
to histemine H3 receptors using, inter alia, the BLAST algorithm.

Lxample 2
BIOINFORMATIC STUDIES

In order to confirm that PFI-D13 was a member of the GPCR family, a number of

bicinformatics approaches were performed (see Figure 1),

(a) BLAST Search against Swissprot

PFI-013 was searched against Swissprot using the BLAST algorithun (Basic Local
Alignment Search Tool (Altschul SF (1993) J.Mol. Evol, 36:250-300; Altschul, SF
et al. (1990) J. Moi, Biol. 215.403-410; Altschul, SF ez af (1997} Nucleic Acids Res.

2531 3388-3402)) to identify the closest protein match. In this case the top hit was to:

AT140538-01 PRI AAD3E151.1 Homo sapiens histamine H3 receptor mRINA,
complete coding sequence (CDS).

These results indicate that PFI-013 is a member of the GPCR. family.
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(b)  ClustalW Alignment of PFI-013 with human histamine H3 receptor
These results are shown in Figure 2.

{(r}  Genomic organisation of the genes for PFI-013 and human histamjne H3
recepiors

The genes for PFI-C13 and histamine H3 receptors have a very similar structure, as

shown in Figure 3. Figure 3 also shows the pari of the sequence originally identificd as
the EST in the cosinophil ¢DINA litrary.

) BLAST search against a pon-redundant human GPCR database
PEL-G13 was searched aguinst a non-redundant human GPCR database comprising

mainly sequences from Genbank and Geneseq Patents databascs in order to identify the

class of agonist for this receptor. The top ten hits are shown below;

Score E

Segquences producing signiricant alignments: (bits) value

RT140533 GPCROOZZ 11 Histemine H3 receptar 268 Te-74 GO
ALAB HUMRN GPCRODOY & Alpha-lB adrenergic receptor 145 Be-37 GO
SELD_HUMAN GPCRODZS 12 J-hydroxytrypiemine LD receptor (5-HT... 136 de-34 GO
SH1F HUMRY GECROJ2T 12 3-hydroxycrypranine LF receptor (5-HT,.. 134 2e-331 GO
SE1B_HUMAN GPCRO0Z4 12 S-hydroryrrypramine 1B receptor (5-HT,.. 132 Be-33 GO
BLAD_HUMAN GPCRO00A 8 Alpha~-1D cdrenergic receptor 132 le~32 GO
DIOR_HUMAN GPCRO01E 10 D(3) depamine receptar 127 2e=31 GO
BCM3_HOMAN GPCRODO3 6 Muscarinic acetylechaline receptor M2 118 2e-28 GO
RCHS_HOMAN GPCROOOS 6 wuscarinic acetyichalihe receptor M5 102 Ge-26 GO
RCMZ_HUMRN EPCRO00Z € Muscardnilc acetylcholine receptor Mz 106 5e=25 GO

(E Value = statistical likelihood of the hit occurring by chance)

Thess results demonstrate that PFI-013 s most similar fo histamine receptors, and they
suggest that PF1-013 encodas a nevel GRCR whose higand is likely to be an amine.
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Example 3
ISOLATION OF PFI-013

Total RNA was extracted from 1 x 10° AML14.3D10 cells, obteined fiom Dr. C.C,
Paul, VA Medical Center, Dayton, Ohio, USA (Bavmamm, M.A. & Paul, C. C. (1998)
Stem Cells 16: 16-24), using the Qiagen RNeasy Maxi kit secording to manufacturer’s
recommendations. mRNA was subsequently isolated from the aforementioned total
RNA using & Qiagen oligotex mRNA purification kit, according to the mamadacturer’s
recommendations. 1 pg of AML14.3D10 mRNA wes teverse transcribed o cDNA
using Display Thermo-RT® (Display Systems Biotech) according to the supplied
protocol utilising a PFI-013 gene specific primer PET-013-rt (SEQ ID NO: 5). PFI-013
specific primers (PFI-013 forward and PFI-013 reverse, SEQ ID NOS: 3 and 4,
respectiveiy) were employed in a PCR to amplify the PFI-013 coding region from the
AML14.3D10 ¢cDNA, where the conditions were as follows:-

FCR mix:
PFI-013 primers 1 pl {1 uM final concentration)
AME14.3D10 cDNA 2 ul (1710 of cDNA stock)

dNTPs {concentration asperkity 1 ul
Elongase Polymerase (LTI, Inc.) 1pl

Buffer B (from Elongase ki) 10t
DMSQ 5pul
dELO 30pl
FPCR primers:

Forward Primer (= PFI-013 forward): ‘
- ACCATGCCAGATACTAATAGCACAATC-3 (SEQ ID NO: 3
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Reverse Primer (= PFL-013 reverse)

3'- TTAAGAAGATACTGACCGACTGTG-3 (SEQID NO: 4)

Reverse Transcription Primer:

5-GGGCAAGATAAAGGGCAGACCAGAT-3 {(SEQID NO: 5)
PCR cycle:

(1) 94°C 1min

(2) 60°C 1.5 mins

(3) 68°C 3 mins

Steps (1) through to (3) were repeated for a furiher 34 cycles.
{4) 68°C 10 mins

(5) 4°C soak.

The PFI-013 PCR produ'ct was gel exiracted using the QIAgen gel extraction kit
-according to the manufacturer’s instructions. The resultant product was TA cloned
{Invitrogen TA cloning methodology) inte the vector pcDNA3.1/V5-His-TOPO
(Invitrogen), according to the manufacturer's instructions, The resulting insert was
subsequently  sequence-verified on both  strands using ABI DNA sequencing
methodology as per the manufacturer’s protocol.

Exampie 4

TISSUE DISTRIBUTION OF FFI-013
(a) Northern blot
(z) Probe production

A 261 bp fragment towards the 3° end of FFI-013 gens was PCR amplified using the

following primers:



PCR primers:
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PFI-013F: 5’-TCCTTCTCCCAATCAGATTCTGTAGC-E» " (SEQ ID NO; 6)

PFI-013B: 5’ -GTATCCATTGTGTCACAAGCGC-3' (SEQ ID NO: 7)

PCR mix:

PFI-013 primers

PF1-013 plasmid

dNTPs (concentration as per kit)
Advantage Polymerase (Clontsch)
Buffer N (from Invitrogen optimiser kit)
dH,0

PCR cyule:

(1) 94°C Imin
(2) 68°C 1.5 mins

5 ul each (1pM final condentration)
1 pl (50 ng)

Ll

1t

10 121

28 pl

Steps (1) and (2) were repeated for a firther 29 cycles.

{3) 68°C 10 mins
(4) 4°C soak,

The PCR. 1eaction was electrophoresed through a 0.8% agarose gel processed in x1 TAB

buffer (Tris-Acetate-EDTA buffer, pH8.3; Sigma). The resulting band was excised

from the gel using a Qiaguick® Gel extraction kit (Qiagen) according to the

manufacturer’s recoromendations, in a 50 ! volume of 10 mM Tris-Cl pH8.0, 5 pl of

the purified PCR product was labelled with *P-dCTP using Amersham Randorm Prims

Kit (Arnersham Pharmacia Biotech), according to the manufactorer’s recormmendations,

and subsequently purified using a Chromaspin Spin + TE-30 cclumn (Clontech).
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(i}  Hybridisation

Human & Human T1 Multiple tissue Northern Blots (MTNs ~ Clontech) were pre-
hybridised a1 68°C for ihr with 25 ml of Express Hyb solution (Clentech). The
FFI-013 probe was added to a further 25 ml of pre-heated (68°C) Express Hyb solztion,
The pre-hybridisation solution was decanted from the membranes, and the
hybridisation solutien was added to the membranes. The membrenes were incubated at
, 68°C for 16 hrs. The membranes were washed twice with x0.5 SSPE/.1% SDS at
68°C and then cxposed o BioMAX Autoradicgraphy film (Kodak) for 1 week at -80°C,

The results are shawn in Figure 4. Greatest level of PFI-013 mRNA expression was
observed in peripheral blood feukocytes (PBLs) with detectable exprassion in spleen,

testis, and colon.
()  Taqman® quantitative PCR analysis

A standard eurve reaction was used to quantify PFI-013 expressicn, using & 0.55 pg/ul
plasmid soluticn of pcDNA3.1 containing the PFI-013 coding sequence. The plasmid
solulion was serially dilmed in log steps to 10"% The standard curve was set up using
this dilution for 2-200,000 eapies/well. 300 nM of sach primer (PFI-013F-tag (SEQ ID
NO: 8) and PFI-013R-tag (SEQ ID NO: 9)) and 150 nM of PFI-013CP (SEQ ID
NO: 10} were used with 2X TaqMan® Universal PCR Master Mix (Applied
Biosystems). 1ng of ¢cDNA from Multiple Tissue cDNA (MTC™) Penels, Human |
and Human I[ (Clontech), were used as the templates. The reaction was run on the
TagMan® 7700 Sequence Detection System as a single reporter, reel time quantitation
with 25 pt reaction volume and every point in triplicate. PCR conditions were: 50°C for
2 min, 95°C for 10 min, then 95°C for 15 sec, 60°C for 1 min for 40 cycles. The results
were analysed by the sequence dstection software. The haseline, i.e. the background for
the fluorescence veadings, was set 0 3-12 cyeles. The results file was exported to Fxcel
(Microsoft), and the standard curve regenerated with the detsction parameters from the
results file. Results are expressed as copy number of PFI-013 transcripts per 1 ng of

tiastie e1YNA, with error bars representing the standard deviation (sec Figure 5.
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PCR primers used:

PFL-013F-tag: 5-AATATTTTATTGGAGCCTGTGGAA-3' (SEQ ID NO: 8)
PAL-013R-taq: 5'-GGAAGAGACAGCAGTCAGTCCA-3 (SEQ ID NO: 9)

PF1-013CP:  5-FAM-ACACAAAGGATATCAGCGAAAGGCAAGCC-TAMRA-3’
(SEQ ID NO: 10)

The resvlts are shown in Figure 5. The quantitative PCR results support the Northern
blot data, in that the greatest level of expression wes ohserved in peripheral blaod
leukocytes (P.BLeukocyle), followed by spleen and testis; with low levels of

expression detected in the remaining samples.

Example 5

LIGAND-BINDING ASSAY

2 x 10° CHG-K1 cells were transfected with pcDNA3.1/V5-Tis-TOPO-PFL-012 af
mock-transfected, using Lipofectamine Plus (Gibco-BRL) according to manufacturer’s
recommendations. After incubation for 48 hours post-fransfection, crude membrane
preparztions were made as follows: The cells were harvested by scraping, resuspended
in 20 m! of icc-cold assay buffer (30 mM Tris-ICL (pH 7.4)), homogenised, and ihe
resulting suspension was centrifuged at 20,000g, 4°C for 30 minutes. The supematant
was decanted, pellet resuspended in 3 ml of assay buffer and re-homogenised (S0 mM
Tris-HCl pH7.4). Protem concentration was determined via Bradford's assay (Biorad),

according to the menufacturer’s recommendations.
Aliquets of this membrane preparation containing 200 Lg protein were then incubated

with varipus concentrations of *H-histamine (e.g. 0.72-1500 nM; *H-histamine obtzined

from Amersham Phanmacia Biotech) for 2 hrs at 30°C. To terminate incubations,
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samples were rapidly filtered using the Brandell cell harvester omto Wallac Filtermats.
(Perldn Elmer) (which had been previously soaked (for 1h) in a 0.3% (v/v) solution of
PEI (polyethylenimine, - Sigma) in assay bmifer to reduce Filtermat binding).
Iminediately, the Filtermat/wells wers washed four times in rapid sucéession with 2 ml
of assay buffer per well. Filtermats were dried using a microwave oven, and Meltilex
scintillant (Perkin Elmer) was melted onto the Filtermats using the Waliac Meltilex heat
sealer. The bound radicactivity on the Filtermats was determined using the Wallac

betaplate scintillation counter.

The data were cxpressed as the difference between radioactivity bound to the
membranes from PF[-013-iransfeeied and mock-transfected cells,

Preliminary data, shown in Pigure 6, supgest that histamine binds to PFI-013, albeit
with relatively low affimity.

Exampie &

FUNCTIONAL CELL-BASED ASSAYS FOR HISTAMINE AND HISTAMINE
AGONIST ACTIVATION OF PFI-013

Fluorescence Imaging Plate Reader (FLIPR®@) technology was employed as a means to
detect activaiion of PFI-013 by histamine or histamine agonists in a ¢ell-based assay.

5 x 10° Human Embryonic Kidney (HEK) 293 cells expressing the mouse Gal3 gene
{from here on called '293 cells”), were tranciently transfected with 7.5 pg of FFI-013
(contained within the peDNA4HISmaxB (Invitrogen) plasmid) vestor, or vector afone,
using Lipofectamine Plus® reagent (G’ibﬁo BRL) as per the manufacturer’s protocol.
The FF1-013 cDNA had been cloned into peDNAAIISmaxB using restriction sites Kpnl
and Noil to excise the PFI-013 ¢cDNA from pcDNA3. L/V3-His-TQPO and to insert the
cDNA into pcDNAJHISmaxB using standard molecular blology techniques (e.g.
according to Sambrook, ef al,, eds. (1989) Molecuiar Cloning: A Laboratory Manual,
Cold Spring Herbor Laboratory Press, New York, NY, USA) and using T4 DNA ligase
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to join the fragments; pcDNA4HISmaxB was used as it contzins clements that
up-regulate the level of gens iranscription over standard pcDNA3.1 vectors). 24 hrs
post-transfection, the cells were detached from the flask using Trypsin/EDTA solution
(LTD) and seeded into a black sided, Poly-D-lysine-treated, 96-well plate (Becton
Dickinson) at 5 x 107 cells/well density. The plates were left overnight to allow the
cells to adhere te the botiom of the wells, The medium was removed from the cells and
replaced with 100 ul warm (37°C) dye loading solution (50 pg Flue3 (Molecular
probes) in 20 pl DMSO + 20% pluronic acid in DMSO, added to 11 ml Dhlbecoo’s
Modified Eagles Medium centaining Ix Probenecid (100x Probenecid - 0.71 g
Probenecid was dissolved in 5 ml 1M NaGH and 5 ml Dulbeccos® Phosphate Buffered
Saline (PES), per plate; Probenecid (Molecular Devices) inhibits activity of the anion
trangport profein, thus improving dye loading). The plates were then incubated for 1 hr
at 37°C. Plates were subsequently washed with 250 pl of wash buffer per well (5 ml
100x Probenecid stock + 425 ml PBS, pH 7.4) 4 times. The plaies were returned to the
FPCI5%C0, incubator for 30 mins prior to processing within the FLIPR® instrument.
The TLIPR® processing invelved reading the fluorescence for all samples for 2
mimmtes; during this time the fluorescence baseline was determined for 10 szconds. The
desired amoun: of compound (i.e. histamine or histamine agonists) was then
automnatically trensferred to the wells and the fluorescence was continuously monitored

for the remainder of the time. All compounds were diluted in wash buffer.
{a) Histamine activation of PFI-013 in a FLIPR® cell-hased assay

Using mesthodology as described in detail above, the offect of histamine on the
functional activation of PFI-013 was investigated.

Fignre 7 depicts the action of 10 pM histamine dibydrochloride serially diluted in log
concentrations down fo 10 pM (columns 2 to 8) in duplicate (rows B and C), on
PFI-013-transfocted 293 cells (Figure 7A) or vector-only transfoeted 293 cells (Figure
7B). Remaining wells contained buffer only with no compound. A specific activation of

PEI-013 by histamine was found at the 10 pM concentration.
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(b}  Analysis of PFI-013 activation by varions histaminergic compounds in a
FLIPR® cell-based assay

Using mefhodology as described in detail abovs, the effect of histaminergic compounds

on the fanctional activation of PFI-013 was investigated.

Figure 8 depicts the action of varicus histaminergic compounds (columns 2 to 10)
serially diluted from 10 uM {rows A and B) down ta 0.5 uM in duplicate (rows G and-
), on PFI-013-transfected 293 celis (Figure 8A) or vector-only transfacted 293 cells

{Figure 8B). Remaining wells comtained huffer only with no compound.

The results indicate that PF1-013 is activated, in 2 rank order of potency, by N-ci-methyl
histamine (column 6) > histomine {colmﬁn 4} > R-tt-methy] histamine {column 5) =
histamine-1-methyl (coluran 8). For the &emainjng compounds tested (Dimaprit,
L-histidine, Imetit, noscapine and elobenpropit, respectively columns 2, 3, 7, 9 and 10),
no activation af PFI-013 cﬁuld be detected in this assay.

Example 7

EOSINOPHIL CHEMOTAXIS STUDIES

Eostnophils were isclated ffom peripheral blood as previously described (Hansél, TT.,
De Vries I, TiL T., Rihs 8., Wandzilak M., Betz 8., Blaser K. and Walker C. (1991). An
improved immunomagnetic procedure for the isolation of highly purified human blood
eosinophils, T, Imm. Meth, 145:105-10). Chemotaxis was measured using a 48-well
Boyden chamber (Neuro Probs Ine., Cabin John, MD, USA). Agonists were diluted in
RPMI media (BioWhittaker, Walkersville, MD, USA) containing 0.1% bovine serum
albumin (BSA) (Gibeo BRL, Gaithersburg, MDD, USA) and added to the bottom wells of
the chemotaxis chamber. A 5 urﬁ FVP-free polycarbonate filter was used to separate
the wells of the chamber (Neuro Probs Inc., Cabin John, MD, USA). Eosinophils were
resuspended in RPMUBSA media at a concentration of 2.5 x 10°cells per ml. 50 pl of

this cell suspension were then added to the upper chamber. Chambers were incubated
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for 45 mimutes in a 5% CO,-humidified atmosphire at 37°C.  After the incubation
period, the fillers were removed, the top side was scraped to rermove non-migrating
cells, and the fillers were stained with Diff-Quik ;tain {(Dade Belring AG, Dudingen,
Switzerland). The number of cells migrating (bottom of filter) were counted by light
microscapy. The mean of three high-powered fields was then determined. The number
of migrating cells was calculated by subtracting this nurmber from the number of cells
per high-powered fisid in those wells not containing any agomist, All compounds werg

15urcha.aed from Sigma-RBL

(a)  Fffect of histamine receptor subtype-selective agonists on human ensinophil

chemotaxis

Experiments were performed to characterise the histamine receptor subtype involved in
the eosinophil chemotactic response to histamine, Methodology was as detziled zbove.
Compounds tested were: histamine dihydrochloride (non-selective histamine receptor
agomist), histamine free base, HTMT dimaieate (histamine H1 agonist), Dimaprit
(histamine H2 agonist) and Imetit (histamine H3 agonist), Eotaxin was included as
positive control for eosinaphil chemotaxis. Burimamide was incleded in the study, as
previously Raible er af had described .2 partial agonist effect of this compound on
intraceliular Ca** productior: in isolated human eosinophils (Raible D.G. et al (1554)
Pharmacological charactensation of a novel histamine receptor on human ensinophils,

Am ] Respir Crit Care Med, 149, pp1506-1511).

The results are shown in Figure 9. Only the non-selective histamine receptor agonist,
histamine dihydrochioride, induced a significant chemotactic response from isolated
kuman eosinophils in an i vitro assay. The H2 agenist, dimaprit, and the H3 agonists,
imetit and burimamide, displayed no chemotactic activity, whilst the HI1 agonist,
HTMT, displayed a very weak chemotactic response only at the highest concentration
tested (1 plvDd.
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(b)  Effect of bistamine receptor subtype-selective antagonists om human-

easinophil histamine-induced chemotaxis

Antagonist experiments were performed to further characterise the histamine receptor
subtype involved in the eosinophil chemotactic Tesponge to histamine. Methodology.
wes b5 detailed shove, except that TT-5 wes utilised to prime the eosinophils for
chemotaxis studies as this was shown to enhance the chemotactic response to histamine
(sez Figure 10A). Antagonists were used at a single concentration of 10 pM.
Antagonists tested were: mepyramine maleate (histamine H1 antagonist), cimetidine
(histamine H2 aniagonist), thioperamide (histamine H3 amtagonist) and clobenpropit
(histamine H3 antagonist).

The results, shown in Figure 10B, indicate thet the two H3 antagonists, thioperamide
and ciobenpropit, had the greatesi effect on the reduction of the chematactic response of

1sclated human cosinophils to histamine dihydrochloride.

(©) Determination of the IC,, of histamine H3 receptor antagonists for

inhibiting isolated buman essinophil i vizro chemotaxis

A further experiment was performed to determire the IC,, of bath thioperamide and
clobenpropit (histamine H3 antagonists) for inhibiting isclated human eosinophil in
vifro chemotaxis. Methodology was as above, using thioperamide and cldbenpropit at

10 pM, 1 yM and C.1 pM concentrations (Histamine, as the agonist, was used at
30 nM).

Preliminary results, shown in Figure 10C, indicate thet clobenpropit and thioperamide
antagonise histamine~induced chemotaxis of hurnan eosinophils with an IC,, of 1.5 uM

and 0.83 pM respectively.

It will be appreciated that the foregoing is provided by way of example only and

modificaticn of detail may be made without departing from the scope of the invention.
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SEQUENCE LISTING
(which forms part of the description)

SEQ ID NO: 1

Mucleotide sequence coding for PFI013

ATGCCAGATACTAATAGCACAATCAA?TTATCACTAAGCACTCGTGTTACTTTAGCR
TTTTTTATGTCCT TAGTAGCTT T TGCTATARTGC TAGGARATGCTTTGGTCATTTTA
GCTTTTGIGGTGGACRARRAACCTTAGACATCGAAGTAGTTATTTTTTTCTTAACTTS
GCCATCTCTGACT TC TT TG T GGG TG TGATCTCCAT TECT TG T ACATSCC TCACACS
CTGTTCGAATGGGAT T T TERAAAGEARATCTGTGTATTTTGGCTCACTACTGACTAT
CTGTTATGTACAGCATCTGTATATAACATTGTCCTCATCAGCTATGATCGATACCTG
TCAGTCTCAAATGCTGTGTCTTATAGAACTCRACATACTGGGGTCTTGAAGATTGTT
ACTCTGATGETGECCGT TTGGGETGCTGECCTTCTTAGTZARATGGGCCADTGATTCTA
GITTCAGAGTCTTGGARGGATGAAGGTAGTGAAT S TGAACCTEEGATTTTTTTCEGAR
TEGTACATCCTTGCCATCACATCATTCTTGGRATTCGTGATCCCAGCTCATCTTAGTC
GCTTATTTCAACATGAATATTTATTGGAGCCTGTGGAAGCGTGATCATCTCAGTAGG
TGCCARAGCCATCCTGEACTGACTGCTGTCTC TTCCAACATCTGTGGACACTCATTC
AGAGGTAGACTATCTT CAAGGAGATC TCTTTCTGCATCGACAGARGTTCCTECATCC
TTTCATTCAGRGAGACAGAGGAGAARGRGTAGTCTCATGT TTTCCTCAACRAACCAAG
ATGAATAGCARTACAATTGCTTCCARRRATGGGTTCCTTCTCCCARTCAGATTCTGTA
GCTCTTCACCAAAGGGAACATGTTGRACTGCTTAGAGCCAGGAGATTAGCCARGTCA
CTGGCCAT TCICT TAGGGETTTTTGCTGT T TGCTGGGCTCCATATTCTCT GTTCACA
ATTGTCCTTICATTTIATTCCTCAGCARCAGGTCCTAALTCAGTTTGGTATAGAATT
GCATTTTGGCTTCAGTGGTTCAATTCCTTTGTCAATCCTCTTTTGTATCCATTGTGT
CACARGCGCTTTCARRAGGCTTTCT TGARAATATTTTGTATAARAAACCARCCTCTA
CCATCRCAACACAGCTCGGTCAGTATCTTCTTAA
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SEQID NO: 2

Amino acid sequence coding for PFI-013

MPDTNSTINLSLSTRVTLAFFMSLVAFAIMLGNALVILAFVYIENTL,RHRSSY FFLNL
AISDFFVGVISIPLY IPHELFEWDEGKEICVEWLTTOYILCTASVYNIVLISYDRYL
SVSNAVEYRTQHTGVLKIVILNVAVHVLAFLYNGPMILVSESWKDEGSECEPGFESE
WYIiHITSFLEFVIPVILVHYFNMNIYWSLWKRDHLSRCQSHPGLTAVSSNICGHSF
RGRLESRASLSASTEVPASFHSERQRREKSSIMPS SRTRMNSNT IRSKMGSFSQSDSY
ALHQREHVELLRARRLAKSLAILLGVFAVéWAPYSLFTIVLSFYSSATGPKSVWYRI
APWLOWENSEVNPLLY PLCHERFQKAFLEIFCTEXQPT.PSQHSREVIS™

SEQID NO: 3

ACCATGCCAGATACTAATAGCACAATC

SEQID NO: 4

TTAAGAAGATACTGACCGACTGTG

SEQIDNO: 5

GGGCAAGATAAAGGGCAGACCAGAT
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SEQID NO: 6

TCCTTCTCCCAATCAGATTCTGTAGC

SEQ ID NO: 7

GTATCCATTGTGTCACAAGCGC

SEQIDNQ: 8

AATATTTTATTGGAGCCTGTGGAA

SEQID NO: 9

GGAAGAGACAGCAGTCAGTCCA

SEQID NO: 10

ACACAAAGGATATCAGCGAAAGGCAAGCT

1142
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3. Brief Description of the Drawings

The present invention will now e described, by way of example ouly, with reference to

the accompanying Figurcs smkSeaquence-Eisting in which:-
Figure 1 shows a schema for the bisinformatic analysis of PFI-013 (db = database).

Figure 2 shows a ClustalW alignment of PFI-003 with the human histaniine H3
receptor (a vertical line [1) between amino acid residues denetes identity; a colon mark

(') between amino acid residues denotes conservative substitution).

Figure 3 shows, diagramumatically, the genomic structures of the PFI-613 genc and the
human histamine H3 receptor genc (“rectangular blocks” = exons; A = introns; the
numbers direcily below the "rectangular blocks” indicate (1) amine acid residues, for

ihe human H3 diagram and (2) base pairs within the contig, for the PF1-013 diagram).
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Figure 4 shows a Northem blct, indicating the tissve distribution ¢f PFI-013 mRNA,

Figure 5 shows the results of quantitative PCR analysis of mRNA from various Hssues

by Tagman® (P.B.Leukocyte = peripheral blood leukocyies; Sm. Tniestine = small
intesting; Skel. Muscle = skeletal musele).

Figure 6 shows the resuits of a filter ligand-binding assay - expressed as the difference
in radioactive *H-histamine bound to the membranes of PFI-013-transfected and mock-
transfected cells (CPM = counts per minute of radivactivity; [Ligand} = concentration of
*H-histamine in nM).

Figure 7 shaws the activation of PFI-013-expressing HEE293 cells by histamine in a
flucrescent-based functional assay (FLIPR®). Figure 74 shows a cell-based assay,
indicating the effect of histamine on HEK293 cells (expressing Ga15) transfectzd with
a PFI-013-expression construct.  Figure 7B shows the same cell-bassd assay, but
indicating the effect of hisltaminc on HEK293 cells (expressing Gre15) transfected with
veoior only. A peak in e square indizates a transient increase in the intracellular calcium
concentration in the corresponding well, and therefors indiates a functional response by

the cells resulting from the Tespective treatment.

Figure 8 shows the activation of PFI-013-expressing HEE293 cells by vatious
histamine agomists (histaminergic ligands) in a fluorescent-based functional assay
(FLIPR®). Figure 8A shows a csll-based assay, indicaling the effect of histamine
agonists on HEK293 cells (expressing Gul5) twancfected with a PFI-013-expression
consiruct,  Figare 8B shows the same cell-based assay, but indicating the effect of
histamnine agonists on HEK293 cells (expressing Gol5) transfected with vector only. A
peak in a square indicates a transient increase in the intracellular calcium conceniration
in the corresponding well, and therefore indiates a functional response by the cells

resulting from the respective treatment,

Figure 9 shows the results of human eosinophil chemotaxis assays with varjous

histamine receptor subtype-selective agonists.

L14
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Figure 10 shows the effects of various histamine receptor subtype-seleciive antagonists
cn histamnine-induced human cosinophil chemotaxis. Figure 10A shows histamine-
induced eosinophil chemotaxis and fhe enhencing. effect of interleukin-§ (IL-5)
pretreatment of the cosinophils. Figure 10B shows inhibition of histamine-induced
chemotaxis by varjous histamine énatgonists {CPD = compound). Figure 10C shows a
doseresponse curve of two histamine anatgonists on histamine-induced eosinophil

chemaotaxis.

114
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Figure 1
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Figure 2
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Figure 6
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Figure TA
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Figure 9
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Figure 10A
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Figure 10B
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Figure 10C
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Polynuclectide and polypeptide sequences are described. The polypeptide seguences
comprise ane of more of: (a) a polypeptide having the deduced aming acid sequence
translated from the polymucleotide sequence 1n SEQ ID WO: 1 and variants, fragments,
homologues, analogues and derivatives thereof, (b) a palypeptide of SEQ ID NO: 2 and
variants, fregments, horologues, analogues and derivatives thereof; or {c) a polypepiide
encoded by the cDNA of NCDMB 41073 and varants, fragments, homologues,

analogues and derivatives thereof.
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