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The present invention relates generally to a ligand for a protein
associated with nodul ating obesity, diabetes and netabolic energy |evels
in ani mals and humans and to genetic sequences encoding the ligand. Mre
particularly, the present invention is directed to a ligand of the protein
"beacon" and its honol ogues. The identification of the |igand nol ecul e
permts the devel opnent of a range Qﬁ_therapeutic and di agnostic protocols
for obesity, diabetes and energy 10 inbal ance. BACKGROUND OF THE | NVENTI ON
Bi bl i ographic details of the publications referred to by author in this
specification are collected ! e description. The

i ncreasi ng sophi stication o?L%%%%%%#ﬁgﬁﬁﬂgkﬁﬁ?%@hnology is greatly -
facilitating research and devel opnent in the nedical, veterinary and
allied human and animal health fields. This is particularly the case in
“the i nveSIERROBIES INVENTEMN: | ¢ bases involved in the etiology of certain
20 di sease conditions. One particularly significant condition fromthe
stand point of norbidity and nortality is obesity and its association with
non- i nsulTihe prisent inventiondickatee generallyl th iatligand fik BPidtein assdcietad wiithnaslolating

di sease. P EY i hal ogi cal .excess of body fat and is the
result of S%a%ﬁ’i(ﬁr%g%g%}@%e%ﬁégﬁer%ﬁ%isﬁ fnd% aﬁ@%%%@%ﬁﬁ#é%&%&?ture f or
a sust ai esshdngrthotgoakl. Moreparfitubsly! thei estitcinvension BadiTeond i@t Aald 6 tBé sease
found in_afflyent societies. The preval ence of obesity in these npations is
al ar mi ngPYPUHR gheacom, g At hemalegussod hegdeniiispting fithaslizgmd molsshie PeSdBUI at i ons
(Bouchar develodfiént of Pkanpebd thérhilediic MAMMBhAtiL Protddsls forGbesty AabbBeanplefigY €nce of
obesitﬁhappears to be rising consistently in affluent societies and i s now
i ncr ealdh #BPAWEE-dly in | ess prosperous nations 30 as they becone nore
af fl uent and/or adopt cultural practices fromthe nore affluent countries
(Zimret, 1992). 22 OCT P "N -2 In Australia, for exanple, studies using the
defini ti BAGKGBOIEYR PQFCFTHBINVEDNTHEMNe found preval ence rates for obesity of
8.2-9.3%in nen and 9.1-11. 1% in wonen (R sk Factor Preval ence Study
Managenent Comm ttee, 1990; Waters and Bennett, 1995). The preval ence
Bibliographic details of the publications referred to by author in this specification are collected

15 at the end of the description.

The increasing sophistication of recombinant DNA technology is greatly facilitating research
and development in the medical, veterinary and allied human and animal health fields. This is
particularly the case in the investigation of the genetic bases involved in the etiology of certain
20 disease conditions. One particularly significant condition from the stand point of morbidity and
mortality is obesity and its association with non-insulin-dependent diabetes mellitus (NIDDM)

and cardiovascular disease.

Obesity is defined as a pathological excess of body fat and is the result of an imbalance between

25 energy intake and energy expenditure for a sustained period of time. Obesity is the most
common metabolic disease found in affluent societies. The prevalence of obesity in these
nations is alarmingly high, ranging from 10% to upwards of 50% in some subpopulations
(Bouchard, 1994). Of particular concern is the fact that the prevalence of obesity appears to be
rising consistently in affluent societies and is now increasing rapidly in less prosperous nations

30 as they become more affluent and/or adopt cultural practices from the more affluent countries
(Zimmet, 1992),



rates for obesity are increasing in Australia, as they arZ2if¢Tegmngs af fl uent
soci eties. Bennett and 5 Magnus (1994) found that the nmean wei ght of
Australian femal es aged 20-69 increased by 3.1 kg (from61.7 to 64.8 kg)
from 1980 to 1989, while the corresponding increase in males was 1.8 kg
(from77.0 to 78.8 kg). No change in height was observed during this
period. Accordingly, the crude prevalence rates of obesity increased from
8.0 to 13.2%in females and from9.3 to 11.5%in nales (Bennett and
Magnus, 1994). All of the above changes were statistically 10 significant
(p<0.05). The high and increasing preval ence of obesity has significant

health i [} i; it . i tifded. i sk i i cat

of pr ovenLAfERliE: oL bhdlEhenB iR alifil b1 o B0 eSS it ang.

car di ovasprut]eéencdiraes?ﬁe obhityi ?th&ﬁ-mﬂefaliﬁ meangd Maﬂilm% iF&ﬁﬁﬁénC{ijleib‘fdr' : g

1996). 15, T n t sSity In tralia, r , i at

Witk i nockrHaRh Sty Mindlsel! CBmre i0E Wk Heictio AT e PTSHIgRESL | mat o0

at AUS8 1Rtestdrbbety aidandrasial i@kl a9\eyMrdlinGalny RRSRAbGRSIHAR anf11996) . A
I a

genetic_basis for the etiology of obesity is indicated inter a rom
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genome- %dg‘éﬁ%cans in various popul ation groups have not produced
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A genetic basis for the etiology of obesity is indicated inter alia from studies in twins, adoption
20 studies and population-based analyses which suggest that genetic effects account for 25-80%
of the variation in body weight in the general population (Bouchard 1994; Kopelman et al,
1994; Ravussin, 1995). It is considered that genes determine the possible range of body weight
in an individval and then the environment influences the point within this range where the
individual is located at any given time (Bouchard, 1994).
25
Obesity is a complex and heterogeneous disorder and of considerable relevance to society.
However, despite numerous studies into genes thought to be involved in the pathogenesis of
obesity, there have been surprisingly few significant findings in this area. In addition, genome-
wide scans in various population groups have not produced definitive evidence of the

30 chromosomal regions having a major effect on obesity.



I ncreasing informati on about the roles played by various gtagﬁ qu n
regions, neurotransmtter systens, and hornonal and neu?- | Y&i gnal's
originating in the gut on the regulation of food intake. In addition to
the LHA and VIWH, the paraventricular nucleus (PVN) is now considered to
have an inportant integrative function in the control of energy intake. 10
A |l arge nunber of neurotransmtters have been investigated as possible
hypot hal am ¢ regul ators of feedi ng behavi our including neuropeptide Y
(NPY), glucagon-like peptide | (GR3), nelanin-concentrating hornone
(MCH), serotonin, chol ecystokinin and gal anin. Sone of these
neurotransmtters stinulate food intake, sonme act in an anorexi geni c manner
and sorme Aagbynoshadinpsrhee long feant recagnizeday giey tntialeeeade fhenedubgion of tieegysi t e of

adm ni straf| I -, am,nobut.yri c _aci GABA) .inhibits food
i nt ake wh g#]l&%aé‘lg g @‘8‘%%(%?%’ lﬁ%%'gﬁ?f{ﬂ ¢ @@tmhg?“f Wi‘l‘?’{}é}?rggose‘ie'g?ti('ﬁ& 053&?&‘% FRfECt ed
into Ithe ‘.iﬂ\ﬂliefl &)ypd%hﬂlhd nfusevdbomwisponsibleF8Gthe iﬁ@eﬁf‘ hlaﬂnlii%ﬁhi@}!ﬂidhtt{jf ehtﬁlhgg E@u&g&m to bF
greatly i ence the intergaction of stinmulatory and inhibitory signals
in the hg}?&fl{}?%f’&‘ﬁ{}gngw}gﬁf SRBF%) Ind yantranedis! pgothplamps (Ve Satw@ﬁm%:n, the
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of obesity by identifyi nag a genetic sequence referred to as "beacon "

whi ch i s Brrepunginfomaption abouw thegalesiplpyrd by yariens@thsplrsia regipnsanarotmhsnsitterenet i c
modul at i nkﬁtob_e_si ty and S}Q%t%tragggﬁ ee ol pt %ﬁ%%@%ﬁﬁ%%t@ﬁﬂ%ﬁgﬁk&at i on
No. PCT/ digion pthe LHLA dnd WMD) theparehemtriculbO AR leun (FIVND isyaovesongifiered tohevenat i onal

Di abet es ' > . I.n_Universi This l.nternational application is
i ncor por a{"{; o;et?k‘;et?i#%yﬁ“re ertlgrrllcmgbe W@##ﬁ@ﬂ%?r’éﬂﬁ%w propose the presence of

a ligarl@ capable of interacting wth the protein, beacon. The interaction
bet ween begacon and its |igand i roposed to be a _factor in obesity,

di abet 65 AMISURANgs nrwardBLer b He bRt FEer Bifeibl hapgeplamc egulators
beacon- i nsfeaditig BehavioARdlaRviciRpertiie YRRPS), [icatlivBloOpioh: & (2PAS Of
therapeutic and diagnostic agents for conditions such as obesity and

di abet es. Mglapnepnce g Bopmans AYEFED. eyroteniEs chalentpkicis and edeninSiome ofithese
Spec) 11 ooidinnfies Stk a0R ik, LBV 0 1 LPLILCAR mdrlE: H8sthne BQEPT | °
or variations such as "conprises™ or "conprising”, W be understood to
i nply tlRediversd effspis an exfersy intake deperdling] onnviersite of admmitistgation.dor graipie, gémmed-enent s

or int _egee{xﬁin&{ftyx{pz{cicf (@Aﬁ&)cilnﬁlﬂtso food Ent%ﬁ(%ywh%ylll%gcted into the LHA, but stimulates
eating when injected into the VMH or PVN (Leibowitz, 1985). Feeding behaviour is thought

to be greatly influenced by the interaction of stimulatory and inhibitory signals in the
hypothalamus.
20
In work leading up to the present invention, the inventors made a significant break through in
determining a genetic basis of obesity by identifying a genetic sequence referred to as “beacon
which is differentially expressed in lean and obese animals. This genetic sequence is associated
with energy balance and is also involved in modulating obesity and diabetes. See International
25 Patent Application No. PCT/AU98/00902 filed on 30 October, 1998 in the names of
International Diabetes Institute and Deakin University. This International application is
incorporated herein by reference. The inventors now propose the presence of a ligand capable
of interacting with the protein, beacon. The interaction between beacon and its ligand is
proposed to be a factor in obesity, diabetes and energy imbalance. The identification of a
30 beacon-interacting ligand provides the means for developing a range of therapeutic and

diagnostic agents for conditions such as obesity and diabetes. -




el ement or integer or group of elenents or integers. NuclZept(iide 288fd am no
aci d sequences are referred to by a sequence identifier, i.e. <400>1,
<400>2, etc. A sequence listing is provided at the end of the description.
10 Accordingly, one aspect of the present invention provides a |ligand of a
protein or a derivative, honologue, analogue or mnetic of said protein
whi ch protein is produced in |arger anmounts in hypothal anus tissue of
obese aninmals conpared to | ean aninmals. 15 Another aspect of the present

i nvention provides a ligand or a detrfvative, honol ogue, anal ogue or

m nmetic which ligand is capable of interacting with a protein which is
produced i of hypot hal anus tissue of obese ani mals

conpar ed §@“@§éﬁhgﬁ?ﬁﬂﬁggﬁﬂﬁmuﬂp@ﬁ is encoded by a nucl eotide sequence
substantially as set forth in <400>1 or <400>4 or a nucl eotide sequence
having at | east about 50% sim|arity thereto or a nucleoti de sequence
capabl e offhropehawtihis specificagjonc aplyssithe pontextpauires wtherwise fhesvord fiepmpeige”, or
condi ti ONggy el r (| ' i irected.to a

T gand capaiiians R SonaRe: be Bombliing ERAMURER L BhMCLEBRHFE D

aci d seduenited sleimentamtritegel or groupsafieletrents lor infegers BOC:dE the exel0Harbof aay other ami no
acid sequ i ea 50% simlarity thereto and wherein said
protein igﬁﬁgmggégﬁgégp$$Pq%u%f e@%ﬁﬁﬂﬂ?§mln hypert hal amus ti ssue of obese
animals conpared to lean animals. In still another aspect of the present

i nvention Hhe. ucheotidekfe uence suba%;&tially as set forth 1in <400>6
and/ or <4Dgotle 23d ARROATd FANLSER AR EHCTFRA\IP By aseqyenstsidentHishti-cs6%0ini | ari ty
to one oradoLetOfA ABIREliGing THNBVIde Bt RN en@BE ihBBEscApdNMENt Or a nucl eoti de
sequence capable of 30 hybridizing to one or both of <400>6 or <400>7
under 118w stringency conditions. T 2003 -5 In still yet another aspect of

t he preseRtqd t4 i : i I I . .
substantiaF?gaggﬁggggso??ﬁﬂ%ﬁﬂﬁﬁgbreﬂgEgﬁﬁ%Fgﬁp%&Q%g%bgﬁW€§ﬂ§%p%§gasequence
havi ng at hyreelegueatnglogue Govimstinbf said proteinoviachprofecs prdduced dulargeearmeuntsi gur e 2
or Figure; I J t.or a ucl eoti.de sequence capabl e of
hybri di zi ’r’]’g‘y?{’)‘}‘g‘r”ﬁgﬁ%’gﬁfé’ggggg%%c°é’ﬂpﬁmﬁf"g'ﬁ?“ea“?"%}?- Figure 3 5 under |ow
stringency conditions. Another aspect of the present invention contenplates
a meth f jdentifying a |ligand of the praotein peacon or its derivatives,
sai d mgs h‘gﬂo t%?fﬁfﬁ’aftﬂ* H’ﬁ%feisi?fl't Hg' ﬁ?:tfoﬁé‘mé’"gﬁ p nggéﬁ%@‘i”é’a'é‘@n@’?‘ﬂ‘&ues Fnglogliey east
strain, seimingoehick igAASE Epeslc mmafdcﬁﬁ%\git@a ProE LRI & PPEANENGS 18P40di Ng
all or part 10 of beacon fused to a nucl eoti de sequence encodi ng one of a
DNA bi ndi ﬁ@m{nbgﬁ hypothajamug tisgls of obese animals compared to lean animals and which is

encoded by a nucleotide sequence substantially as set forth in <400>1 or <400>4 or a nucleotide

sequence having at least about 50% similarity thereto or a nucleotide sequence capable of

20 hybridizing <400>1 or <400>4 under low stringency conditions.

Yet another aspect of the present invention is directed to a ligand capable of interacting with a
protein which comprises the amino acid sequence substantially as set forth in <400>2 or <400>5
or an amino acid sequence having at least 50% similarity thereto and wherein said protein is

25 produced in larger amounts in hyperthalamus tissue of obese animals compared to lean animals.

In still another aspect of the present invention, the nucleotide sequence substantially as set forth
in <400>6 and/or <400>7 or a nucleotide sequence having at least about 50% similarity to one
or both of <400>6 or <400>7 after optimal alignment or a nucleotide sequence capable of

30 hybridizing to one or both of <400>6 or <400>7 under low stringency conditions.




activation domain (AD) and introducing a second genetic qops;t(ﬂuéfﬂﬁa nto said
yeast conprising a eDNA, said second genetic construct conprising el enents
of a cDNA library fused to a nucleotide sequence encodi ng the other of a
DB domain or AD domain and sel ecting yeast cells which conprise both
genetic constructs and in which a reporter gene has been subjected to two-
15 hybrid dependent transcription. Yet another aspect of the present

i nvention contenplates a nethod for nodul ati ng expression of beacon |igand
in a manmal , said nethod conprising35ontacting the beacon |igand gene with
an effective anount of a nodul ator of beacon |igand expression for a tinme
and under conditions 20 sufficient to up-regulate or down-regul ate or

ot her wi selmatitfyicbinetlexppes sf the pefenbimaention,| theiigadd cahprists mamolchtde sageact of t he

present ipnvention conteppl ates t hod of dulatin ctivity of beacon
5 Pt of S0 R Biafe Lo Rt Pl equs eoami e b

nmodul at i ng0%eirhikely oo mitRdide ebucacsalRigire2 BEREER I d@ABS N aRgr@nt Mat | ve
thereof for a time and under . 25 conditions sufficient to increase or

decr ease PEARAYHe sRaurRfr cypablgif fhybrdiingioc migleodaysauenes ingigure 2 g5 Bigireivent i on
cont enplsahgfr IdwstRRnGRAGEIRNt , @ conposition conprising a soluble form
of beacon |igand or a 'nodul at or of beacon |ligand expression and one or
nore pharnmaceutically acceptable carriers and/or diluents. 30 2 2 CCT

2003 -6 B '[%ggegﬁ . . Fl S Fl j representation
show ng tﬁgﬁﬁac ot Hj%é ggae%ﬁ%gﬁlg cé?g v lgtlté% gﬁ%gméAfg@gffngfQélﬁ%ﬁ; Iye

expr ess edploterrbeacpnivy its tiérivativasssatd resthoel cofptisiaginanduchipestrseasivaoysruebesus
corresponlqlian ta 5 be@con.. The arp' no_aci ds eﬂcgged b%/rl each.codon are shown
above | n Deigne Sl €5 R rameg Lpicis e earer giepEE sl P d
posi ti A0 bftenednifased ted fiuctotlddseqieneirodifly bife oF aTRPA Qﬁﬁﬁlfgf{lDBﬂﬂ'mﬂafin 8ran

nucl eoti de _.and corres ngﬁcﬂg a(g;’ no acid, ,sequence of the short form of
beacon. N¥TEHMLOmaH (RD) tradyicipg @ sgrondlipencls comsEuc e $eibycas COBRIBEIEI ng

codon  10a BBXADGaifSEeoRl gbritbic c&%&ﬁ@t%ingghi}{g efehBHE © 2 dDNA1ibGR fis&Nbal | on of
the partial nucl eotide sequence of pPC86 clone 31 which encdodes a beacon

| i gand. 1®ckpldssagnrecngodingsheetberoht PBilompinen AD; domsinsnd saevting wdastgelirent s of
PC86 cl i i ] AM . ST, d
p 1 ORfict ol 6 ERACERidis NIRHhidH 1B fither Wk Rs bl ihieild M‘yﬁg

CLK1H. Figure 47 s a dragrammatic represen he yeas brid
scr eenilaghybridtdepsnident transcription.

g

Yet another aspect of the present invention conternplates a method for modulating expression
of beacon ligand in a mammal, said method comprising contacting the heacon ligand gene with
an effective amount of a modulator of beacon ligand expression for a time and under conditions

20 sufficient to up-regulate or down-regulate or otherwise modulate expression of beacon ligand.

Still another aspect of the present invention contemplates a method of modulating activity of -
beacon in a mammal, said method comprising administering to said mammal a modulating
effective amount of a soluble beacon ligand or a derivative thereof for a time and under

25 conditions sufficient to increase or decrease beacon activity.

Still yet another aspect of the present invention contemplates, in one embodiment, a
composition comprising a soluble form of beacon ligand or a modulator of beacon ligand

expression and one or more pharmaceutically acceptable carriers and/or diluents.
30




20 2 2 0 u T 2003 -7 DETAI LED DESCRI PTI ON OF THE PREFERRE 5mﬁ{§ﬁafmﬁs The
present invention is predicated in part on the identificéatd |'i gand
for the product of a gene associated inter alia with regul ation of energy
bal ance, obesity and di abetes. The preferred 5 gene is referred to as
"beacon"” and was identified followng differential screening of

hypot hal ami ¢ nRNA bet ween | ean and obese aninmals (see International Patent
Application No. PCT/AU98/00902). The term "ligand" neans a peptide,

pol ypeptide or protein which binds,_.dorns a close 10 interaction to or

whi ch ot herwi se associates with a protein involved in energy inbal ance,
obesity and di abetes. Exanples of |igands contenpl ated by the present

i nvent i on BRIEF DESCRAPITIONUWE THEFRIURES . Sol ubl e receptors, intracellular

| i gands, extracellular ligands and partners in a conplex conprising the
protein involved in energy inbalance, obesity and diabetes. A single Iigand
may be i I

nor e ligaggﬂhyﬁﬂma@q&%ﬁﬁ?ﬁ@%&%ﬁn Hf%%?%ﬂ&%kﬁ%&iﬁﬁ??ﬁﬁﬁ e jec? proteln
The term e}prg aﬂ‘hmélapﬁthﬂiaml@ésstbmﬁham@d@bese Pmnsnmlobqupwﬁemndmgml I

bound regc A pt Qr The .t er "l.ean” are
used in tﬁ%llc?’{ rsrrnhg?gu%gagr a%r?géeﬁlgog %q}md‘ﬁ iﬁ?ﬂmgnnﬁ Q4R Hngl ‘é%ﬂe”(?geaﬂa@ée to the
st andard numlbaﬂmgaefémto itle bminoiacidpgsitieforh yhe sGeyvedal.| y, for human subj ects
the 20 definition of obesity is BM>30 (R sk Factor Preval ence, 1990;
Waters and Bennett, 1995). Conveniently, an animal nodel may be enpl oyed to

study theFpuietB % d):fe?&m&ﬁoﬂﬁﬂa heAdotiddhd®lofrespohdin® Ahinb Gridaquehdi eSS €Nt
invention is exe i ed using the Psammomnys obesus (the Israeli sand rat)

ani mal  mothert form ofibercgp Nqte data@rnaasid] S mayhe dlinpriomiand the cersespendinggpdateser t
habi tatjp agy g@@gw%r@;dgéﬁﬁﬁﬁéf and sal tbush diet ensure that they renmain
| ean and nor nogl ycem c afrit and Gutman, 1993). However, in a

| aboratory setting on a diet of ad Iibitun1chom1(on whi ch nany ot her

Coen ( Bor TRt FIplnifg b pr Ry AR Bfo e BBV BT Fond ey Shon S8R0 16 ©

weeks, noabkeatdraligahdl f of the animal s becone obese and apprOX|nater
one-t hi rd devel op NIDDM . Only hyperphagi c animals go on to 30 devel op
hyper gl ycem a, highlighting the inportance of excessive energy intake in
the pabhpighysioh W&s@&t@@@ﬁhﬁlﬁpl@%u&#c%@nt?&ﬁimWl%n@i)le'n)ﬂ&h Efdabdsi er et

al ., 1997a; Walder Z 2 %?
a beacon ligand, with CLK4M TYMA and CLK1H.

Figure 4 is a diagrammatic representation of the yeast two-hybrid screening protocol.

20




et .at., 1997a). O her phenotypes found include hyperinsul,ipem
dyslipidem a and inpaired glucose tolerance (Collier etbé?%-TaQQH% b)

Psamonys obesus exhibit a range of bodywei ght and bl ood gl ucose and
insulin levels which fornms a continuous curve that closely resenbles the
patterns found in human popul ations, including the inverted U shaped

rel ati onship between 5 bl ood glucose and insulin |evels known as
"Starling's curve of the pancreas" (Barnett et al., 1994a; DeFronzo,
1988). It is the heterogeneity of tfe phenotypic response of Psammonys
obesus which nmake it an ideal nodel to study the etiology and

pat hophysi ol ogy of obesity and N DDM 10 A preferred aspect of the present
i nvent i onDETAILEB RESCRIPTION QEAHE-PREFEBRED EMBODIMENESW t h " beacon”,

t he product of the gene "beacon ". The nucl eotide sequence of beacon is set
forth in <400> 1 and <400>4. The am no acid sequence of beacon is set
forth i n ReQBesentandntichlo pledicAediapdit og the ideanntdien oﬁﬁl@,@ﬁ& fo? thelphRiuBogaent

i nventi on provides, a I| or .a derivative, ogue, anal ogue or
et G PTG iter SRR uRgh of gy biliica bRy RO RASe TR PRTH | <

producesl defe as lrefeged 1 @0 4BLacOl” ML MAHESI i“dn%w% e.fffe%ﬁaescgc@}uﬂg |
quence

conpared to |l ean animals and which is encoded by a nucl eoti

subst ant iypethalargicarRNA betwren lppnand obese aimalgGeslntemgtional Pawit dpplicdéonsdguence
havi ng atpd®agibsabsysy. 50% sinmlarity thereto or a nucleotide sequence
capabl e of hybr|d|2|ng <400>1 or <400>4 under |ow stringency conditions. 20
Accor di ng, another aspect of the present invention is directed to a |ligand

capabl e of fec n th prote onprj. the.am no. acid
“sequence sub an?gi"fjl 3“%%\4 sé%eprf‘ or tR yP?Pngg(%ﬁo%‘P %glgs’o‘?"“%aafmsﬁo acid
sequent@ ifterattivg tadr witchsdthenOe mibotiatea with W piofd RbelvallitlenthigriRbilargiodesitpr Ot ei n
is produceg ag Iagg Wantiiln h%aerthalanus ti ssue of obese aninals
conpar ed ¥ gey: ﬂn%EFﬁ [eandsgeptamplated by dhsaresepingsngipn dicjudg celkboyadier al | y
at a lev ebcep&)rspmwrb@p@rsoﬁuﬁei1&1@@@511& RxEREHRASUTh MR 2] panﬁéfpﬁntaac%}pl%k Iy
consecutive nucl eotides or at | east consecutive or substantial
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The terms “lean” and “obese” are used in their most general sense but should be considered
relative to the standard criteria for determining obesity. Generally, for human subjects the

20 definition of obesity is BMI>30 (Risk Factor Prevalence, 1990; Waters and Bennett, 1995).

Conveniently, an animal model may be employed to study the effects of obese and lean animals.
In particular, the present invention is exemplified using the Psammomys obesus (the Israeli sand
rat) animal model of dietary-induced obesity and NIDDM. In its natural desert habitat, an active
25 lifestyle and saltbush diet ensure that they remain lean and normoglycemic (Shaftir and Gutman,
1993). However, in a laboratory setting on a diet of ad libitum chow (on which many other
animal species remain healthy), a range of pathophysiological responses are seen (Bamett ef al.,
1994a, b; Barnett et al., 1995). By the age of 16 weeks, more than half of the animals become
obese and approximately one-third develop NIDDM. Only hyperphagic animals go on to
30 develop hyperglycemia, highlighting the importance of excessive energy intake in the
- pathophysiology of obesity and NIDDM in Psammomys obesus (Collier et al., 1997a; Walder




neverthel ess related to each other at the structural, f%&t@%%aagm

bi ochem cal and/or 5 conformational |evels. Were there is non-identity at
the amino acid level, "simlarity" includes amno acids that are

neverthel ess related to each other at the structural, functional,

bi ochem cal: and/or conformational levels. In a particularly preferred
enbodi nent, nucl eotide and sequence conparisons are made at the |evel of
identity rather than simlarity. 10 Ternms used to describe seguence

rel ati onshi ps between two or nore p@l-ynucl eoti des or pol ypeptides include
"reference sequence", "conparison w ndow', "sequence simlarity",
"sequence identity", "percentage of sequence simlarity", "percentage of
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simlarity. A "conparison wn

t ypi cal | yNHODMont i guous residues that is conpared to a reference sequence.
The conparison wi ndow may conprise additions or deletions (i.e. gaps) of
about 20% or less as conpared to the reference sequence (whi-ch does not
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" percent Q:gﬁabﬂic of hybridizing <400>1 or <400>4 under low siringency conditions.

20
According, another aspect of the present invention is directed to a ligand capable of interacting
with a protein which comprises the amino acid sequence substantially as set forth in <400>2 or
<400>5 or an amino acid sequence having at least 50% similarity thereto and wherein said

protein is produced in larger amounts in hyperthalamus tissue of obese animals compared to

25 lean animals.

Reference herein to similarity is generally at a level of comparison of at least 15 consecutive or
substantially consecutive nucleotides or at least 5 consecutive or substantially consecutive

amino acid residues. Generally, similarity or identity is determined after optimal alignment of

30 the sequences;




sequence identi ty"; for exanple, is calculated by conpari n%‘d;w% ﬁgti mal |y
al i gned sequences 5 over the wi ndow of conparison, det end g {3 nunber

of positions at which the identical nucleic acid base (e.g. A T, C, G 1)
or the identical amno acid residue (e.g. Ala, Pro, Ser, Thr, dy, Val,
Leu, Ile, Phe, Tyr, Trp, Lys, Arg, H's, Asp, GQu, Asn, An, Cys and Met)
occurs in both sequences to yield the nunber of matched positions,

di vidi ng the nunber of matched positions by the total nunmber of positions
in the window of conparison (i.e. the w ndow size), 10 and nultiplying the
result by 100 to yield the percentage of sequence identity. For the
purposes of the present invention, "sequence identity" will be understood
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25-30C to out 42C. Thglvterrperat,ure may be altered and higher
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St | ngencimBARK e afht 58 1AL8IS LihAIRAAERRSI Li ons may be appl i od
ic

where necessary, such as nmedium stringency, i ncl udes and enconpasses
fromat |east about 16%v/v to at |east about 30% v/v formam de and from

at lea . salt for hybridization, and 25
2t | oasy Tpatlust b teq RS B iMiD oL B of B dBiRiSRAR  on,

or hi gh sholypegides yincludehireflerencec feqoase’a ifdompmtioon aisles” f fsequente Siméiatityabout 31%
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carried otgt T.. = 6933 + . 0.41 (G+C)% (Narmur and Doty, 1962). However, the T
of a duplEsaueBlyoRaedéand pfien atisast 2o opalayecipeh gs 30 moaeme wits, inglasiverafe nunber
of M sNRtfEPlhRREadIFtio LRAIGES, ifiethl. BRKA %%%5} i ional in
t hese hybri gi zation conditi 5n_s§ IAcl(q:kcgl&_di nglyeyt,wqj%zg)“gg'laﬂg 0 gﬁkfﬁnﬁg‘?‘%l cularly
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(4755, D Vo8R0 5, SRS PERG LA, >
st r i ngengphingclgotides, s§fEntrufofnparisods BdtvednuwBIDS more) polvnucleotides are typically
performed by comparing sequences of the two polynucleotides over a “comparison window”
20 to identify and compare local regions of sequence similarity. A “comparison window” refers to
a conceptual segment of typically 12 contiguous residues that is compared to a reference
sequence. The comparison window may comprise additions or deletions (i.e. gaps) of about 20%
or less as compared to the reference sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. Optimal alignment of sequences for aligning a
25 comparison window may be conducted by computerised implementations of algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0,
Genetics Computer Group, 575 Science Drive Madison, WI, USA) or by inspection and the best
alignment (i.e. resulting in the highest percentage homblogy over the comparison window)
generated by any of the various methods selected. Reference also may be made to the BLAST
30 family of programs as for example disclosed by Altschul ez al. (1997). A detailed discussion of
sequence analysis can be found in Unit 19.3 of Ausubel et al. (1998).




at a tenperature of at least 65C. 5 The nucl eotide sequence prjENME8 acid
sequence of the beacon |igand of the present invention may correspond to
exactly the sane sequence of the naturally occurring ligand or its gene (or
correspondi ng cDNA) or nmay carry one or nore nucleotide or am no acid
substitutions, additions and/or deletions. 10 Any nunber of approaches may
be enployed to identify the ligand. In one particularly useful nethod, a
yeast two-hybrid systemis enployed. The yeast two-hybrid systemis an in
vivo genetic technique that can be-U€ilized for the identification of
protein:protein 15 interactions. The essence of the two-hybrid systemis
that interaction between two prote| ns (X and Y) can be identified by
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- Reference herein to a low stringency includes and encompasses from at least about 0 to at least
about 15% v/v formamide and from at least about 1 M to at least about 2 M salt for
hybridization, and at least about 1 M to at least about 2 M salt for washing conditions.

20 Generally, low stringency is at from about 25-30°C to about 42°C. The temperature may be
altered and higher temperatures used to replace formamide and/or to give alternative stringency
conditions. Alternative stringency conditions may be applied where necessary, such as medium
stringency, which includes and encompasses from at least about 16% v/v to at least about 30%
v/v formamide and from at least about 0.5 M to at least about 0.9 M salt for hybridization, and

25 at least about 0.5 M to at least about 0.9 M salt for washing conditions, or high stringency,
which includes and encompasses from at Jeast about 31% v/v to at least about 50% v/v
formamide and from at least about 0.01 M to at least about 0.15 M salt for hybridization, and
at least about 0.01 M to at least about (.15 M salt for washing conditions. In general, washing
is carried out T, = 69.3 + 0.41 (G+C)% (Marmur and Doty, 1962). However, the T , of a duplex

30 DNA decreases by 1°C with every increase of 1% in the number of mismatch base pairs (Bormer

and Laskey, 1974). Formamide is optional in these hybridization conditions. Accordingly,




5 According to this enbodinent, if the cDNA fromthe cDi kgﬁr%%§ encodes a
bi ndi ng partner for beacon, then a dinmer forns and the d domai ns
permt transcription of the reporter gene. 10 In one enbodi nent, the yeast
reporter gene is H S3 although any other reporter gene may be enpl oyed.
Preferably, the reporter gene provides a selectable marker. In a
particularly preferred enbodi nent, the Iigand conprises the nucl eotide
sequence substantially as set forth i n <400>6 and/or <400>7 or a

nucl eoti de sequence having at |east!lt5 about 50% sinilarity to one or both
of <400>6 or <400>7 after optimal alignnment or a nucleotide sequence
capabl e of hybridizing to one or both of <400>6 or <400>7 under |ow

st ri ngendyric8iey Prefereed levelsafstringsncy ara definedas fHlipys dey seasappisdindHe, the
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al i gnnent sequence capabl e of hybridizing to a nucl eotide
sequence af%{ e{#}é{g Fé%tlea%eﬁs ¢ under | ow stringency conditions. 25 For

conveni®nce, the | i gand capable of interaction with beacon is referred to

as "beac liga The corres nd|n C sg encodj ng beacon
ligand i @?‘0?@8 SGQUCTHE PEATHING 8418 BRLRER O s Beaen leanies e piveeat HEMEPR ¢ o
beacon | ing3tdrredpehd1dRKactMERs sBmd Bifueie bPihe natﬁﬁil%&iﬁ% I%aﬁdﬂé‘r itsQRRO@E C gene
or cDNA as well _as any naturally occurring or I nduce erivatives. Apart

from t héOEEPBQ‘ECP%FPHﬁ% OF dRAYR3F1G RGeS R RSP DHEleRtide W ntiey A sphssutons, de
sequence@d&h&mg&gggagﬂkmgent|on 30 further enconpasses nutants, fragnents,
parts and portions of the nucl eotide sequence corresponding to the beacon
| i gandl0 The beacon gene itself may encode a "short" formor "long 2 2 CCT

2003 -13, 9ﬂﬁh3§<9%ﬁ&8§%ﬁ£%%$?35§1&%ﬁ%5§9§ﬁ2 %ﬁ%inprns of beacon are

bi ol ogi cal'y "ac pre Si V|ty of either or both
forms is included in this invention. The short form of beacon can be

readily nt hesi zed in_yitro, whi the .l ong f.ormca roduced .usi ng
expr essi IK 5&5}"@%’ we Qfﬁgﬂd’ |a.Y§3éL‘a’°rPa§“%%’sfg § ‘H’FQJ? nﬂ]eﬁ( "}Sﬁ?ﬁoﬁl}g‘é‘y heat
shock pr gysdniisan g o cf,én@c GedBnidpichtat Bin®e Qtifzed o tiie 1@ézﬁﬁwn6§df1§&‘aﬁ§fdﬁm the
beacon Ilgand isac i ke kinase with strolg honol ogy to nouse cl k4. A

hono! obLdTterrctivas dbr e3sprrs Réths twerbyhridsyster i fhat injeraciiogibamearitwogreeing(f i gand

f'rom anobhgky can be identified by reconstituting active transcription factor dimers. In yeast, these
dimers are formed between two fusion proteins, one of which contains a DNA binding (DB)

domain fused to the first protein of interest X émd the other, an activation domain {AD) fused

to a second protein Y, Interaction between DB-X and AD-Y forms a functional transcription

20 factor that activates chromosomally integrated-reporter genes driven by promoters contzining

the relevant DB binding sites. When a selectable marker such as HIS3 is used as a reporter gene,

two-hybrid dependent transcription activation can be monitored by growth on plates lacking

histidine. This technique can, therefore, be applied to test whether two known proteins interact

or to detect an unknown protein, encoded by a cDNA library, that interacts with a protein of

25 interest.

Accordingly, another aspect of the present invention contemplates a method of identifying a
ligand of the protein beacon or its derivatives, said method comprising introducing a first
genetic construct in a yeast strain, said genetic construct comprising a nucleotide sequence
30 encoding all or part of beacon fused to a nucleotide sequence encoding one of a DNA binding

(DB) domain or an activation domain (AD) and introducing a second genetic construct into said




ani mal species. The beacon ligand gene is exenplified hg{g{?%ﬁqgmaPsannDnys
obesus 10 hypot hal amus. The i nvention extends, however onol ogous
gene, as determi ned by nucleotide sequence and/ or function, from humans,
primates, livestock animals (e.g. cows, sheep, pigs, horses, donkeys),

| aboratory test animals (e.g. mce, guinea pigs, hansters, rabbits),
conpanion animals (e.g. cats, dogs) and captured wild animals (e.gqg.

rodents, foxes, deer, kangaroos). 15 Apart fromthe yeast two-hybrid

nmet hod, the ligand of the present imention and, in particular, beacon

i gand, may al so be identifiable by a nunber of other neans. In one nethod,
beacon or a ligand binding portion thereof is |labelled with a reporter
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(i ncludin |.ood r,um u for to ligand. For 20 cloning
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t hen dete ned by | e, beacon or a ligand binding portion

t her eof F@%HDW$%m¢§dﬂ€$B‘@%FWWENQ@GJe The identification of cell types
havi ng g beacon ligand is readily determ ned by incubated cells 25 with
beacon, with or w thout neuropeptide Y (NPY) or leptin and screening for an
ef fect. Gherording tp this embadimenttif the cDNA feompthe SONAHibodry srebdesta bgmin@aaﬂ:ner

screenin i RSy n ot c_changes.
Anot her ggé uf alg@ﬁaﬁﬁﬁe |nvﬁﬁ§%gm?%mdgﬁ § ?ﬁ%%ﬁﬂg?% q? %?@ﬁﬁm?ﬁ 's is
particul agehg. useful where the ligand is |ntraceIIuIar and not expressed on
the cell surface. 30 The present invention provides the beacon |igand
gene as well as a peptide, polypeptide or 2 2 OCT 2003 -14 protein encoded

t her ebyo Iﬁlme ambcb(ﬁﬂnent;’:\tﬁb JeaBDepteh gerRfis HIN3S1tB6RA Ghy Bhel rBForRE BSRMaylbRVENT i ON
and in par Iar acon |ligand gene and its derivatives and honnlogues

may be i ™ ??Ie 7S e ly, thg repo %‘cgeﬁ‘?)l’rﬁi"éﬁ‘cﬁ’%ﬁ’}ecﬁh&‘f‘ mpEkari gated to a vector such
as an expression vector. Expression may be in a eukaryotic cell line (e.g.
mammal i an, insect or yeast cells) or in mcrobial cells (e.g. EE 5 coli)
‘or both. brhe padicpledy ipyeferrest embadibentc tie ligagd npmpuisdsethe latcledtldmls&medce of the
pr esent P imers, .antis
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nucleotide sequence capable of hybridizing to one or both of <400>6 or <400>7 under low

stringency conditions.

In another particularly preferred embodiment, the ligand comprises a nucleotide sequence
20 substantially as set forth in Figure 2 or Figure 3 or a nucleotide sequence having at least about
50% similarity to a nucleotide sequence in Figure 2 or Figure 3 after optimal alignment or a
nucleotide sequence capable of hybridizing to a nucleotide sequence in Figure 2 or Figure 3

under low stringency conditions.

25 For convenience, the ligand capable of interaction with beacon is referred to as “beacon ligand”.
The corresponding genetic sequence encoding beacon ligand is referred to herein as “beacon
ligand”. Reference herein to beacon ligand includes, where appropriate, reference to the
genomic gene or cDNA as well as any naturally occurring or induced derivatives. Apart from
the substitutions, deletions and/or additions to the nucleotide sequence, the present invention

30 further encompasses mutants, fragments, parts and portions of the nucleotide sequence

corresponding to the beacon ligand. The beacon gene itself may encode a “short” form or “long”




10 contenpl ated by the present invention directed to bgng@ %igﬁﬂd or its
MRNA. Reference herein to a beacon |ligand includes ref néel tBUPsol at ed or
purified naturally occurring beacon |igand nolecules as well as any
derivatives, honol ogues, anal ogues and m netics thereof Derivatives

i ncludes parts, fragnents and portions of a beacon partner as well as
single 15 and nultiple am no acid substitutions, deletions and/or
additions to the beacon partner. O her derivatives of a beacon |igand

i ncl ude chem cal anal ogues. Anal ogugs of a beacon |ligand contenplated
herein include, but are not limted to, nodifications to side chains,

i ncorporation of unnatural am no acids and/or their derivatives during
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p-trinithmeMEBhﬂngmbphﬁnic acid (TNBS); acylation of am no groups with
succi nic anhydride and tetrahydrophthalic anhydride; and pyridoxylation of
| ysine with pyridoxal -5- phosphate foll owed by reduction with NaBH4. 30 The
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fornatiogmlgnj rcurial derivatives using 4-chloronercuribenzoate, 4 10

chl oronercuri phienyl sul phoni ¢ aci d, phenyl nercury chl oride,

2-chl osoner curi - 4-nitrophenol and other nercurials; carbanoylation with

cyanate at al kaljine pH.
y %part rom the ycag two-hybrid method, the ligand of the present invention and, in particular,

beacon ligand, may also be identifiable by a number of other means. In one method, beacon or
a ligand binding portion thereof is labelled with a reporter molecule and used to screen cells,
cell lysate and biological fluid (including blood, serum, tymph fluid) for binding to ligand. For
20 cloning of beacon ligand, a cDNA library is conveniently prepared and expressed in a suitable
cell such as CHQO cells and the presence of beacon ligand is then determined by, for example,

beacon or a ligand binding portion thereof labelled with a reporter molecule.

The identification of cell types having a beacon ligand is readily determined by incubated cells
25 with beacon, with or without neuropeptide Y (NPY) or leptin and screening for an effect.
Generally, the effect is the expression of select genes or screening for signal transduction or
screening for phenotypic changes. Another useful technique involves the yeast two-hybrid
system. This is particularty useful where the ligand is intracellular and not expressed on the cell
surface.
30

The present invention provides the beacon ligand gene as well as a peptide, polypeptide or
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The derivatives of the beacon ligand nucleic acid molecule of the present invention include

oligonucleotides, PCR primers, antisense molecules, molecules suitable for use in co-
suppression and fusion nucleic acid molecules. Ribozymes and DNA enzymes are also

10 contemplated by the present invention directed to beacon ligand or its mRNA.

Reference herein to a beacon ligand includes reference to isolated or purified naturally occurring
beacon ligand molecules as well as any derivatives, homologues, analogues and mimetics
thereof. Derivatives includes parts, fragments and portions of a beacon partner as well as single

15 and multiple amino acid substitutions, deletions and/or additions to the beacon partner.

Other derivatives of a beacon ligand include chemical analogues. Analogues of a beacon ligand
contemplated herein include, but are not limited to, modifications to side chains, incorporation
of unnatural amino acids and/or their derivatives during peptide, polypeptide or protein
20 synthesis and the use of crosslinkers and other methods which impose confirmational constraints

on the proteinaceous molecule or their analogues.

Examples of side chain modifications contemplated by the present invention include
modifications of amino groups such as by reductive alkylation by reaction with an aldehyde

25 followed by reduction with NaBH,; amidination with methylacetimidate; acylation with acetic
anhydride; carbamoylation of amino groups with cyanate; trinitrobenzylation of amino groups
with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups with succinic
anhydride and tetrahydrophthalic anhydride; and pyridoxylation of lysine with pyridoxai-5-
phosphate followed by reduction with NaBH,,

30

The guanidine group of arginine residues may be modified by the formation of heterocyclic



D-cysteine Dcys D-glutamne Dgln 20 D-glutam c acid Y ﬁyh%@ I di ne Dhis
D-ioleucine Dile D leucine DDeu D lysine Dys 25 D hi%ln t
D-ornithine Dorn D phenylal anine Dphe D-proline Dpro D-serine Dser 30
D-threonine Dthr D-tryptophan Dirp D-tyrosine Diyr L-N nethyl al ani ne
L- N-nmet hyl argi ni ne L- N-net hyl asparagi ne L-Nnethylaspartic acid
L- N-net hyl cysteine L-N-nethylglutamne L-Nnethylglutamc acid Chexa
L- N-net hyl histidine L-N-nethylisolleucine L-Nnethylleucine
L- N-nmet hyl | ysi ne L- N-net hyl net hi eidbre L- N-net hyl nor| euci ne
L- N-nmet hyl norvaline L-N-nethylomthine L-N-nethylphenylal anine
L- N- nmet hyl proli ne

condensation products with reagents such as 2,3-butanedione, phenylglyoxal and glyoxal.

The carboxyl group may be modified by carbodiimide activation vig O-acylisourea formation

followed by subsequent derivitisation, for example, to a corresponding amide.

Sulphydry! groups may be modified by methods such as carboxymethylation with iodoacetic
acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a mixed
disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or other
substituted maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4-
10 chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-chloromercuri-4-nitrophenol and

other mercurials; carbamoylation with cyanate at alkaline pH.

Tryptophan residues may be modified by, for example, oxidation with N-bromosuccinimide or
alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide or sulphenyl halides.
15 Tyrosine residues on the other hand, may be altered by nifration with tetranitromethane to form

a 3-nitrotyrosine derivative.

Modification of the imidazole ring of a histidine residue may be accomplished by alkylation
with iodoacetic acid derivatives or N-carbethoxylation with diethylpyrocarbonate.
20
Examples of incorporating unnatural amino acids and derivatives during peptide synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-hydroxy-5-
phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, phenylglycine, ornithine,
- sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl alanine and/or D-isomers of

25 amino acids. A list of unnatural amino acid, contemplated herein is shown in Table 1.
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TABLE 1
Non-conventional Code Non-conventional Code
amino acid amino acid
5
o-aminobutyric acid Abu L-N-methylalanine Nmala
a-amino-o-methylbutyrate  Mgabu L-N-methylarginine Nmarg
aminocyclopropane- Cpro L-N-methylasparagine Nmasn
carboxylate L-N-methylaspartic acid Nmasp
10 aminoisobutyric acid Aib L-N-methylcysteine Nmcys
aminonorbornyl- Norb L-N-methylglutaminé Nmgln
carboxylate L-N-methylglutamic acid Nmglu
cyclohexylalanine Chexa L-N-methylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
15 D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methyimethionine Nmmet
D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgin L-N-methylnorvaline Nmnva
20 D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
25 D-methionine Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dom L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug
30 D-threonine Dthr L-norleucine Nie
D-tryptophan Dtrp L-norvaline Nva
D-tyrosine Dtyr a-methyl-aminoisobutyrate Maib

Nmgl u
Nmser
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30 D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine Nhtrp

D-N-methyllysine Dnmlys N-methyl-y-aminobutyrate Nmgabu
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i ncl'ude nol ecul es 20 which increase pronoter activity or which interfere
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ant i bodi &4l saelumedifitabipnsonaypdyottic decfilimgiatelitisg thdbtacoighmermbleatd fosussmy first
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AIternat?5%ﬁ§gh%#rathﬁ@%ﬁ??hﬁ§§”§gg@ﬁﬂf8?@3“?0 i ntroduce genetic el ement’s
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beacon or beacon ligand. Modulators contemplated by the present invention includes agonists

and antagonists of beacon ligand expression. Antagonists of beacon ligand expression include
antisense molecules, ribozymes and co-suppression molecules. Agonists include molecules
20 which increase promoter activity or which interfere with negative regulatory mechanisms.
Antagonists of beacon ligand include antibodies and inhibitor peptide fragments. All such
molecules may first need to be modified to enable such molecules to penetrate cell membranes.
Alternatively, viral agents may be employed to introduce genetic elements to modulate
expression of a beacon ligand. Insofar as beacon acts in association with other genes such as the
25 ob gene which encodes leptin, the therapeutic molecules of the present invention may target

both the beacon ligand and ob ligand genes or their translation products.

The present invention contemplates, therefore, a method for modulating expression of beacon
ligand in a2 mammal, said method comprising contacting the beacon ligand gene with an
30 effective amount of a modulator of beacon ligand expression for a time and under conditions

sufficient to up-regulate or down-regulate or otherwise modulate expression of beacon ligand.
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in the agri%’ﬁlturg{ iafnl]%u@iry to assist in the generation of |eaner aninals,

or where required, nore obese aninmals. Accordingly, the mamral
cont enpl th resent invention inclyges byt js not limted to
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contenplaﬁes i n"one enbodi mént a conpositi ol conprising

changes.

Modulating levels of beacon ligand expression or beacon ligand activity is important in the
20 treatment of a range of conditions such as obesity, anorexia, energy imbalance, diabetes,
metabolic syndrome, dyslipidemia, hypertension and insulin resistance. It may also be useful
in the agricultural industry to assist in the generation of leaner animals, or where required, more
obese animals. Accordingly, the mammal contemplated by the present invention includes but
is not limited to humans, primates, livestock animals (e. £. pigs, sheep, cows, horses, donkeys),
25 laboratory test animals (e.g. mice, rats, guinea pigs, hamsters, rabbits), companion animals (e.g.
dogs, cats) and captured wild animals {e.g. foxes, kangaroos, deer). A particularty preferred host

is a human, primate or livestock animal.

Accordingly, the present invention contemplates in one embodiment a composition comprising
30 a soluble form of beacon ligand or 2 modulator of beacon ligand expression and one or more

‘pharmaceutically acceptable carriers and/or diluents. The compositions may also comprise leptin



30 a soluble formof beacon |ligand or a nodul ator of beacon |igand
expression and one or nore pharnaceutically acceptable cat 2i @ F 2408/ or

di luents. The conpositions nmay al so conprise leptin 2 2 OCT 2003 -21- or
nodul ators of leptin activity or ob expression. For brevity, all such
conponents of such a conposition are referred to as "active conponents”. 5
The conpositions of active conponents in a formsuitable for injectable use
include sterile aqueous solutions fwhere water soluble) and sterile
powders for the extenporaneous preparation of sterile injectable
solutions. In all cases, the formnust be sterile and nust be fluid to the
extent t I b J-d ] .1t must be stabl e under the

condi ti or@ghggﬁﬁn%ﬁﬁgé ?gr%e)cwétk%yogt&d)?%glgmand must be preserved agai nst the
contam nating action of mcroorgani sns such as 10 bacteria and fungi. The
carrier n_be. a sol vent or other, nedi um.contai.ni ng, for. exanple, water,
cthanol , T3paan ol et Ehnhbn 2t i ARemap g el g v AEbonEe T o

pol yet hyl ene glycol, and the |ike), suitable m xtures thereof, and

veget abg i’ﬁOi |s. 15 Thg%‘gr eventions of the action _of nicroor qani sns can be
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many cases, it will be preferable to include isotonic agents, Tor exanple,
sugars  Of sEBlgiiyATeHe sntntinas. Ipabicassgdbic Svmanyst bosterde andauistrjecbiiditsl the

COMPOSi 1 i QB%: R Bash SyrH A0 exggpﬂtmugt%e%%bferﬁﬁdéllﬁ% dolaihiliS oq”s'm%\?tﬁltltll!ecﬂgé of
agents del aying absorption, for exanple, alumnum nonos ear at e cand

gel at i n. s@rage iahé miustj begiretotved sgdinkt itenwnaminaging paioe df Microogadigns aichag t he
active nent,s in the required anmount in the appropriate solvent with
opti onla ﬁw&fﬂh&nd%ﬁmﬁéjr edients, as required, followed by 25 sterilization by,
for exanple, filter sterilization, irradiation or other conveni ent neans.

In the se of sterileaé)owd rs for the preparation of sterile injectable
sol ut i ond 1¢ ¢agger sanheasplyent opethes rediugy coptaimig, gt $xampley wateraethangl. Belyel 4T and t he

fr eeze- deyiniige, toBrbivh, Pspyldhe Gl i MddiqidpNpREyI&fe del, aﬂﬁttlilevf?ke:),%ft Lent plus
any additional desired ingredient frompreviously sterile-filtered solution
t her eof . MuRph A§reph andyrqgeipblewiis.ecul es are suitably protected they may be

oral l yyjsadm ni stered, for exanple, 2 2 OC T 2003

The preventions of the action of microorganisms can be brought about by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thirmerosal
and the like. In many cases, it will be preferable to include isotonic agents, for example, sugars
or sodium chloride. Prolonged absorption of the injectable compositions can be brought about
20 by the use in the compositions of agents delaying absorption, for example, aluminum

monostearate and gelatin,

Sterile injectable solutions are prepared by incorporating the active components in the required
amount in the appropriate solvent with optionally other ingredients, as required, followed by

25 sterilization by, for example, filter sterilization, irradiation or other convenient means. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred methods
of preparation are vacuum drying and the freeze-drying technique which yield a powder of the
active ingredient plus any additional desired ingredient from previously sterile-filtered solution
thereof.

30

When the active molecules are suitably protected they may be orally administered, for example,



-22 with an inert diluent or with an assinilable edible g @tqrﬁgmg it may
be enclosed in hard or soft shell gelatin capsule, or if y bé conpressed
into tablets, or it nay be incorporated directly wth the food of the
diet. For oral therapeutic adm nistration, the active conpound may be

i ncorporated with excipients and used in the formof ingestible tablets,
buccal tablets, troches, 5 capsules, elixirs, suspensions, syrups, wafers,
and the |ike. Such conpositions an% preparations should contain at |east
1% by wei ght of active conpound. T 3'percentage of the compositions and
preparations may, of course, be varied and may conveniently be between

about 5 .809% of .1 he wei.ght of.the. unit. The apoupt of. actjve
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modi fy, the 20.physical formof the dosage unit. For instance, tablets,
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el i xir neohtdiAy Bebwdentabeut 81 )igAd 2000PRAY Blactiss6dMRandS @ Sweetening agent,

met hyl and propyl parabens as preservatives, a dye and flavouring such as
cherry or orange flavour. O course, any material used in preparing any
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liquid carrier, Various other materials may be present as coatings or to otherwise modify the

20 physical form of the dosage unit. For instance, tablets, pills, or capsules may be coated with
shellac, sugar or both. A syrup or elixir may contain the active compound, Sucrose as a
sweetening agent, methyl and propylparabens as preservatives, a dye and flavouring such as
cherry or orange flavour. Of course, any material used in preparing any dosage unit form should
be pharmaceutically pure and substantially non-toxic in the amounts employed. In addition, the

25 active compound may be incorporated into sustained-release preparations and formulations,

Pharmaceutically acceptable carriers and/or diluents include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and
the like. The use of such media and agents for pharmaceutical active substances i;s well known
30 in the art. Except insofar as any conventional media or agent is incompatible with the active

ingredient, use thereof in the therapeutic compositions is contemplated. Supplementary active



i ngredients can also be incorporated into the conpositiors? 47 i3

especi al |y advant ageous to fornul ate parenteral conpositions in dosage unit
formfor ease of admnistration and uniformty of dosage. Dosage unit form
as used herein refers to physically 5 discrete units suited as unitary
dosages for the manmmal i an subjects to be treated; each unit containing a
predeterm ned quantity of active material calculated to produce the desired
therapeutic effect in association with the required pharnaceutical carrier.
The specification for the novel dozs?’age unit fornms of the invention are
dictated by and di rectly dependent on (a) the wunique characteristics of
the active eria and.t he artlcul ar therapeutic effect to be achieved,

10 and (B} gr?%@’ﬁ?%a{sﬁtbfe&?grﬂo igRihe GPMPABLANSt of conpoundi ng such an
active material for the treatnment of disease in living subjects having a
di seased condition in which bodily health is inpaired as herein disclosed
in det ai ITtis §3peciplly; aduanipeousde W’@“’éérpﬂ'@n@ﬁti cqreppsitiensg Appegauhdtfomofor esaveni ent
and effe ts W.th a,suitable
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wei ght. to_above 10, 000 ngy/ kg/ body wei gh Al'ternative anmounts range from
0.1 ng¥%gnbh e kimipions éﬂheﬁsbv@hgenmfmgmk@rﬂmwuvbmg hetive Auaténiab forrthe edi ent s
may be ag@iii I r dependi ng
on t he condi '1? ﬂ‘ﬁd%g?sﬁgﬁ }(1?52 bge(:tsn%wnﬁggﬁ%asgﬁ % t%r%ll Hsl':r?l At ]{boo(rglm}(réﬁ&\}sary and
i ncl udeslmmrﬁée%hmsdmclmeda:pémm oneal , sub-cutaneous, intramuscul ar,
intranasal, via suppository, via inf usi on, via drip, orally or via other
conveni ent nmeans. Conpositions may be fornmulated.in a variety of ways and
r ef er enc&hergyinbipalc activen canpdnyntnade beo cBﬁ;ﬁi)ﬁlﬂE@ Nfor RIdAVERRME Uintl C ffecBbd €NCES,
any, Pennsyl vania, USA. 30 The
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phar nglgeﬁﬁ'mlggmt@%rfﬂSEHJ‘FF%“H&W%{VTB% a spitable pharmenswiigally ﬁﬁﬂeé@hleégﬂﬁuéh as a
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vector carries a nucleic acid nol ecul e capabl eacon |igand
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compound is generally present in from about 0.5 pg to about 2000 mg/m] of carrier. In the case

of compositions containing supplementary active ingredients, the dosages are determined by

20 reference to the usual dose and manner of administration of the said ingredients.

In general terms, effective amounts of active ingredient will range from 0.01 ng/kg/body weight
to above 10,000 mg/kg/body weight. Alternative amounts range from 0.1 ng/kg/body weight is
above 1000 mg/kg/body weight. Active ingredients may be administered per minute, hour, day,

25 week, month or year depending on the condition being treated. The route of administration may
vary and includes intravenous, intraperitoneal, sub-cutaneous, intramuscular, intranasal, via
suppository, via infusion, via drip, orally or via other convenient means. Compositions may be
formulated in a variety of ways and reference may be conveniently made to Remington
Pharmaceutical Sciences, 19th Edition, Mack Publishing Company, Pennsylvania, USA,

30 |

The pharmaceutical composition may also comprise genetic molecules such as a vector capable



be a viral vector. 5 Still another aspect of the presentzjrrg@ptzigggn IS
directed to anti bodies to beacon ligand and its derivatives an

honol ogues. Such anti bodi es may be nonocl onal or pol yclonal and nay be
selected fromnaturally occurring anti bodies to beacon or nmay be
specifically raised to beacon or derivatives or honol ogues thereof. In the
case of the latter, beacon ligand or its derivatives or honol ogues nmay
first need to be associated with a carrier nolecule. The antibodies and/or
10 reconbi nant beacon |igand or it<4erivatives of the present invention
are particularly useful as therapeutic or diagnostic agents. For exanple,
beacon Iigandﬂgnd its derjvatives can be used to screen for naturally

occur ri ngt WBBHEGWE Jpragh £5ll§owhess theovaston camics iagansleianagie malespleoeapaiie iof cer t ai n
aut oi MR ddiaBRPAREo ligah® cIAREEn 6 chcolGRALH | 4efiviBl THE el ma %?%H@}é oceur,
for exan‘gl e in some autoi mmune di seases. ternatively, specitic

ant i bodi #¢a¥pl vsetoised to screen for beacon partner. Techniques for such
assays are well known in the art and include, for exanple, sandw ch assays
and ELI SA. Anti bodies to beacon partner of the present invention may be
monoc!| dné&hll@notber agpdcooiihe preskntrimyentidh isadiresed acintidodiesaibeabhl ligdad\en@geur ri ng

ant i bodi gs._. he .heacon or y _be ecifically raised to the beacon or its
derivati @gré\]fa%r%s a{nﬁgogggogu%sf Sﬁ@“ﬁ%‘{dﬁdg rn,laytblffén%’é'&l%aﬁ °_bP'glV%lP’FF1 ARd/mAREY first
to be asdemddft@tnainally sccORingatibodies RWehdn ofna bOgetihilll raifddad BBRLS Of

ant i bodi es maé.be used such as Fab fragnments. Furtherndre, the present

i nvent i off SRVANES of ipmalogyptihersef Indheicass ofithelaiter, beapan ligsad ewitsadedivatyemnt | body
hybri ds. ofhonslsgub®inh fiAPhdeR e asbodiatdNSHOELER ' |

fragnents and %bri d)gsl_of gnti lfo?c?i _e?. 'rllﬁe aﬁf?%gﬁeggﬁb t%ﬂg&&ila%g“e@?r of the
presentd resombinas feagen ligangdor itedarixptives ofthé presehbinvéntion asiparicelpyy awefl]l sy al so
be used ﬁéraﬁeuﬂic%gﬁ-% 35%5@%& or as a neans for purifying beacon Iigand.
For exanple, specific antTbodi es can be used to screen for beacon partner
proteins. The latter 30 would be inportant, for exanple, as a neans for
screenin [ vel f beacopn partner in a cell extract or. other

bi ol ogi cg?lfq?( u %’ gelﬁé%ﬂgaf’ PHOELEE SR EePedired SaHER FoX MRl 9scursingm cul t ur e
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her ei s kn in.the art and include, for exanple, sandw ch assays and
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second a#f6ay5atr wall mgympe the se@nd inchide.dort dxemplasmadwiclyassaysfand ELISNt | body may
be used with

Antibodies to beacon partner of the present invention may be monoclonal or polyclonal and may
20 be selected from naturally occurring antibodies to the beacon or may be specifically raised to
the beacon or its derivatives. In the case of the latter, the beacon protein may need first to be
associated with a carrier molecule. Alternatively, fragments of antibodies may be used such as
Fab fragments. Furthermore, the present invention extends to recombinant and synthetic
antibodies and to antibody hybrids. A “synthetic antibody” is considered herein to include
25 fragments and hybrids of antibodies. The antibodies of this aspect of the present invention are
particularly useful for immunotherapy and may also be used as a diagnostic tool or as a means

for purifying beacon ligand.

For example, specific antibodies can be used to screen for beacon partner proteins, The latter
30 would be important, for example, as a means for screening for levels of beacon partner in a cell

extract or other biological fluid or purifying beacon made by recombinant means from culture



a commercially availabl e anti-inmunogl obulin antibody. A& ZaBCiTbdd} as
contenpl ated herein includes any antibody specific to any region of beacon
partner. 10 Both pol yclonal and nonocl onal anti bodi es are obtai nabl e by

i mmuni zation with the enzyme or protein and either type is utilizable for

i mmunoassays. The net hods of obtaining both types of sera are well known
inthe art. Polyclonal sera are less preferred but are relatively easily
prepared by injection of a suitableﬁ%aboratory animal with an effective
anmount of beacon partner or antigefitc parts thereof, collecting serumfrom
the aninmal, and isolating specific sera by any 15 of the known
innunoadﬁgrggatmﬁﬁﬁyq% ues. ?Itgou h antibo@% [oduigd by this nethod are
utili zabl 8T ROV Tt vl 15 HIRPS £SFdee 3PS foniBR gj’,e hay kapwen e HEH a0 | ess
favour ed ineladd) 8@ codmplf|@andaiietdyabnd Bt BMOgENei ty of the product. The use of
nonocl onal antibodies in an i mmunoassay is particularly preferred because
of the 20 ability to produce themin |large quantities and the honobgeneity
of the priogusthin HdRop FRA i@vdnBGh B ' Hodlel nal
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cont enpl 3l 8546 arrlneénhlggldfor . e{ ecti‘?#ﬁr bei.gcon or a derivative or honol ogue

thereof in ABrol By ey SPEARG IO FERIOLDEFPRBIMEL| d et hod conpri si ng

contacting said biological sanple with a beacon ligand or a derivative or

honol o «=B£t her eof L"’g{j a ti and under conditions sufficient for a conpl ex

to for E‘r P yrlgnatrndarqnopignal angbodishatesbtainaple-by impyraizasipnavid the enaywenpl ex i s
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obesity Of sgtperwdberniip s aro Polyglopal se ore lesstrneferagiclut ne relatjvale pasily
Conveni eRtdotred S0 AN solid support and a
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pol ynme [ cel l ul ose | yacryl ami de, nyl on, | ystyrene, polyvinyl
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potential heterogeneity of the product.

The use of monoclonal antibodies in an immunoassay is particularly preferred because of the
20 ability to produce them in large quantities and the homogeneity of the product, The preparation
of hybridoma cell lines for monoclonal antibody production derived by fusing an immortal cell
line and fymphocytes sensitized against the immunogenic preparation can be done by techniques
which are well known to those who are skilled in the art (see, for example, Douillard and
Hoffman, 1981; Kohler and Milstein, 1975, Kohler and Miistein, 1976).
25
Another aspect of the present invention contemplates a method for detecting beacon or a
derivative or homologue thereof in a biological sample from a subject said method comprising
contacting said biological sample with a beacon ligand or a derivative or homologue thereof for
a time and under conditions sufficient for a complex to form, and then detecting said complex.

30

The presence of the complex is indicative of the presence of beacon. This assay may be



10 for conducting an inmunoassay. The binding processes qu@@nogu$jze
beacon partner are well- known in the art and generally consist 0
cross-1linking, covalently binding or physically adsorbing the nolecule to
the solid support. An aliquot of the sanple to be tested is then added to
the solid phase conplex and incubated for a period of tinme sufficient (e.g.
2-40 mnutes or overnight if nore convenient) and under suitable
conditions (e.qg. fron1roon1tenpera5%re to 15 about 37C) to allow binding of
beacon to is receptor. Follow ng the incubation period, solid phase is
washed and an antlbody added directed to beacon. The presence of antibody
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wth a recmphmntoraﬂlempbmwhgmehn an alternative errbodl rrent, beacon itself
or a ligand binding portion thereof is labelled with a reported nol ecul e
and used to screen for beacon ligand. 25 By "reporter nolecule" as used in

the pres@dhveaRaay,besoh pather is SmiBHided ® 4918 Supp &tm%l\?\%&’albirﬁple b cal
nature,_ provides an analytically identifiable signal ich allows the

det ect i o te Fontachwith dhe. ipmabHized Pl Det ection may be either qualitative

or quantitative. The nost commonly used reporter nolecules in this type of:,
assay are_either enzynes, fluorophores or radionuclide containing

nol ecul e§'h€ polisl surfaen Gltﬁmadipi@ﬁs anal pelimoer, th@nnmswmmbnlmls@bpdlﬁﬁers Béng he

present 0 ch a ol vi.ng PCR
anal ysi s %ﬁéz‘?cg rpgg/t %ﬁ%’ % @‘%8@5%%5%@? HBP gﬁ“ﬂf e"ﬁe e\fgft“?ves. The
pr esent smppem manbd intheHform efttiendwadsodiecsef kudrmp;am omdiy @thet Surfabekapsiidlent  of
beaconl0 The el k ligand.is useful for a range of

@t el. k mtera%jg ”
appl i cat s tngiie RIIIRAGY 2D RdieRReaBYP SEmelizedercampares st wi t h
ot her | | gansin Hoarekid 4dgRin coisis bF Sroas Ry, QbvillifyIRRANbr phylegny | on, for
exanpl e, aés t he treatment of diabetes and/or other conditions associ at ed
k:

with el k2dsomppeshemplacyle the solid paperd rin aliqyetof the sarnnle tothertestadris wempiddeds
nucl ei ¢ gphe sdliallﬁQéélc%ﬁlpféﬂ %B&jin@ﬁba&e'a%r Fhefioll bR flﬁ'ﬁcl@ﬁgé 32'34(98{;%8% 8lt | ons

conprising the é i gand such pharmaceuti ca €17 ons
present Pyreight lﬁnmrescoilmftlfh@randem@qr iskitedleypndigibwy (erzc Bomaotth genfipetdnoaitang

non- 1 iy Lﬁdﬁ%'ﬁkﬂw :ﬁﬁmﬂﬁgdmm&ﬁ% 1s receptor. Following the incubation period, solid

phase is washed and an antibody added directed to beacon. The presence of antibody binding

is indicative of beacon being immobilized to its receptor.

Generally, either the beacon partner or an antibody to beacon is labelled with a receptor

20 molecule.

In an alternative embodiment, beacon itself or a ligand binding portion thereof is labelled with

a reported molecule and used to screen for beacon ligand.

25 By “reporter molecule” as used in the present specification, is meant 2 molecule which, by its
chemical nature, provides an analytically identifiable signal which allows the detection of
antigen-bound antibody. Detection may be either qualitative or quantitative. The most
commonly used reporter molecules in this type of assay are either enzymes, fluorophores or
radionuclide containing molecules (i.e. radioisotopes) and chemiluminescent molecules.

30

The present invention also contemplates genetic assays such as involving PCR analysis to detect



A summary of sequence identifiers used throughout the sub?@cfC3pdfidfi cation
is provided in .15 Table 2. 2 2 OCT 2003 _28 TABLE 2 SEQUENCE DESCRI PTI ON
| DENTI FI ER <400>1Nucl eoti de sequence for beacon <400>2Am no aci d seguence
for beacon <400>3Conpl enmentary sequence for <400>1 <400>4Nucl eoti de
sequence for human beacon <400>5Am no acid sequence for short form of
beacon <400>6Partial nucl eoti de sequence of pPC86 cl one 31 beacon |igand
<400>7Partial nucl eotide sequence 3 pPC86 cl one 31 beacon ligand A summary
of the single and three letter abbreéeviations for am no acid residues used
in the present specification is provided in Table 3. 2 2 0 0l 2003 TABLE 3
Am no Acdehr e-letter AbbreviationOne-letter Synbol Al ani neAl aA
Ar gi ni ne RGP AeA54 O IF fREIXaMNGS-Aspar t i ¢ aci dAspD Cyst ei neCysC @ ut ani neG nQ
G utam ¢ aci dd uE d yci ned yG Hi stidineHi sH I sol euci nell el Leuci neLeuL
- Lysi neLysK ) ) . L

The present invention further extends to a clk ligand which is independent of beacon or beacon-

clk interaction. The clk ligand is useful for a range of applications such as acting as an
5 antagonist for clk interaction with other ligands. The clk ligand of this aspect of the present

invention, for example, is the treatment of diabetes and/or other conditions associated with clk.

This aspect of the present invention further contemplates nucleic acid molecules encoding the

clk ligand as well as compositions comprising the clk ligand such as pharmaceutical

compositions.
10

The present invention is further described by reference to the following non-limiting Figures and

Examples.

A summary of sequence identifiers used throughout the subject specification is provided in
15 Table 2.



Met hi oni neMet M Phenyl al ani nePheF ProlineProP SerineSerS Th@€?3h$p§@gg
Trypt ophanTr pW Tyr osi neTyrY Val i neVal V Any resi dueXaax 2 2 30
EXAMPLE 1 Aninals A Psammonys obesus colony is maintai ned at Deakin

Uni versity, Geelong, Victoria, Australia, 5 with the breeding pairs fed ad
libituma diet of lucerne and chow Experinental animals were weaned at
four weeks of age and given a diet of standard | aboratory chow from which
12% of energy was derived fromfat, 63%from carbohydrate and 25% from
protein (Barastoc, Pakenham Aust+28l-ia). Animls were housed individually
in a tenperature controlled room (22 1 C with a 12-12-hour light-dark
cycle. The animals used in the study were aged 16-20 10 weeks. EXAMPLE 2
Beacon ligand in cell lines 15 Thi SABLER| e provides neans for identifying
a beacon |igand (e g. beacon receptor) in ceIIs lines which also helps in
t he stud

lines i CB@@HHHWQE G 1 7, FprQ and pﬂnﬂﬂﬂmyquONures fronflsrae{l Sand
Rats. Cek| DENEIRIERat |ed with beacon with and wi t hout neuropeptlde Y( NPY)
or lepti . et Tgct observed Ceneratty; proxratety—3=—5—geties are
sel ect ed for<%WEﬂqes in expre55|od“ﬂmﬁﬁﬂygﬂsﬂwsﬁgéﬁ@ralIy conducted 20 in
macr o- or nlcggmﬁésays. Once a cell,1s 1dentifle arrying a beacon
recept or library s or F\nﬁaf'n 10 AHH SHIREREE 101 4¢ d identifiedj Signal
t ransduc]i on<sgozdi es may al so bec&gﬂglu@gtﬁg sec(uemg fOIC@400>9AI\/P ki nasgs,
phOSphat ibeb) . EXA?VI‘LI: O LJ I rneraccriroarail UCG\.’UII | t 3u||u

<400>4 Nucleotide sequence for human beacon

<400>5 Amino acid sequence for short form of beacon

<400>6 Partial nucleotide sequence of pPC86 clone 31 beacon ligand

<400>7 Partial nucleotide sequence of pPC86 clone 31 beacon ligand

A summary of the single and three letter abbreviations for amino acid residues used in the

present specification is provided in Table 3.



I n cases
cel | ul ar

beacon |igand as a binding partner of beacon.

where a cel
receptor, the yeast

two- hybrid system
2

does not secrete beacon or synthesize it as a

citdestdi fyi ng

i s useful
2 0CT2

8E§@b

31 EXAMPLE 4

Fusion protein fishing Yeast Two-hybrid System 5 (using the ProQuest
Two- hybrid System available from Life Technol ogi es) The steps enployed are

as follows:
of the yeast vector

human (br

and | ynph node),

library (

MaV203 with the pDBLeu-beacon pIasﬁ?

ain and foetal brai
C. el egans,
Pssanonys obel us)

is al so created.

n), noue (embryo 8.
HeLa cel

ABEBAst r uct |

and rat (liver
Transformthe yeast strain

express
10 days,
and brain).

5 or

15 Test for self

activation of the pDBLeu-beacon fusion protein and determ ne the

liver,

Cl one the beacon gene in frane with the GAL4 activation domain
10 pPCB86. Libraries avail abl e include:

i on
brai n
A custom

concentration of 3:-Amino-1,2 4-Triagzole (3AT) required to Ctrate hasal
H S3 exprlessi ommiheuels. H P RRGORAS Autraagioh €| 0! y%%%uepﬂﬁﬁ&t}ate .
deydr at ager—an—enzyre—t+aveved—a—htste-Re—bi-psyrri-hests- Ss—eRdyne i s
specificdlly inhAbihined i n a dose- depe¥ident manngr 20 by 3AT. To maji m ze
sensitiviffTy of the HrS3 Tepofier gene, sitrarn VRvVZ03 EXpresses a fjasal
| evel of {H S3. EvgﬁéFernlnln t he t hrd%8hol d of lesistanckto 3AT ard
i ncludi ng that i acki ng hi,stidine, gven
( ng¢ ASpAQ g € g
slight if S(b N i hood of
det ecting evenAsgaiic idt ei n:jprotein Aspteracti ofs. 25 Trmnsf or m MjV203
cells corrr'a'l-m-ngrhrpDBLeu- beacom constTouct—w i pE86—t+brary—usiing
anti biotilc resi $t8E€ (anpiclillin an&¥Rananycin] to seled for cellls that
contain jboth pb ?%ﬁg§ and ijnduce the,H S3 repofter gene. 30 Purify cells
cont ai ni Interacting prot A ns then patch j anQn ed colonies onto
a mast er pl at e. GRtadidhdd 2003 - 32 Glu E
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val Vv
Any residue Xaa X




Replica plate fromthe master plate onto selective pl ate? 0%[8?@
whet her the three reporter genes are induced. For cell Ci 8 the

reporter genes confirmthat D13-beacon and AD-fusion protein 5 (fromthe
CDNA library) interact when AD-fusion protein is retested with fresh

DB- beacon plasmd by either a retransformation assay or a version of
plasmd shuffling. Protein:protein interactions detected are confirnmed by
bi ol ogi cal assays such as DNA seqoia cing of the cDNA clone to determne if
the interacting protein has been 1 d;)rew ously identified. This fusion
protein is also expressed in E. coil and co-precipitation experinents

usi ng anti bodi es raised against b th nonocl onal anti bodi es rai sed

agai nst GAL4- AD donmi ns (protein :@é@{l& ilyed fromthe expressi on vectors).
O her nethods are enployed to conf upmdihat these proteins interact such as
by surface receptor panning and fusion protein fishing. 15 A full length
beacon sequence is cloned into the bacterial expression plasmd pGEX

( Phar naci & psdBimn8s bbesudidfor Yserﬁﬁzﬁtﬁﬁe@&t Ilﬁ%ﬁ(xifl DhivkRay @e@lloﬁ% vidisth, he&lia

intracel |l ul ar expression o enes as fusions wt storna | aponi cum
gl ut at h# oHigh the breaging paig did 4 m ajdict o€ bgerhaadohpal Expetitemtelominelpwessi ng

et A A TR SO G sl 9 1

phenyl rretduyﬂgsut/dsodbyﬂved ifgor fade63°/arfnbm &zﬁb@gﬂmte ak 23% rkom pfkftém Bangstbgsi ns f or
t he isol af;akon of bS n b|n rote| %@ ggr ared b b|| i ng
GST- beacon SR gﬁl 8%‘% | REIPMER 31701 resins
are prepat erm:)uazmlmhahqrgat-aﬁk agdle. %e&niﬁ&ﬁﬁﬁs@cﬂ if @k stullp “&&e@ea ighdy of
|nterai(t)|onk Affinity resins are incubated in the presence of brain

| ysat es’ (6F<dt her tissue |ysates of interest) and after 25 extensive

washi ng, proteins bound to resins are released either by bioling in SDS
sanple buffer or by elution with Tris-HC (pH 7.4) containing 0.5%v/v
Triton X- 100. Binding proteins aFXAMRBE 2separated by SDS-PAGE and

visual ized by silver staininggg., gql?mi;’l guﬁh&e staining. Regions of the
gel containing beacon binding proterns are excized and the gel slices
digested and purified by anion-exchange and reverse phase HPLC pri or to

5 Y
The Tuf TSR ety etirng e endie iR B ek el oaLcu,

whi ch enodithalshhelps in the study of signal transduction mechanisms. Examples of suitable cell lines

include 3T2, GT1-7, HepG2 and primary cultures from Israeli Sand Rats. Cells are treated with
beacon with and without neuropeptide Y(NPY) or leptin and an effect observed. Generally,
approximately 3-5 genes are selected for changes in expression. Analysis is generally conducted
20 in macro-or micro-assays. Once a cell is identified carrying a beacon receptor, a cDNA library
is prepared and beacon ligand identified. Signal transduction studies may also be conducted

(e.g. Ca™, cAMP, kinases, phosphatases).

EXAMPLE 3

25 Intracellular beacon ligand

- In cases where a cell does not secrete beacon or synthesize it as a cellular receptor, the yeast

two-hybrid system is useful for identifying beacon ligand as a binding partner of beacon.



5 GAL 4 DNA bi nding domain. To screen and identify potentizl ﬁfg&@bns t hat
interact with the 73aa Beacon gene product, a commerci al ng ' In cDNA

|l i brary was purchased. This cDNA expression library was constructed in the
two- hybrid activation domain vector pPC86. Follow ng vector construction,
pDBLeu - Beacon (pDB73Be) was introduced into the yeast strain MaV203 by
transformati on. Mav203 cells contai ning pDB73Be were then used to 10

i ntroduce, by transfornmation, the pPC86 cDNA |ibrary. Candi date positive
clones were identified by growh-dd-nedia that selects for cells

contai ning both plasmds as well as induction of the HI S3 reporter gene.

G eater than 106 transformants were screened for interaction with 73aa
Beacon. O this figure, 28 clonesEXaAMPLEdNtified as prelimnary positives
as a result of induction of th%wﬁ%§3nﬁgﬁfﬂ Ler gene. 15 Cl ones cont ai ni ng
candi date interacting proteins mereppurl '88% and re-tested for induction of
t hree i ndependent reporter genes. O the 28 clones exam ned, three cl ones

(cl ones nd . 31) were identified as containing potential interacting
Vit e id Sitest

pr ot ei ns three reporter genes. To further ascertain

t he autheimsingthé FroQuest Thwortabtid Systath AvaildadoRgafeachdddasd) d DNA from 20 each
cl one was selectively isolated and re-introduced into V203. The

re-transformati on assay confirned these clones as containing potenti al

posi ti ve Thek@paipiyed Welal fofdaR; Beacon. Specifically, clones 12 and 16 were
both identified as containing potential weak interacting proteins with

73aa Beacon. In contrast, clone 31 was shown to contain a strong

i nt eract ighg j i ble 4. asm d from
each cl orTg hagfog%gir? ri)éhmeﬁ-gtqutc ':ie\el}lgltﬁlfh% i‘g{h ?‘2%%6* t&ﬁ%p%’ﬂail%?tpté%ﬁﬁgnvfggﬁf or the
unknow) cDNA' pPEEét bibrarinealaildb!QinCuEE e2008ion3Idmi\Birkin 4ndRepnl beih), gRiuee
expression 5 ne-H S, RAX-gal Resul t . C one ++Wi t etye ak interacting
pr ot ei ns G.ongnlﬁ@?ﬁ%qrt@w&l %Eﬂ’lnﬁp }WgPﬂif}é'ﬁlF@nﬁg{%ﬁﬁ%qﬁmgﬁ e +Bl ue+ve
strong i nt er agidibignp AGustomdibily @hssdrbamb Bb&9s)Gd Anegedibiat exhi bited positive

interaction with 73aa Beacon, clones 12 and 16 reveal ed overl appi ng
partial cDNA sequences that were found to be 100% honol ogous to that

. Transform the yeast strain MaV203 with the pDBLeu-beacon plasmid construct.

15
. Test for self activation of the pDBLeu-beacon fusion protein and determine the
concentration of 3-Amino-1,2,4-Triazole (3AT) required to titrate basal HIS3 expression
levels. HIS3 encodes imidazole glycerol phosphate deydratase, an enzyme involved in
histidine biosynthesis. This enzyme is specifically inhibited in a dose-dependent manner
20 by 3AT. To maximize sensitivity of the HIS3 reporter gene, strain MaV203 expresses
a basal level of HIS3. By determining the threshold of resistance to 3AT and including
that concentration of 3AT inlplates lacking histidine, even slight increases in HIS3
reporter is detected, enhancing the likelihood of detecting even weak protein:protein
interactions.
25
® Transform MaV203 cells containing the pDBLeu-beacon construct with pC86 library
using antibiotic resistance (ampicillin and kanamycin) to select for cells that contain

both plasmids and induce the HIS3 reporter gene.

30 @ Purify cells containing candidate interacting proteins then patch isolated colonies onto

a masterplate.



of the human beat shock protein 2 (HSPB2) in the regions 2eXxdiinéd)3 HSPB2
belongs to the small heat shock protein (HSP20) fam |y and has been shown
to bind and activate the myotonic dystrophy protein kinase. In vivo, heat
shock proteins have been shown to interact with | arge 15 nunbers of
different proteins, consequently interaction of HSBP2 wth 73aa Beacon may
prove to be biologically irrelevant in the context of Beacon action.
Partial cDNA sequence data for clo 31 (<400>7) was found to be highly
honmol ogous to that for the gene encodi ng nouse cdc2/ CDC28-1ike protein
kinase 4 in the region exam ned (Table 20 5). This kinase is considered to

Cegul ate tne. CopiEl kR SRRl e e RS RS e RO herDs TR

pr esent mverxtpoﬂnrgmeqoerreﬂidmtead on the beacon |igand being cl one 31/pP086,
whi ch has strong honol ogy to nouse clk4. 22 OCT 201 -35 TABLE 5 Sequence
data summary 5 Cl oneSequence Clone 12/ pPC86 cDNAPartial sequence - 100%

horl ogous t 0 FUSEER ifdueme t&%p@%@ggenemmttmbassama AD-HR¥RGER! ogous
to HSPBZ Cl one 31/:BP086 cDNAParti al sequence shows strong honol'ogy to nouse

edc2/ CDE28- | i kBor1BE EPAAtibrase intert wh@s ADsfusion eptotein istretested wigh fresh
appreci ate t hgjg phgod Iﬁf}éﬁﬂ& t i Egﬂm{t'lﬁﬁ %55& 43 ve i%ﬁ%f);}lﬁslﬁgg sl}u?ﬂl

variations and nodificatio ose speC| Ica eSCr e It is
to be understood that the |nvent|on i ncludes all such variations and

nodi fi catd ons c ude al | t eps res
CONposi t|‘ons gﬁg 8}0[9 &iesracru 8 ec?e?eé;l SOl Tnﬁeglbgi’foé%gl? st‘c’f‘Psz“'“(éhp*’é;gﬁ#‘ﬁk‘jcat| on,

i ndi vidually eequemdnhgaof rtheectlyNAaaidlcamydmdm&I If B ikaatgOnGtedf haNdechWo Or

nor e oﬁosald ste r éf B@@dﬁres 2. 2 C T 2003 -36- BI BLI OGRAPHY :
Bar net t0 et al PryPEgRigpntied Y} PIotein iplsp_epprgssed B pRt and gp-PEFIPIRLIPNNA D) | nt

J Obesity 18: Zﬁ[&nﬁﬁﬂts using antibodies raised against beacon or monoclonal antibodies raised
against GAL4-AD domains (protein tags derived from the expression vectors). Other
methods are employed to confirm that these proteins interact such as by surface receptor
panning and fusion protein fishing,

15
A full length beacon sequence is cloned into the bacterial expression plasmid pGEX (Pharmacia
Biotech). pGEX vectors allow for inducible, high level intracellular expression of genes as
fusions with Schistoma japonicum glutathione S-transferase (GST). Induced bacterial cultures
expressing pGEX-beacon are lysed by sonication in 50mM Tris-HCl (pH 7.4) containing 1%

20 w/v Triton X-100, 1% v/v Tween 20, 2 mM EDTA, 0.2 mM phenylmethylsulfonyl fluoride, and
10 pg/ml aprotinin. Affinity resins for the isolation of beacon binding proteins are prepared by
immobilizing GST-beacon onto glutathione-Sepharose 4B beads (Pharmacia). Similar resins
are prepared using GST alone to act as a control for the specificity of interaction. Affinity resins
are incubated in the presence of brain lysates (or other tissue lysates of interest) and after

25 extensive washing, proteins bound to resins are released either by bioling in SDS sample buffer
or by elution with Tris-HCI (pH 7.4) containing 0.5% v/v Triton X-100. Binding proteins are
then separated by SDS-PAGE and visualized by silver staining or Coomassie Blue staining.
Regions of the gel containing beacon binding proteins are excized and the gel slices digested

and purified by anion-exchange and reverse phase HPLC prior to amino acid sequencing.
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di sease: ra Australian Institute of
Heal t h an@lo\)@Pg Yierc o °R’§§%°t‘°2n%‘h§f%t dlg‘facor{cé’g)%?f?ﬁ%a‘f’ﬁrl “@f&‘?@‘h@?—@%?@aﬂﬁ met ,
P.Z. (198#in PlaM2os fb? thaasforndvion) MaB20324ells cdntinfaspIAERBe- 33z then used to

10 introduce, by transformation, the pPC86 ¢DNA library. Candidate positive clones were

identified by growth on media that selects for cells containing both plasmids as well as
induction of the HIS3 reporter gene. Greater than 10° transformants were screened for
interaction with 73aa Beacon. Of this figure, 28 clones were identified as preliminary positives
as a result of induction of the HIS3 reporter gene.
15
Clones containing candidate interacting proteins were purified and re-tested for induction of
three independent reporter genes. Of the 28 clones examined, three clones (clones 12, 16 and
31) were identified as containing potential interacting proteins due induction of all three reporter
genes. To further ascertain the authenticity of interaction with 73aa Beacon, plasmid DNA from
20 each clone was selectively isolated and re-introduced into MaV203, The re-transformation assay
confirmed these clones as containing potential positive interactors with 73aa Beacon.
' Specifically, clones 12 and 16 were both identified as containing potential weak interacting
proteins with 73aa Beacon. In contrast, clone 31 was shown to contain a strong interacting
protein. The results are shown in Table 4. Plasmid DNA from each clone has been selectively

25 isolated and partial sequences for the unknown cDNA’s determined.



CLAIM5 1. Aligand of a protein or a derivative, honol ogue, anal ogue or
mnmetic of said protein which protein is produced in |afdefCanddidts in
hypot hal anus tissue of obese animals conpared to |lean animals. 2. A ligand
according to Claim1l wherein the protein is encoded by a nucl eoti de
sequence substantially as set forth in <400>1 or <400>4, a nucl eotide
sequence having at least 50%simlarity after optimal alignnment to <400>1
or <400>4 or a nucl eoti de sequence which is capable of hybridizing to
<400>1 or <400>4 under |ow stringeddy conditions. 3. A ligand according to
Claiml or 2 wherein the protein conprises an am no acid sequence
substantially as set forth in <400>2 or <400>5 or an am no acid seguence
having at |east about 50% similariiABIE4er optinmal alignnent to <400>2 or
<400>5. 4. A ligand according .Clains 1 to 3 wherein protein
is encoded by the nucleotideﬁ% ﬁﬁ% g%ngﬁﬁ%?é%tially as set forth in <400>6
or <400>7 or a nucl eotide sequence having at least 50%simlarity after

opti mal @gHgmMmMent—fo—<400>6Tor—<4086>For—a—nyel-eoti-de—seguence-capabl e of
hybri di zi ng (ilmle<40&)>6~HIS <400>URvhdef |Xngabtr|i ngency @alttions. 51 A

| i gand a¢c ]dlq% tT any onejof Crarnp L 10 3 [wWheretn rhetigamdTs|encoded
by the huct 8t “delseqifence|subst ant | alWhittas |s&ve peak interasting prates2 | or

Fi gure 3jor, | @ot i sequence hpvipg.at |l out 50%simlatit
af?er opH Ofhes: m:n?etc Aqnug.! eot dnwggﬁw&géwlg%‘ “fgd,c,gl,;glam{;g M= gu?/e 3
or a nuc| edllo@s31lsequenee capablte+of hybBiudi zi ngvagﬁoggﬂmg&@gb%i@equence
in Figurée 2 or Figure 3 under Tow strfngency comdrtrons. 6—A +tTgahd
according to Claim1 wherein the ligand is a heat shock protein or a
cdc-like protein. 7. Aligand according to Claim®6 wherein the ligand is a

cdc-1i i -~ 8. net.hod. identifyin i d of the
pr ot ei lnlﬁeg‘géﬁc}g%%grﬁf S te‘F%lg)SDgtte? 3@%‘?"%@%“*‘%%@33%%%%ﬁ?&g? ﬂ:f f“&f’gﬁgl ng a
first gematdled M?mr}ggmtiahcmwmmﬁ tél_aii Were lﬁ)?hdtﬁ@ﬁﬂﬁb%ﬂl;)ﬁﬁ[b@bﬁﬂ@ ]Ehat g

conpri sing.,.a,.nuc Ot I segue odi,ng a or part_o eacon used to a
muc eot i o8 bt At od BRkYL OISIEN Thtopresions s, BEFBAGHRE thean

acti vat i afallieasihock(phédin EASPIONTEAGURA RE bedh BOGPRBIEIBRE bitha R UrShydiic | Nt O

sai d yeagt conpri sing a cDNA, said second gg;etlc construct conprising

el enent sSgtrophyapRiam Kingse, iy vive,dieef sherkaprotaias Bayeibeen shewn émioterashwitiiange t he

ot her jaf nurﬁbe%f@ﬁﬁén%ﬂ&iné@o%&&inﬁy ARehchiG) SGIIBS Witk B&LLS mg%qlisrgwbe conpri se
both genetic constructs
to be biologically irrelevant in the context of Beacon action.

Partial cDNA sequence data for clone 31 (<400>7) was found to be highly homologous to that
for the gene encoding mouse cdc2/CDC28-like protein kinase 4 in the region examined (Table
20 5). This kinase is considered to be closely related to the yeast cdc2/CDC28 kinases that have
been shown to regulate the cell cycle. In a particularly preferred embodiment, the present

invention is predicted on the beacon ligand being clone 3 1/pPC86, which has strong homology

to mouse ctk4.



and in which a reporter gene has been subjected to tmo-h*ﬁgiﬂ;pgﬂgydent
transcription. 9. A nethod according to Caim8 wherein t

encoded by the nucl eotide sequence substantially as set forth in <400>6 or
<400>7 or a nucl eotide sequence having at least 50%simlarity after
optimal alignnment to <400>6 or <400>7 or a nucleotide sequence capable of
hybridizing to <400>6 or <400>7 under |ow stringency conditions. 10. A

met hod according to Claim8 mherelﬁsthe ligand i s encoded by the nucl eotide
sequence substantially as set forth”in Figure 2 or Figure 3 or a nucleotide
sequence having at |leat about 50%simlarity after optimal alignnent to a
nucl eoti de sequence in Figure 2 or _Fi 3 or a nucleotide sequence
capabl e of hybridizing to a nucleog%%gﬂiiquence in Figure 2 or Figure 3
under |ow stringency conditi OrSequékte dddaiimaf, according to C aim8 wherein
the ligand is a heat shock protein or a cdc-like protein. 12. A ligand
according to Caimll mhereln the ligand is a cdc-like kinase. 13. A ligand
i dentififd by The thod of Cfalm 8. 1&. A method—for Tmodutatig—expr essi on
of beacop_li gand Fﬂﬁﬁ mamal . Jsai d  manmal _cofigfueB¢ng cont acting t he beacon

|1 gand sgpne dibddaAibcBbleRiA Ve A B dadnl st Bimo DR ARIRT T IR

expr essi ns-—or I ate ekpression

of beacoh Ilcgaﬁeclw/;ﬂ’@ci@DNAT 2C03 Pﬁﬁalkéqueﬁcgmﬁob%&{old@gwgq;gm acfivity of
beacon ifi a nannal, Sar d—Trettgqd LUHﬁ%lblng adnatstert+hg—to—satd—amual a

nodul ati hg &flPRsc/RFE88 6B of| aPawiplLasienbeshown strngdenclogy tamadesei VAt | ve

t hereof for_a tinme and under donditi onec24UiPEC2likaproten kimese éase or fecrease
beacon activity. 16. A conposition conprising a soluble Torm of beacon
ligand or a nndulator of beacon |igand expression and one or nore

phar ﬁlcaké eptable carriers and/or diluents. 17. A conposition
accor 3 s selled 8 aft pyifl pBprecigiabhat Sheripventipm gescribedzherain isl suscsptiblofo | ept i n

tivit TI NG
3(1: 1'0\;' A{J%’%%lsgg% H%%@ingﬁfg%@& At\ﬁiﬁ%(ﬁg %leel?icalgzzde%e@ 0P8 b bt

the invention includes all such variations and modifications. The invention also includes all of

the steps, features, compositions and compounds referred to or indicated in this specification,

individually or collectively, and any and all combinations of any two or more of said steps or
15 features.



<130> 2269272/ EJH <140> Not yet assigned <141>2000-04-Iggsg@q>ﬁﬁg919/99
>

<151>1999- 04- 23 <150>PQ6454/ 00 <151>2000-03-24 <160>7 <17/

Pat entl n Ver.

2.1 <210> 1 <211> 342 <212> DNA <213> Israeli Sand Rat <220> <221> CDS
<222> (29)..(247) <400> 1 gttccaggag attacagctc cagccaca atg att gag gtg

gtt tgc
gtc cgc
Arg Val
ata gcg
Lys Leu

ctt aaa
"~ Lys Lys
gaa atc

aac gac 52 Met Ile Gu Val Val Cys Asn Asp 1 5 cgt cta gga aag aaa
gtt aag tgc aac acc gat gac acc atc 100 Arg Leu Gy Lys Lys Va
Lys Cys Asn Thr Asp Asp Thr,_Ile 10 15 20 ggg gac ttg aag aaa ctg
gcc caa act ggc act cgt tgéﬁéat 148 2 2 0 CT 2003 z Ay Asp Leu Lys
Ile Ala Ala G n Thr Ay Thr Arg Trp Asn 25 30 35 40 aag atc gtt

aag tgg tac acg att ttt c.cat gta tct 196 Lys Ile Val Leu
Trp Tyr Thr Ile Phe LysBigg“ﬁﬁgAvngSer 45 50 55 ctg gga gat tat

cac gat ggg atg aac ctg gag ctt tat tac 244
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Leu Gy Asp Tyr u lle Hs Asp Gy Met Asn Leu Gu Leu Tyr @%ﬂn% 65 70
cag tagaggggaa ttcctccacc ttgcccaacc ttgctttcct ctcccatgg %2 G$
tcatttaaca ctgttgtaga tgctcatttt tttgttaagt gtact 342 <210> 2 <211> 73
<212> PRT <213> Israeli Sand Rat <400> 2 Met Ile GQu Val Val Cys Asn Asp
Arg Leu Ay Lys Lys Val Arg Val 1 5 10 15 Lys Cys Asn Thr Asp Asp Thr Ile
Gy Asp Leu Lys Lys Leu Ile Ala 20 25 30 Ala G n Thr Ay Thr Arg Trp Asn
Lys Ile Val Leu Lys Lys Trp Tyr 33740 45 Thr 1le Phe Lys Asp H's Val Ser
Leu Ay Asp Tyr Au lle H's Asp 50°55 60 Ay Met Asn Leu Qu Leu Tyr Tyr
G@n 65 70 <210> 3 :1r 2 GC 2003 <211> 391 <212> DNA <213> Israeli Sand
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tctagcaaga 180 atttttcacc atgttctaca aattcctggt acatagagac cctctaatac

tttaggtg uneil accctacttg gacctcgaaa taatggtcat ctccccttaa ggaggt ggaa
cgaggt ggaa 300
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cgaaaggaga gggtaccgag taaattgtga caacatctac gagtaaaaaa aggp@mqaggﬁ360
t gaat aaaaa ctttgatgct gcaaaaaaaa a 391 <210> 4 <211> 21 <212> DNA <213>

Human cel | s <400> 4 accaatctga agtgggagcg cagattcgag gcgattcgag

t gt cgcgacc cagccaccca ggcagggctt tcaggcggcg gggacagggg acttggggcc
ggctcagtaa cctggaattt accggggttc agcgctcggg tgaggagctg gtggcgtcgg 60

gt gagggggt caagcggaga ggctcggagt cggagaaagc 120 gggtctgggg tcggtgggag

gt gaggccag ggagttttgt 180 agaaggggég gaggcgcggc tccccggggt tcgcggecct 240
tgggagtatt cgagtccggg gggttggggg cadgaacggaa 300 tagggcctgg gactgggaga
cttgtaggct ggggcttctg 360 ggcctgggag acgcctgaag ctctgacttt agctccagct

aggatgatcg aggttgtttg taaatgcaag gg%g t gg cagccgagag aggcaggcaa
ctcaatctgt gttgtcggat atggggtcct gﬁfggt attctgccct ccatttgect
t aact gct ct gcgcccagca gctgecctccc caacgaccgt gcagtggtac ggttttagtt
agaat gt cct cggat gat.ac tgattgcagc ccaaact t ,acccgtt a acaagattgt
g g (1" 99 %& }igand ofa pro%ein gr a derivative, c?mologue, agnaloggge or mimetic of s%:d
protein which protein is produced in larger amounts in hypothalamus tissue of obese animals

compared to lean animals.

2. A ligand according to Claim 1 wherein the protein is encoded by a nucleotide
sequence substantially as set forth in <400>1 or <400>4, a nucleotide sequence having at least
50% similarity after optimal alignment to <400>1 or <400>4 or a nucleotide sequence which

is capable of hybridizing to <400>1 or <400>4 under low stringency conditions.

3. A ligand according to Claim 1 or 2 wherein the protein comprises an amino acid
sequence substantially as set forth in <400>2 or <400>5 or an amino acid sequence having at

least about 50% similarity after optimal alignment to <400>2 or <400>5.

4. A ligand according to any one of Claims 1 to 3 wherein protein is encoded by
the nucleotide sequence substantially as set forth in <400>6 or <400>7 or a nucleotide sequence
having at least 50% similarity after optimal alignment to <400>6 or <400>7 or a nucleotide

sequence capable of hybridizing to <400>6 or <400>7 under low stringency conditions.

5. A ligand according to any one of Claims 1 to 3 wherein the ligand is encoded by
the nucleotide sequence substantially as set forth in Figure 2 or Figure 3 or a nucleotide
sequence having at leat about 50% similarity after optimal alignment to a nucleotide sequence
in Figure 2 or Figure 3 or a nucleotide sequence capable of hybridizing to a nucleotide sequence

in Figure 2 or Figure 3 under low stringency conditions.

6. A ligand according to Claim 1 wherein the ligand is a heat shock protein or a

cdce-like protein.

7. A ligand according to Claim 6 wherein the ligand is a cde-like kinase.



agcggt agag ccact gggtg gactggacta caggcagccc tttgcttagg g?%ggqt
tagccttatc tctgaaatgt ctctttttct tctgtgggac tgtatccttt ac
ttatctgttc aaaactaaag tctgcatgag g¢tggcacatg gtgagcactt agaaaatggg
gtggttggtg aaatagtttg acttcaagtt tgctggacag taggtcaggg tggggt gaga
ggccggaagg tcatttggcc taggtacacg ttgaggaagc cttatgcata agctaggtaa
caaaatattt ctcaggggta acccaccccc ctggggaaga ccgcaggggt aaacccggga
cttcctcgtt catcggggac cctgaagaag, ttttggttgg tacagactga atttttaagg
atctacatac ttaagtgttt ttatttggtf-’attactgacc tctattgtgc cgctttgtgt 420

8. A method of identifying a ligand of the protein beacon or its derivatives, said
method comprising introducing a first genetic construct in a yeast strain, said genetic construct
comprising a nucleotide sequence encoding all or part of beacon fused to a nucleotide sequence
encoding one of a DNA binding {DB) domain or an activation domain (AD) and introducing
a second genetic construct into said yeast comprising a cDNA, said second genetic construct
comprising elements of a cDNA library fused to a nucleotide sequence encoding the other of
a DB domain or AD domain and selecting yeast cells which comprise both genetic constructs

and in which a reporter gene has been subjected to two-hybrid dependent transcription.

9. A method according to Claim 8 wherein the ligand is encoded by the nucleotide
sequence substantially as set forth in <400>6 or <400>7 or a nucleotide sequence having at least
50% similarity after optimal alignment to <400>6 or <400>7 or a nucleotide sequence capable

of hybridizing to <400>6 or <400>7 under low stringency conditions.

10. A method according to Claim 8 wherein the ligand is encoded by the nucleotide
sequence substantially as set forth in Figure 2 or Figure 3 or a nucleotide sequence having at leat
about 50% similarity after optimal alignment to a nucleotide sequence in Figure 2 or Figure 3
or a nucleotide sequence capable of hybridizing to a nucleotide sequence in Figure 2 or Figure

3 under low stringency conditions.

11. A ligand according to Claim 8 wherein the ligand is a heat shock protein or a

cdc-like protein.

12. A ligand according to Claim 11 wherein the ligand is a cde-like kinase.
13. A ligand identified by the method of Claim 8.
14. A method for modulating expression of beacon ligand in a mammal, said

mammal comprising contacting the beacon ligand gene with an effective amount of a modulator
of beacon ligand expression for a time and under conditions or otherwise modulate expression

of beacon ligand.



aggtccgcgt 480 gcttggcgtg 540 gagggggcgg 600 ctacccgg%édﬁgf 0g%taagaagc
720 tggtgagtgc 780 gggagcgctg 840 agagcctcct 900 ac g 0
ccagcctcgg 1020 aacttaatac 1080 ggggaggaga 1140 tccacctgag 1200
aaaaggagca 1260 gaaacttttt cccaggctgg agcaattctg ctagtttttg ctcctggcct
gagccactgt ttttgctctt a cctcccagg cccaccacca gaccaggctg gctgggatta
tctctccaaa caggccacct attccttaac aatagatgag tgggatagat <210> 5 <211>

102 _40.

15. A method of modulating activity of beacon in a mammal, said method
comprising administering to said mammal a modulating effective amount of a soluble beacon
ligand or a derivative thereof for a time and under conditions sufficient to increase or decrease

beacon activity.

16. A composition comprising a soluble form of beacon ligand or a modulator of

beacon ligand expression and one or more pharmaceutically acceptable carriers and/or diluents.

17. A composition according to Claim 16 further comprising a leptin, a modulator

of leptin activity or a modulator of ob expression.



<212> DNA <213> human acaattttta agtgcagtgg cctcagcttc tatz&téggtsz
c c

caagt gat cc
caggt gt gag
tcccgectcg
ccact gcacc

gcctggecta gttgcccagg tttaagcgat cacccagcta gt
taaaaatggc ttttatttat cacgatcttg ccaagtagct agagatgagg
aaaagaaaaa atggagtgca tttcctgtct actttttgta cctgacgtca
ctggtccaaa ttattttttt acccactgca gggattacag ttccaccatg

gcctcccaaa aaantttttt -1-

SEQUENCE LISTING

<110> AUTOGEN PTY LTD

<120> A LIGAND

<130> 2269272/EJH

<140> Not yet assigned
<141> 2000-04-19

<150> PP9319/99
<151> 1999-04-23

<150> PQ6454/00
<151> 2000-03-24

<160> 7

<170> PatentIn Ver. 2.1

<210> 1

<211> 342

<212> DNA

<213> Israeli Sand Rat

<220>
<221> CDS
<222> (29)..1(247)

<400> 1
gttccaggag attacagctc cagccaca atg att gag gtg gtt tgc aac gac 52
Met Ile Glu val Val Cys Asn Asp
1 5
cgt cta gga aag aaa gtc cgc gtt aag tgc aac acc gat gac acc atc 100
Arg Leu Gly Lys Lys Val Arg Val Lys Cys Asn Thr Asp Asp Thr Ile
10 15 20
148

ggg gac ttg aag aaa ctg ata gcg goc caa act gge act cgt tgg aat



gtggtacaat cagccttcca tttttagtag agtgagccac cagccagaaa atgggcttcc
gagacagtct acctccacct gtgtgtgcca tatgccaggc gtgctgggat 4 tgdt g3
cttggctcac agtagctggg agacagggtt ctgcttcgtc ttcttttgta ttagccctgg
ggctctgtcg 1320 cccgggttca 1380 ccactccctg 1440 tagtctcaaa 1500
tatagcccgt 1560 tgagatggag 1620 tgcagcctct 1680 attacaggtg 1740
tcatcgtgtt 1800 ctctcaaagt 1860 aagtyttggt 1920 gctgagacct 1980
gacccggctg tgaatggatg acctttcctt cagat gaaat

Gly Asp Leu Lys Lys Leu Ile Ala Ala Gln Thr Gly Thr Arg Trp Asn
25 30 35 40

aag atc gtt ctt aaa aag tgg tac acg att ttt aag gac cat gta tct 196
Lys Ile Val Leu Lys Lys Trp Tyr Thr Ile Phe Lys Asp His Val Ser
45 50 55

Ctg gga gat tat gaa atc cac gat ggg atg aac ctg gag ctt tat tac 244
Leu Gly Asp Tyr Glu Ile His Asp Gly Met Asn Leu Glu Leu Tyr Tyr

60 65 70
cag tagaggggaa ttcctccacce ttgcceaacc ttgetttcoct cteccatgge 297
Gin
tcatttaaca ctgttgtaga tgctecatttt tttgttaagt gtact 342
<210> 2
<211> 73
<212> PRT

<213> Israeli Sand Rat

<400> 2
Met Ile Glu Val Val Cys Asn Asp Arg Leu Gly Lys Lys Val Axg val
1 5 10 15

lys Cys Asn Thr Asp Asp Thr Ile Gly Asp Leu Lys Lys Leu Ile Ala
20 25 30

Ala Gln Thr Gly Thr Arg Trp Asn Lys Ile Val Leu Lys Lys Trp Tyr
35 40 45

Thr Ile Phe Lys Asp'His Val Ser Leu Gly Asp Tyr Glu Ile His Asp
50 55 60

Gly Met Asn Leu Glu Leu Tyr Tyr Gln
65 70

<210> 3



gettgtttgt <400> 5 atgatcgagg ttgtttgcaa gatgatacca
<212> DNA <213> human <400% % (At atigpcag
cgaagagcca ccgaaggaaa tctgtcaaag

aatcctcatc ttcctgcccc
t cggggacct <210> 6 <211> 443

agacattgaa gcaggagaag cagtcccaaa
tggagacgtt gagcctttgg caaagttgta tgaaaatcgt aaaaaatgta tagagcactt

aaat agt act agaggggt gg ggacggaagt cagagtcagg 2040 ccacgat ggg at gaact gga
gcttaatttc 2100 gctttcctct cccatcctcastcccccacac 2160 2180 cgaccgtctg
gggaaaaagg tccncgttaa atgcaacacg 60 taagaagctg attgcagcct as agcgggtatc
ctaagagcaa gagtgcattg ggccgttacc gatcccaata

aggaagcgca agat ccagga

gaat ccact g-21at agacact g

<212> DNA

<213> Israeli Sand Rat

<400> 3

atgttcaaca
ccaaacgttg
gcecctgaac
atttttcace
accctacttg
cgaaaggaga
tgaataaaaa

<210> 4
<21l> 2180
<212> DNA

cagcagccat
ctggecagatc
ttctttgact
atgtgctaaa
gacctcgaaa
gggtaccgag
ctttgatget

<213> Human cells

<400> 4
accaatctga

caggttcgag

- tgtegegacc

ggcagggett
gggacagyggy
ggctcagtaa
ggcctgggag
agctccagct
taaatgcaag
aggcaggcaa

atggggtcct
ccatttgeet

tgattgcage
agcggtagag
caggcagecoe
tagccttate
tctgggggac
ttatctgtte
gtggcacatyg
gtggttggty
tgctggacag

agtgggagcg
gcgattegag
cagccaccca
tcaggeggeg
acttggggce
cctggaattt
acgcctgaag
aggatgatcg
tatccactgyg
ctcaatectgt
ggcagatggt
taactgctct

ccaaactggt—

ccactgggtyg
tttgcttagy
tctgaaatgt
Lgtatccttt
aaaactaaag
gtgagcactt
aaatagtttg
taggtcaggyg

ccaaggtect
ctttctttca
atcgecegggt
aattcctggt
taatggtcat
taaattgtga

gcaaaaaaaa

accggggttc
gtgagggggt
gggtetgggy
agaaggggcg
tgggagtatt
tagggcetgg
ctctgacttt
aggttgtttg
cagccgagag
gttgtcggat
attetgecct
gegeccagea
accegttgga
gactggacta
cttggctace
ctetttttet
gtgtgacttt
tctgcatgag
agaaaatggg
acttcaagtt

tggggtgaga

ctaatgtcga
ggcgcaatte
ttgaccgtga
acatagagac
ctceecttaa
caacatctac

a

agcgeteggg
caagcggaga
teggtaggag
gJaggcgeggce
cgagtccggg
gactgggaga
gctgcctecec
caacgaccgt
gcagtggtac
ggttttagtt
agaatgtcct
cggatgatac
acaagattgt
ggccggaagyg
tcatttggec
taggtacacyg
ttgaggaagc
cttatgcata
agctaggtaa
caaaatattt

ctcaggggta

ggtecggtgtt
acgttgtggce
gcaaccttat
cctctaatac
ggaggtggaa
gagtaaaaaa

tgaggagctg
ggctcggagt
gtgaggccag
tcecceggggt
gggttggggg
cttgtagget
acccacccce
ctggggaaga
ccgcaggggr
aaacceggga
cttectegtt
catecggggac
cctgaagaag
ttttggttgg
tacagactga
atttttaagg
atctacatac
ttaagtgttt
ttatttggto
attactgacc

tctattgtge

actaactcca
tactgtggta
tctagcaaga
tttaggtget

cgggttggaa
acaattcaca

gtggcgtcgg
cggagaaage
ggagttttgt
tcgeggeoct
cagaacggaa
ggggcttctg
cgetttgtgt
aggtcegegt
geteggegtg
gagggggcgyg
ctacccgett
cttaagaagc
tggtgagtgc
gggagcgctyg
agagcctect
accacgtgtce
ccagcctcgg
aacttaatac
ggggaggaga
tccacctgag

aaaaggagca

120
180
240
300
360
391

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860
1020
1080
1140
1200
1260



gt atagagga gatatgaaat atcatggcat gtgaagcagc gtgtcttccg.102 cagtaaatct

tcagtccgca 60 ttcaagtcat cagtcacgtt 120 tgatgaggag ggtcaect ga 1803

cgt ggacact ttgggtgaag 240 ggatggcatg catgtagcag 300 tcgttcaaaa atccaagtat

360 atgtgtccag atgctagaat 420 2 2 D C T 2003 -s ggtttgatca tcatggtcat gtt

443 <210> 7 <211> 1323 <212> DNA <213> human <400> 7 ttcaaattga

ccacat cagg cagatggcgt atcagatctg ccagttaata aattttttac 60 atcataataa

attaacccat acagatctga agcctgaaaa tattttgttt gtgaagtctg 120 act at gt agt

caaat ataat tctaaattga aacgtgatga acgcacactg aaaaacacag 180 atat caaagt

t gt t gact t 2% Fahbitlgéaat gt ar gatfat ttgaatteatt Hyvagidagygr 4@ ctayicgt BROCy

gcact ?c agsc?@g;&cgggzgggda@agg :dagggtdt&b?ggicbggg&é:beag%?%&t %%ggggﬁtggz ﬁstazot g

gagcat aggtqd=ae éc C agactcat ga
A O T R R

t agt aaagag, cacgt %g%agt tgat '? aacg aat ac

t cagaaaaca dgaaaacyca tagf‘% PP TR RELt TLECHT & 405I1°GE9° 480 Pgaatdlag
tt ct gct ggft WGPt gFeP§gasRc§EEIrtaa Tyt pamagt actootat 540agdoggt t1sgbca
t gat gaagagegratgagagacdogttd gassda-gght Loaagecat gtiagast s 690.-3Le4t Gsaac
t caaagaat Ett@%&éét&géé195&@9@%9&@9@899&%&5&5& EQ&CgtcEQc%c Q%Qagcctct 1680

1740

acctcececagg
cccaccaceca
ggccaggetyg

gctgggatta
tctcteocaaa

caggccacct
attccttaac
aatagatgag
tgggatagat

tttaagcgat
cacccagcta
gtctcaaact
caggtgtgag
taaaaatggc
gacccggctg
acctttectt
aatcctecatc
gettgtttgt

ttteetgtet
actttttgta
cctgacgtca
ccactgcacc
ctggtccaaa
tgaatggatg
cagatgaaat

ttcctgecee

cagccttcca
tttttagtag
agtgagccac
cagccagaaa
atgggcttce
agaggggtgg
ccacgatggg
gcttteectet

agtagctggg
agacagggtt
ctgcttegte
ttcttttgta
ttagecectgg
ggacggaagt
atgaactgga
ccecatcoctea

attacaggtg
tcatcgtgtt
ctctecaaagt
aagttttggt
gctgagacct
cagagtcagg
gcttaatttc

tcececcacac

1800
1860
1920
19380
2040
2100
2160
2180

210> 5
<211l= 102
<212> DNA

<213> human

<400> 5
atgatcgagg ttgtttgcaa cgacegtetg gggaaaaagg tccencgttaa atgcaacacg 60

gatgatacca tcggggacct taagaagetg attgeagect aa 102

<210> 6
<211> 443
<212> DNA

<213> human

<400=> 6

cagtaaatct tcecagtcegca

agcgggtatce gaatccactg

attatcacag

gcaggagaag
cgaagagcca

agacattgaa
120

180
240
300
360
420

atagacactg ttcaagtcat cagtcacgtt
tgatgaggag
cgtggacact
ggatggcatg

cegttcagaa

cagtcctaaa aggaagcgca

ggtcacctga
ttgggtgaag
catgtagcag

ccgaaggaaa agatccagga gtatagagga

ctaagagcaa dJatatgaaat
gagtgcattg

ggeccgttace

tectgtcaaag tggagacgtt

gagccittygg caaagttgta atcatggcat

tgaaaatcgt aaaaaatgta gtgaagcagc atccaagtat

tagagcactt aaatagtact gatcccaata gtgtcttecg atgtgtccag atgetagaat



t aaaaaagaa at gaaat ggg aat cagt ggt
tt aagact gt gtcagtcaac taaacattct
acagttaagt gtaaatattg tattttttgt
tatggtcttg ataatgcatt agaaaaatta
tttaaatacc tttgaaatat cctttgtttc
gt acat ggag gtcacctctg aagtgatttt
atattcttaa aggaatattc tttatatact
“tcttctgtaa ttgttgaacg ggtgattatt
caaaact cagoetda@at ¢t ttrarattght ggaat
tcattgggtg atgtcagggt gataaccaga
tgtgacagtt tgtttaataa aaccacatac

1323

<210> 7
«<211> 1323
«212> DNA

<213> human

<400> 7

ttcaaattga
atcataataa
actatgtagt
atatcaaagt
tgtctacccg
gtgatgtttg
agactcatga
aacacatgat
atgaacacag
tgetttgteca
atgatccaac
taaaaaagaa
ttaagactgt
acagttaagt
tatggtcttg
tttaaatacc
gtacatggag
atattcttaa
tecttetgtaa
caaaactcag
tcattggagtyg
tgtgacagtt

aaa

ccacatcagg
attaacccat
caaatataat
tgttgacttt
gcactacaga
gagcataggt
tagtaaagag
tcagaaaaca
ttectgetggt
tgatgaagaa
tcaaagaatt
atgaaatggg
gtcagtcaac
gtaaatattg
ataatgcatt
tttgaaatat
gtcacctectg
aggaatattc
ttgttgaacyg
aaaatgttta
atgtcagggt
tgtttaataa

cagatggegt
acagatctga
tctaaaatga
ggaagtgcaa
gcteccecgagg
tgcattctta
cacctggcaa
agaaaacgca
agatatgtta
catgagaaac
accttggatg
aatcagtggt
Laaacattcet
tatgttttgt
agaaaaatta
cctttgtgtc
aagtgatttt
tttatatact
ggtgattatt
ctgttagaat
gataaccaga

aaccacatac

cttactatat acttctctag aagagattac 720
aatatttttg
at caat agca
aaattaattt
cagt gat aaa
ttttghgtaa
tcaaatttag
attaactcta
tctattaaat
cattcatgga
accctttaaa

t aaacattaa att.qit t 0
taattaactt gttZZgQgggmggo
ttctttttga aattaccatt 900
tgtgattgat cttgcctttt 960
aaggaaatct tgactacttt 1020
aacttaactt taaaagtttt 1080

gat aagcaag tactagaaac 1140
tttaagtgtt gtattcttttasgs200
aagccttgca gtttgtccat 1260
aaaaaaaaaa aaaaaaaaaa 1320 aaa

atcagatctg
agcctgaaaa
aacgtgatga
cgtatgatga
tcattttgge
ttgaatatta
tgatggaacg
agtattttea
ggagacgctyg
tgtttgacct
aagcattgca
cttactatat
aatatttttg
atcaatagca
aaattaattt
cagtgataaa
ttttgagtaa
tcaaatttag
attaactcta
tctattaaat
cattcatgga

accctttaaa

ccagtcaata
tattttgttt
acgcacactg
tgaacatcac
tttaggttgg
ccttggttte
aatattagga
ccataaccaqg
caaaccgttg
ggttegaaga
gcatcctttce
acttctctag
taaacattaa
taattaactt
tteettttga
tgtgattgat
aaggaaatct
aacttaactt
gataagcagg
tttaagtgtt
aaggcatgca

daaaadaaaa

aattttttac
gtgaagtctg
aaaaacacag
agtactttgg
tctcagectt
acagtctttc
cccataccac
ctagattggg
aaggaattta
atgttagaat
tttgacttat
aagagattac
attatcttgt
gttaagcaag
aattaccatt
cktgectttt
tgactacttt
taaaagtttt
tactagaaac
gtattctttt
gtttgtecat

adadaagaqaa

60
120
180
2490
300
360
420
480
540
600
660
720
780
840
soo
960
1020
1080
1140
1200
1260
1320
1323



